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1 Executive Summary 

Against the background of electricity shortages and load shedding, the National Treasury of 

the Republic of South Africa assigned the vgbe consortium to conduct an independent as-

sessment of Eskom’s operational situation. 

The scope of work comprised a review of the operational situation of the coal fleet, an as-

sessment of the power plant maintenance budgets, a skill-level assessment of power plant 

personnel, as well as a transmission grid assessment. The consortium was led by vgbe and 

included teams from the other partners: Dornier, KWS, RWE and STEAG. These partners 

have decades of experience in the operation and maintenance (O&M) of coal fired power 

plants.  

The project started on 27 February 2023 and was completed within a period of 4.5 months. 

Documentation, interviews, and site visits at Eskom’s Megawatt Park, at all coal-fired power 

plants, as well as at grid facilities, formed the information basis for the investigation. The 

Eskom teams at the sites and at Megawatt Park supported this assessment in every way 

they could – in a very responsive and co-operative manner.  

1.1 Eskom Generation – Coal Fleet 

The main objective of the coal fleet investigation was to find out reasons for the low Energy 

Availability Factor (EAF) of the coal fleet – 50.83% as of April 2023 – and to develop 

measures to improve the situation. Most of the issues relating to the low EAF can be at-

tributed to a single root cause, namely: 

The management system with its governance, structure and processes is dysfunc-

tional and too complex.  

− Too many organisational layers and opaque decision-making processes generate a 

tremendous amount of red tape, with lengthy procedures and a lack of accountability. 

In many cases the decision-making is delegated to committees, of which there are too 

many at all levels of the hierarchy.  

− The coal fleet is managed centrally, and very limited authority is given to the plant 

management. The plant management has to follow complex procedures and is there-

fore unable to manage day-to-day operations and maintenance challenges in a timely 

and effective manner. 

− Eskom generation has been trapped within this complex management system for so 

long that it is no longer able to maintain or improve the technical performance of the 

coal-fired power plants. 

− Although the problems and their solutions are known, the Eskom management has 

not been able to implement appropriate measures in a sustainable and successful 

manner. The solutions can be summarised in one sentence:  
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Operation and Maintenance (O&M) must be improved and conducted according to in-

dustry standards. 

− The plant management, with its limited authority and high level of interference from 

headquarters, is unable to focus its attention on its primary responsibility: reliable 

plant O&M. Currently, even a mediocre level of performance (e.g. EAF) is accepted 

as sufficient.  

− Since O&M procedures have not been carried out correctly for years, the overall con-

dition of plant health is in many cases mediocre to poor.  

− In O&M management, many deficits were identified. The quality of operations has suf-

fered from a lack of ownership and leadership, as well as a lack of training and high 

staff turnover. The planning and execution of maintenance work need to be more 

stringent, more goal-oriented and more carefully executed.  

− Furthermore, the complete outsourcing of maintenance has contributed to low plant 

reliability – the personnel is unfamiliar with plant requirements, reaction time and ad-

ministrative interface efforts. 

− The extent of the deficits in O&M competence is also reflected in the amount of se-

vere plant damage that has occurred over the past years, leading to the long-term un-

availability of entire plant units, e.g. Duvha Unit 3, Medupi Unit 4, Kusile Units 1 to 3. 

All of these incidents were related to deviations from prudent plant O&M practices.  

− In particular, the complicated procurement policy and processes proved to be a  

bottleneck in supporting the plants with timely provision of spare parts and qualified 

services by third parties. In addition to its impact on plant performance, the procure-

ment process is also a significant contributor to high service and supply costs.  

Moreover, it is important to note that the assessment of the maintenance budget figures for 

the last ten years, and the current mid-term planning resulted in the following statement: 

Compared to international benchmarks, the maintenance budgets of Eskom’s coal 

fleet are higher – although the EAF is much lower. 

− Maintenance budget figures from coal-fired power plants operated in Europe, America 

and Asia were used to define an international benchmark.  

− For the period 2013 to 2027, Eskom’s budgets for plant maintenance are well above 

the international benchmark. Hence, the money spent by Eskom should have been 

sufficient to execute proper maintenance and to keep the power plants in good condi-

tion.  

− The EAF of Eskom’s coal fleet is currently at about 51% whereas international bench-

marks are in the range of 78%1. The only way to improve the EAF is to ensure the  

execution of thorough operation and maintenance practices and procedures.  

 

1 This figure refers to an average derived from the vgbe database KISSY of European power plants 
with unit outputs from 150 MW to above 600 MW. 
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The fixation on the EAF is a dead end and leads to poorer plant performance. 

− Outage and maintenance activities have been deferred over the last months and 

years to lift – or at least to maintain – the EAF.  

− The priority of the Eskom coal fleet operation has been to quickly fix the actual bottle-

necks in generation capacities rather than to restore the plants to “as new conditions” 

after an outage. 

− The plants have been forced to continue operating at the expense of their technical 

condition. The consequences are reflected in the high number of incidents, trips and 

partial load losses (PLL).  

− This cycle has now gained so much momentum that it could lead to the collapse of 

plants or to further capacity losses. It must be stopped immediately by executing 

proper maintenance and outage work – even if this means a higher level of load 

shedding for a limited period of time.  

− Moreover, up to 6 000 MW in partial load losses (PLL) could be reactivated by fixing 

the plants’ defects and applying prudent operation and maintenance practice.  

The capacity constraint risks – especially for newer plants – need to be addressed im-

mediately.  

− The Kusile power plant is soon expected to become an important contributor to  

generation capacity, with Unit 5 starting within the next few months and Units 1 to 3 

starting once construction of the temporary chimney has been completed. However, it 

should be noted that the achievable capacity is limited, due to the incomplete coal 

handling system, restrictions in water supply and the ash discharge situation. These 

restrictions result in a very high risk that the Kusile site cannot be operated with more 

than three units at any one time – hence, only 2 400 MW instead of 4 800 MW would 

be available.  

− The Medupi and Matimba sites share the raw water treatment plant. This plant ur-

gently requires at least maintenance and upgrading. If the existing plant fails, 12 units 

– 9 800 MW – would go off grid. Moreover, the current raw water supply is not suffi-

cient to install the wet flue gas desulfurization plant that needs to be built for the 

Medupi and Matimba sites by 2025, in order to meet legislative requirements.  

− The water treatment plant at Kendal is in a very poor condition and needs urgent 

maintenance and refurbishment. If the existing plant fails, six units – 3 840 MW – 

would be off the grid. 

People can make the difference – good performance should be rewarded. 

− As a result of the continuous crisis mode, many employees are frustrated and demoti-

vated. In many areas, a working atmosphere characterised by indifference, ignorance 

and blame-shifting has been fostered. Salaries have not been increased for several 

years and there is no system in which good performance is rewarded.  
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− To lift spirits, the Eskom performance culture needs to change. The vgbe team  

recommends implementing an incentive scheme for good performance on both an in-

dividual and institutional level. For example, power plants should receive a bonus if 

they are able to reduce their losses by a defined percentage rate. Another incentive 

could be to provide accommodation for Eskom staff – e.g. free of charge – near the 

power plant. 

The way forward: Empower the power plants 

− The current electricity crisis can only be overcome in the power plants, which is why it 

is imperative that they are empowered right away to manage the technical turn-

around, without being hampered by lengthy company procedures. This empowerment 

includes full budget responsibility and accountability of the Power Station General 

Manager (PSGM). Moreover, and at least for a limited period of time – e.g. 1.5 to 

2 years, the power plants should be allowed to apply fast-track procurement pro-

cesses under the supervision of the National Treasury. 

− This change in governance requires changes in the management structure of the 

Generation Division. The vgbe team proposes decoupling the coal fleet from the rest 

of the generation business. The sole objective of this coal division should be the revi-

talization of the existing power plants.  

− For the newer plants, Kusile and Medupi, the focus should be on improving opera-

tional management and risk mitigation related to capacity constraints. For the other 

plants, the primary aim is to eliminate the existing load losses through carefully exe-

cuted maintenance and outages.  

Immediate intervention is required. 

− Unless there is immediate intervention, the situation will continue to escalate.  

Besides empowering the power plant management, the vgbe team recommends en-

gaging an interim external expert team which reports directly to the National Treasury. 

Member(s) of the expert team should be permanently situated at each site to follow 

up key risk areas and intervene if required. The assignment should be limited to a de-

fined period, e.g. 1.5 to 2 years.  

− If these measures are taken and appropriate budgets are provided, it can be as-

sumed that plant performance and reliability will improve significantly. When it comes 

to budgets, it should be considered that the current unavailable capacity of about 

17 419.5 MW corresponds to financial losses of about R 152 billion per year2 – not 

taking the cost of diesel into account. Against this background, even significant in-

vestments, e.g. for a life-time extension, will pay off within the short term. 

 

2  As of today: Eskom has an installed capacity for the coal fleet of 35 550 MW. 1 MWh accounts for 
R 1 000, 17 419.5 MW (Eskom’s capacity * (1 – EAF)) multiplied by 8 760 hours per year result in 
R 152 billion. 
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− In parallel to the turnaround activities, a concept for the long-term business model of 

the coal division should be developed. There are several options to be considered – 

they range from expert support through to concessions for individual power plants 

and privatization.  

− In order to ensure a best-practice transfer for O&M of power plants and to support a 

continuous improvement process the experience exchange at expert as well as at 

management level – especially with international peers – should be intensified. 

1.2 Skills at the Power Plants   

Our assessment of the skills at the power plants focused on evaluating the competencies of 

the technical managers – plant manager, operating manager, maintenance manager, engi-

neering and outage manager, as well as the training manager. Training progress and imple-

mented training, as well as staff development and factors affecting staff performance were 

also reviewed. In addition to the management interviews, the assessment also included input 

from written online tests. 

Throughout the assessment, the impact of the current situation on the workforce was clear to 

see low morale, lack of motivation, heavy workload with long working hours in a demanding 

working atmosphere, as well as the deferral or interruption of training programmes. 

The competencies of the technical managers seem to be at a reasonable level, but 

there is greater potential for improvement. 

− Within the scope of the evaluations, we repeatedly noticed that there is a high degree 

of theoretical knowledge. However, its application is made very difficult by the com-

plex management system, as mentioned in the previous chapter. 

− In general, leadership competencies are not at the required level. In the past, suitable 

leadership development programmes existed and these need to be re-established. 

Training should focus on turning skills and knowledge into competencies. 

− In order to ensure continuous improvement, a sound plan for the further development 

of technical and non-technical competencies should be developed and implemented. 

In addition to this, the vgbe team recommends the following measures:  

− Eskom needs to develop a work ethic model that details the expected work ethic and 

aims at integrity and clear accountability. 

− Recognition of personal performance should play a decisive role in human resource 

management. Regular performance reviews and feedback need to be of a high stand-

ard. To this end, managers should conduct regular employee appraisals and set com-

mon goals that can then be verified and serve as a basis for further feedback. Money 

or other rewards are needed as performance bonuses.  

− Particularly in the area of training, there should be regular contact and exchange of 

information between central training and on-site training facilities. Their objectives and 
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programmes should be coordinated and aligned with each other. Communication is 

going to play a key role in this regard. 

− Unit 4 at the Kusile plant achieves an EAF of > 90%. This unit is currently operated by 

the boiler OEM. This team has successfully demonstrated that it is possible to 

achieve a high EAF in the newer plant units. It is a perfect opportunity for knowledge 

and best practice transfer to the future O&M team of Eskom. This learning opportunity 

should be seized immediately. 

1.3 Transmission Grid Assessment 

The multiple load shedding that occurs every day is not the result of the transmission 

system being in poor condition.  

− The load disconnections result from insufficient available power plant capacity, even 

though sufficient power plant capacity has been installed. The lack of required power 

plant capacity is not the responsibility of the transmission system operator (TSO).  

− The power shortage is managed by the TSO, with the planned load shedding in an 

excellent way and thus ensures the secure and available grid operation within the 

scope of the possibilities.  

− The danger of a blackout is largely excluded by this network operation method. 

Compared to European transmission systems, a high proportion of the transmission 

system's facilities are relatively old, and an above-average proportion have reached 

the end of their operating life.  

− Despite the high proportion of old equipment, the overall condition is excellent due to 

intensive maintenance measures. Nevertheless, it is essential to continue the mod-

ernisation process of these outdated plant components, which has been underway for 

several years.  

− If this modernisation is neglected, an accumulation of equipment failures can be ex-

pected within a short space of time in the near future. This could lead to a critical situ-

ation in the operation of the transmission system. Sufficient financial resources must 

be made available for these modernisation measures, to ensure the safe and reliable 

operation of the transmission system in the future. 

− The urgent need for these measures has already been recognised by management 

and has led to an increase in approved investment budgets in recent years. It has 

also been included in the Transmission System Development Plan (TDP). 
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The good overall condition of all parts of the transmission system is mainly due to ex-

cellent maintenance.  

− This maintenance status is based on well-trained and highly motivated personnel. 

− The management of the transmission system is very well organised and the coopera-

tion between top and middle management down to the working staff is very good.  

− All relevant processes are laid down in work instructions and are stringently applied. 

This efficient work environment should be secured through sufficient qualification 

measures, competitive wages, recruitment of young staff and knowledge-transfer to 

newly hired employees. 

The transmission system development plan is a very good tool for planning the trans-

mission system.  

− The plan will be updated annually for the next ten years, thus ensuring continuous re-

vision and adaptation to changing conditions.  

− The current TDP is based on the status of the Integrated Resource Plan (IRP) as of 

2019. It is recommended to use more up-to-date sources of information for the update 

of the TDP in addition to the IRP in order to be able to react more quickly to new re-

quirements for network expansion. 

− It will include modernisation measures that take the condition and age of the plants 

into consideration. The development of the grid will include grid expansions that re-

flect additional demand and new power plant connections in the area of renewables 

and independent power producers (IPP).  

− Transmission System Operator (TSO) stakeholders should use the measures de-

scribed in the transmission system development plan as a guide for their decisions on 

how to manage the company. 

In order to connect additional renewable generation capacities, a significant grid ex-

pansion is required. 

− The grid expansion projects are included in the budget planning. By FY2028, 

R 74.2 billion of financial resources are planned for upgrading and expanding the net-

work. The network expansion budget will increase from R 2 billion in FY2024 to 

R 10.1 billion in FY2026.  

− The budget for the grid expansion, as well as for sustaining the grid, seems to roughly 

reflect the requirements of the renewable capacity increase. 

− Implementing the associated expansion measures is a major challenge for Eskom 

Transmission and requires sufficient internal human resources. 
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2 Introduction 

The South African government continues to support Eskom in its efforts to remain financially 

sustainable during its transition. Eskom is faced with a large amount of debt that remains a 

challenge to service without assistance and this debt situation remains a concern for its cred-

itors and South Africa’s investors alike. The National Treasury has been leading a project 

team to develop a debt solution for Eskom that is equitable and fair for all stakeholders.  

The National Treasury is undertaking this work while being fully aware that addressing the 

debt alone will not solve Eskom’s financial challenges and return it to financial sustainability. 

Hence, a multi-pronged approach is required to return Eskom to financial sustainability. For 

this reason, the National Treasury wanted to commission an international service provider 

with experience in the energy sector to provide an independent assessment of Eskom’s  

operational situation before any debt solution is implemented. 

The vgbe consortium was assigned to conduct this assessment. The scope of work com-

prised a review of the operational situation of the coal fleet, an assessment of the power 

plant maintenance budgets, an assessment of the skill levels of power plant personnel and 

an assessment of the transmission grid. As Eskom’s operational situation was the overarch-

ing focus of the assessment, Opera was chosen as the project’s acronym. 

The consortium was led by vgbe and included teams from the other partners; Dornier, KWS, 

RWE and STEAG. The project started on 27 February 2023 and was completed within a 

timeframe of 4.5 months.  

The report represents the results of all workstreams – that means the Generation’s asset 

management, the technical power plant assessment, the transmission grid Assessment and 

the skill assessment. 

Note of Thanks 

On behalf of the whole consortium, vgbe expresses its deep gratitude to the National Trea-

sury team – and in particular to Jeffrey Quvane and Ravesh Rajlal – who were the driving 

force behind the project and supported it from the very beginning until the very end. They 

were constantly involved in all activities and facilitated all required discussions, interactions 

and site visits at Eskom’s Megawatt Park, at Eskom’s power plants and at Eskom’s grid facili-

ties. This support was key to the success of the project. The active involvement is a clear 

sign of the National Treasury’s commitment and dedication to overcoming the challenges in 

the supply of electricity. The willingness to provide solutions has been evident at all times.  

The vgbe team would like to thank Eskom for the excellent cooperation and great support 

throughout the project. Special thanks go to Norman Mkhize and his team. As a single point 

of contact they managed all activities – especially the coordination with all power plants – in 

a very professional and efficient manner. The organisation of the parallel site visits was a 

particularly big challenge which was managed admirably.  
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Furthermore, we would also like to extend our gratitude to the Eskom teams at the sites and 

at Megawatt Park. They supported this assessment to their very best – in a very responsive 

and co-operative manner. The vgbe consortium received all information it asked for – every 

meeting request was fulfilled. During the site visits, everything was well organised and pre-

pared. The vgbe teams felt very welcome and appreciated the hospitality during the stays. 

Hence, we would like to thank the very many people not named here, who contributed their 

time, knowledge and contacts and made the assessment possible.  
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3 Opera Concept and Project Organisation 

This assessment aims to provide support in overcoming the current electricity supply crisis. 

The Opera project was an assessment and not an audit. Benchmarking served the purpose 

of identifying bottlenecks and potential areas for improvement. The ultimate target was to 

provide recommendations that increase the availability, reliability and performance of 

Eskom’s coal fleet, as well as of Eskom’s transmission grid expansion planning. 

3.1 Scope of Work  

The assessment comprised the following activities:  

− Review of the operational effectiveness of Eskom’s coal-fired power plants and ad-

vice on the status of the plants, in terms of performance and maintenance required to 

keep them in continuous operation. 

− Review of and advice on the appropriateness of existing skills at power plants. 

− Advice on whether sufficient and appropriate maintenance investment is being made 

in power plants. 

− Review of capital expenditure requirements in terms of generation, transmission and 

distribution, including upgrading the existing network to accommodate any additional 

generation, including IPP programmes inclusive of the Just Energy Transition (JET) 

programme. 

− Advice on any other operational considerations (including risks) that the government 

needs to consider with respect to improving Eskom’s operational challenges. 

− Visits to the following coal-fired power plants in the Eskom network: Arnot, Camden, 

Duvha, Grootvlei, Hendrina, Kendal, Komati, Kriel, Kusile, Lethabo, Majuba, Matimba, 

Matla, Medupi, and Tutuka (refer to the figure below). 

− Engage with various divisions within Eskom and other stakeholders (including the De-

partment of Public Enterprises and Department of Mineral Resources and Energy). 

− Preparation of a comprehensive report and provision of recommendations addressing 

the areas outlined in the scope of the assessment. 

− Provision of further follow-up advice, as may be requested by the National Treasury. 

 



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  36 

 

Figure 1: Overview of the geographical location of Eskom’s coal-fired power plants 

Source: Map data ©2022 Google 

The scope of the assessment was categorised in four work streams shown in Figure 2. 

1. Technical assessment at the power plants 

2. Skills assessment at the power plants 

3. Review of Generation’s asset management activities with a focus on assessment of 

the maintenance budget 

4. Transmission grid assessment 

 

Figure 2: Overview of the Opera workstreams 
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3.2 Project Partners 

In order to conduct this assessment, vgbe energy e.V. and its fully owned subsidiary vgbe 

energy Service GmbH (vgbe), Dornier Power and Heat GmbH (Dornier), KWS Energy 

Knowledge eG (KWS), RWE Technology International GmbH (RWETI) and STEAG teamed 

up under the leadership of vgbe. 

About vgbe 

vgbe energy e. V. – vgbe – is the international technical association of energy plant opera-

tors. vgbe energy Service GmbH is its fully owned subsidiary, responsible for the provision of 

technical and engineering services. As an independent technical competence centre and net-

work, the association supports its members in their respective business activities, as well as 

in the implementation of innovations and strategic tasks. The vgbe currently has 437 mem-

bers in 32 countries worldwide, 90 percent of them in Europe. The members represent an in-

stalled capacity of around 300 GW. This includes a wide range of systems – from thermal 

power plants and wind energy and hydropower plants to energy storage systems. 

www.vgbe.energy  

About Dornier 

Dornier Power and Heat GmbH (formerly known as “VPC” or “Vattenfall Europe PowerCon-

sult”) is an engineering consultancy focused on the energy sector. Dornier has about 230 

employees in Germany and can rely on additional energy sector resources in Serbia and In-

dia with a total of 1800 staff. For five decades, Dornier was part of different German power 

utilities operating about 16 GW of thermal, mainly coal-based generation. The company is fa-

miliar with technical and procedural plant operation improvements including maintenance 

and inspection planning and implementation. www.dornier-group.com 

About KWS 

KWS Energy Knowledge eG is more than a mere vocational training school – it is an institu-

tion whose origins date back to the late 1950s. In the 1950s, Germany’s power industry, rep-

resented by the VGB, the Association of Large Boiler Owners, decided to act on the recogni-

tion that disturbances, malfunctions, and serious accidents in power plants were often mis-

managed or even caused by insufficiently trained operating crews. With the rapid expansion 

of Germany’s power plant capacities and the ever-increasing complexity of power plant tech-

nology, the need for standardised high-quality personnel training throughout the industry was 

evident. Therefore, KWS Energy Knowledge eG, a school dedicated exclusively to compre-

hensive basic and advanced training of power plant personnel, was set up in Essen, Ger-

many in the year 1957. Initially, training focused on power plant shift supervisors from Ger-

man fossil-fuelled power plants only, and all courses were conducted on the school’s prem-

ises in Essen, with emphasis on theoretical classroom instruction. www.kws-eg.com  

  

http://www.vgbe.energy/
http://www.kws-eg.com/
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About RWETI 

RWETI is a wholly owned member of the RWE Group, which has successfully operated and 

maintained its own fleet of power stations in Europe for more than 120 years and is Ger-

many’s biggest power producer. RWETI’s success is driven by our world-class experts in the 

fields of operations, engineering and maintenance and across the whole range of engineer-

ing disciplines. RWETI combines global reach with local understanding to provide a range of 

innovative solutions and techniques for operating power plants in a variety of commercial en-

vironments. The company’s extensive expertise in mining technology, operations and envi-

ronmental protection is recognised worldwide. In the report RWETI is referred to as RWE. 

www.rweti.com 

About STEAG 

STEAG has 80 years of experience in the operation of its own coal-fired power plants and as 

a provider of engineering and O&M services to third party companies. With its approximately 

2,000 staff members the company has served in 80 countries. Over 100,000 MW of electrical 

power plant capacity of all technologies respectively with various types of fuel have been de-

signed and implemented by STEAG. The company currently provides a total of about 

15,000 MW of operation management as well as 2,000 IT systems for plant planning and 

performance optimization support for third parties worldwide. An example of successful 

power plant O&M service support is the coal-fired power plant Morupule B, Botswana of the 

state-owned Botswana Power Corporation. Since 2014 the contracted services comprise the 

operation of the four units 24/7 including daily maintenance, repair and overhaul manage-

ment which has lifted the EAF from 30% to > 70%. A structured competency building pro-

gram of the client’s local staff made it possible to reduce the initial STEAG workforce to a 

skeleton support group. https://www.steag.com/en/ 

More than 30 experts worked on the Opera project – most of them were part of the site 

teams that visited the coal power plants and grid facilities. The team included experts from 

Germany, India, Poland, Serbia and South Africa. 

http://www.rweti.com/
https://www.steag.com/en/
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Figure 3: Team members of the vgbe consortium 

3.3 Project Execution and Schedule 

The project execution was structured into three phases: preparation (1), site investigation (2) 

and assessment (3). In order to manage the assessment in a short period of time, the investi-

gation on-site was planned with several teams working in parallel. On-site either refers to dif-

ferent power plant sites or to Eskom’s Megawatt Park and ministerial institutions. In order to 

meet the requirements as shown in scope of work, the following activities were conducted:  

Work Package (1): Preparation 

1.0 Project set-up and signing of NDAs 

1.1 Review of documentation 

1.2 Development of a site visit procedure 

1.3 Assessment matrix for technical + organisational aspects 

1.4 Preparation of skill assessment 

1.5 Development of checklists 

1.6 Kick-off with Eskom (held on 23 March 2023) 

Work Package (2): Site Evaluation, Surveys and Interviews   

2.1 Site investigation vgbe 

2.1.1 Site visit: Duvha 

2.1.2 Site visit: Duvha, Arnot 

2.1.3 Site visit: Kriel, Grootvlei 

2.2 Site investigation Dornier 

2.2.1 Site visit: Hendrina, Matla  
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2.2.2 Site visit: Matla, Kendal, Lethabo 

2.2.3 Site visit: Lethabo 

2.3 Site investigation RWE 

2.3.1 Site visit: Camden 

2.3.2 Site visit: Tutuka, Majuba 

2.4 Site investigation STEAG 

2.4.1 Site visit: Medupi 

2.4.2 Site visit: Matimba 

2.4.3 Site visit: Kusile 

2.5 Skill Assessment KWS 

2.5.1 Written 

2.5.2 Interviews 

2.6 Transmission assessment Dornier 

2.6.1 Site visit: Megawatt Park 

2.7 Headquarter assessment vgbe 

2.7.1 Site visit: Eskom Megawatt Park, Stakeholder  

Work Package (3): Assessment Report 

3.1 Analysis of all site visit reports, interviews and reports 

3.2 Synthesis of findings 

3.3 Assessment report 

3.4 Presentation of assessment  

Work Package (4): Project Management 

4.1 Coordination of activities 

4.2 Client communication 

Table 1: Overview of Opera work packages 

The project started on 27 February 2023 and was completed within a period of 4.5 months. 

Originally, the plan was to complete the assessment within a four-month period. However, 

due to some delays with regards to skills assessment, an extension of the project timeline 

was necessary. The final project schedule is shown in the next figure. 
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Figure 4: Opera project schedule  

3.4 Information Basis 

The investigation was based on information drawn from documentation, interviews and site 

visits to Eskom’s Megawatt Park, to all the coal-fired power plants and to grid facilities. De-

tailed feedback on the discussions and site visits is included in the relevant chapters of the 

report.  

Below is a list of the documentation that was analysed. Eskom was requested to provide this 

information ahead of the project start, as it served as the basis for preparing the site investi-

gations.  

Documentation from each power plant site: 

− Organisation chart of the site team. 

− Staffing/resource and training plan. 

− Schematic overview of the plant / P&ID: units and shared facilities, such as water treat-

ment, ash handling, coal supply etc. 

− Main design data and technical description. 

− Operation manual. 

− EAF data for the last five years. 

− Full load hours for the last five years. 

− List of issues that caused unforced outages, respectively unplanned unavailability 

(TOP10), along with the period of resulting unavailability. 

− Log of incidents and measures taken for the last two years. 

− Outage log for past five years with information about any deferred outages and reasons 

why they were deferred. 

30 Plan Duration Actual Start % Complete Actual (beyond plan) % Complete (beyond plan)

CALENDAR WEEK

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

1. Preparation 9 4 9 4 100%

1.0 Project set-up and signing of NDAs 9 1 9 1 100%

1.1 Review of documentation 9 2 9 2 100%

1.2 Site visit procedure 9 4 9 4 100%

1.3 Assessment matrix for technical + organisational aspects 9 4 9 4 100%

1.4 Preparation of skill assessment 9 4 9 4 100%

1.5 Development of checklists 9 4 9 4 100%

1.6 Kick-off with Eskom 12 1 12 1 100% 25 March  Assessment plan ready

2. Site Evaluation, Surveys and Interviews  13 7 13 11 100%

2.1 Site investigation vgbe 13 7 13 7 100%

2.1.1 Site visit: Duvha 13 2 13 2 100%

2.1.2 Site visit: Duvha, Arnot 16 1 16 1 100%

2.1.3 Site visit: Kriel, Grootvlei 17 1 17 1 100%

2.2 Site investigation Dornier 13 7 13 7 100%

2.2.1 Site visit: Hendrina, Matla 16 1 16 1 100%

2.2.2 Site visit: Matla, Kendal, Lethabo 17 1 17 1 100%

2.2.3 Site visit: Lethabo 18 1 18 1 100%

2.3 Site investigation RWE 13 7 13 7 100%

2.3.1 Site visit: Camden 15 1 15 1 100%

2.3.2 Site visit: Tutuka, Majuba 16 2 16 2 100%

2.4 Site investigation Steag 13 7 13 7 100%

2.4.1 Site visit: Medupi 16 1 16 1 100%

2.4.2 Site visit: Matimba 17 1 17 1 100%

2.4.3 Site visit: Kusile 18 1 18 1 100%

2.5 Skill Assessment KWS 13 7 16 11 100%

2.5.1 Written 13 3 16 6 100%

2.5.2 Interviews 16 4 17 10 100%

2.6 Transmission assessment Dornier 13 7 13 7 100%

2.6.1 Site visit: Megawatt Park 15 1 15 1 100%

2.7 Headquarter assessment vgbe 13 7 13 7 100%

2.7.1 Site visit: Eskom HQ, Stakeholder, 13 2 13 2 100%

3. Assessment Report 19 6 19 11 100%

3.1 Analysis of all site visit reports, interviews and reports 19 3 20 9 100%

3.2 Synthesis of findings 20 3 21 9 100%

3.3 Assessment report 20 3 22 8 100%

3.4 Presentation of assessment 24 1 25 6 0%

4. Project Management 9 16 9 22 100%

4.1 Coordination of activities 9 16 9 22 100%

4.2 Client communication 9 16 9 22 100%

PERCENT 

COMPLETE
ACTIVITY

Current Calendar Week

Opera Project Schedule

Select a period to highlight at right.  A legend describing the charting follows.

PLAN 

START

PLAN 

DURATION

ACTUAL 
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ACTUAL 

DURATION
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− Planned maintenance budget vs. actual budget spending for short-term, medium and 

large inspections over the past five years. 

− Measures taken to improve the power plant availability over the past five years, together 

with the main maintenance measures undertaken. 

− Planned maintenance budget spending for short-term, medium and large inspections for 

the next five years. 

Documentation from Eskom’s head office: 

− HR organisational structure and responsibility at plant level. 

− Training arrangements and responsibility structure. 

− Organisation manual for the Generation division. 

− Maintenance strategy description. 

− Spares and parts procurement structure and responsibility structure. 

− Organisation chart from the asset management division. 

From Eskom Transmission 

− Organisation manual for the transmission division 

− Digital transmission system model (in DIgSILENT or PSS/E format preferably) – current 

status and planned status in 2028 and 2035. 

− Load demand and forecast for the next ten years. 

− List of generation plants currently feeding at transmission level – with name plate and ac-

tual capacity per unit. 

− List of confirmed and upcoming IPP plants with 

o technology type  

o gross/net generation capacity  

o associated storage facilities (if applicable)  

o site name/coordinates  

o feeding substation and the year of starting production 

− Grid map of the transmission system with the following information (current status and 

planned status in 2028 and 2035): 

o grid map of each voltage level and single line diagrams 

o substations, transformers and transformer power 

o transmission capacity of the lines 

o connection points of power plants and the infeed power 
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4 Generation Asset Management 

The review of the Eskom Generation’s asset management formed an integral part of the pre-

sent independent assessment of Eskom’s operational situation in the coal fleet. This part of 

the review covers only those aspects relevant to the operational effectiveness of Eskom’s 

coal-fired power plants: the appropriateness and effectiveness of maintenance investments, 

as well as supplementing operational considerations in respect of improving the operational 

challenges. The review took into consideration both the perspective of external stakeholders 

and that of internal management at head office. The discussions with relevant persons from 

Eskom’s headquarters at Megawatt Park and with representatives from various ministries 

were invaluable for this assessment. The following table provides an overview of the interac-

tions: 

Table 2: Overview of interactions with Eskom management and ministry representatives 

Discussions with the following Eskom general managers and their teams were conducted: 

Bruce Moyo –   Coal Cluster 3 

Danie Odendaal –   Engineering 

Dhiraj Bhimma –  Production and Sales 

Eric Shunmagum –   Office of the Group Executive 

Gcobisa Mashegoana –  Procurement and Supply Chain Management 

Mandla Dube –   Human Resources 

Paula Goatley –   Operation, Maintenance and Outages 

Thomas Conradie –   Acting Group Executive Generation (at the time of the visit) 

 

Day Institutions Location 

27 March National Treasury Pretoria 

28 March 

DMRE MS Teams 

Eskom Management  Megawatt Park 

Eskom CEO (Calib Casim) Megawatt Park 

29 March 

NECOM (National Energy Crisis Committee) MS Teams 

Eskom Management Megawatt Park 

Department of Public Enterprises Pretoria 

3 April Eskom Management Megawatt Park 
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With respect to the scope of the present report, the review of Eskom Generation’s asset 

management was limited to three areas: 

1. Review of the management system, including organisational structure, management 

processes and governance 

2. Assessment of maintenance budgets 

3. Review of coal purchase 

4.1 Management System 

Eskom Generation Division’s (Gx) management system, with its governance, structure and 

processes, is dysfunctional and too complex. Eskom Generation has been trapped in this sit-

uation for several years, preventing it from maintaining and eventually improving the tech-

nical performance of the coal-fired power plants. Although the problems and their solutions 

are known, Eskom’s management has not been able to implement appropriate measures in a 

sustainable and successful manner. The following key problem areas have been identified: 

1. Too much involvement of Generation’s top management has led to ineffective imple-

mentation and an additional organisational level between headquarters and the power 

plant management, causing unclear responsibilities and a lack of ownership and lead-

ership within the line organisation. 

2. In addition to excessive organisational layers, opaque decision-making processes 

generate a tremendous amount of red tape with long-winded procedures and a lack of 

accountability. In many cases, the decision-making is delegated to committees, of 

which there are too many at all levels of the hierarchy.  

3. The central management of the generation fleet, along with the very limited authority 

of the power plant management, has led to a situation in which the PSGM is unable to 

act autonomously on decisions required for daily operation and maintenance chal-

lenges.  Even in the current crisis mode, the PSGM has to follow complex internal 

procedures and decision-making processes.  

4. In particular, the complicated procurement policy and processes have turned out to 

be a bottleneck in supporting the coal plants with timely provision of spare parts and 

qualified services from third parties. This complicated procurement process not only 

impacts plant performance but is also a significant contributor to high service and 

supply costs. 

The analysis of the current organisational and procedural landscape at Generation high-

lighted several areas that need to be addressed – organisational structure, management pro-

cesses and governance – in order to achieve long-term improvements in operational perfor-

mance.  
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4.1.1 Organisational Structure 

The current organisational structure of Eskom’s generation division does not properly reflect 

the crisis mode in which the coal fleet has been stuck. A simplified organisational chart is 

shown in Figure 5. 

 

Figure 5: Simplified organisational structure of Eskom's Generation division3 

From the vgbe team’s point of view, changes within Generation’s organisational structure are 

urgently needed in order to stabilise and improve the coal fleet’s operational performance.  

The current crisis can only be overcome in the power plants. Their essential role needs be 

reflected in the organisational structure. The power plants must immediately be empowered 

to manage the technical turnaround independently of long-standing company procedures. 

We propose making organisational changes based on the proven practices of European utili-

ties, to establish fast and efficient decision-making processes and clear responsibilities and 

ownership. Key elements of this organisational proposal are: 

− The implementation of a dedicated coal fleet division with a “Coal Division General 

Manager” reporting to the Generation Group Executive (Bheki Nxumalo) and for an 

interim period also to National Treasury. This division should be headed by an experi-

enced coal plant manager and have the sole aim of improving operational perfor-

mance. 

− A division focused purely on fleet operation and maintenance is prerequisite to tack-

ling the issue of underperformance and unavailability in the coal fleet. Efforts to im-

prove coal plant performance need to be kept separate from strategic issues around 

 

3 Source: Eskom file 230202_Gx Visual Organogram 2023_Rev1-23 Updated_1.pptx 
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the “Just Transition” in Eskom Generation (e.g. new build or repurposing, renewables 

and storage, etc.) and the Eskom Group. Moreover, these efforts should not be af-

fected by any strategic initiatives for unbundling the Eskom divisions on group level. 

− Grant the coal division full responsibility for the O&M budget, enabling it to take con-

trol of all necessary business decisions, including staffing and procurement. In the 

short-term, we recommend the implementation of emergency procurement support 

exempting the coal fleet division from corporate procurement constraints (see below). 

− The clusters should be dissolved, enabling the PSGM to report directly to the coal di-

vision manager. The cluster level in the current setup is not effective and only slows 

the decision-making process.  

− The PSGMs should have full responsibility for their allocated budgets and for their op-

erational and financial results. Moreover (at least for a limited period of time – e.g. 1.5 

to 2 years), the power plants should be allowed to apply fast-track procurement pro-

cesses under the supervision of National Treasury. 

− “All hands on deck” approach: The functions at head office should focus on direct 

technical, financial and operational support to the power plants. The same applies to 

experts allocated to specific “SWAT” teams (see below). Existing task forces, commit-

tees and initiatives looking at operational performance should be reduced to a mini-

mum and anyone still involved needs to be assigned to specific measures and pro-

jects at the power plants. 

− At the older plants, in particular, there are common problems that arise again and 

again, such as air leakages at the boiler, mill issues, poor vacuum, water and steam 

leakages in the turbine and feed water area, as well as boiler tube leakages. We rec-

ommend the creation of expert teams specialised in fixing these issues – from plan-

ning to execution. We suggest a centralised service, based at Megawatt Park, that 

serves all the plants. 

− In order to support the turnaround process, we suggest installing an interim team of 

independent experts that reports directly to National Treasury. This should be with im-

mediate effect.  

− The existing structure of the Eskom executive committees should be critically re-

viewed – at least for the coal division – and reduced to a minimum, as described in 

the next sub-chapter. 

One option for a potential organisational structure is shown on a basic level in Figure 6. It 

should be noted that a detailed organisational structure and review of the related manage-

ment processes and governance functions would need to be developed in the next phase of 

this project. 
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Figure 6: Proposed principal organisational structure of coal fleet division 

4.1.2 Management Processes including Governance 

Eskom’s highly elaborate and complex management processes are not effective in dealing 

with crises like current one. We propose changing the following processes and governance 

structures: 

Key Performance Indicators  

The KPI portfolio is too complex to understand and too inconsistent to be used as a guide for 

power plant operation. The large number of KPI are at times contradictory, leading to unclear 

decision priorities. As an example, the Outage Readiness Index (ORI) and the Maintenance 

Performance Index (MPI) should be replaced by simple and understandable indicators which 

reflect the real situation and show real progress. Their determination should be based on 

straight-forward systematics. 

The KPI portfolio should be reduced to a maximum of 10 to 15 indicators, based on best in-

dustry practice, compiled in an easy-to-understand management dashboard that can be used 

across all power plants. We recommend a principal dashboard as follows: 
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− Operation 

o EAF 

o UCLF (Unplanned Capability Loss Factor) and PLL 

o Energy supplied and electrical efficiency 

o UAGS (Unplanned Automated Grid Separation) 

− Finance 

o Commercial availability 

o Budget consumed 

o Cost of electricity supplied 

− Environment 

o PM (Particulate Matter)/NOx/SOx emissions compared to limit values (as ap-

propriate) and/or AEL (Atmospheric Emission Licenses) compliance 

o Specific water usage 

o Ash production 

− Human Resources (HR) 

o LTIFR (Lost Time Injury Frequency Rate) 

o Health rate 

o Number of improvement suggestions 

o Staffing rate 

Business support to power plants 

Current financial practices follow a central approach which strictly limits the PSGM’s ability to 

make business decisions, leading to little accountability on-site. This is demotivating and 

does not give a feeling of ownership. The power plants should be empowered to make deci-

sions within their attributed budget framework. In addition, the coal fleet division should be 

empowered to adjust budget allocation between the power stations, as long as the overall 

budget is met. Nevertheless, critical business decisions that exceed a set budget limit should 

continue to be reported to the Generation Executive and the Eskom Board and be decided 

on a case-by-case basis at corporate level. 

Emergency procurement support 

Current procurement practices are not suitable for urgent and emergency sourcing of essen-

tial spare parts. We suggest establishing an independent body outside of Eskom that reports 

directly to National Treasury. This body should be empowered to procure essential parts as 

and when required for safe and reliable plant operation. Eskom should carry out a cost/bene-

fit analysis and the independent body should assess what is needed and should be author-

ised to approve the process. 

Human resource support 

As a result of the constant crisis mode, many employees are frustrated and demotivated. A 

working atmosphere characterised by indifference, ignorance and blame-shifting has been 

fostered in many areas. Salaries have not been increased for several years and a system in 
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which good performance is rewarded has not been implemented. The turnover of manage-

ment staff at several power stations is very high. This leads to a loss of plant know-how, de-

motivation and constant pressure with regards to keeping the power plant organisation func-

tional and efficient. Measures should be implemented to:  

− attract and secure skilled and high-performing staff, 

− secure site-specific know-how, 

− enable management continuity, 

− facilitate teambuilding and build-up of trust among the power plant staff. 

It is important to lift employees’ spirits, and to do this Eskom must change its performance 

culture. The next chapter addresses this problem, proposing measures related to salaries 

and incentive schemes. 

Expert support for the power plants 

Experts currently employed at Megawatt Park should be allocated to the following teams, to 

work directly with the power stations and on-site support staff: 

− „Global System Engineers“ senior expert team for important process and main equip-

ment issues (e.g. turbine island, boiler tube leakages, cooling system)  

− „Engineering-SWAT-Team“ to support on-site on a rolling basis 

− „Outage-SWAT-Team“ to execute urgent and repetitive maintenance issues existing 

at many power stations (e.g. repair/exchange of spraying valves, water and steam 

leaks in valves and pumps sealings, air ingress in ducts and air preheaters 

External expert support 

We believe that the necessary turnaround cannot be achieved within the framework of the 

current management structure at Eskom. Implementing an appropriate structure, as set out 

in the first chapter, will take time; we strongly recommend the immediate establishment of an 

interim team of independent experts (outside of Eskom) that reports directly to National 

Treasury. Member(s) of the expert team should be permanently situated at each site, to fol-

low up key risk areas and intervene if required. Furthermore, the team should be authorised 

to procure critical spare parts, as emergency procurement support is also needed. The as-

signment should be limited to a defined period, e.g. 1.5 to 2 years. At minimum, there should 

be one financial and one technical expert on-site. Also, the procurement of critical spare 

parts can be supported by the team.  

Eskom Generation committees 

The existing structure at Eskom, with its 28 executive committees (in addition to the 

GxBoard), has not proven successful in mitigating poor operational performance of the coal 

fleet or supporting decision making. Figure 7, below, gives an overview of the committees. 
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Figure 7: Overview of current Eskom executive committees4 

As far as is possible, we recommend separating Eskom Generation’s coal division from the 

rest of its business and from the overarching Eskom Group organisation and processes. For 

the existing committees we suggest this approach: 

− Executive Committees 

As the coal fleet division has a clear focus and budget responsibility, the actual cross-

divisional functions of the GexCo and GenOps for the coal fleet are bundled in one 

staff department for the coal fleet division (Office to the coal fleet Executive). The in-

terface to the rest of the Generation division is ensured via the direct reporting to the 

Generation Executive and participation of coal fleet representatives in the executive 

Committees for information. GOIC (Generation Operations Investment Committee) 

and GxDTC (Generation Division Tender Committee) are handled in the same way 

for information only. The coal division must be separated as far as possible from the 

rest of the generation division.  

− Divisional Governance Committees 

The divisional governance committees should be reduced and concentrated into the 

staff department to the coal fleet division as well which then acts as the one interface 

to the Generation Division. 

− Operational Gx Forums 

Close collaboration and best-practice transfer is a key enabler for sustainable opera-

tional performance. To enable it to focus on the current situation, the coal fleet should 

– at least temporarily – setup its own forums, on a smaller scale, to specifically ad-

dress its operational issues. We suggest the following forums: 

  

 

4 Source: Eskom file Gouvernance Structures (002).pptx 
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o Power station managers, coal management and regulatory affairs 

o Production managers 

o Engineering, maintenance and outage managers 

o Support functions (e.g. security)   

In the long-run, interdivisional forums can be re-established again. 

Governmental oversight and governance 

Not insignificant to developments is the fact that governance of Eskom, as a state-owned 

company is characterised by multiple and – to a certain extent – uncertain or contradictory 

political priorities and goals. The main external stakeholders, as described in related policy 

documents5 and as established in meetings held with various government departments in the 

course of the assessment, are shown in simplified form in the figure below. 

 

Figure 8: Key governmental stakeholders to Eskom 

The Department of Public Enterprises (DPE) is the shareholder representative for the Gov-

ernment of South Africa and is mandated to oversee and help shape the formulation of pol-

icy, legislation and regulation. Under the Public Finance Management Act, the DPE and 

Eskom conclude an annual shareholder compact, which tracks the KPI for supporting 

Eskom’s mandate and the strategic objectives that have been set up by DPE in the Strategic 

Intent Statement. 

The Department of Mineral Resources and Energy (DMRE) regulates the mineral and energy 

sector and sets energy policy. Amongst other things, it develops the Integrated Resource 

Plan and the Integrated Energy Plan, which determine the national energy mix and the devel-

opment of the national electricity generation portfolio.  

The National Treasury is responsible for ensuring the necessary financial funding of Eskom. 

The Ministry of Electricity, which is relatively new within the Presidency, oversees all aspects 

of electricity crisis response, including the work of the National Energy Crisis Committee 

 

5 Source: Eskom document “Generation Division Business Plan FY 2023 - 2027 Rev07 (240-
109132834) in the file „Generation Division Business Plan FY2023-27.pdf “ 
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(NECOM). It also oversees the procurement of new generation capacity and security of sup-

ply – previously within the remit of the DMRE.  

The National Energy Regulator of South Africa (NERSA) regulates the industry under the Na-

tional Energy Regulatory Act 2004 and the Electricity Regulation Act 2006, providing li-

cences, regulatory rules, codes and guidelines. NERSA also determines the revenue alloca-

tion in accordance with the Electricity Pricing Policy and approves new build projects and 

shutdown plans. 

The intergovernmental body of the NECOM comprises all relevant government departments 

and Eskom, led by the Director-General in the Presidency. The body reports to an interminis-

terial committee, which is chaired by the President and comprises the Minister in the Presi-

dency, the Minister of Mineral Resources and Energy, the Minister of Public Enterprises, the 

Minister of Finance, the Minister of Forestry Fisheries and the Environment and the Minister 

of Trade Industry and Competition. Its short-term objective is to reduce the severity and fre-

quency of load shedding through immediate measures to stabilize the energy system, with 

the long-term goal of ending load-shedding. 

Other government departments (e.g. of Labour, of Trade Industry and Competition or of Wa-

ter and Sanitation), governmental stakeholders (e.g. Competition Commission or National 

Nuclear Regulator) and public stakeholders are not mentioned here but are also able to influ-

ence the company’s strategic decisions. 

We recommend that the Eskom Board receive clear strategic guidance and political govern-

ance from a single point of responsibility, based on an aligned set of goals agreed by all the 

relevant governmental stakeholders mentioned above. 

4.2 Maintenance Budgets Assessment  

As part of the overall assessment of the operational performance of Eskom’s coal fleet, the 

vgbe team reviewed all the maintenance, outage and Tecplan budgets from 2013 until 2027. 

The aim was to evaluate whether reasonable and appropriate budgets have been and will be 

made available, to allow proper maintenance in the power stations. As a basis, Generation 

Finance provided the budgets going back as far as 2013 and actual planning data from the 

2022 generation business plan, for the period until 2027, for all the power stations. The pro-

vided data files have been finally aligned between Generation Finance and vgbe to find a 

correct base for the review with a high confidence level.6  

  

 

6 Source: Eskom file vgbe Maintenance Budgets Coal Fleet_2023-04-12_wo_Germany_updatedBS 
Rev 1.xls provided by Brian Stobbs on May 22nd, 2023. 
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The total maintenance costs used for this assessment consist of three parts: 

1. Maintenance costs for day-to-day operation. 

2. Outage costs. 

3. Tecplan costs, which were combined with outage costs for the purpose of this as-

sessment. 

Large-scale projects (e.g. for refurbishing, replacement or upgrades, for example for flue gas 

desulphurization (FGD)) were not considered. 

Despite the analysis of the quantitative development of the budgets, a qualitative benchmark 

of the relevant parameters, with a relevant population from the international generation mar-

ket, was performed. The benchmarking parameters are normalised metrics that can be used 

for comparison with peer group data. Costs are typically normalised on a per MW and/or per 

MWh basis. vgbe has utilised operational data from internal sources, as well as from data 

available publicly, to develop an appropriate peer group incorporating comparable technolo-

gies and unit sizes:  

− Technology: Pulverised coal plants of sub-critical to supercritical types. 

− Regions: Germany, Europe, United States, South America, East-Asia. 

− Unit size: 200−800 MW. 

− Age: 10–50 years. 

− Single and double units. 

− Dust removal systems (ESP or bag-type) installed in all cases; DeNOx (removal of 

NOx)/FGD included in many cases. 

The benchmark analysis compares Eskom’s key metrics with the corresponding peer group 

metrics, adjusted for differences in currency: all costs have been converted to EUR using the 

yearly bank exchange rates as an annual average. Our data source is the World Bank. 

For this qualitative benchmark, no further adjustments have been made for inflation, regional 

wage rates and productivity. Intentionally, the peer group has been setup on a very broad ba-

sis (e.g. including DeNOx/FGD), to avoid theoretical cost adaptions on the raw data. Never-

theless, the trend of such potential adaptions of the data would lead to a significant reduction 

in the benchmark numbers and further underscore the main messages of our report. 

The average values used in the following charts are shown with their standard deviation, cal-

culated based on the deviations of the selected peer group and its bandwidth of units. 
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Figure 9: Specific total maintenance costs in EUR per MW net per annum  

Figure 9 clearly shows that the total maintenance costs per MW net have been far above the 

international average in all years to date and will continue to be significantly above average 

in the coming years. 
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Figure 10: Specific total maintenance costs in EUR per MWh net  

The specific maintenance costs per MWh net, see Figure 10, were in line with the interna-

tional average in most years since 2013 but will be significantly above average in the coming 

years. It should be noted that an increasing EAF should reduce the specific costs. 

Figure 11 shows a specific example, a comparison is made with a German coal unit (single 

unit, 700 MW class, supercritical, with DeNOx and FGD plant). Even compared with this unit, 

which has several cost-driving characteristics, Eskom’s annual maintenance budgets are 

much higher. 
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Figure 11: Total maintenance costs in EUR per unit per annum  

Summary 

The analysis shows that the specific maintenance costs budgeted by Eskom for its coal fleet 

between 2013 and 2027 are above or at least within the bandwidth given by international 

benchmark figures, taking into account the technology, size and age of the coal fleet. Com-

pared to German figures, the Eskom budgets are significantly above the average in currency-

adjusted terms, but the above-mentioned corrections on regional wage rates and productivity 

would need to be considered to calculate exact deviation figures. This, however, was not the 

purpose of the assessment. Hence, the money spent by Eskom should have been sufficient 

to execute proper maintenance and to keep the power plants in a good condition. Given that 

the maintenance budgets are above or, at the very least, within the internationally compara-

ble range, it is necessary to understand why the status and performance of the coal fleet - 

especially in terms of energy availability – is significantly lower than the international bench-

mark. Although not within the scope of this assessment, the next step must include an evalu-

ation of what caused the discrepancy between spending and results, in order to avoid the 

same development in the future: 

1. Was the scope of the maintenance and outage work appropriate? 

2. Was the planned maintenance and outage work executed in a proper way? 

3. Were the internal costs for maintenance and outage work appropriate and did they 

correspond to international benchmarks?  
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4. Were the prices charged by third-party suppliers for the maintenance and outage 

measures appropriate and comparable to corresponding international benchmark 

prices? 

5. Were proper governance, surveillance and quality assurance processes functional to 

enable high level spending? 

Points 1 to 3 and point 5 refer to Eskom’s internal organisation and processes and are 

largely covered by the recommendations given by the vgbe team in this report. Point 4 refers 

to the market situation – both in South Africa and internationally - for services in the energy 

sector and related industries and needs to be evaluated in a separate step. 

4.3 Coal Purchase 

Coal supply has a significant impact on the operational effectiveness of Eskom’s coal-fired 

power stations and on a substantial share of the required maintenance efforts. Eskom's 

power plants are fired by domestic hard coal, which is abundantly available in South Africa. 

Some power plant sites are supplied directly from neighbouring coal mines via conveyor 

belts. Otherwise, deliveries are made by rail and/or truck. In the case of delivery by truck, in 

addition to the question of whether it makes economic and ecological sense, there is the is-

sue that continuous quality control has not yet been optimally implemented by Eskom at all 

power plant locations. Information about coal delivery and the corresponding coal quality 

control can be found in the chapters addressing the individual power plant visits. There are 

two types of contracts for coal procurement: 

− Cost-plus based contracts 

− Price-based contracts 

Cost-plus based contracts 

Cost-plus contracts are contracts in which Eskom pays for all the operating costs of the mine, 

plus a return on the mine's capital expenditure. The initial mine capital is either paid in full by 

the mining company or shared between Eskom and the mining company. These mines are 

usually purely for Eskom’s use, with all costs charged to Eskom's account. Eskom is conse-

quently fully involved in the mine planning processes and uses its influence to optimise the 

operation of the mines for Eskom’s benefit. The "cost plus" contract structure provides 

Eskom with the flexibility to search the market for cost-saving opportunities at short notice. 

Eskom currently has cost-plus contracts for the Kriel, Matla, Kendal, Lethabo and Tutuka 

coal supply sites.  

Negotiations on the cost-plus contracts focus on return on investment (ROI), which deter-

mines the mining company's profit. This ROI is determined in advance and, in the past, has 

been divided into two components - a fixed portion and a variable portion, based on actual 

production. Thus, the variable portion changes with production performance each month. An 

important point to note is that, due to the high fixed cost component, the unit cost of Eskom's 

coal is very sensitive to changes in production. If the supplier does not deliver the 



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  58 

agreed/contracted tonnage, the ROI formula normally provides for a reduction in the variable 

return payable to the supplier. If the non-delivery was within management's control, Eskom 

would be entitled to "import" the shortfall, with the supplier responsible for the cost difference. 

However, it should be noted that the supplier has the right to "make up" the tonnage within 

the CSA at marginal cost. If agreement cannot be reached on whether the matter was "within 

management's control," an arbitrator is appointed, resulting in a significant delay between the 

direct costs Eskom must incur to rectify the shortfall and the supplier's eventual reimburse-

ment. 

The contract specifies a range for each quality component, e.g. calorific value, ash, moisture, 

size, attrition, volatile matter, ash fusion temperature. If the actual qualities fall outside this 

range, Eskom would levy a penalty or surcharge in accordance with the contract. The fact 

that lower quality coal can be used in the power plant, which may affect the power plant's 

performance and operating costs, is not a factor. 

Price-based contracts 

A predetermined but escalating/indexed price is paid for a predetermined quantity of coal. 

The mining risk lies with the mining company, so Eskom is not involved in the mine planning 

processes. However, Eskom reviews mining plans at a high level, to reduce the risk to the 

company. These mines are generally multi-product mines that sell a portion of their produc-

tion to customers other than Eskom, making it very difficult to secure mining costs for coal 

produced for Eskom's consumption. 

The supply contracts for Duvha, Matimba and Medupi are price-based contracts. The new 

contract for the Medupi power station will also be price-based. 

There are a number of factors that influence the price charged by the mining company. The 

key determinants are market demand versus supply, the spot price, alternative investment 

opportunities and the risks that the supplier perceives the mining company to face. In the cur-

rent environment, Eskom's bargaining power is limited due to very strong global and local de-

mand and low supply. Unit costs are adjusted annually or monthly depending on the terms of 

the contract. 

The required quantities are specified in the contract. The power plants' production require-

ments in excess of the quantities specified in the contract must be supplemented by coal 

from other sources.  The supplier is given a reasonable period of time to make up the short-

fall, usually between 6 and 9 months. If the supplier does not deliver the agreed shortfall 

within the prescribed period, Eskom may purchase the shortfall from another source and the 

supplier is responsible for the difference in cost to Eskom (delivery price of short-term coal 

versus contract price). However, Eskom must ensure that the short-term coal was purchased 

at a fair and reasonable price. It should be noted that the process usually results in a long 

delay between Eskom incurring the cost (Eskom often buys the shortfall immediately on the 

"spot market" due to production pressure) and the supplier being reimbursed for the cost. 

The contract specifies a range for each quality component, e.g. calorific value, ash, moisture, 

size, abrasion, volatile matter, ash fusion temperature. If the actual qualities are outside this 
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range, Eskom will levy a penalty or surcharge in accordance with the contract. This is not af-

fected by the fact that lower quality coal may be used in the power plant, which may affect 

output and energy costs, nor does it prevent Eskom from finding an alternative source of suit-

able coal while the mine finds a solution to the problem. 

If demand for high quality (export) coal is high, there is a risk that the mine will manage 

Eskom coal grades to the lower limit of the Eskom quality range, even accepting disad-

vantages that are more than offset by the high export price. 

Recommendations 

It is clear that the coal contracts are very complex and have a high monetary impact on 

Eskom's operating results, especially in terms of coal mine investments and penalties or 

mark-ups on quality requirements. Here, we propose the preparation of a report which, in 

summary, corresponds to a business report "Coal Procurement". This report should also be 

submitted annually to an independent auditor for review. Although all bookings are recorded 

in the SAP system, they are not yet checked coherently. In case of delivery by truck, in addi-

tion to the economic and ecological sense of such a delivery, the implementation of con-

sistent quality control has not yet been implemented at all power plant locations at Eskom. 

However, the resulting monetary losses and the impact on power plant operations are known 

to all parties involved. There is a need for action here as quickly as possible. 
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5 Technical Assessment of the Power Plants 

The main objective of the coal fleet investigation was to find out reasons for the low Energy 

Availability Factor (EAF) of the coal fleet – 50.83% as of April 2023 – and to develop 

measures to improve the situation. The EAF of Eskom’s coal fleet is currently at about 51% 

whereas international benchmarks are in the range of 78%. 

This international benchmark was derived from the KISSY (KraftwerksInformationSSYstem) 

data base of vgbe. This data base includes availability data and unavailability events of indi-

vidual power plants and their components. KISSY enables the comparison of parameters of 

an individual plant with characteristic values of similar plants. The following figures show 

such a comparison in which the EAF, Energy Utilization as well as Unplanned Availability of 

Eskom plants as well as of European power plants are presented. 

 

 

Figure 12: Comparison of EAF and UA of hard coal units (more than 600 MW) 

Source: KISSY, vgbe 



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  61 

 

Figure 13: Comparison of EAF and UA of hard coal units (350 to 600 MW) 

Source: KISSY, vgbe 

 

 

Figure 14: Comparison of EAF and UA of hard coal units (150 to 250 MW) 

Source: KISSY, vgbe 

The abbreviations are as follows: AT = Austria, CZ = Czech Republic, DE = Germany, FR = France, 

IT = Italy, NL = Netherlands, PL = Poland 
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5.1 Common Findings and Conclusions 

Besides the analysis of the information provided by Eskom – as outlined in chapter 3.4 –, site 

visits formed a key input for the technical assessment of the individual power plants. The fol-

lowing table provides an overview of the visits conducted. 

Power Plant/ 

Date 

Partners Persons 

Arnot 

18–21 April 

vgbe, KWS Dr. Christian Ullrich (vgbe) 

Dr. Claudia Stockheim (vgbe) 

Dr. Claudia Weise (vgbe) 

Dr. Mark Newby (vgbe) 

Sener Günes (vgbe) 

Bev Lawrence (KWS) 

Lonia Rashapuoa (KWS) 

Camden 

12–14 April 

RWE, KWS Axel S. Meschgbiz (RWE) 

Markus Burkhardt (RWE) 

Petros Terzis (RWE) 

Tim Bettermann (RWE) 

Klaus Reichelt (RWE) 

Terence Richardson (KWS) 

Duvha 

30–31 March, 

18 April 

vgbe, KWS Dr. Mark Newby (vgbe) 

Sener Günes (vgbe) 

Dr. Claudia Stockheim (vgbe) 

Dr. Oliver Then (vgbe)  

Dr. Christian Ullrich (vgbe) 

Dr. Claudia Weise (vgbe) 

Jörg Schulte-Trux (KWS) 

Malcolm Fawkes (KWS) 

Pieter Janse van Rensburg 

(Dornier) 

Grootvlei 

26–27 April 

vgbe, KWS Dr. Mark Newby (vgbe) 

Sener Günes (vgbe) 

Dr. Claudia Stockheim (vgbe) 

Dr. Oliver Then (vgbe) 

Dr. Christian Ullrich (vgbe) 

Dr. Claudia Weise (vgbe) 

Terence Richardson (KWS) 

Lonia Rashapuoa (KWS) 

Pieter Janse van Rensburg 

(Dornier) 

Hendrina 

17–19 April 

Dornier, KWS Zajda Bartosz (Dornier) 

Vladan Dokic (Dornier) 

Pieter Janse van Rensburg 

(Dornier) 

Klaus Bransch (Dornier) 

Gladman Mkwai (KWS) 

Bev Lawrence (KWS) 

Kendal 

25–28 April 

Dornier, KWS Zajda Bartosz (Dornier) 

Vladan Dokic (Dornier) 

Pieter Janse van Rensburg 

(Dornier) 

Klaus Bransch (Dornier) 

Bev Lawrence (KWS) 

Lonia Rashapuoa (KWS) 

Kriel 

24-25 April 

vgbe, KWS Dr. Mark Newby (vgbe) 

Sener Günes (vgbe) 

Dr. Claudia Stockheim (vgbe) 

Dr. Oliver Then (vgbe) 

Dr. Christian Ullrich (vgbe) 

Dr. Claudia Weise (vgbe) 

Carl Haupt (KWS) 

Kusile 

2–5 May 

STEAG, KWS Jagdish K. Bhardwaj (STEAG) 

Naveen Kumar Gupta (STEAG) 

Lalatendu Pattanayak (STEAG) 

Werner Renk (STEAG) 

Shivendra K. Shina (STEAG) 

Bev Lawrence (KWS) 
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Power Plant/ 

Date 

Partners Persons 

Lethabo 

2–5 May 2023 

Dornier, KWS Zajda Bartosz (Dornier) 

Vladan Dokic (Dornier) 

Pieter Janse van Rensburg 

(Dornier) 

Klaus Bransch (Dornier) 

Lonia Rahapuoa (KWS) 

Carl Haupt (KWS) 

Majuba 

20–24 April 

RWE, KWS Axel S. Meschgbiz (RWE) 

Markus Burkhardt (RWE) 

Petros Terzis (RWE) 

Tim Bettermann (RWE) 

Klaus Reichelt (RWE) 

Terence Richardson (KWS) 

Gladman Mkwai (KWS) 

Matimba 

24–28 April 

STEAG, KWS Jagdish K. Bhardwaj (STEAG) 

Naveen Kumar Gupta (STEAG) 

Lalatendu Pattanayak (STEAG) 

Werner Renk (STEAG) 

Shivendra K. Shina (STEAG) 

Dietmar Breuer (STEAG) 

Gladman Mkwai (KWS) 

Matla 

20–24 April 

Dornier, KWS Zajda Bartosz (Dornier) 

Vladan Dokic (Dornier) 

Pieter Janse van Rensburg 

(Dornier) 

Klaus Bransch (Dornier) 

Malcolm Fawkes (KWS) 

Carl Haupt (KWS) 

Medupi 

17–21 April  

STEAG, KWS Jagdish K. Bhardwaj (STEAG) 

Naveen Kumar Gupta (STEAG) 

Lalatendu Pattanayak (STEAG) 

Werner Renk (STEAG) 

Shivendra K. Shina (STEAG) 

Dietmar Breuer (STEAG) 

Malcolm Fawkes (KWS) 

Carl Haupt (KWS) 

Tutuka 

17–19 April 

RWE, KWS Axel S. Meschgbiz (RWE) 

Markus Burkhardt (RWE) 

Petros Terzis (RWE) 

Tim Bettermann (RWE) 

Klaus Reichelt (RWE) 

Terence Richardson (KWS) 

Table 3: Overview of the power plant site visits 

The vgbe team has compiled specific reports for each power plant – they follow from chap-

ter 5.3 onwards. However, there are some common findings and conclusions that are out-

lined in this chapter that is structured according to main fields of action.  

5.1.1 Power Plant Management 

The main root cause for the low EAF is the dysfunctional management system of Eskom. It is 

characterised by inefficient processes – especially in procurement –, a lack of authority and 

an opaque decision-making structure. The plant management, with its limited authority 

and high level of interference from the headquarter is unable to focus its attention on its pri-

mary responsibility: reliable plant O&M. Currently, even a mediocre level of performance (e.g. 

EAF) is accepted as sufficient.  

In O&M management, many deficits were identified. The quality of operations has suffered 

from a lack of ownership and leadership, as well as a lack of training and high staff turnover. 

The planning and execution of maintenance work need to be more stringent, more goal-ori-

ented and more carefully executed.  
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Furthermore, the complete outsourcing of maintenance – with few exceptions – has contrib-

uted to low plant reliability. The contractors’ personnel are unfamiliar with plant requirements, 

and this results in a long reaction time and high administrative interface efforts. 

In particular, the complicated procurement policy and processes proved to be a bottle-

neck in supporting the plants with timely provision of spare parts and qualified services by 

third parties. In addition to its impact on plant performance, the procurement process is also 

a significant contributor to high service and supply costs.  

A typical power plant organisation chart is shown in the following figure. 

 

Figure 15: Example for a plant organisational chart (Arnot) 

The core functions of the power plant – operation, maintenance, and outages – are assigned 

to separate departments. These departments are on the same hierarchy as many other func-

tions. The vgbe team believes that the exceptional role of these functions should be reflected 

by the organizational structure; other functions than O&M should be sub-ordinate. Moreo-

ver, maintenance, outages and spare parts management should be assigned to one organi-

sational unit.  

5.1.1.1 Maintenance and Outage Procedures 

To track and to control the progress of maintenance and outage work Eskom has establish a 

comprehensive set of KPI which are accumulated in Maintenance Performance Index 

(MPI) and Outage Readiness Index (ORI).  

The following table shows the factors that are considered in the calculation of the MPI (KPA 

stands for Key Performance Area). 
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KPA KPI Short Description 

Cost Real cost rate year-on-year (OPEX) Cost spend on maintenance comparing 

previous year to current year to achieve 

savings 

Maintenance OPEX variance 

(actual / plan) 

Actual money spent compared to the set 

budget 

People Resource utilisation Hours worked by employees based on 

the confirmed hours against mainte-

nance work order on SAP 

Maintenance work Preventive maintenance template 

tasks implemented (Maintenance 

strategies and manage work pro-

gress) 

Maintenance strategy implementation 

Preventive maintenance compliance Execution on preventive maintenance 

according to set strategies 

Schedule compliance Execution of the set schedule for the 

week 

Scope stability (how much scope 

changes between T-4 and T-1) 

Change of scope locked four weeks prior 

execution week 

Emergent work (work added during 

the execution week) 

Additional work that was not part of the 

locked schedule 

Notification response compliance How soon are P1 and P2 notifications at-

tended 

Online corrective backlog growth 

rate quarter-on-quarter 

Growth of defect list on SAP comparing 

the previous quarter with the current 

quarter 

Online corrective backlog in number 

of weeks of work 

How long will it take to complete existing 

defect list in number of weeks 

Outage slip   

Statutory order violations Was statutory done according to planned 

date 

Recurring work Same plant that is reported to be defec-

tive repetitively, AKZ code is used to 

measure this 

Work sampled for completeness Selected work orders on the schedule to 

be quality controlled by line manager 

Support Critical spares availability spares of high importance to be used on 

the critical plant  

Strategic spares availability spares that have a long lead time and 

critical 

Operational spares availability normal stock 

Table 4: Components of the MPI calculation 

Source: Eskom 

The next figure reflects an application of the MPI at the Duvha power plant. 
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Figure 16: Maintenance Performance Indices (Duvha) 

As already described in chapter 4.1.2 the vgbe teams considers this MPI as too complex and 

inefficient. Especially in the view of the fact that in many plants the plant condition was not 

reflected by the MPI – the KPI implied a much better situation than it was in reality. 

The plant outages follow a common philosophy that is shown in the next figure. 

 

Figure 17: Eskom’s outage philosophy 

MGO = Major General Overhaul, GO = General Overhaul, IN = Inspection Outage, IR = In-

terim Repairs 
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With respect to the planning the following process is followed. 

 

Figure 18: Eskom’s outage process 

The funds are allocated according to the defined philosophy scope. A request for extra fund-

ing needs to follow a Scope-of-Work-variation process. Many sites reported that this process 

is time-consuming and inefficient. 

The ORI is a KPI that was developed to track the progress of outage planning. It uses a 

readiness percentage measurement that starts 24 months before the outage. The vgbe team 

considers this indicator also as too complicated. Instead of increasing from 0% to 100% as 

the readiness increases, the indicator fluctuates significantly up and down at different audit 

stages as the criteria for the evaluation vary – 20% fluctuation was observed during site vis-

its. This is not logical and does not provide a clear information about the true planning status. 

5.1.1.2 Incentive Schemes 

Staff morale is a problem in the organisation. Observations during the site visits highlighted 

the variation in motivation levels amongst staff, with a number still being very committed, but 

a significant number lacking motivation. This does not lead to good teamwork and is evi-

denced by the variation in maintenance and housekeeping standards. 

Incentives and recognition for committed work are key for enhancing the performance of the 

organisation. Observations from the site visits included: 

− Staff have not been receiving any recognition for good performance, at least for the 

last four years. 
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− HR plan states that they want to achieve a high-performance culture, but this appears 

to be largely unsuccessful. 

− There is a high turnover of staff at power stations due to the remote and difficult work-

ing conditions. Previously there were incentives in place to attract and retain site staff. 

This needs to be looked at urgently. 

− As a result of the continuous crisis mode, many employees are frustrated and demoti-

vated. In many areas, a working atmosphere characterised by indifference, ignorance 

and blame-shifting has been fostered. Salaries have not been increased for several 

years and there is no system in which good performance is rewarded.  

To lift spirits, the Eskom performance culture needs to change. The vgbe team recom-

mends implementing an incentive scheme for good performance on both an individual 

and institutional level. For example, power plants should receive a bonus if they are able 

to reduce their losses by a defined percentage rate. Another incentive could be to provide 

accommodation for Eskom staff – e.g. free of charge – near the power plant. In some 

cases, there are accommodation buildings close to the power stations, owned by Eskom, 

but staff cannot access them. 

5.1.1.3 Spare Parts Management 

As already mentioned, the procurement process is one of the key bottlenecks for the outage 

and maintenance management. This is especially relevant for the spare parts management. 

An example for this situation is the generator at Medupi Unit 4. It is very strange that the pro-

curement of the generator has taken so long – even two years after the incident the process 

is not yet finalised. It is also completely incomprehensible why an alternative was not sought 

and, for example, the currently redundant generator from Kusile or a used generator from an-

other power plant were not taken into consideration. 

At some of the plants, there is a mismatch between listed and existing spare part items. This 

issue can be resolved by conducting regular inventories. Moreover, the quality of the spare 

part management needs to be improved at some sites. In many cases, spare parts are not 

being properly protected from dust and dirt. These conditions pose a serious threat to quality 

and can result in unusable equipment. Affected parts need to be cleaned or possibly even 

replaced immediately. This quality check should be an integral part of the spare parts inven-

tory. 

5.1.2 Partial Load Losses 

The PLL are a key driver for the deterioration of the EAF. As of March 2023, the PLL ac-

counts for 6 057 MW. Many of the PLL reduction measures mentioned below can be imple-

mented during a plant outage, standstill or even during regular operation. These outages and 

standstills often occur randomly due to unit trips. This means that the maintenance teams in 

the various power plants should be prepared and flexible to perform maintenance work at 

any given opportunity. 
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5.1.2.1 Analysis of the PLL Data 

Eskom was requested to supply EAF and PLL data for the coal fired fleet for the financial 

years 2010 to 2023. The financial year runs from 1 April to 31 March. This data was initially 

supplied as an average for the whole fleet. Subsequently EAF and PLL data has also been 

supplied for each coal fired power station for the financial years 2010 to 2023. The data sup-

plied in May 20237,8 varies slightly from the data supplied by Eskom initially and quoted in the 

different power station reports. This was due to the conclusion of FY data at the end of 

March 2023. 

The analysis considers the correlation between EAF and PLL, with plots shown for the whole 

fleet and each power station. The losses due to PLL present an opportunity for recovery of 

some power in the short and medium term. It was observed during the site visits that outage 

scopes are not completed sufficiently for a unit to return at full load. As a result, the PLL con-

ditions have not improved after maintenance. 

The correlation between reduction in EAF and increase in PLL is clearly illustrated in Figure 

19 below. The increase in PLL since 2018 has been steadily getting worse. 

 

Figure 19: Plots of EAF and PLL data for the coal fleet (FY2009/2010–FY2022/2023) 7 

The data for each power station was then verified and plotted. This trend in EAF reduction is 

reflected at most of the power stations with a few exceptions such as Lethabo and Matimba, 

as shown in Figure 20. An industry average was derived from the vgbe database for Euro-

pean power stations as a comparison and is included in Figure 20. 

The data used for the plots is shown in Table 5. There is a strong potential for improving 

these PLL losses if systematic maintenance is implemented. 

 

7 Eskom supplied data, email from Lebohang Kubayi, 15 May 2023 
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Figure 20: Plots of EAF data for each power station (FY2009/2010–FY2022/2023) 8 

 

Table 5: EAF data per power station8 

The PLL data per power station from 2010 to 2023 was supplied by Eskom. Table 6 shows 

the data for each financial year. 

 

8 Eskom supplied data, email Lebogang Kubayi, 9 May 2023 and 25 May 2023 

Financial 

Year
Arnot Camden Duvha Grootvlei Hendrina Kendal Komati Kriel Kusile Lethabo Majuba Matimba Matla Medupi Tutuka

Industry

Average

2010 83.48 81.03 80.90 71.57 83.86 88.28 57.17 67.91 91.09 91.75 92.87 82.65 79.47 82.36

2011 76.10 76.42 71.76 74.72 81.18 93.82 94.84 77.09 91.29 91.06 92.25 80.41 76.44 80.37

2012 76.19 69.42 61.44 68.75 76.15 92.60 68.36 64.64 89.19 88.44 90.92 81.85 78.42 77.34

2013 70.37 73.22 60.48 60.52 61.04 85.35 70.87 69.28 79.88 80.61 86.57 84.97 70.57 80.14

2014 61.46 74.19 62.00 79.70 57.55 87.11 65.46 61.11 80.19 75.62 84.76 69.39 64.51 77.09

2015 55.81 70.65 46.09 64.79 66.88 77.27 51.68 63.34 82.58 70.65 88.44 74.26 74.01 74.30

2016 57.87 66.28 49.41 56.51 54.51 79.63 54.88 68.08 74.67 65.59 82.13 76.72 64.44 77.14

2017 77.06 78.17 60.28 60.17 62.33 80.39 64.83 68.24 83.92 76.31 87.89 82.24 72.95 69.28 78.67

2018 74.85 64.51 56.81 55.02 67.26 91.71 56.80 62.75 69.79 89.98 90.47 78.05 76.90 74.99 77.64

2019 57.05 60.43 47.18 61.38 67.15 68.79 48.67 56.13 23.72 79.37 79.84 87.89 70.60 53.15 57.98 75.20

2020 60.33 46.11 44.61 54.82 50.32 54.61 68.70 59.66 50.44 66.85 69.80 87.48 71.78 64.70 43.01 71.19

2021 61.23 20.36 48.26 69.45 53.02 48.30 68.00 50.60 61.86 79.10 72.41 80.25 68.24 56.21 40.40 77.88

2022 52.21 52.61 42.30 54.36 51.11 45.96 69.00 53.93 27.05 80.50 62.69 75.48 65.65 62.76 30.06

2023 42.44 57.49 41.05 50.46 22.95 46.40 65.95 49.39 24.31 73.68 48.16 74.97 53.33 69.01 26.05

Power Station EAF [%]
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Table 6: PLL data per power station (FY2009/2010–FY2022/2023) 8 

The plot of the PLL data is shown in Figure 21. The increase in PLL since 2018 is again ap-

parent. 

The power stations with the highest potential for gaining power availability by reducing PLL, 

more than 400MW per station, are labelled and indicate the areas where the most power can 

be gained by reducing PLL. Kendal and Majuba power stations have the highest PLL data 

and should be targeted urgently. 

 

Figure 21: PLL data per power station in MW 

5.1.2.2 Overview of PLL Reduction Measures 

Many of the PLL reduction measures mentioned below can be implemented during a plant 

outage, standstill or even during regular operation. These outages and standstills often occur 

randomly due to unit trips. This means that the maintenance teams in the various power 

Financial 

Year
Arnot Camden Duvha Grootvlei Hendrina Kendal Komati Kriel Kusile Lethabo Majuba Matimba Matla Medupi Tutuka

2010 112 27 120 4 12 22 0 110 8 11 6 60 139

2011 150 36 197 13 55 19 1 166 11 19 10 46 50

2012 211 89 190 18 74 42 1 183 21 52 14 60 44

2013 297 61 356 32 186 153 3 372 148 104 45 77 215

2014 269 73 517 67 115 143 42 332 119 290 49 64 100

2015 366 78 340 151 135 128 89 219 152 379 38 116 173

2016 293 106 299 104 122 164 33 288 141 252 40 33 395

2017 224 75 174 92 102 79 37 248 55 204 27 18 4 116

2018 252 103 193 26 121 106 22 264 34 43 23 21 33 147

2019 654 208 326 37 124 537 48 268 49 50 308 26 96 262 419

2020 484 222 433 43 84 630 31 400 207 136 400 108 364 479 612

2021 433 51 439 64 96 545 3 287 87 130 355 106 318 503 671

2022 490 167 395 56 95 720 4 485 138 122 523 347 369 374 540

2023 458 236 530 78 91 1077 4 546 279 218 938 422 408 231 524

Power Station PLL MW]
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plants should be prepared and flexible to perform maintenance work at any given oppor-

tunity. The following power plant reports (from chapter 5.3 onwards) include more details on 

the specific measures. 

Spray Water Valves: Leaky spray water valves contribute significantly to PLL, as these leak-

ages result in operating conditions with reduced steam temperatures. Spray valves are used 

to control the steam temperature by injecting water but, if they are leaking or just completely 

open, this causes a tremendous decrease in the efficiency of the effected unit. If the steam 

temperature drops too much, this will cause a turbine trip and can also damage the turbine. 

Replacing the valve only takes a few days or, at most, a week. As such, it could be carried 

out during unplanned standstills. In some cases, an overhaul of the valves might be suffi-

cient. We strongly recommend immediately checking the availability of the valves at Eskom 

and procuring a sufficient number of valves as soon as possible. 

The PLL reduction potential is site-specific – up to 20 MW per unit, depending on the 

steam temperature difference between design and operation condition. The total contribu-

tion to load losses is assumed to be 300 MW. 

Significant leakages were identified at Arnot, Duvha, Medupi, Matimba and Kriel. 

To fix this problem, the plants have to be on short outage, e.g. weekend.  

 

Leakages: In most of the plants, there are many air, water or steam leakages at fans, 

pumps, valves, or pipes. If fixing these leakages does not require a longer shut-down of the 

unit, they should be fixed right away – if possible, during operation or during unplanned 

standstills. A very effective measure to increase the performance of the power plant is to seal 

the air preheaters and the air ducts on the individual units. This brings the air requirement 

back into the design range of the boiler and thus the FD and ID fan come back into their op-

erational range and can be controlled. These measures will also have a positive effect on the 

operation of the dust separation systems. These measures can be implemented relatively 

quickly and with not so high effort. 

We recommend creating a leakage register to help monitor the progress of repair work. The 

motto should be, “Every leak, no matter how small, is one leak too many”. During the site vis-

its, we found leaks in safety valves, bypass valves, feedwater pumps and demineralised wa-

ter pumps, among others.  

Leakages at safety and bypass valves need special attention as there are safety concerns 

arising from this disfunction. Checking whether the valves are intact and fixing leakages 

should be a priority and can be carried out during unplanned standstills. Based on the current 

overall status and lifetime of the equipment, in many cases a replacement of leaking/passing 

valves is recommended.  
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The leakages significantly contribute to PLL at the boiler and feed water with a total contri-

bution of 741 MW capacity losses. According to Eskom’s data these areas contribute most 

at9: 

− Tutuka: up to 204 MW 

− Duvha: up to 179 MW (however, a significant load loss is due to hp heater issues 

not related to leakages) 

− Matimba: up to 96 MW 

− Kriel: up to 120 MW 

− Matla: up to 44 MW 

− Majuba: up to 38 MW 

− Arnot: up to 34 MW 

− Kusile: up to 26 MW 

The work to fix the problems can partially be done during operation of the units. For most 

of the repairs the units have to be on an outage; a short outage is often sufficient.  

Mills: Unreliable mills cause problems, respectively PLL, in many plants. Usually, the plant is 

designed in such a way that there is one spare mill per unit at full load (redundant design, 5 

out of 6 mills for full load). Maintenance on this spare mill could be carried out during opera-

tion, e.g. by fixing the gear box and reinforcing the foundation. We recommend the creation 

of a dedicated team of qualified persons to carry out this work. Furthermore, the shortage of 

OEM spare parts should be addressed right away. 

The mills contribute significantly to the PLL at the following plants – the MW figures refer to 

Eskom’s data and total up to 960 MW capacity losses: 

− Majuba: up to 503 MW (large portion has been already recovered) 

− Kendal: up to 115 MW 

− Matla: up to 91 MW 

− Tutuka: up to 87 MW 

− Duvha: up to 45 MW 

− Kriel: up to 42 MW 

− Matimba: up to 39 MW 

− Arnot: up to 38 MW 

 

9 The Kendal team reported about a PLL of 300 MW due to a HP steam leak which could be fixed dur-
ing a 90 days outage. This is not reflected by the overall Eskom PLL data.  
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This work can partly be done in parallel to service. However, it should be noted that the re-

covery of these MW needs a systematic maintenance approach – the full potential cannot 

be unleashed during the winter period. 

 

5.1.2.3 Advantages of a Systematic PLL Reduction 

A simulation of the existing situation of incomplete repair compared to systematic and com-

plete repair was performed on a 6 x 500 MW power station. Load and outage data were esti-

mated using averaged EAF data from Kriel power station for the last three years. This simu-

lation shows the potential for improvement. 

A set of data was generated for 16 months to simulate the time required to reduce the PLL 

losses. Random outages were assumed to total 15 months and systematic outages were ini-

tially set to 3 months per unit, followed by 1 month, totalling 21 months for the period. 

 

Figure 22: EAF simulation – outage time comparison 

 

Figure 22 shows that the outage time remains the same for the two conditions until Novem-

ber 2023, after which more time is spent on systematic maintenance. 
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Figure 23: EAF simulation – EAF comparison 

The plot shows the difference between continuing with the current scenario and the philoso-

phy of completing outage scope to return the units to full operation. There is an improvement 

in EAF after ten months followed by a sustained improvement after a further three months. 

5.1.3 Capacity Constraints 

There is a high risk of losing additional generating capacity because individual plant compo-

nents are at high risk of failure due to maintenance or operation gaps. One example is the 

water treatment plant in Matimba, which is a single plant serving the six units of Matimba and 

Medupi. The plant requires urgent maintenance and upgrading to prevent catastrophic fail-

ure.  

Among other high-risk areas are the ash filter and ash handling plants in Matimba and 

Kusile. The required maintenance and operation care are lacking with high risk of additional 

load losses.  

The Kusile power plant is expected to become a main contributor to power generation capac-

ity short-term by starting Unit 5 within the next months and the units 1 to 3 after the comple-

tion of the temporary chimney construction. During our site visits we learned that the achiev-

able capacity is limited due to the incomplete coal handling system and the ash discharge sit-

uation. These restrictions result in a very high risk that the Kusile site cannot be operated 

with more than three units at the same time. Hence, immediate and urgent actions are re-

quired to allow full generation capacity contribution of the plant.  

The water treatment plant at Kendal is in a very poor condition and needs urgent mainte-

nance and refurbishment. If the existing plant fails, six units – 3 840 MW – would be off the 

grid. A temporary unit is urgently required to enable this refurbishment work. 
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5.1.4 Other Overarching Topics 

There are several topics that are important and relevant for either some or all power plants. 

These topics are outlined in this chapter. 

5.1.4.1 Coal Quality 

Coal quality is an issue for many power plants. Impurities (mainly rocks) cause damage to 

the mills. Since the quality of the delivered coal cannot be influenced, efficient coal and sort-

ing management should be carried out in the power plant as far as possible. On the other 

hand, there is a lack of space at some locations. 

Often, the results of the coal analysis are reported to the boiler operator after the coal is 

burnt. In this case, the boiler operator cannot respond to the coal change in advance. The 

coal quality must be checked when the coal arrives in the stockpile and, if necessary, the un-

usable coal must be rejected. The problem can be solved by intermediate storage and fuel 

management in the stockpile. 

5.1.4.2 Lifetime extension 

A lifetime extension is currently under discussion for various power plants such as Arnot, 

Camden, Grootvlei and Hendrina. A clear decision to extend their lifetime is necessary for 

strategic planning security and would encourage staff at the power plants to improve their 

maintenance activities and to execute outage work as per the defined scope. A clear deci-

sion here would enable measures to be taken to immediately implement projects to reduce 

PLL.  

Power plants are designed for a specific lifetime. The real lifetime can massively vary from 

the design lifetime depending on the original quality and also on operation and maintenance 

conditions. However, coal fired power plants, are expected to have a service life of about 30 

to 40 years both for economic and technical reasons. Components which are calculated with 

time dependent properties (undergoing creep processes) are calculated for a minimum of 

200 000 operational hours. In reality, the components can very often be used much longer 

due to conservative assumptions of the design approach. Detailed supervision of these com-

ponents in parallel to operation is absolutely necessary to identify creep damage prior to po-

tential failure. Other parts of the plant are exposed to regular wear and have to be main-

tained or even changed to keep the plant reliably running. The condition of the critical plant 

components should be systematically and periodically investigated by a condition monitoring 

program. This program should be started latest around mid-life of the plant. 
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Figure 24: Failures over lifetime 

For the lifespan of a plan one important influence is the quality of the operation and mainte-

nance. By extensive renovations and upgrades which can be performed during all stages of 

stations life, the life of a power plant can be extended nearly indefinitely. However, economic 

or technological developments may cause also a well-maintained power plant to be decom-

missioned prematurely. Reasons can be a too low efficiency, too high fuel costs or too mas-

sive investments which must be made to fulfil external regulatory requirements. 

Normally there is not a real criterion which technically defines the end of the lifetime of a 

power plant. In most cases it is more an economic and environmental decision to stop the 

operation of a plant. With proper maintenance and sufficient budget, a plant condition can be 

achieved which will allow reliable operation from technical point of view. For sure, the mainte-

nance budget will increase during the life of the plants as more and more components have 

to be changed with increasing lifetime.  

If a proper maintenance approach is not followed over the plant service life as it is the case in 

the Eskom fleet, a lot of the equipment and components of the power plant are to be 

changed in a lifetime extension program after 40 years of operation.  

For extending the lifetime of an old coal-fired power plant which was not properly maintained 

over a longer period, several considerations and actions have to be taken to extent lifetime. 

Following steps could be followed: 

1. Definition of the extended lifetime period: Eskom and its stakeholder must define 

by how much the lifetime of the plant should be extended. This is important to finally 

adjust the scope of work. 
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2. Regulatory compliance: Ensure that the power plant meets all necessary envi-

ronmental regulations and standards at least for a mid-term period: Eskom and 

its stakeholders have to make sure that the plants can be operated after the imple-

mentation of technical measures taken. If a long extension of lifetime is foreseen, po-

tentially emission control such as FGD have to be installed. Hence, the consideration 

of regulatory compliance forms an essential part of the lifetime extension planning. 

3. Conduct a detailed condition monitoring study: A detailed technical assessment 

of the power plant's current condition must be made. The target of this study should 

be to systematically estimate the remaining lifetime of all power plant components. 

Doing this the remaining lifetime of critical components can partly be calculated by 

numerical tools. This study must take all available condition monitoring results and in-

spection reports into account. Besides that, operational experience of the plant (fail-

ures, hot spots etc.) must be highlighted. Finally, it must be agreed on which compo-

nents have to be exchanged or repaired to keep the plant running reliably running for 

the desired period.  

4. Maintenance and refurbishment: A rigorous maintenance program must be initiated 

to keep the plant running smoothly for the desired extended period. This program will 

be based on the previous study which was carried out. Regular and extraordinary in-

spections, repairs, and upgrades of key components like boiler, piping, turbine, elec-

tric generator, and condenser can help prevent breakdowns and improve efficiency. 

The investment backlog must be eliminated. Large investments may be necessary for 

the life extension proposal as the previous shut-down date would have precluded the 

execution of several maintenance measures, believed to be not economical due to 

the short remaining operational period. 

5.1.4.3 Housekeeping 

Proper housekeeping is not directly related to an EAF improvement. However, it is a prereq-

uisite in order to execute proper maintenance and to ensure reasonable plant conditions. It is 

a precondition for reliable plant operation and maintenance, especially with regards to work 

on challenging plant sections, e.g. while refilling oil for bearings or working on open 

pumps/turbines. There is also a strong link between effective housekeeping and good health 

and safety standards. In some plants, high levels of pulverised fuel emissions were ob-

served. This is a severe safety risk which needs to be addressed immediately.  

Housekeeping does not require any standstill and can be carried out by the workforce em-

ployed by the plant (either Eskom’s or contractors’ personnel). 

5.1.4.4 Excess Air in the Boiler 

In 2014, Unit 3 at Duvha power station experienced an over pressurisation incident that 

caused very significant damage to the structure. This eventually resulted in the complete dis-

mantling of the boiler and the unit was taken out of service. 
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An extensive investigation into the incident revealed that the event occurred because of the 

operators manually reducing the boiler O2 levels as well as a massive clinker build-up in the 

boiler. The reduction in O2 levels caused the formation of CO which resulted in the combus-

tion becoming unstable and the subsequent over pressurisation. To manage this significant 

risk to other boiler structures an instruction was issued across the organisation to revert to 

OEM O2 settings for all boilers. 

During the Arnot site visit there was a discussion about reducing the O2 limit with a view to 

generating more power from the boiler. Subsequent discussions with Eskom specialists were 

held and a summary of these discussions is listed below: 

− The directive for plant to operate at OEM O2 limits came into effect after the explosion 

in the Duvha U3 boiler as a risk mitigation measure. 

− Due to the seriousness of the risk, any change to this directive must go through an 

engineering change management process and be approved by “The Fossil Fuel Fir-

ing Regulations (FFFR)” committee. 

− The most relevant recommendations from the investigation were to ensure operation 

without generating CO and to install sensors to confirm both O2 and CO levels. 

− The generation of CO is not linear and increases exponentially as the O2 level drops. 

This is illustrated in Figure 25 using test data from Kendal power station. 

− Power gains from reducing O2 limits will be most beneficial for tangentially fired boil-

ers. There are only three power stations that fall into this category: Arnot, Matimba 

and Kendal. 

− Tests conducted at Duvha in October 2021, where the O2 was reduced by 0.5%, 

showed a negligible gain in power10. 

− Annual surveys for O2 and CO levels are performed by Eskom’s Research, Testing 

and Development division. The results are sent to the power stations, this data should 

be used by any power stations motivating for a reduction in O2 limits. 

− The Lambda parameter is not always reliable as it is a calculated value – dependent 

on station air and coal measurements. 

 

10 Eskom Duvha process engineering report, “Unit 5 and 6_ O2 testing”, Feb 2022 
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Figure 25: Development of CO as O2 levels reduce 

Source: Eskom 

The vgbe team recommends that any power station wishing to reduce O2 levels should follow 

the Eskom directive and motivate the application to the FFFR committee. In addition, the in-

stallation of suitable O2 and CO sensors should be expedited at any power stations that have 

not already done so. 

5.1.4.5 Operational and Process Know-how 

Eskom has comprehensive data on the operating status of its power plants. Moreover, there 

are many very useful tools that provide valuable information for the optimisation of the O&M 

strategies. The following two tools are especially supportive in this regard. The vgbe team 

strongly recommends making them an inherent part of the O&M planning.  

Thermal Index: Eskom uses a Thermal Index (TI) to track the thermal excursions on boiler 

outlet headers, main steam pipework and hot reheat pipework. The TI program is governed 

by the Eskom standard, ”240-87099069 Implementation and Calculation of the Thermal In-

dex for Coal Fired Power Plants Standard (Rev 4)”. The TI is a long-term plant health indica-

tor for the high temperature/high pressure components, but not a life management system. It 

gives an indication about the operating behaviour of the station. 

Thermocouples installed on the selected systems are monitored continuously with data 

stored every two minutes. Excursions above the design temperature are reported as events, 

depending on the level of excursion and the time duration. Up to 50°C above design is 
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treated as one condition Equation 1, more than 50°C above design has a higher damage 

weighting Equation 2. 

 

 Equation 1 

   

 Equation 2 

Tolerance limits for events are listed as; 

 

Favourable  

Acceptable 

Unacceptable 

 

The data for the TI may also be used as a check on the operational stability of the boiler, as 

the thermocouples are indicating time spent above normal operating conditions. This was ev-

ident in data for Duvha (poor operation) as opposed to Matimba (good operation), see Figure 

26. In general, most of the power stations are exceeding thermal index limits, this is de-

scribed in the individual power station chapters. 

 

Figure 26: Thermal Index data for Duvha and Matimba 

Step Etapro: Eskom has installed a very detailed program (EtaPro) to calculate and thus 

monitor the heat consumption of all coal-fired power plants. Among other things, it is used to 

calculate the so-called STEP factor. The STEP factor is a KPI that is determined from the 

quotient of the actual thermal efficiency and the real thermal efficiency.  

Hence, the tool calculates – based on control system data and manual inputs – the efficiency 

of each power plant unit. Thus, it is possible to make a very detailed statement about incipi-

ent or existing efficiency losses. These details can refer to: 

− Incorrect operation by the operating personnel 

− Influence of the coal quality, especially the calorific value 

SYSTEM Mar-22 Apr-22 May-22 Jun-22 Jul-22 Aug-22 Sep-22 Oct-22 Nov-22 Dec-22 Jan-23 Feb-23 Mar-23

Header Reliability 12 18 18 20 20 20 12 18 18 18 0 18

Header TI 198 857 2088 372 998 414 1391 4357 3392 4902 0 1246

MS and HRH reliability 0 0 0 0 0 0 0 0 0 0 0 0

Main Steam TI 1 2 0 9 2 2 0 4 3 7 85 85

Hot Reheat TI 5 32 25 14 35 21 15 9 60 0 0 82

Header Reliability 0 0 0 0 0 0 0 0 0 0 0 0 0

Header TI 7 1 6 10 6 8 4 8 104 65 35 20 75

MS and HRH reliability 0 0 0 0 0 0 0 0 0 0 0 0 0

Main Steam TI 0 0 0 1 0 2 1 0 1 0 0 1 1

Hot Reheat TI 0 0 2 0 0 1 0 0 1 11 0 0 1

DUVHA

MATIMBA
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− Malfunction or functional impairment of power plant components and power plant sys-

tems 

− Fouling of power plant components and power plant systems 

− External influences such as temperature and humidity. 

The tool forms a very useful basis to determine concrete maintenance measures or instruc-

tions for the operating personnel to improve the PLL factor. It clearly identifies areas in which 

plant improvement is required. 

5.1.4.6 Cold End 

In many plants issues resulting in partial losses can be assigned to the “cold end” – conden-

ser, cooling water system and cooling tower. Reasons for poor condenser vacuum or con-

denser tube leakages could be:  

a) Insufficient performance of the cooling towers due to damaged or fouled cooling fills 

causing increased cooling water temperatures.  

b) Clogging of condenser tubes by debris such as broken internals from cooling tower or 

other debris that was carried into the cooling tower by wind, pieces of concrete or 

other debris from the cooling system. Clogging of tubes by debris and plugging of 

leaking tubes reduce cooling water flow and heat transfer area of condenser.  

c) Deposits in condenser tubes such as calcium carbonate scaling or fouling from sus-

pended solids or biological matter (biofouling) due to insufficient cooling water quality, 

poor cooling water treatment (chemical dosing or side stream filtration) or the missing 

operation of a tube cleaning system.  

d) Air ingress into low pressure steam at the LP turbine or condenser. This leads to air 

blanketing of condenser tubes and rise of condenser pressure.  

e) Insufficient cooling water flow.   

Often a combination of these possible reasons occurs. Reasons b), c) and d) can also lead 

to corrosion in condenser tubes and cause tube leakages, d) can also cause steam side cor-

rosion in condenser. 

The first step to solve poor condenser vacuum problems or condenser tube leakages is to 

check the possible reasons mentioned above. This can be done by analysis of different oper-

ational data to identify the reason of poor performance. Additional inspections of cooling 

tower, turbine condenser and cooling water chemistry help to find the root cause for unavail-

ability or poor performance. Only a holistic approach considering all these three elements of 

the so called “cold end” can lead to a sustainable improvement of power plant operation. Fu-

ture operation should include precautions to avoid all above mentioned problems.  

Condenser inspection: During each outage a detailed condenser inspection should be per-

formed before cleaning the water-boxes to check b) and c) and the status of corrosion.  
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Tube blockages by debris can be found mainly in the inlet water boxes, while scaling and 

fouling as well as corrosion of tubes is often related to temperature rise and so it appears 

more in the outlet water box.  

To check the condition of the inner condenser tube surface the use of an endoscope or the 

pulling out of one or several selected tubes for laboratory examination is recommended. 

Eddy current testing of condenser tubes gives information about remaining wall thickness 

and detection of most corroded tubes before leaking occurs and allows the estimation of re-

maining lifetime of tube bundle. A leaking test should identify leaking condenser tubes which 

must be plugged to avoid pollution of condensate with cooling water, that could cause depos-

its in turbine and boiler. 

Tube blockages must be removed from tube sheet and inside tubes as well as tube fouling or 

scaling must be cleaned by appropriate methods.  

Condenser tube cleaning system: Operation of a tube cleaning system is state of the art to 

keep condenser tubes clean during operation. Sponge balls are injected into the cooling wa-

ter right before the condenser and recollected at condenser outlet by a strainer. Precondition 

for effective operation of the tube cleaning system is: 

− use of appropriate cleaning balls (diameter, hardness, type, tolerance, number and 

quality).  

− sufficient cooling water flow. Sponge balls must not get stuck in tubes. 

− faultless operation and condition of the tube cleaning system (strainers, pumps, col-

lector). 

− replacement of sponge balls when worn. If sponge balls get lost reason must be iden-

tified and solved. 

Cooling tower inspection: The inspection of the cooling tower can be performed in operation. 

Points to be checked are: 

a) Even and fine water distribution over the full area of the cooling tower? Damages of 

distribution pipes or spray nozzles? 

b) Damages or deposits on the cooling fills 

c) Debris in cooling tower basin or at basin outlet? 

d) Biological growth or slimy deposits in the cooling towers? 

e) Drift eliminator above water distribution clean and not damaged or is the air flow ob-

structed? 

If by checking of these points any problems are discovered appropriate repairs or cleanings 

and countermeasures for future operation should be performed. 
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5.1.4.7 Water Treatment Chemical Discharge 

The ion exchangers in the water treatment plants at Arnot, Kriel and Grootvlei sites are re-

generated with diluted sulphuric acid or caustic soda. The excess chemicals and the rinse 

water are discharged into the sump and to the ash dams subsequently. Neutralisation of the 

waste water is not usually considered because of a lack of facilities for acid or caustic dosing 

and neutralisation basins, or ignorance of the possible consequences for pumps and con-

crete materials. 

A consequence of this is the large sinkhole that occurred in Arnot. Due to a prolonged failure 

of a pump, the foundations and pipelines near the water treatment plant were exposed to the 

acid wastewater (due to un-neutralised sulphuric acid) and damaged severely and collapsed. 

To repair foundations, pipelines, and pumps, they must be excavated (more than 10 m 

depth). 

5.2 Key Recommendations at a Glance 

Based on the conclusions mentioned in chapter 5.1 the vgbe team compiled the following 

key recommendations for Eskom’s coal fleet:  

Empower the power plants and focus an O&M. 

− A fundamental change in the management system is needed. It should aim at an em-

powerment of the power plants with full budget responsibility and accountability of the 

Power Station General Manager.  

− Moreover and at least for a limited period of time – e.g. 1.5 to 2 years – the power 

plants should be allowed to apply fast-track procurement processes under the super-

vision of National Treasury.  

− To support this turnaround process, an interim independent expert team (outside of 

Eskom) which reports directly to National Treasury should be engaged with immedi-

ate effect. Member(s) of the expert team should be permanently situated at each site 

with a small oversight / management team that the site teams report to and who is the 

link with NT and Eskom. 

− The sole focus of the power plants should be on O&M as these are the asset’s core 

tasks. This should be reflected by the organizational structure; other functions than 

O&M should be sub-ordinate. Maintenance, outages, and spare parts management 

should be assigned to one organisational unit.  

− The Outage Readiness Index and the Maintenance Performance Index should be re-

placed by simple and understandable KPI which reflect the real situation and indicate 

real progress. Their determination should be based on a straight-forward systematic. 

− Many specialised functions (e.g. in engineering) were centralised. This expertise 

should be made available for the sites, e.g. by enabling the use of experts at the 

power plants where they are really needed.  
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− Some experts were allocated to only one plant, resulting in a loss of these specialised 

skills to the other power plants. The system of specialised groups located close to the 

power stations should be reinstated. 

Execute proper maintenance and do the full outage scope. 

− The fixation on the EAF must come to an end. The focus should be rather on the PLL 

reduction as this would address a key technical source for the low EAF. There is a 

potential of gaining up to 6 000 MW which is related to partial load losses (PLL) and 

could be reactivated by fixing the plants’ defects. As shown in the exemplary simula-

tion which compared the current situation (“random outages”) with a thorough mainte-

nance and outage scenario, a systematic approach will pay-off within one year with 

sustained improvements. Even if a higher EAF has to be accepted in the meantime. 

− There are many common technical issues which can be resolved by proper mainte-

nance. Especially at the older plants there are common defect areas such as air leak-

ages at the boiler, mill issues, poor vacuum, water and steam leakages in the turbine 

and feed water area as well as boiler tube leakages.  

− The vgbe team recommends forming expert teams that are specialised in fixing these 

issues – from planning to execution. They should support the maintenance work at all 

plants with their expertise – this could be a service from Megawatt Park for the plants. 

− Any regular outage should be properly planned and prepared and then carried out as 

thoroughly as possible. The outage period should be used to fix all issues contributing 

to PLL, e.g. fix all leakages and sources for air ingress. 

− Eskom currently takes up to ten days to restart its units after outages. This needs to 

be challenged. It is prudent practice to restart units in parallel with the outages, thus 

reducing by several days the time needed to reinstate the plant.  

− Housekeeping is also one aspect of maintenance work. Although not directly related 

to an EAF improvement, it is a prerequisite in order to execute proper maintenance 

and to ensure reasonable plant conditions. Hence, housekeeping can be regarded as 

an indicator for the quality of maintenance work. 

Improve the operation of the power plants. 

− Learn from Kusile Unit 4: This unit had been operated by the boiler OEM prior and 

during the period of the Opera assessment. It achieves an EAF of > 90%. Hence, the 

team has successfully demonstrated that it is possible to achieve a high EAF in the 

newer plant units. Therefore, the vgbe team recommends keeping the OEM team on-

site for as long as possible to guarantee safe operation of the plant. 

− Furthermore, future operation teams should learn as much as possible from this Unit-

4-team. If this O&M competence could be transferred to similar units at Matimba and 

Medupi, an additional capacity of up to 1 600 MW could be activated. 
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− Operators’ training should be a top priority for Eskom’s coal fleet. In-depth under-

standing of the thermal power plant processes is essential to ensure proper O&M. 

Above all, simulators – of which Eskom has a few – should be used to make this 

training practice-oriented. 

− The excellent existing engineering tools such as Step EtaPro and the Thermal Index 

should be used to control and direct O&M planning. 

Mitigate the risk of capacity losses and constraints. 

− The raw water treatment plant of the Medupi and Matimba power plant – both sites 

share of this plant – urgently requires maintenance and upgrading. A second inde-

pendent water treatment plant additionally would be even a better solution. If the ex-

isting plant fails, 12 units – 9 800 MW – would go off the grid.  

− Moreover, the current water supply in the Lephalale region is not sufficient to install 

the wet flue gas desulfurization plant at the Medupi site. Immediate actions should be 

taken to mitigate the risk and to develop alternative supply options. 

− The water treatment plant at Kendal is in a very poor condition and needs urgent 

maintenance and refurbishment. If the existing plant fails, 6 units – 3 840 MW – would 

be off the grid. A temporary unit is urgently required to enable this refurbishment 

work. 

− Immediate actions are required to address the capacity limitations of the Kusile power 

plant which are due to the incomplete coal handling system and the ash discharge sit-

uation. These restrictions mean that the site cannot be operated with more than three 

units at the same time – hence only 2 400 MW instead of 4 800 MW would be availa-

ble after the returning four units back to operation. The four units refer to unit 5 com-

ing back within the next months and the Units 1 to 3 after the completion of the tem-

porary chimney construction. 

− In several plants, e.g. Kendal, Kusile, Lethabo, Matla, Majuba, Matimba, Medupi and 

Tutuka, the current environmental permits to operate the plant are close to the limits 

of allowance or capacity in respect of a) environmental compliance of flue gas emis-

sions and b) to dispose ash. It is strongly advised to clarify the permit situation for 

short- and long-term in order to allow operation of the plants in line with the legislation 

of South Africa.  
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Incentivize persons, departments and plants. 

− Good performance should be rewarded – on individual and institutional level. The 

vgbe team proposes to provide bonuses for power plants if they were able to reduce 

their losses by a defined percentage rate.  

− Further bonus models for good-performing employees and departments – e.g. for the 

boiler maintenance team that could close a high number of points on the punch list – 

are useful and should be implemented by the PSGM. 

− Many power plants are located in remote industrial areas. In order to attract qualified 

personnel incentives such as the provision of affordable or free-of-charge accommo-

dation, salary supplements and reimbursement of travel expenses should be consid-

ered. There are several cases in which Eskom owns land and housing nearby the 

power plant – these properties should be used to create an attractive living environ-

ment for the power plant staff. 
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5.3 Arnot Power Plant 

Arnot power plant has been running for almost 50 years. Maintenance and outages have 

been deferred and/or not been executed according to the philosophy, which is why the over-

all health of the plant is not good. Moreover, the plant is reaching its end of life. During the 

site visit, many air, steam and water leakages were found, which are indicators of significant 

losses. 

Of the 2 100 MW installed nominal capacity, PLL accounts for 458 MW – this corresponds to 

almost 22% of the total. One of the main PLL contributors is the draught plant. Even if oper-

ated at maximum load, the ID fan capacity is not high enough to guarantee appropriate pres-

sure in the furnace. This can be largely mitigated by tightening the flue gas ducts and air 

heaters as well as by reducing the pressure loss over the FFP. We also strongly recommend 

the inspection and repair of all other potential sources of air ingress on the boiler.  

Furthermore, combustion urgently needs to be optimised in order to prevent unfavourable 

operating conditions in the boiler. Over-firing affects the area of the headers and hot reheat 

pipework, in particular, and boiler tube leakages (BTL) occur. Combustion optimisation would 

also eliminate the root cause of the ignition losses, which eventually causes a transfer of oil 

to the fabric filter plant (FFP). Bringing the HP heaters back into full service to avoid low 

feedwater temperatures would also act as an important lever to improving combustion. 

Another technical area needing improvement are the steam temperatures. The vgbe team 

recommends checking, repairing and eventually replacing the spray water valves. The steam 

temperature control should be also checked to see whether it is functioning properly. All 

measures are thus aimed at enabling operation at design steam temperatures. With respect 

to water treatment, the neutralisation of effluents is strongly recommended in order to avoid 

any further sink-hole accidents. 

During the site visit, very poor housekeeping and serious safety issues, such as missing in-

sulation and warning signs, were observed in the boiler area. Clearly, there is a big gap be-

tween theory and practice. The working atmosphere was also characterised by low morale 

and low team spirit, as well as by blame-shifting and lack of ownership. This is reflected in 

the high turnover of staff. However, taking into account the competencies of staff met during 

the site visits and assuming that a cooperative management approach will be implemented, it 

should be possible to significantly improve this situation at the power plant. If the strengths 

and knowledge of individual team members can be synergised and team spirit strengthened, 

then a turnaround is possible.  

5.3.1 EAF and PLL 

The Arnot plant consists of six units, which were erected between 1971 and 1975. The first 

one commissioned was Unit 3, the last one Unit 6. Between 1992 and 1998, three units (4–6) 

were mothballed. Between 2007 and 2010, all units were upgraded in their gross capacity – 

hence, Units 4 to 6 were brought back to the grid.  
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Unit  1 2 3 4 5 6 

Commissioning date  

Re-commissioning date 

07/1972  10/1971 09/1971 07/1973 

08/1997 

07/1974 

04/1998 

08/1975 

03/1999 

400 MW upgrade 01/2009 07/2008 12/2007 01/2010 01/2011 11/2008 

Gross installed capacity 

[MW]  

2 220 

Nominal installed capac-

ity [MW]  

2 100 (350 per unit) 

Table 7: Key figures for Arnot power plant11 

The thermal efficiency is around 33.8% at full load. In the last five years, the EAF was in the 

range of 52.2% to 60.9%. For 2023, the value is currently at 42.4%.  

Year  Plant  Unit 1  Unit 2  Unit 3  Unit 4 Unit 5  Unit 6 

2019  60.9 51.6 - - 63.4 68.0 56.8 

2020  60.7 69.3 73.8 63.3 67.9 59.0 43.1 

2021  56.5 53.8 38.5 54.6 51.8 67.6 69.6 

2022  52.2            

2023 YTD  42.4            

Table 8: EAF (%) at Arnot power plant (FY2018/2019–FY2022/2023) 12 

 

 

11 Data supplied by Eskom as part of the initial documentation package 
12 Data supplied by Eskom as part of the initial documentation package and KISSY data 
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Figure 27: EAF at Arnot power plant (FY2003/2004–FY2020/2021) 

Source: KISSY database, vgbe  

The main PLL sources are shown in the next figure. It shows that many different components 

influence PLL – the main components are the draught plant, the gas cleaning (fabric filter 

plant), the mills, the turbine, the cooling water/condenser and the feed water. 

 

Figure 28: PLL contributors at Arnot power plant (FY2017/2018–FY2022/2023) 13 

 

13 Eskom data sent by Lebohang Kubayi per e-mail on 11 May 2023 
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5.3.2 Technical Status 

The plant has been running for 50+ years. Maintenance and outages have been deferred 

and/or not executed to the full extent mainly because of the tight electricity supply situation. 

Hence, the plant is not in good health overall.  

5.3.2.1 Technical Status of the Boiler 

Based on what we saw during the site visit, housekeeping at Arnot is very poor. Clearly, de-

ashing of the plant has not been undertaken for a long time, resulting in massive amounts of 

ash everywhere on 0m level. During the visit, no effort was made to improve the situation by 

cleaning. Besides ash accumulation on the ground, many areas were covered in dust (Figure 

29). The dust is apparently a mixture of steam, ash coal and oil dust.  

Over the last few years, there have been some forced mill shut-downs due to the unavailabil-

ity of mills. The mills should be maintained, respectively repaired, more regularly. 

 

Figure 29: Example of poor housekeeping at Arnot power plant 

The status of the housekeeping is unacceptable. Even if it has no direct impact on plant per-

formance, it is important to keep it at an acceptable level so that it is possible to work safely 

in the boiler house at all times. During the visit, the plant team promised to immediately take 

steps to improve the situation. They agreed to send photos after implementing corrective ac-

tions. These photos were sent on the 7 May 2023 and showed a significant improvement in 

the situation.  
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Figure 30: Arnot’s boiler house after intense cleaning  

Lots of steam and water leakages were identified. Figure 31 shows examples of leaking 

valves, one of them located on the steam system.  

 

Figure 31: Examples of steam and water leakages in Arnot’s boiler house  
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In the interview with the PSGM before the plant walk, the PLL situation was discussed. It was 

mentioned that the air ingress to the ducts and the boiler cause a PLL of 216 MW. The rea-

son for this is that, with the present air ingress, the unit’s load has to be reduced due to the 

capacity limit of the draught plant. Operating the unit at full load would lead to a situation in 

which the flue gas could not be sufficiently removed from the boiler. It should be noted that 

the higher the level of leakages the higher the air demand of the boiler – this is due to the 

pressure level that needs to be maintained in the boiler. 

During the Arnot site visit, there was also a discussion about reducing the O2 limit with a view 

to generating more power from the boiler, potentially up to 20 MW on a unit generating 

400 MW. Subsequent discussions with Eskom specialists were held and a summary of these 

discussions is listed in section 5.1.4.  

The directive for operating plants at OEM O2 limits came into effect after the explosion in the 

Duvha Unit 3 boiler in 2014, as a risk mitigation measure. This event resulted in the unit be-

ing taken out of service permanently. The most relevant recommendations from the investi-

gation were to ensure operation without generating CO and to install sensors to confirm both 

O2 and CO levels. Arnot has already started this process. Arnot is one of three power sta-

tions that has tangentially fired boilers that may benefit from reduced O2 limits. Tests at 

Duvha in 2021 showed a very limited benefit for wall-fired boilers. Due to the seriousness of 

the risk, any change to the directive must go through an engineering change management 

process and be approved by “The Fossil Fuel Firing Regulations (FFFR)” committee. 

 

Figure 32: Measurement of oxygen in the flue gas at Arnot’s Unit 3  

During the site walk, poor insulation of components could be seen at various places. Two ex-

amples are illustrated in Figure 32. On the left side, an uninsulated opening to the combus-

tion chamber can be seen. The glow radiating from inside the boiler, alone, demonstrates 

that high air ingress is taking place here. The second picture shows the drum, also with unin-

sulated components. Improper insulation of the components leads to: 

1. Efficiency loss, as heat is lost to the atmosphere. 

2. Safety risks, as staff at the plant can be hurt. 
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3. Higher stresses on components, as temperature gradients are present. 

We strongly recommended changing and improving this situation in the short term. The site 

team should systematically check where uninsulated components are present and insulate 

these areas, so that the cover temperature does not exceed 45°C maximum.  

 

Figure 33: Examples of poor insulation at Arnot 

Boiler tube leaks (BTL): BTL are a major issue at the plant. There are currently approx. 10 

BTL every month, which is very high, and not all of them are investigated to find out their root 

causes. According to available RCA reports on investigated BTL, the root causes are mostly 

resulting from insufficient boiler operation. One of the contributing factors is the non-availabil-

ity of the HP heaters, which leads to unwanted cold feedwater temperatures. To counteract 

and increase the feedwater temperature, the combustion temperatures are elevated (some-

times even higher than the design values for metal temperatures). This occasionally leads to 

overheating of tubes. 

In order to avoid unfavourable boiler operating conditions and, at the same time, reduce PLL, 

the HP heaters should be brought back into service as soon as possible. 

Another reported root cause of BTL is erosion caused by fly ash. As the ash content of the 

fuel cannot be influenced by operation, the provision of protection plates/shields for the most 

affected tube areas should be considered. In the past, some BTL were also found in the RH 

section. The source was identified as pitting corrosion, which mainly came from improper 

standstill conditions during outages/repairs in the RH section. As a countermeasure, the 
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power plant introduced a procedure to dry out the RH section after shutting down the boiler. 

This type of BTL seems to be well managed and no longer contributes significantly to BTL. 

Drum level: Apparently, the trips are due, in main, to the malfunctioning of the controls 

and/or to the limit values of the drum level being exceeded.  

Looked at more closely, this is often a consequence of transient operating conditions, which 

are often associated with BTL. Therefore, it should be a priority to resolve the root causes of 

BTL and thus enable smooth boiler operation. However, there are also some discrepancies 

between the field readings and the DCS records of the drum level measurements, which will 

need to be addressed.  

Leaky spray injection valves: In the control room, the main steam and the reheat tempera-

tures were checked. The temperatures were approx. 15 K lower than the desired operational 

temperature of the units. The reason for this can be leaking spray injection valves or inade-

quate set points. If the valves are the root cause, the steam temperature cannot be controlled 

properly. In any case, operating the boiler at a significantly lower temperature leads to the 

following problems: 

− Reduction of plant efficiency  

− Potential turbine problems 

We strongly recommend implementing measures that will lead to increased steam tempera-

tures as soon as possible.  

Ignition losses: Very high ignition losses are leading to unit trips and also contributing to 

PLL. Time delays often occur during the oil ignition, sometimes even resulting in unburned 

fuel oil being found in the filter bags of the FFP. This negatively impacts the functionality of 

the FFP itself and leads to increased differential pressure at the FFP and, subsequently, to a 

loss of partial load capacity. The complete combustion system (oil and coal), including the 

oxygen control in the combustion air, has to be refurbished and reset to either design condi-

tions or to current fuel qualities.  

Eskom uses a Thermal Index (TI) to track the thermal excursions on boiler outlet headers, 

main steam pipework and hot reheat pipework. The TI is a long-term indicator of plant health 

with regards to the high temperature/high pressure components. The data for the TI may also 

be used as a check for the operational stability of the boiler, as the thermocouples indicate 

time spent above normal operating conditions. More detail on the TI is listed in section 

5.1.4.5. 

Arnot’s TI report for FY2023 shows that the header and hot reheat temperatures are above 

limits and unacceptable, while the HP pipework is within limits. This is due to the boiler over-

firing as a result of the poor vacuum conditions, air-heater leakages as well as defective pri-

mary firing equipment (mills, SA dampers and burner tilts). This data confirms the conditions 

resulting in high PLL and, in addition, has significant long-term implications for the creep life 

of the headers and hot reheat pipework.  
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Table 9: Extract from Arnot’s TI report 

 

Boiler at a glance: 

− The boilers have a lot of issues – BTL, in particular, are a major contributor to EAF 

degradation. The root causes of BTL need to be eliminated, e.g. replacement of HP 

heaters. 

− The combustion system needs to be optimised in order to avoid ignition losses and 

oil slippage to the FFP. 

− Steam temperatures are below design values and result in PLL – this can be miti-

gated by replacing leaky spray water valves and improving the temperature control. 

− Proper insulation of hot surfaces and implementation of regular safety checks. 

− Proper housekeeping should become a regular activity. 

5.3.2.2 Technical Status of the Machinery 

Turbine: The turbine hall was reasonably clean. Some problems were reported regarding 

turbine vibration levels. These problems were ascribed to a variety of causes, including bear-

ing misalignment, proximity probes becoming loose and shaft deflection/distortion. The cen-

treline vibration is monitored online by the condition monitoring group based in Rosherville, 

who provide comprehensive reporting and data analysis. Generally, these problems can be 

addressed through improved maintenance and care. The issue of shaft distortion is normally 

due to “quenching” events, which happen when the steam temperature drops too rapidly, re-

sulting in thermal shock to the turbine. This type of event is related to poor operating skills 

and should be addressed through further training. The station is encouraged to consult the 

turbine corporate specialists in group engineering to find solutions for these problems.  

Cooling Water: A partial flow (10%) of the recirculating cooling water is treated (clarifier, 

dosing of biocide and dispersants). A combination of poor cooling water chemistry control 

and unavailability of the online tube cleaning system (Taprogge system) caused scaling and 

fouling problems in the condenser. High pressure water jet and acid cleaning were carried 

out at the condensers, successfully removing the hard scale and fouling.  

Due to the damaged, brittle cooling tower internals, it was decided that the lower layers be 

removed (Figure 34). According to Eskom's calculations, the remaining layers are sufficient 

for the required cooling capacity.  

SYSTEM Mar-22 Apr-22 May-22 Jun-22 Jul-22 Aug-22 Sep-22 Oct-22 Nov-22 Dec-22 Jan-23 Feb-23 Mar-23

Header TI 50 17 100 100 64 116 84 21 30 47 93 134 242

Main Steam TI 39 20 24 2 42 6 61 2 2 17 3 5 5

Hot Reheat TI 114 199 121 121 56 78 22 149 100 173 65 57 44

ARNOT
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Figure 34: Removed filling of Arnot’s cooling tower 

 

Machinery at a glance: 

− The turbine area is reasonably clean. The root cause of the turbine vibrations 

should be investigated. 

− The cooling water chemistry control needs to be improved. 

 

5.3.2.3 Technical Status Electrical and C&I 

There were no issues reported relating to the generator and transformer. The C&I system is 

from ABB – most of the field system defects require manual interventions. The system,  

Procontrol 13 &14, is up-to-date (Unit 4–6 PR014, Unit 1–3 PR013).  

No issues were reported with respect to the generators (manufacturer BBC) and the trans-

formers (manufacturer Siemens). 

5.3.2.4 Technical Status of the Water Treatment Plant 

The station has a central make-up water plant, which we visited during the site walk. The ca-

pacity of the make-up water plant is sufficient to cover the consumption needs of the site and 

the quality of the water is also adequate, although the water requirement is higher than fore-

seen. 
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New online measurement instruments have been installed at the plant (Figure 35). Also, the 

pre-treatment plant (flocculation) is currently being refurbished. It should also be mentioned 

that the offline sampling is carried out intensively by the site team. Water samples are taken 

and analysed for key performance indicators.  

 

Figure 35: Instrumentation at Arnot’s water treatment plant  

Sinkhole: The ion exchangers in the water treatment plant at Arnot are regenerated with di-

luted sulphuric acid or caustic soda. The excess chemicals and the rinse water are dis-

charged into the sump and subsequently dumped in the ash dams. Neutralisation of the 

waste water is not usually considered, both because of the lack of facilities for acid or caustic 

dosing and of neutralisation basins and also perhaps because of a lack of understanding 

about the possible consequences for pumps and concrete materials. A consequence of this 

disregard is the large sinkhole that occurred at Arnot. Due to a prolonged failure of a pump, 

the foundations and pipelines near the water treatment plant were exposed to acid 

wastewater (due to un-neutralised sulphuric acid) and were damaged severely and col-

lapsed. To repair foundations, pipelines and pumps, they must be excavated (14 m depth). 
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Figure 36: Sinkhole at the Arnot site 

  

Figure 37: Silica and conductivity measurement in Arnot’s make-up water  
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Water treatment at a glance: 

− Capacity of the make-up water plant is sufficient, despite high losses due to steam 

and water leakages at the plant. 

− The plant is capable of producing water of sufficient quality.  

− Neutralisation of effluents is urgently needed. 

Coal and Ash: Although most of the coal is trucked-in from many different coal suppliers, the 

power plant has limited influence over the supplies. Between 5% and 10% of the coal is 

transported from the nearest mine to the power plant via a conveyor belt (started last year). A 

well-thought-out system has been established, encompassing the coal delivery, coal quality 

control (frequent samples are taken) and the distribution to the site stockpile. It was reported 

that 60% of the incoming coal is quality-checked (demand: CV: 22.3 MJ/kg – 169 t/h per unit 

at full load, CV of 19.6 MJ/kg: 192 t/h per unit at full load). 

The capacity of the ash dams is sufficient for the remaining lifetime. 

 Typical low volatile coal Basis for boiler performance 

guarantees 

Calorific value (gross) MJ/kg 23.313 22.213 

Ash % 19.6 19.7 

Volatile % 18.0 21.9 

Fixed carbon % 53.8 48.9 

Total moisture % -- 8.80 

Sulphur  -- 0.38 to 0.73 

Hardgrove Index 75 60 

Abrasiveness Index 370 370 

Table 10: Coal composition at Arnot 

Source: Arnot power plant (BLUE_BOOK_MENU.xls, page 36) 

Emission situation: The plant suffers from an unreliability of monitors affecting the south 

stack. The measured emission values of the north stack show that the current emission limit 

values can be met but, for SO2, retrofitting measures must be carried out in order to comply 

with the emission limit value which becomes effective in 2025. 

The spare-parts warehouse and maintenance workshop were also visited. No issues were 

found with regards to spare parts and the warehouse was reasonably in order. The workshop 

is well-equipped and clean. It provides many options for carrying out repair work at the site.  
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Auxiliaries at a glance: 

− The coal and ash plant are in order.  

− Coal quality is not an issue. 

− The spare-parts warehouse and maintenance workshop are well-equipped. 

 

5.3.3 Technical Measures to Improve the Plant Condition 

Boiler including FFP: The maximum potential MW gain of the following measures is 

255 MW. 

The boiler has several issues which, if addressed, would result in immediate improvements 

and a positive impact on PLL. As discussed in the previous chapters, the draught plant was 

identified as one major component causing high PLL. Even if operated at maximum load, the 

capacity of the ID fan is not adequate to guarantee an appropriate pressure in the furnace, 

so that the boiler load has to be reduced. This problem can be addressed by carrying out the 

following measures:  

− Tightening the flue gas ducts  

− Tightening the air heaters 

We strongly recommend the inspection and repair of all other potential sources of air ingress. 

This can be carried out during short stops and would lead to immediate improvements. Be-

sides the locations mentioned, we also recommend inspecting the wall penetrations of the 

superheater, reheater and shoot blowers. Moreover, there are many other water and steam 

leakages at many positions around the plant. We recommend systematically repairing leak-

ing valves, pumps, etc., in order to improve plant efficiency and reliability. Many repairs can 

even be carried out step-by-step in short standstill periods. 

The root cause of the ignition losses needs to be eliminated by optimising combustion. This 

will also prevent oil leakage to the FFP – which results in an increased differential pressure 

at the FFP. The complete combustion system (oil and coal), including the oxygen control in 

the combustion air, has to be refurbished and reset to either design conditions or to current 

fuel qualities. This might also include the replacement of appropriate measurement instru-

ments. In this regard, the excess air requirements for operation (resulting from the Duvha ac-

cident) should be re-assessed jointly with the corporate engineering experts. 

The HP heaters should be brought back into full service – either by repairing them or replac-

ing them. Their insufficient operation causes low feedwater temperatures, which lead to unfa-

vourable boiler operation conditions. These conditions are one of the main root causes of 

high BTL. 

The vgbe team recommends checking, repairing and eventually replacing the spray water 

valves. The functioning of the steam temperature control should also be checked. Hence, all 

measures aim to achieve operation at steam temperatures as per design. 
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Machinery: One of the main areas needing improvement is the cooling water system. In or-

der to investigate the root cause of PLL, activities as described in chapter 5.1.2 should be 

conducted. 

Some problems were reported regarding turbine vibration levels. These problems were as-

cribed to a variety of causes, including bearing misalignment, proximity probes becoming 

loose and shaft deflection/distortion. The centreline vibration is monitored online by the con-

dition monitoring group based in Rosherville, who provide comprehensive reporting and data 

analysis. Generally, these problems can be addressed through improved maintenance and 

care. The issue of shaft distortion is normally due to “quenching” events, which happen when 

the steam temperature drops too rapidly, resulting in thermal shock to the turbine. This type 

of event is related to poor operating skills and should be addressed through further training. 

The station is encouraged to consult the turbine corporate specialists in the engineering 

group, to find solutions for these problems. 

Water Treatment: In order to avoid any further sinkhole accidents, the vgbe team strongly 

recommends the neutralisation of effluents. 

More use should be made of the maintenance workshop – especially in view of the backlog 

of maintenance work relating to leakages and air ingress. The vast possibilities to repair and 

manufacture parts in-house should be exhausted. 

5.3.4 Power Plant Management 

Currently, 738 employees are working at the power plant – 85 of them managers. In addition 

to this, 512 contractors are active at Arnot power plant. Several staff members at manage-

ment level have only been working at Arnot site for a few months. We were told that only 

40% of the staff have been there long-term – the rest fluctuate. The instability in key man-

agement positions at the power plant is one factor that contributes to the low team spirit that 

we observed during the site visit. The working attitude is often characterised by blame-shift-

ing and a lack of ownership. Despite the fact that there are knowledgeable and experienced 

people working in most areas of the plant, their potential has not been utilised to manage the 

technical turnaround needed at Arnot. The Arnot team seems to have lost pride in its work 

and given up on hope for improvement in the situation. The poor housekeeping situation at 

the time of the site visit was somehow a reflection of the low morale that has spread through-

out the plant. 

However, as a result of the site visit, the site management team committed to tackle the chal-

lenges that were brought up by the vgbe team. As stated in the previous chapter, photos of 

cleaned boiler areas were sent showing real progress in housekeeping. 

Besides the housekeeping issue, many water, steam and air leakages were observed during 

the plant walk. The high number detected is an indicator of insufficient maintenance carried 

out at Arnot. However, the KPI do not reflect this situation. In theory, the plant looks to be in 

better condition than it really is.  



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  103 

Taking into account the competencies of staff met during the site visits, and assuming that a 

co-operative management approach will be implemented, the status of the plant should be 

able to be improved significantly. If it succeeds in synergising the individual strengths and 

knowledge of its staff and manages to lift spirits, then a turnaround can be managed. An ac-

cording incentive scheme – as described in chapter 5.1.1.2 – would also support this pro-

cess. 

Last but not least; the resource shortage is a very big issue: There are more than 300 posi-

tions vacant in maintenance, operation and outages alone. Hopefully, if changes are made to 

the management approach, then this resource shortage can be decreased. 

Maintenance 

Currently, 484 employees are assigned to the maintenance department. More than half of 

the positions (280) are vacant. This resource shortage poses a major challenge – especially 

in the view of the fact that 92% of the maintenance work is conducted by Eskom personnel. 

The next figure provides insights into the resource situation. 

 

Figure 38: Resource situation in Arnot’s maintenance department 

Eskom procedures are used for maintenance planning and to measure performance (via 

MPI). The following figure provides a snapshot of the count of active maintenance plans in 

SAP, per plant system. 

Designation Level Complement Actual Vacancy

Middel Manager M18 1 1 0

Line Manager M16 9 7 2

Senior Advisors G14/15 8 1 7

Senior Supervisor T13 24 23 1

Senior Technician T12 51 11 40

Senior Planner T12 4 4 0

Technician/Principal Artisan T11 81 30 51

Planner T11 20 8 12

Senior Artisan T10 61 35 26

Artisan T09 181 64 117

Senior Data Capturer T07 5 3 2

Crane Driver T06 21 2 3

Tech Official T05 18 15 19

Grand total 484 204 280
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Figure 39: Count of active maintenance plans in Arnot’s SAP system 

Currently, almost 89,000 activities are listed in the system. From the vgbe team’s point of view, 
this number is way too high for it to be possible to ensure appropriate (quality) control and 
tracking. The number of activity positions should not exceed 200 per unit and 200 for common 
systems. These figures would also include some minor actions such as the purchase of gas-
kets, outstanding cleaning works and the removal of scaffolds.  

Although detailed procedures for quality control are available, contractors’ performance was 

reported to be poor. Limited influence over the contracting companies was given as the main 

reason for not being able to change this unfavourable situation. 

The non-availability of spare parts and a mismatch between existing spare parts on-site and 

the inventory as shown in the SAP system were reported. These are apparently the key rea-

sons for the high backlog in maintenance work. In this regard, the lengthy procurement pro-

cess was mentioned as a main driver of the situation. The site team reported that it takes up 

to 120 days to place a single contract to procure a certain spare part component. This situa-

tion could be mitigated if – along with the proposed empowerment of the power plants –fast-

track procurement processes were to be implemented for a limited period of time. 

Operation  

The operation team works in 12-hour shifts. The shift hand-over is conducted between 06:00 

to 07:00 and 18:00 to 19:00. Operating manuals, plant inspection and alarm handling proce-

dures, as well as work instructions, are available. 

222 people are currently working in the operation department. It was reported that 55 posi-

tions are vacant. 

In FY2023, 39 trips and twice as many ignition losses were reported for the whole plant. 12 

trips were attributed to poor operation skills. The according training is organised by the HR 

department. According to Arnot’s operation KPI, there is a significant backlog in training ac-
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tivities. This needs to be addressed right away. Moreover, the vgbe team recommends de-

signing the training strictly according to the needs of the operating personnel. Hence, the op-

eration team should be involved in the development of applicable training programmes. 

The operation team reports defects, such as leakages, etc., which are then handed over to 

maintenance. The maintenance group is responsible for fixing the defects. These defects 

should be identified during inspections, which form an integral part of the operation team’s 

activities. However, the high number of leakages shows that the work processes have not 

been effective.  

Outage 

The Arnot team developed an outage philosophy that is based on the overall Eskom proce-

dure. The scope and frequency of the outages are planned using a combination of condition-

based, time-based and running-hour activities. The major outage activities are based on the 

operating hours of the turbine and its associated components: For example, the inspection of 

the LP cylinder and turbo-driven feedwater pump within 50 000 hours (6-year-cycle), and the 

inspection and overhaul of HP and IP cylinders inspections and overhaul within 

100 000 hours (12-year-cycle).  

Other major time-based activities relate to the draught group, air preheaters, pressure parts, 

HP piping, generators, and transformers. Fabric-filter-bag changes coincide with the outage 

schedule. The sequence of outage activities is shown in the next figure. 

 

Figure 40: Outage philosophy at Arnot 

The scope of the work to be carried out is reviewed for appropriateness by the site’s engi-

neering department and, if necessary, is reduced or increased, depending on the amount of 

work that needs to be carried out. The site team reported that the scope of repair work has 

not been cut due to lack of funds. However, the scope of work for the boiler section at Unit 4 

was reduced due to non-availability of boiler tubing material. Several outages have been de-

ferred in the past due to capacity planning and procurement delays. The latter mainly refers 

to problems with the timely availability of spares, which could be overcome with a more effi-

cient procurement process. Moreover, the site team claimed to need more support with out-

age planning.  



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  106 

5.3.5 Technical Profile of Main Plant Areas 

Boiler and related areas: 

Manufacturer  ICAL /ACIP=>Alstom   

Type  Drum Boiler   

mass flow [t/h]  1 200  

Pressure [bar, a]  161 before turbine   

Temperature [°C]  510  

Firing system  

Number of burners  24 

Type of mills  Unit 1: Tube    

Unit 2–6 vertical spindle  

Mill capacity [t/h] – per mill  Unit 1: original 65 t/h derated to 60 t/h   

Unit 2–6: 38.5 t/h  

Reheat system  

Pressure [bar, a]  36 before turbine 

Temperature [°C]  510 

Coal supply  

Coal supply (truck, mine)  90% truck, conveyor (start 2022) 

Precipitators/ Flue gas cleaning  

Manufacturer  Lurgi 

Type  Electrostatic dust 

Wet ash handling  
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Machinery and Electrical:  

Turbine  

Manufacturer  BBC CEM 1971–1975   

Type  Multicylinder impulse reaction 

Casings (HP-IP-LP, double/single flow)  HP-IP-LP 

Main steam pressure [bar, absolute]  165.5   

Main steam temperature [°C]  535   

Reheat steam pressure [bar, absolute]  37.5    

Reheat steam temperature [°C]  535   

Cold end  

Condenser  Dual-pressure surface type  

Cooling tower  Natural draught, North 3, South 3 

Generator  

Manufacturer  BBC 

Terminal voltage  15 kV (50 Hz)  

Cooling system  Stator: Demineralised water 

Rotor: Hydrogen 

Transformer    

Manufacturer  Siemens 

Terminal voltage primary/ secondary  15 kV/420kV Unit 3-6, 15kV/300kV Unit1-2 

Placement  Generator Transformer 
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5.4 Camden Power Plant 

The Camden power plant is more than 55 years old, but has been mothballed for up to 

20 years. Due to insufficient maintenance and its age the plant suffers from a high number of 

losses. In April 2023 approximately 17% (246 MWe) of the installed net capacity of 

1 481 MWe was not available due to PLL. Another 24% (365 MWe) were unavailable due to 

full load losses (FLL) at the time of the visit.  

One of the main PLL contributors is the limitation of the draught fans. The units cannot oper-

ate at higher load due to the fact that the ID fans have reached their capacity limit. This can 

be mitigated mainly by tightening the flue gas ducts and air heaters. It is strongly recom-

mended to also inspect and repair all other potential sources of air ingress at the boiler. Up-

grading the ID fans also possess a possible solution. 

The superheated live steam temperatures at the boiler outlet observed during the visit were 

lower as per design. This leads to power and efficiency losses. The reasons for this tempera-

ture difference are complex and can also occur in a concatenation, such as a limitation of 

coal feeders, air leakages in the preheaters and a faulty turbine and/or coal supply control. 

The power loss is already counteracted by increasing the boiler temperature, which causes a 

decreased life expectancy.  

Due to poor coal quality, rocks in the coal and a missing on-line measurement a rapid degra-

dation of coal mills have been observed and is to be expected further in the future. To avoid 

this a rock separation system needs to be installed and the online coal analysis system 

needs to be renewed in order to determine the coal quality before entering the combustion. 

One of the main areas of improvement are the condenser vacuum and the cooling towers. In 

order to solve both problems, it is necessary to check the cooling water circuit and refurbish 

existing clarifiers. 

In general, it can be said that the necessary work maintenance work has not been carried out 

sufficiently. To achieve a significant reduction of power losses the maintenances and out-

ages need to be executed to the full extent. This requires an according investment into nec-

essary spare parts (e.g. condensers, HP heaters). Many of the repairs can be done also dur-

ing short stops and could lead to direct improvements. 

The uncertainty about the future of the site, which is causing staff migration and low morale, 

is one of the main problems of the management team. Besides that, the management team 

seems to be knowledgeable and experienced. It is recommended that a decision on the con-

tinued operation of the site be made as soon as possible. 

5.4.1 EAF and PLL 

Camden power plant comprises eight 200 MWe coal-fired units. Each of the eight boilers 

feeds its own turbine with steam. Originally, the station was commissioned in 1967. The units 

were mothballed between 1988 and 2008 due to excess capacity. The plant was returned to 

service in 2006 and received a new ash dam, which was partially constructed between 2016 
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and 2021 but was not fully completed until today. Another planned shutdown in line with the 

internal revision plan (IRP) occurred in 2019. The revised shutdown, as per 2035 strategy, is 

planned to take place between 2023 and 2025. A detailed overview of the commissioning 

dates, outage dates and capacities are shown in Table 11.  

 Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8 

Commissioning 

date 
1967 1967 1967 1967 1967 1967 1967 1967 

Mothballed 1988 1988 1988 1988 1990 1990 1990 1990 

Recom. 2008 2008 2007 2007 2005 2005 2006 2006 

Planned decom. 2024 2025 2024 2023 2025 2023 2024 2025 

Gross installed 

capacity [MWe] 
200 200 200 200 200 200 200 200 

Nominal inst. 

capacity [MWe] 
190 190 185 175 180 186 190 185 

Table 11: Key figures for Camden power plant 

Between FY2017 and FY2023, the EAF of the total power plant ranged between 67.98% 

(FY2017) and 21.59% (FY2020). The decrease of the EAF to its lowest availability in FY2020 

was relatively steady (see Table 12). However, recent efforts undertaken to increase the EAF 

have led to improvements, and by FY2023 the plant’s EAF had increased to 57.53% again. 

The plant EAF values for FY2022 and FY2023 were provided by Eskom during the site visit. 

FY Plant Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8 

2017 67.98 25.03 83.96 60.92 67.68 83.71 77.76 71.01 73.65 

2018 65.96 69.07 74.19 69.04 57.07 75.73 63.55 36.92 71.50 

2019 48.45 52.49 56.17 60.92 19.89 28.00 57.78 50.17 25.01 

2020 21.59 26.49 28.55 18.12 47.64 7.42 22.32 22.85 27.10 

2021 45.49 44.63 46.87 52.77 67.68 48.46 15.68 51.94 55.97 

2022 52.62         

2023 57.53         

Table 12: EAF of Camden power plant (FY2017–3/2023) 

The units EAF values provided in Figure 41 were taken from the vgbe KISSY database. The 

data for this is supplied by Eskom on a yearly basis but, as of April 2023, the data for 
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FY2022 had still not been transferred. The EAF values provided by Eskom show a minor de-

viation from those given by the power plant general manager on 14 April 2023. 

 

Figure 41: EAF of Camden power plant (FY2008/2009–FY2020/2021) 

Source: KISSY database, vgbe 

The low EAF is mainly due to significant PLL. The main PLL sources between April 2022 and 

March 2023 are shown in Figure 42. As can be seen, many different components affected 

PLL – the main components being the draught plant (39%), the mills (26%), gas cleaning 

(16%), the coal plant (6%), the boiler, the condenser, the feed water plant and the pipework. 

The site team reported that Camden power plant was partly closed in year 2020 due to ash 

dam constraints (see figure above). The process of re-excavating the old ash dam was 

started to create ashing space. After this process the Camden units were brought back into 

operation. The units were operated at minimum load for 20 hours per day and four hours dur-

ing the peak demand period.  
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Figure 42: PLL contributors at Camden (FY200/2023 to March 2023) 

Source: Eskom 

The absolute numbers of PLL for the individual components and the total PLL have fluctu-

ated over the course of the year. The values per month range from 11.89% up to 21.94%, 

thus marking a range of over 10%. The average PLL for FY2023 so far is 15.14% and, as 

such, exceeds even the full load loss (FLL) for the same period, which is 14.73% (see Figure 

43). 

 

Figure 43: PLL and FLL distribution at Camden for FY2022/2023 

Source: Eskom 
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5.4.2 Technical Status 

5.4.2.1 Technical Status of the Boiler  

Housekeeping: During the visit, the team walked through the boiler house. Housekeeping 

was deficient. High amounts of dust, ash and coal were on the floor and machinery (see 

Figure 44). Safety-related issues could occur due to insufficient housekeeping. 

 

Figure 44: Camden boiler house with steam and water leakages 

Steam leakages: In the boiler house, numerous steam leakages were found in various posi-

tions, both on valves and on the piping itself (see Figure 45). 

 

Figure 45: Valve leakages in Camden’s boiler house 
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Steam temperatures: The superheated live steam temperatures at the boiler outlet ob-

served during the visit were lower, as per design. The desired operational temperature would 

be 543°C, but the temperature achieved within the boilers during the visit was approximately 

526°C (see Figure 46). A downward deviation from the design parameters has an impact on 

efficiency and leads to power loss. The reasons for this temperature difference are complex 

and can also occur in a concatenation, such as a limitation of coal feeders, air leakages in 

the preheaters and a faulty turbine and/or coal supply control. This needs to be assessed in 

further detailed investigations. The power loss can be counteracted by increasing the boiler 

temperature and, as a result, the header temperature, but leads to a decreased life expec-

tancy. 

 

Figure 46: Screenshot of key operating parameter at Camden  

Boiler tubes: There has been major boiler tubes failures in the past, which led to PLL and 

FLL. The failures have been recorded. 

Draught plant: Per boiler, there are two induced-draft (ID) fans that draw the flue gas out of 

the boiler to the chimney. ID fans in the Camden power plant have reached their maximum 

capacity. Reaching the capacity limit is mainly caused by the air leakages within the air pre-

heater and other air ducts. 

Air leakages: A recommendation is to seal the air preheaters and the air ducts on the indi-

vidual units. The cumulated air ingress into the system at Camden leads to 39% of the PLL, 

which Eskom says corresponds to total losses of up to 350 MWe. The leakages lead to an in-

crease in required air volume, which results in an increase in consumed electricity by the ID 

fans, as well a higher wear upon the machines. Fixing these problems could bring the fan re-

quirements back into the design range of the boiler. 

Mills: The mills were also reported as a big issue. Even though the coal mine nearby is con-

nected via a conveyer belt, lack of capacity means that coal is trucked in from eight different 

mines. As a result, the coal shows quite inhomogeneous characteristics. The coal quality, 
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which is largely based on the lower heating value (LHV), is on average 10% to 15% below 

the design range. The reduced quality of the coal is due to its high rock content, which leads 

to higher wear and abrasion of the mills and ducts. In normal circumstances, based on the 

quality, about 20% of the coal should be rejected. However, due to the amount of time it 

takes to analyse the incoming coal (about 24 hours), feedback on the quality of the coal ana-

lysed is regularly received after the coal has been burned.  

It was reported that the mill casings have been cracked by the stones/rocks contained within 

the coal. 

 

Figure 47: Coal stockpile management at Camden power plant 

Thermal Index (TI): Eskom uses a TI to track the thermal excursions on boiler outlet head-

ers and main steam pipework. The TI is an indicator for the long-term health of the plant with 

regards to the high temperature/high pressure components. The data for the TI can also be 

used to check the operational stability of the boiler, as the thermocouples indicate the 

amount of time spent exceeding normal operating conditions. 

The TI report for Camden for FY2023 shows that the header temperatures are far above tol-

erance limits and unacceptable, while the high pressure (HP) pipework is well within limits 

(see Table 13). The excessive temperatures are due to the boiler over-firing as a result of the 

poor vacuum conditions and air-heater leakages. This has significant long-term implications 

for the creep life of the headers. Hence, the root causes need to be eliminated (leakages and 

vacuum). Since there is no reheater in the system, the hot reheat TI is supposed to be 0 in 

any case. As a result, the ‘57’ stated for February 2023 is probably faulty. 
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Table 13: Extract from the TI report FY2023 for Camden power plant 

 

Boiler at a glance: 

− The boiler rooms are subject to poor housekeeping. 

− The boilers have severe tube leaks. 

− The boilers require major overhauls. 

− The excess air ingress is quite high. 

− The draught fans cannot provide air for full load. 

− There are many steam leakages in the boiler house. 

− Coal sites are well managed, ash handling is poor. 

− Coal analyses take too long. The unit operator cannot react on coal quality 

change. The analysis result is available when the coal has been already uti-

lised. 

− Coal mills are degrading rapidly and should be overhauled. 

5.4.2.2 Technical Status of the Machinery 

Cold end: With respect to the cold end, the condenser vacuum is not sufficient, which has a 

severe impact on operations and causes PLL. One reason for the insufficient condenser vac-

uum could be the poor performance of the cooling towers, caused by missing and damaged 

end caps. Another reason could be the insufficient supply of cooling water. During our visit, 

only three cooling water pumps were running, due to a lack of spare parts. Furthermore, con-

denser tube leakages also contribute to a decrease in performance. 

Cooling tower: The cooling towers themselves were in an acceptable condition, as far as we 

could see, but a certain degree of biofouling was visible on the steel structure within the 

tower. The underperformance of the towers could be caused by missing or leaking end caps 

within the cooling towers, which cause a massive efficiency decrease. The coarse strainers 

were in good condition but not adequate to guarantee a good quality of cooling water and 

prevent clogged nozzles. Maintenance on the cooling towers can only be performed during 

the winter because the full cooling capacity is needed during the summer. The procurement 

of spare parts is difficult and challenging, as the OEM for the cooling towers is no longer 

available. 
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Cooling water: The overall quality of the cooling water was poor. It contained a lot of floating 

matter and a high level of suspended solids and was brown in colour (see Figure 48). Poor 

quality of the cooling water can lead to clogged nozzles at the cooling towers, as described 

above, and to condenser tube leaks due to the increased erosive wear.  

Furthermore, according to the power plant management, the pipework for the cooling water 

is also badly corroded. The cooling water circuit should be checked for particle entrance 

points and particle procedures causing this problem. Corroded pipework needs to be re-

placed, otherwise it will jeopardise plant operation.  

 

Figure 48: Camden’s cooling towers with bio fouling (left) and dirty cooling water (right)  

Cooling water pump: The cooling water (CW) pumps and their housing were in acceptable 

condition. One of the pumps was dismantled at the inspection and another pump shaft was 

full of water, due to a sealing failure, and had to be manually emptied at regular intervals. As 

such, there was only a reduced capacity of cooling water available, causing a bad condenser 

vacuum and an undefinable amount of PLL. The valves installed on the CW-discharge side 

are fitted with weight-loaded flaps and have a safety function in case of CW-pump trips. 

Since these valves are not fitted with locking bolts, the entire power plant needs to be shut 

down when maintenance needs to be carried out. 

Turbine: Firstly, the turbine hall was reasonably clean, as the housekeeping was conducted 

well (see Figure 49). The turbines were covered only with a thin layer of dust. Several leak-

ages were detected within the turbine area. Only a few of these leakages were part of the in-

terconnection piping and HP heaters.  

Units 4, 6, 7 and 8 have already exceeded the end of their inspection interval and need a 

general overhaul. Their overhaul has been delayed because of the planned shutdown and 

decommissioning of the power plant and due to high grid demand. Due to the exceptional cir-

cumstances - unreliable and insufficient power supply - a recommendation would be to check 
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whether it is possible to extend the lifetime of the plant. If this is an option, the above-named 

units should be overhauled as soon as possible. 

 

Figure 49: Turbine hall at Camden power plant 

The site staff reported increased vibration on some units due to poor alignment, which can 

lead to increased bearing temperatures. The increased bearing temperatures cannot be han-

dled by the lube oil coolers, and therefore the coolers themselves also have to be cooled by 

water from outside (see Figure 50). The used water runs onto the measuring equipment and 

electrical installation below, so that a malfunction cannot be excluded. 
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Figure 50: Camden’s turbine lube oil cooler with additional external water cooling  

The insulation of some units was cracked, with a visible amount of steam rising from the 

cracks. One reason for this could be the steam leakages at the horizontal split joint (see Fig-

ure 51). Insulation that is no longer intact can lead to temperature differences within the cas-

ing. The temperatures differences occur most frequently between the upper and lower parts 

of the casing. Temperature differences can lead to buckling of the turbine casing, which can 

cause turbine vibrations. It is also necessary to check whether the insulation causes asbes-

tos pollution. 
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Figure 51: Turbine with cracked spray insulation at Camden power plant 

HP heaters: The reliability of HP heaters on-site is quite low, which results in PLL and effi-

ciency decreases. When we visited, some of them had failures and were out of service, while 

others had visible steam leakages. Since these parts have little bearing on the availability of 

the plant as a whole, an immediate overhaul might not normally be considered necessary. 

However, since their malfunctioning decreases plant performance and efficiency, it is recom-

mended that the overhaul takes place as soon as possible. 

HP Piping: In general, housekeeping below the turbine floor level, down to ground level, is 

poor. Equipment and piping were completely covered in dust. Steam and water leakages 

were visible (see Figure 52). Most of the leakages are caused by flange connections that 

started leaking once asbestos gaskets had been replaced with non-asbestos ones. Since the 

leakages represent a health and safety risk, we recommend replacing the remaining asbes-

tos gaskets during the next outage. In order to achieve a proper sealing with those new seal-

ings it may be necessary to refurbish the flange surfaces.  

Assessment of HP pipework to evaluate its lifespan is carried out in line with Eskom stand-

ards. The last assessment for Unit 4 was carried out in July 2022. HP pipework was released 

to return to service for another 60 000 hours. 
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Figure 52: Steam leakages on the lower floors of the Camden machinery house 

Machinery at a glance: 

− Condenser vacuum cause problems.  

− Cooling towers need to be refurbished. 

− The cooling water circuit should be checked. 

− Many steam leakages can be found in the turbine hall. 

− Turbines with exceeded intervals need an overhaul. 

− Check alignment and lube oil/bearing system. 

− Condenser refurbishment is needed. 

− Procurement of spares for cooling water pumps is required. 

− The lifetime extension of the plant should be checked. 

5.4.2.3 Technical Status Electrical and C&I 

Generators: In the past, the electrical generators have always run properly and as a result 

barely been the cause of outages or PLL. 
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C&I System: With respect to the C&I system, Units 1 to 8 are equipped with the Siemens 

SPPA T3000, following a major refurbishment. There are spares available for the system 

which is still supported by Siemens. The entire C&I system of the outside plant is based upon 

the Siemens T2000 System, which is obsolete and not supported by the OEM anymore. 

MV & LV Switchgear: The MV and LV board rooms are generally in good condition (see Fig-

ure 53). They were replaced during mothballing and are cleaned well. However, the HVAC 

systems in those areas are not performing as they should.  

 

Figure 53: Clean and refurbished board rooms at Camden 

Electrical and C&I a glance: 

− No major power loss caused by generators. 

− The C&I system used for Units 1 to 8 is up to date and running properly. 

− The outside plant C&I system is obsolete. 

− The switchgear is refurbished. 

− The boardrooms are in good condition. 
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5.4.2.4 Technical Status of the Water Treatment Plant 

Make-up water plant: The central make-up water plant was visited during the site walk. The 

building of the water treatment plant was clean and, overall, in order (see Figure 54). The ca-

pacity of the make-up water plant is sufficient to cover the consumption needs of the site. 

The quality of the water is as it should be in most cases, with only minor increases in SO4 

amounts.  

 

Figure 54: Water treatment plant at Camden power plant 
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Location pH Spec. 

Cond. 

Acid 

Cond. 

Deg. 

Cond. 

O2 Fe Si Na Cu Org. 

Makeup 

water 
Off On --- --- --- Off Both Both Off Off 

Conden-

sate  
Off On. On On On Off Both Both Off Off 

Feed 

water  
Off On On On On Off Both Both Off Off 

Boiler 

water 
Off On On On On. Off Both Both Off Off 

(HP) live 

steam 
--- --- --- --- --- --- --- --- --- --- 

Table 14: Types of water measurements at Camden power plant 

Even though some of the sampling is done online (see Table 14), the water treatment plant 

as a whole has been operated manually for many years. This manual mode of operation is a 

risk, as it leads to a high failure potential, which also contributes to unavailability. 

The raw water source is surface water coming from the Jericho dam. 

Clarifiers: The clarifiers civil structures show signs of wear (see Figure 55). Refurbishment 

of the parts might be advisable. 

 

Figure 55: One of the clarifiers (right) and signs of wear and tear (left) at Camden 

Piping: The piping of the water make-up plant is in a moderate condition. Some of the pipes 

and junctions have already been exchanged. However, there are critical service waterlines 

that have only received a quick fix but require urgent extensive repairs in order to keep the 

plant running (see Figure 56). 
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Figure 56: Critical service water line with quick fix installed at Camden power plant 

 

Water treatment at a glance: 

− The housekeeping of the water treatment plant is in order. 

− Capacity of the make-up water plant is sufficient. 

− The plant is incapable of producing water with sufficient quality, due to a lack 

of properly functioning clarifiers. 

− The manual operation is a potential risk for operation. 

5.4.2.5 Technical Status of the Auxiliaries and other Systems 

Coal and Ash: Even though the coal site nearby is connected via a conveyer belt, due to a 

lack of capacity the coal is trucked-in inconsistently from eight different sites. As a result, it 

shows quite inhomogeneous characteristics. The coal quality, which is mainly based on LHV, 

is on average 10% to 15% below the design range, which means that, ideally, about 20% of 

the coal should be rejected to ensure quality is maintained. The use of below-par coal results 

in high wear of the mills. 

Pre-specification is carried out by the mines themselves, and Eskom’s Primary Energy de-

partment carries out onsite verification. The installed online analyser for LHV, moisture, ash 

and sulphur is currently out of service and so the only way of analysing the coal is with a coal 

analysis report, which takes about 24 hours to arrive. This means that a timely reaction to the 

coal quality is not possible. The coal handling site is well managed but too small. The ash 

handling area has poor housekeeping. Due to a lack of funding, the ash dam has only been 

partially completed, so the current capacity of the ash pit is about 10 million m3, instead of 

the projected 15 million m3. 
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Coal handling site: All in all, the coal handling site is well managed but too small to stock-

pile enough coal to enable it to postpone using the coal until it has been analysed (see Fig-

ure 47). 

Ash handling area: The ash handling area is subject to poor housekeeping. The lack of ash 

dumping capacity is one of the reasons why the plant risks being shut down in the near fu-

ture. 

OEM parts: Documentation of OEM parts is poor and leads to procurement of wrong or not 

fully compliant spare parts. There is a lack of spares in most areas of the power plant, and 

this is one of the major reasons for prolonged shutdown times. 

Workshop: The workshop is well-equipped and clean. It provides sufficient options to con-

duct repair works at the site.  

Auxiliaries at a glance: 

− The coal quality is low and inhomogeneous. 

− The coal supply is inconsistent. 

− The coal handling site is small but well-managed. 

− The ash handling site is neglected. 

− There is a shortage of spare parts, and documentation of OEM parts is inade-

quate. 

− The workshop is equipped sufficiently. 

 

5.4.3 Technical Measures to Improve the Plant Condition 

Boiler and draught Group: The maximum potential MW gain of the following measures is 

approx. 350 MWe. 

There are several areas within the draught group - which includes the ID fan, FD fan, PA fan, 

preheater and fabric filters - in which repairs would result in immediate improvements and a 

positive effect on PLL. As discussed in the previous chapters, the draught plant has been 

identified as one of the major causes of high PLL. Even if operated at maximum load, the ca-

pacity of the ID fan is insufficient to guarantee an appropriate pressure in the furnace, which 

means that the boiler load has to be reduced. To address this problem, we suggest the fol-

lowing measures: 

− Upgrading the ID fans 

− Tightening or replacing the flue gas ducts  

− Tightening or replacing the air heaters 
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Upgrading the ID fan’s design capacity and, thus, increasing the airflow could in itself be 

enough to solve the problem. This would lead to an increase of required auxiliary energy and 

should be combined with the other proposed measures to reduce the negative impact. 

We strongly recommend inspecting and repairing all potential sources of air ingress. This can 

be carried out during short stops and could lead to direct improvements. Beside the locations 

mentioned, it is also recommended to inspect the wall penetrations of the superheater and of 

shoot blowers, which would enable water and steam leakages to be identified at many posi-

tions throughout the plant. We recommend systematically repairing leaking valves, pumps 

etc., in order to improve the plant’s efficiency and reliability. Many of these repairs can be 

carried out step-by-step, during short standstills. 

Machinery: The maximum potential MW gain of the following measures is approx. 260 MWe. 

The main areas requiring improvement are the condenser vacuum and the cooling towers. In 

order to solve both problems, it is necessary to check the cooling water circuit and refurbish 

existing clarifiers. On top of that, an overhaul of the existing condenser and cooling towers 

would lead to an increase in capacity. However, maintenance is only possible in winter, since 

high summer temperatures mean all cooling towers are needed and water consumption is 

also significantly higher. 

Coal Handling: The online coal analysis system needs to be renewed in order to enable a 

reaction on the coal quality. Alternatively, the intermediate storage of coal in the stockpile for 

24 hours or until the coal analysis is available would also provide an acceptable solution. 

Water Treatment: In order to reduce the risk of water quality issues, the water treatment 

plant should be operated in automatic mode. 

5.4.4 Power Plant Management  

Currently, 412 employees and 1 200 contractors are working at the power plant. The rate of 

staff turnover is about 3%. There is a massive lack of engineering staff (4 out of 10 in C&I, 

and 4 out of 13 in electricals) because of uncertainty about the future of the site, which is 

causing staff migration and low morale. We highly recommend that a decision is reached on 

the future of the power plant as soon as possible.  

Despite these challenges, the team is managing to keep the plant in operation. There are 

knowledgeable and experienced staff in the operating areas upon which this assessment fo-

cussed, and there is a comprehensive understanding of the issues at the plant. Furthermore, 

there is transparency regarding all key performance data for the plant (e.g. PLL). An exten-

sive reward and incentive scheme is in place, based on yearly and monthly performance. A 

lack of employee training is notable. 

Maintenance: The maintenance team is responsible for fixing problems reported by the op-

erations team. The scope of the maintenance is defined by the engineering department. The 

maintenance group also takes care of spare-part planning. 

There are seven maintenance KPIs for FY2023: 
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Inspections per year: 210 600 Mechanical 

23 764 EMD 

26 832 C&I 

Annual maintenance budget specific 

costs:(total; per MWe) 

R901 million.; R616 700 /MWe 

Intervals between failures: 19 h 

Failures per year: 3 224 

Maintenance FTE/MW: 40 h 

Share of outsourced maintenance: Approx. 90% 

Maintenance Contracts in place: 36 out of 37 (97.3%) 

Operation: The operations team consists of 106 employees, working five shifts, 24/7, with 6 

people working each shift. 

There are 91 trips per year, so an average of almost eight trips per month, for the whole 

plant. These trips can be categorised as follows: operation caused trip (5), forced downs (62) 

and unsuccessful starts (24). Due to intensive monitoring of performance data, there is high 

transparency regarding the status of the plant. 

There are six KPIs for FY2023 relating to operations: 

Efficiency (design @full load): ~30% 

Coal consumption: 775.2 t/h 

Auxiliary Power consumption: 80 MWe 

Startup time for a cold start: 8 h 

Number of damages due to bad operation: 0 

Number of trips due to bad operation: 5 

Outage: Camden’s outage planning is organised according to Eskom’s outage philosophy 

and to running hours of the low pressure (LP) turbine. As a result, a general overhaul (GO) is 

carried out every six years. In theory, the planning addresses the scope and timing of the 

outage activities. In practice, the outage philosophy cannot always be adhered to, especially 

in terms of timing, due to high grid demand and the resulting reduced availability of times for 

maintenance. 

The last mini general overhaul (MGO), including outages, was conducted at Unit 7 and Unit 8 

in December 2022 and included refurbishment of a superheater and replacement of a section 

of HP piping. The MGO at Unit 5 and the GO at Unit 2, which should have taken place in 

early 2022, were both postponed because of national electricity capacity constraints. 

100% of the outage work is outsourced but planning is carried out exclusively by Eskom 

staff. 
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Procurement is partially organised locally and partially carried out centrally, depending on the 

total value of the contract. 

5.4.5 Technical Profile of Main Plant Areas  

Boiler and related Plant Area:  

All eight boilers at Camden station have the same design. Each boiler has five coal bunkers 

which store up to 400 tons each. The bunkers supply the boiler at full load for up to 20 hours. 

This means that even a malfunction of the conveyor system or of coal production in general 

would not directly result in operational restriction.  

Five mills are installed per boiler. Using coal of the specified quality, a maximum of four mills 

is needed for full load operation. One mill was designed to be spare. The pulverised coal is 

burned by 20 front-fired ICAL & Steinmüller PF-burners. 

Firing System 

Manufacturer ICAL & Steinmüller 

Type PF Burners 

Number of burners 20 

Coal mass flow [t/h] 775.2 

Pressure [bar, absolute] 110 

Temperature [°C] 543 

Mills 

Manufacturer Lösche 

Mill capacity [t/h] – per mill 27 t/h per mill, required 90.7 t/h in total per 

unit 

Coal supply 

Coal supply (truck, mine) previously from open cast mine with con-

veyor belt, now via truck 

Coal storage capacity on-site [t] n.a. 

Boiler bunker capacity [t] 16 000 in total 

Precipitators/ Flue gas cleaning 

Manufacturer Diamond (Retrofitted 1993) 

Type Bag filters (FFP) 
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Machinery and Electrical: 

Turbine 

Manufacturer C.A Parsons  

Type C.A Parsons 202MW with Siemens LP Up-

grade 

Casings (HP-IP-LP, double/single flow) 1 HP (single flow), 2 LP (double flow) 

Main steam pressure [bar, absolute] 110 

Main steam temperature [°C] 543 

Reheat steam pressure [bar, absolute] none 

Reheat steam temperature [°C] none 

Cold end 

Condenser Dual-pressure surface type 

Cooling tower Hyperbolic natural draught, wet cooling 

Generator 

Manufacturer C.A Parsons 

Terminal voltage 16.5 kV (50 Hz) 

Rating 200 MWe 

Cooling system Stator core: Hydrogen 

Stator windings: Demineralised Water 

Transformer 

Manufacturer Unit 1-6,8: Siemens 

Unit 7: Ferranti 

Terminal voltage primary/ secondary 16.5 kV/420 kV 

Placement outside 
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5.5 Duvha Power Plant 

The Duvha plant is more than 40 years old. Due to insufficient maintenance, the plant suffers 

from a high load loss. In March 2023, almost 30 percent (780 MW) of the installed capacity of 

2 875 MW (net) was not available due to PLL. One of the main PLL contributors is the 

draught plant. Even if operated at maximum load, the ID fan capacity is not high enough to 

guarantee appropriate pressure in the furnace. This can be mitigated to a large extent by 

tightening the flue gas ducts and air heaters. We strongly recommend also inspecting and re-

pairing all other potential sources of air ingress at the boiler.  

A significant reduction in the steam temperature was noted, caused by leaky spray injection 

valves. We strongly recommend changing or repairing the valves immediately. Besides the 

PLL, these leakages can also cause potential damage due to thermal shock. There are many 

other water and steam leakages in many places around the plant. We recommend systemati-

cally repairing leaking valves, pumps, etc., in order to improve the plant’s efficiency and relia-

bility.  

One of the main areas requiring improvement is the condenser vacuum, the root causes 

have been identified by the power plant and solutions must be implemented during future 

outages, such as the upcoming outage for unit 1 in September 2023,  

We strongly recommend focusing the recovery activities on efforts to reduce the losses by at 

least 80%. This requires an according investment into necessary spare parts (e.g. HP heat-

ers). This can only be done if maintenance and outage are executed to the full extent, 

thereby enabling all the deficits and leakages to be fixed. Many of the repairs can also be 

carried out during short stops and would lead to direct improvements. 

The management team seems to be willing, eager and competent to drive the recovery pro-

cess. Given the opportunity, we believe it is skilled and capable enough to manage the turna-

round itself. 

5.5.1 EAF and PLL 

The Duvha power plant comprises six 600 MW coal-fired units (gross capacity). Each of the 

six boilers feeds its own turbine with steam. The station was originally commissioned be-

tween 1978 and 1984. The detailed commissioning dates are shown in Table 15. In the 

course of its operational lifespan, the plant has suffered some major damage resulting in 

stops lasting longer than 12 months. These are: 

Unit 2: LP Turbine damage of last stage (January 2003 – February 2004) 

Unit 4: Turbine damage due to over-speed (February 2011 – January 2013) 

Unit 3: Boiler over pressurisation (incident in March 2014) 

With regards to the damage at Units 2 and 4, the repairs were carried out and the units went 

back to regular operation. Unit 3 was taken completely out of operation after the accident in 

March 2014.  



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  131 

Unit 1 2 3 4 5 6 

Commissioning Date 08/1980 10/1980 09/1981 07/1982 03/1983 02/ 1984 

Gross installed ca-

pacity [MW] 
600 

Nominal installed ca-

pacity [MW] 
575 

Table 15: Key figures for Duvha power plant14  

Over the past five financial years, the EAF has been in the range of 42.30% (FY2021/2022) 

to 48.28% (FY2020/2021). For FY2022/2023 YTD, the value is currently at 40.34%.  

Year Plant Unit 1 Unit 2 Unit 4 Unit 5 Unit 6 

2019 47.21% 19.63% 66.29% 63.71% 55.32% 24.90% 

2020 44.62% 54.33% 49.88% 62.23% 28.88% no data 

2021 48.28% 50.99% 56.06% 9.59% 38.86% 54.39% 

2022 42.30%      

2023 YTD 40.34%      

Table 16: EAF at Duvha power plant (FY2018/2019–FY2022/2023) 15 

The EAFs of the units were taken from the vgbe KISSY database. The data for this is sup-

plied by Eskom on a yearly basis. The data for FY2021/2022 has not yet been transferred, as 

of April 2023. 

The low EAF is caused, in the main, by significant PLL. The main sources of PLL are shown 

in the next figure. As can be seen, many different components have an influence on the PLL. 

The main components are the boiler, the draught plant, the feed water plant, the gas clean-

ing plant, the mills and the turbine. 

 

14 Data supplied by Eskom as part of the initial documentation package 

15 Data supplied by Eskom as part of the initial documentation package and KISSY data 
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Figure 57: EAF at Duvha power plant (FY2003/2004–FY2020/2021)  

The absolute numbers of the PLL for the individual components has fluctuated over the 

years, showing a tendency to increase from FY2017/2018 to FY2020/2021 and a slight im-

provement in FY2021/2022. At the beginning of FY2022/2023, a significant increase of the 

PLL can again be identified. The reason for this can be found in the dramatic increase of 

losses at the draught plant. 

 
Figure 58: PLL contributors at Duvha power plant (FY2017/2018–FY2022/2023)16  

 

16 Eskom data sent by Lebohang Kubayi per email on 11 May 2023 
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5.5.2 Technical Status 

The plant has been running for more than 40 years. Maintenance and outages have been 

deferred and/or not fully executed due to the tight supply situation. Hence, the overall health 

of the plant is not good.  

5.5.2.1 Technical Status of the Boiler  

During the visit, the team walked through the boiler house. The housekeeping was accepta-

ble (see Figure 59). Levels of dust, ash or coal were not high. Furthermore, no safety-related 

issues were noted.  

 

Figure 59: Duvha boiler level 0 m 

In the boiler house, numerous steam leakages at various positions were visible. They were 

both on valves and on the piping itself (see Figure 60). The team was not presented with evi-

dence of a systematic approach to addressing leakages. It seems as if leakage has become 

an accepted norm over time and that it has been this way for a while. We strongly recom-

mend that repair work is started immediately.  
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Figure 60: Leakages at Duvha boiler house 

Steam temperatures at the boiler outlet are lower than design. We observed a significant 

temperature differential between the different sides of the boiler. The spray injection valves 

were identified as the root cause – these valves are obviously not tight. This results in the 

temperature of SH steam being far too low (479°C – 530°C, see Figure 61). The desired op-

erational temperature is 535°C. Such a temperature reduction clearly leads to a significant 

decrease in plant efficiency and output. A reduction from 535°C down to an average of 

500°C corresponds to a power loss of approximately 40 MW. 
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Figure 61: Temperatures of SH inlets and outlets at Duvha 

The engineering manager reported that the site has a good knowledge of past boiler tube 

failures (BTF). According to the engineering team, this knowledge results into actions and 

measures. There are plans to exchange tubing in areas where several tube leakages caused 

by pitting were found. The power plant has developed a concept for the pitting issues. Fur-

thermore, we were told that care of tubes has improved as a result of lessons learnt, thus 

helping to avoid similar damage in the future.  

However, with regards to other issues identified as causing tube leakage, the Eskom team 

has not managed to develop methods to prevent future damage. Leaking tubes are ex-

changed during outages, but continuous effort is required to prevent the same type of dam-

age appearing again in the future.  

Draught plant: Two ID fans draw the flue gas out of the boiler to the chimney. At Duvha, 

there are problems with the ID fans because they always operate at maximum load. This is 

caused by air ingress to the duct and the air preheater. The site team reported that, after out-

age, the ingress into the ducts is quite low but, after a short period of time, it increases signif-

icantly again. Furthermore, the plant was advised by Megawatt Park to operate the boiler at 

O2 levels as per original design. This specification was released as a consequence of the 

Duvha 3 accident, described further in paragraph 5.1.4.4. Hence, the cumulated air ingress 

to the system at Duvha leads to a PLL of 110 to 280 MW. 

Mills were not reported as a big issue, as coal quality seems to be quite in order. As the coal 

is delivered by the nearby open cast mine, the quality remains consistent over time. In the 

past, the coal was mainly trucked in and there was a problem with high wear rates of the 

mills. Mass meters at the mine and at Duvha’s take-up are used for accounting. The overall 
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condition of coal and of the ash plant was acceptable. Nevertheless, on the day of the visit, 

Unit 5 was suffering a load restriction due to two mills being out of service. 

Eskom uses a Thermal Index (TI) to track the thermal excursions on boiler outlet headers, 

main steam pipework and hot reheat pipework. The TI is a long-term indicator of plant health 

for the high temperature/high pressure components. The data for the TI can also be used as 

a check on the operational stability of the boiler, as the thermocouples indicate time spent 

above normal operating conditions. More detail on the TI is listed in section 5.1.4.5. 

The TI report for Duvha for FY2022/2023 shows that the header temperatures exceed limits 

and are unacceptable, while the HP pipework is well within limits. This is due to the boiler 

over-firing as a result of the poor vacuum conditions and air-heater leakages and poor HP 

heater availability. This data confirms the conditions resulting in high PLL losses: It has sig-

nificant long-term implications for the creep life of the headers. 

 

 

Table 17: Extract from Duvha’s Thermal Index report 

Boiler at a glance: 

− The Duvha boilers – taking their age into account – are fit for purpose. 

− The excess air ingress is clearly quite high. The ID fan operates at maximum load, 

which results in reduced load and PLL.  

− There are many steam leakages in the boiler house. 

− BTL caused by pitting seems to be understood and resolved – RCA-based preven-

tive mitigation measures for other damage mechanisms need to be developed.  

− Coal and ash handling are satisfactory. 

− Spray injection valves are passing and need to be maintained / repaired. 

− Steam temperatures are below design values. 

 

5.5.2.2 Technical Status of the Machinery 

With respect to the cold end, the condenser vacuum is not adequate, which has a severe 

impact on operation. Especially at Unit 1, the problem has become so serious that steam 

ejectors are permanently in full operation to keep the vacuum on a level that enables opera-

tion. This measure results in very high noise emissions all over the site – which is a serious 

SYSTEM Mar-22 Apr-22 May-22 Jun-22 Jul-22 Aug-22 Sep-22 Oct-22 Nov-22 Dec-22 Jan-23 Feb-23 Mar-23

Header TI 198 857 2088 372 998 414 1391 4357 3392 4902 0 1246

Main Steam TI 1 2 0 9 2 2 0 4 3 7 85 85

Hot Reheat TI 5 32 25 14 35 21 15 9 60 0 0 82

DUVHA
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health and safety issue – as well as high PLL. The station has identified the root causes and 

the solutions should be implemented during future outages. 

Potential causes of insufficient condenser vacuum: 

a) Insufficient performance of the cooling towers due to damaged cooling fills, causing 

increased cooling water temperatures. The Duvha site team reported several prob-

lems with the cooling towers in the past. 

b) Clogging of condenser tubes by debris and broken internals from cooling tower that 

become brittle. Clogging of tubes by debris and plugging of leaking tubes reduce 

cooling water flow and heat transfer area of condenser. 

c) Deposits in condenser tubes, such as calcium carbonate scaling or fouling from sus-

pended solids or biological matter. 

d) Air ingress into low-pressure steam at the LP turbine or condenser. This leads to air 

blanketing of condenser tubes and rise of condenser pressure. 

e) Insufficient cooling water flow.  

Often, there is a combination of possible causes: b) and c) can also lead to corrosion in con-

denser tubes and cause tube leakages. As a first step, all of the above potential causes need 

to be checked during inspections. 

During the outage scheduled for September 2023, a detailed condenser inspection needs to 

be performed before cleaning the water-boxes, to establish the status of corrosion and check 

for b) and c). A leaking test should identify leaking condenser tubes, which then need to be 

plugged or renewed. Tube blockages must be removed and tube fouling or scaling must be 

removed using appropriate methods. According to the findings of the inspections, the root 

causes of the poor condenser vacuum must be addressed and future operation must include 

precautions to avoid these causes in future. For example, we recommend bringing the Tap-

rogge system back into service, to keep condenser tubes clean. 

An incident with cooling water pumps was reported. A power cable was damaged during 

works on-site. As a consequence of this, two of the four cooling water pumps for Duvha 

Units 5 and 6 and the associated control system were de-energised. Due to the lack of cool-

ing water, the condensate pressure increased rapidly and the turbine protection system re-

sponded. According to the incident report, the root causes were improper work preparation 

and execution, lack of maintenance of the UPS for the control system (battery defects had 

been known about for a whole year) and lack of communication between departments within 

the plant. The only positive aspect was that the turbine protection worked properly. 

Turbine: The turbine hall was reasonably clean, as the housekeeping was conducted well. 

However, the noise level was very high. The reason for this could not be directly identified. 

Leakage was visible on Unit 2’s feed water booster pump. Unit 1’s turbine had a leakage di-

rectly at the turbine. This leakage will increase further and represents a health and safety 

risk. Therefore, it needs to be repaired during the next outage. 
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Based on the fact that there has been no major damage to the turbines since 2018, it can be 

concluded that the maintenance strategy for the steam turbines is effective. 

 

 

Figure 62: Leaking pump in Duvha’s boiler house 

HP heater: Based on plant data, the current unavailability of the HP heaters is due, in main, 

to their expired lifetime. Most of the HP heaters are plugged by more than 10%, which is usu-

ally a level at which the HP heaters need to be replaced. We were told that this problem will 

not be resolved for Unit 1 after the outage. A new HP heater is on-site but will be installed in 

a different unit, as the one there is in even worse condition. This is why Unit 1 cannot be op-

erated at full load, even after the outage. This situation does not only impact PLL, it also im-

pacts boiler operations by limiting the firing regime (cold feed water requires higher combus-

tion temperatures which are limited by boiler design). Meanwhile, there is a purchase ap-

proval process underway to exchange six HP heaters, and the plant is reviewing the potential 

exchange of a further five heaters. 

The site team reported that the cooling tower performance is currently below design. There 

is a project to look at repacking of the towers to get back to design values. The current miti-

gation approach is to clean the fills and ponds during the outage opportunity. 
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Machinery at a glance: 

− Vacuum problems of the condenser should be fixed during the next Unit 1 outage 

which has been postponed from July to September 2023. 

− Many steam leakages have been found in the turbine hall.  

− The turbines seem to operate properly. 

− The next outage opportunity should be used to enhance the cooling tower perfor-

mance.  

− HP heaters have reached their end of life and need to be replaced. 

 

5.5.2.3 Technical Status Electrical and C&I 

In the past, the electrical generator was the main source of unavailability in the turbomachin-

ery equipment. Generator stator damage (single event on Unit 4) resulted in an outage from 

April to November 2018. Eskom provided an investigation report about the fault. Besides 

that, a generator earth fault was reported. Earth faults can appear at any time. Normal out-

age checks concerning resistance have to be carried out and an online earth fault detection 

system has to be in place. With regards to the present incident, the online monitoring system 

was working properly. The outage philosophy for the generators has not been changed. 

The following table shows lost operating hours due to generator H2/seal oil issues – seven 

events were reported between 2018 and 2022. Units 1, 2, 4 and 5 were affected. The table 

below shows the hours lost due to seal oil issues and H2 leakages – the latter being the main 

contributor. The seal oil events were due to oil/gas differential pressure. 

 Lost operating hours Number of incidents 

H2 leakage 4232.1 4 

Seal oil 14.28 3 

Table 18: Overview of generator incidents at Duvha (2018–2022) 

The incident report (4 February 2022) showed that, when starting up the unit after a trip, the 

motor of the AC sealing oil pump broke. The decision was made to remain connected to the 

grid with the (reserve) DC pump. In the course of the event, on 4 February 2022, there were 

various deviations from the norm, as well as oil leaks (refilling from the waste container) and, 

as a result, major damage. As a result of the incidents, some basic questions need to be ad-

dressed: Has the value of the generator auxiliary systems been correctly assessed? Is the 

concept of the sealing oil supply (but also for other areas such as cooling water and H2 sup-

ply) state-of-the-art? Spare parts should also be available for such a sensitive area, and re-

pair/replacement should be given preference over emergency operation, if the vulnerability of 

the auxiliary system is known. 
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With respect to the C&I system, Units 1 to 6 are equipped with the Siemens SPPA T3000 

after a major refurbishment project was concluded in 2021. There are spares available and 

the system is still supported by Siemens. 

The water treatment plant DCS is ABB Symphony Infi90 DCS. This system was installed be-

tween 1999 and 2000. The system is becoming obsolete, but ABB agreed on a migration 

path where parts of the system are replaced in smaller projects, to extend the life of the sys-

tem.  

Electrical and C&I a glance: 

− Several generator incidents caused unit trips and, thus, decrease of EAF. 

− The C&I system is in good order, whereas the water treatment C&I system needs 

an upgrade in order to enable automated operation. 

 

5.5.2.4 Technical Status of the Water Treatment Plant 

The central make-up water plant was visited during the site walk. The capacity of the make-

up water plant is sufficient to meet the consumption needs of the site with water of adequate 

quality. The raw water source is surface water coming from Vygeboom and Nooitgedacht 

dams. 

 

Figure 63: Measurements at the Duvha water treatment plant 

However, the water make-up plant is not in good condition. Nearly all online measurement 

instruments installed in the plant are not working (Figure 63). These photos of the sodium / 

TOC measurements display implausible values. 
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The plant as a whole has been operated manually for more than 10 years, despite the fact 

that the plant was upgraded and fully automated by ABB Automation in 2000. Also, the re-

generation of the resin is carried out manually. This manual mode of operation is a risk, as it 

leads to a high potential for errors, which also contributes to unavailability. Also, the site team 

carries out quite a lot of offline sampling: Water samples are taken and analysed twice a day 

for the key performance indicators.  

Water treatment at a glance: 

− Capacity of the make-up water plant is sufficient despite high losses due to steam 

and water leakages at the plant. 

− The plant is capable of producing water of sufficient quality.  

− Manual operation poses a potential risk for operation. 

 

5.5.2.5 Technical Status of the Auxiliaries and other Systems 

Coal and Ash: As the coal is delivered by the nearby open cast mine, the quality is con-

sistent over time. The next table shows typical coal composition.  

In the past, the coal was mainly trucked in, which led to problems with high wear rates of the 

mills. Mass meters at the mine and at Duvha’s take-up are used for accounting. The overall 

condition of coal and of the ash plant was acceptable. 

Fixed Carbon % 45.70 

Volatile Matter % 20.24 

Total Moisture % 7.60 

Ash % 26.89 

Gross Calorific Value MJ/kg 21.22 

Table 19: Coal composition at Duvha, February 2023 

Source: Duvha power plant 

 

Emission situation: Duvha’s Units 5 and 6 (Electrostatic Precipitator) have some problems 

meeting the emission limit value (ELV) for particulate matter (PM) of 50 mg/Nm³. For NOx, all 

operating units meet the current ELV but will not meet the 2025 ELV without retrofitting 

measures. The same applies to SO2.17 

 

17 Monthly emissions report available on internet – as of 19 April 2023. The legal emission limit values 

(ELV), beginning from 2025, were taken from the “Consistent Data Set for Eskom Generation Plant 

Revision Date September 2020 (Overview of all plants)”. 
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The spare parts warehouse and maintenance workshop were also visited. No issues were 

established with regards to spare parts. The warehouse was in reasonable order. The work-

shop is well-equipped and clean. It provides many options to conduct repair work at the site. 

 

Auxiliaries at a glance: 

− The coal and ash plant are in good working order.  

− Coal quality is not an issue. 

− PM emissions are just below limit values for some units. 

− PM, NOx and SOx emissions will be an issue after 2025. 

− The spare-parts warehouse and maintenance workshop are well equipped. 

 

5.5.3 Technical Measures to Improve the Plant Condition 

Boiler: The maximum potential MW gain of the following measures is 300 MW. 

There are several issues relating to the boiler, where repairs would result directly in improve-

ments and an immediate positive effect on PLL. As discussed in previous chapters, the 

draught plant is one major component causing high PLL. Even if operated at maximum load, 

the capacity of the ID fans is not sufficient to guarantee appropriate pressure in the furnace. 

Therefore, to compensate this, the boiler load has to be reduced. This problem can be re-

duced with the help of the following measures:  

− Tighten the flue gas ducts.  

− Tighten the air preheaters. 

− Challenge O2 content due to Duvha incident (theoretic issue) 

We strongly recommend the inspection and repair of all other potential sources of air ingress. 

This can also be done during short stops and would lead to direct improvements. In addition 

to the locations already mentioned, we recommend that the wall penetrations of superheater, 

reheater and soot blowers be inspected.  

Furthermore, we recommended carrying out a detailed analysis of the procedure for operat-

ing the boiler with higher excess air compared to the design value. If the O2 content can be 

reduced, improvement could be achieved.  

As mentioned in chapter 5.5.2.1, we identified a significant reduction in steam temperature 

caused by leaky spray injection valves. This results in reduced efficiency and power losses. 

We strongly recommend urgently changing or repairing the valves. Not only do they lead to 

PLL but the leakages can also cause potential damage due to thermo shock.  

In addition to these, there are many other water and steam leakages in many places through-

out the plant. We recommend systematically repairing leaking valves, pumps, etc., in order to 
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improve the efficiency and reliability of the plant. Many repairs can be carried out step-by-

step during short standstill periods. 

Machinery: The maximum potential MW gain of the following measures is 140 MW.  

One of the main areas requiring improvement is the condenser vacuum. During the upcom-

ing outage in July 2023, the root cause of the problem needs to be investigated and resolved 

(see chapter 1.1.2.2.). VGB’s VGB-S-130 standard "Acceptance Test Measurements and 

Operational Monitoring of Water-Cooled Surface Condensers" can provide a helpful guide to 

locating the root cause by analysis of measurements during operation.  

The cooling water flow needs to be checked, as the erosion corrosion on brass tubes can be 

reduced by reducing flow velocity. In case of condenser retubing, we highly recommended 

following VGB’s standard “Tubes for Condensers and other Heat Exchangers for the Opera-

tion of Steam Turbine Plants”. There are guidelines for copper alloys (VGB-R-106), stainless 

steel (VGB-R-113) and titanium (VGB-R-114) that provide advice on the selection of tube 

material, contracting, quality assurance, installation and operation.  

The HP heaters have reached their end of life – their limited functionality is also a significant 

PLL contributor. Hence, their full replacement is recommended – even if only 10 MW could 

be gained, this would still correspond to R87.6 million per year18.  

Generator: To ensure proper quality control of generator components, we recommend carry-

ing out inspections and tests according to the vgbe standard S 166 “Quality Assurance in the 

Manufacture of Generators”. 

Water Treatment: In order to reduce the risk of water quality issues, the water treatment 

plant should be properly equipped with online measurements and better instrumentation and 

automation of the plant. The latter is already in planning and needs to be implemented. Also, 

the new vgbe S 455 standard “Cooling Water Systems and Cooling Water Treatment” is 

helpful. 

More use needs to be made of the maintenance workshop, especially in the view of the 

backlog of the maintenance activities regarding leakages and air ingress. The vast possibili-

ties for repair and manufacturing parts in-house should be exhausted. 

5.5.4 Power Plant Management  

Currently, 788 employees are working at the power plant. Although the day-to-day operation 

of the power plant is challenging, the coherency and team spirit of the plant’s management 

seem to be quite high. The team is eager and motivated to manage the turn-around of the 

EAF development. It has the ability to keep the plant in operation despite all the issues. 

 

18 1 MWh accounts for R1 000 per 10 MW. 8 760 hours per year result in R 87.6 million. 
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There are knowledgeable and experienced people in the functional areas upon which this as-

sessment focused. There is comprehensive know-how about plant issues and there is trans-

parency with regards to the plant’s status and all its key performance data (e.g. PLL). 

The PSGM would like to have more authority, which is embedded in a lean governance 

structure. From his perspective, removing red tape should be one of the top priorities, in par-

ticular with regards to staffing and procurement processes. Moreover, the PSGM believes 

that incentive schemes would contribute significantly to improving the situation. Staff at the 

plant need to see real evidence that their work is appreciated. Resource shortages are a big 

issue – there are more than 100 vacant positions in the maintenance, operation and outage 

teams alone. There is a suggestion box in place, but there is a lack of budget to reward and 

implement ideas.  

Moreover, the procurement process takes too long, and it is particularly difficult to access 

funds in order to procure spare parts in time. 

Maintenance 

The maintenance team is responsible for fixing the issues reported by the operation team. 

The scoping is defined by the engineering department. The maintenance group also takes 

care of spare-part planning. 

Currently, 247 people are working in the maintenance department – 203 contracting staff are 

permanently on-site. According to the operational plan for FY2022/2023, the target for own 

maintenance staff is around 290, so there is a large number of vacancies. 

Eskom’s maintenance performance index is used to measure performance. The following fig-

ure reflects the status as of February 2023. However, the general statement regarding the 

MPI (in chapter Power Plant Management 5.1.1) retains its validity.  
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Figure 64: Status of Duvha’s MPI 

Operation  

The operation team works in four shifts, 24/7, with 60 employees working each shift. At pre-

sent, there are about 60 vacancies, with a target headcount for the operation team of 300. 

There are 70 trips per year, so approximately six trips per month for the whole plant. Due to 

intensive monitoring of performance data, there is high transparency regarding the plant’s 

status. 

Outage 

Duvha’s outage planning is according to the Eskom outage philosophy. This refers to the 

scope and timing of the outage activities. There is one change regarding the LP inspection 

(kindly refer to the next figure). The latest outages were conducted at Unit 2 (MO) and at Unit 

4 (MO), as well as a C&I upgrade in 2021. 

A total 95% of the outage work is outsourced, with just 5% conducted by Eskom personnel. 

From the department’s point of view, there are not adequate resources for more, as the 

same team that is expected to carry out outage work must also do the planning. A new blue-

print structure has been approved and now it is matter of starting the recruitment process. 

Currently, 13 people are working in the outage department but the target, according to the 

operational plan for FY2022/23, is 23. 

Allocation of funding is based on the defined philosophy scope. A request for extra funding 

needs to follow the scope of work variation process. The only challenge has been that fund-
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ing is released late, which normally jeopardises the unit’s return to service as per plan. Pro-

curement is mostly done locally, although some of the big contracts are handled centrally, at 

Megawatt Park, e.g. Howden and LHM. The unavailability of spares was reported to be a se-

rious issue, causing outage slips and post-outage unavailability. It is apparently normal that 

some of the planned measures cannot be executed in time because of missing spares. Dif-

ferent approaches are in place for strategic, critical and operational spares. Not all necessary 

parts seem to be defined as spare parts, which also leads to procurement delays. Also, 

budget shortages prevent the procurement of non-stock items before an outage. 

The limited number of qualified suppliers of spare parts poses a general problem, resulting in 

long lead times, which are exacerbated by the long internal procurement processes (in par-

ticular if Megawatt Park is involved in the procurement of strategic and high-value spares), 

  

Figure 65: Outage sequence in Duvha 

 

5.5.5 Technical Profile of Main Plant Areas  

Boiler and related Plant Area:  

All six boilers at Duvha station have the same design. They are designed as once-through 

Benson type boilers. Each boiler possesses a bunker system to store enough coal for 12 

hours operation at full load. This means that even a malfunction of the conveyor system or 

coal production in general would not directly result in operational restriction. The coal, which 

is provided by the nearby open-cast mine, is fed to the coal mills. Six mills are installed per 



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  147 

boiler. Using coal of the specified quality, a maximum of five mills are needed at full load op-

eration. One mill was therefore designed to be spare. The pulverised coal is burned by 24 

Steinmuller circular burners (boxer arrangement).  

 

Manufacturer Steinmüller Afrika 

Type Benson  

Coal mass flow [t/h] 260  

Pressure [bar, a] 165.5 

Temperature [°C] 507 

Firing system 

Number of burners 24 

Type of mills Units 1–4 vertical spindle (ball and ring) 

Units 5–6: vertical spindle (roller type) 

Mill capacity [t/h] – per mill Original 65 t/h → derated to 60 t/h 

Reheat system 

Pressure [bar, a] 37.5 

Temperature [°C] 507 

Coal supply 

Coal supply (truck, mine) Open cast mine with belt transport 

Coal storage capacity on-site (t) 165 000 

Boiler bunker capacity (t) 24 120  

Precipitators/ Flue gas cleaning 

Manufacturer Fabric filter: ABB (Retrofit 1993) 

Eletrostatic precipitators: Lurgi SA 

Type Units 1–3 filter bag (FFP) 

Units 4–6 electrostatic precipitator 

Wet ash handling 

 

Machinery and Electrical: 

Turbine 

Manufacturer Alstom 

Casings (HP-IP-LP, double/single flow) 1 HP, 1 IP, 2 LP (double flow) 

Main steam pressure [bar, absolute] 165.5 

Main steam temperature [°C] 535 

Reheat steam pressure [bar, absolute] 37.5  

Reheat steam temperature [°C] 535 
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Cold end 

Condenser Dual-pressure surface type 

Cooling tower Hyperbolic natural draught, wet cooling 

Generator 

Manufacturer GEC Turbine Generators  

Terminal voltage 22 kV (50 Hz) 

Rating 666 MVA 

Cooling system Stator core: hydrogen at 400 kPa 

Stator windings: demineralised water 

Transformer  

Manufacturer AEA Electric (SA) Ltd. 

Terminal voltage primary/ secondary 22 kV / 420 kV 

Placement Generator Transformer 
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5.6 Grootvlei Power Plant 

The Grootvlei power plant is more than 50 years old. According to Eskom’s planning, it is go-

ing to be shut down in the course of 2026 and 2027. The plant had been mothballed for 18 

years – hence, the lifespan of the equipment is less than the plant age. Moreover, a lot of the 

components have been replaced or completely refurbished as part of the return-to-service 

programme. However, it should be noted that in 2017 the Eskom management took a strate-

gic decision to shut-down the plant in 2019 and 2021. This has affected the planning and re-

sulted in the reduction of maintenance, resources and spares procurement. The reduced 

funding has contributed to the current status of the plant. It affected the performance as the 

decision to ramp down was revised twice (2012 and 2021) which resulted in continued oper-

ation without maintaining the plant according to standards.  

Today, three units are operated with a gross electricity generation capacity of 600 MW. Alt-

hough some investigations about a further lifetime extension were conducted, no decision 

has yet been taken. A vote on whether or not to extend the plant’s lifetime is necessary for 

strategic planning security. In the case of an extension, such a decision would encourage the 

power plant staff to intensify their maintenance activities and to execute outage work as per 

the defined scope. A clear decision here would encourage immediate measures to imple-

ment projects for reducing PLL.  

As of March 2023, PLL accounts for 58 MW. The boiler, including the mills and the draught 

plant, is a key contributor to PLL. As the contractor for mill servicing was recently changed, 

an improvement in the technical status can be expected. With respect to the air ingress, it is 

necessary to inspect and repair all potential sources, e.g. by tightening the flue gas ducts 

and the air preheaters. This can also be done during short stops and can be expected to lead 

to direct improvements. Furthermore, there are a lot of water and steam leakages in many 

places throughout the plant. We recommend systematically repairing leaking valves, pumps, 

etc., in order to improve the plant’s efficiency and reliability – especially in view of the limited 

make-up water capacity. Many repairs can be even carried out step-by-step during short 

standstills.  

The cooling water treatment needs to be optimised. Currently, deposits in condenser tubes, 

such as scaling or fouling, cause insufficient condenser vacuum, which is also a significant 

contributor to PLL. Outages should be used as opportunities to clean the tubes and to opti-

mise the cooling water treatment system. 

The storage conditions in the spare-parts warehouse have to be improved considerably. 

There is a serious problem with pigeon droppings, and measures to prevent birds entering 

the warehouse need to be urgently implemented. In addition, there needs to be proper dirt 

and dust protection (e.g. protective cover) for components and equipment parts. 
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5.6.1 EAF and PLL 

The original set-up of the Grootvlei power plant comprised six units of 200 MW each. Three 

of the units were mothballed in 1989, the rest in 1990. The power plant was returned to ser-

vice after around 18 years of non-use in which time the plant and equipment was mothballed. 

The official re-opening of the Grootvlei power plant took place on 20 September 2013. As of 

today, the power plant has a gross capacity of 600 MW.  

Unit  1 2 3 4 5 6 

Commissioning Date  
01/1973 03/1970 06/1969 10/1969 05/1971 11/1977 

Present (2016) installed 

capacity [MW]  
200    200 200 200 190 190 

Present (2016) nominal 

capacity [MW]  
190  190 190 190 180 180 

Returned to service af-

ter mothballing 

2008 2009 2010 2009 2011 2011 

Planned shut down 08/2026 03/2026 09/2027 Units 4–6 removed from capacity in 

April 2018 – under preservation 

Units 5 and 6 were used as spares for 

the running units 

Table 20: Key figures for Grootvlei power plant   

In the last five years, the EAF has ranged between 69.5% (FY2020/2021) and 54.4% 

(FY2021/2022). For the YTD, the value is currently at 50.5% (see Table 2). 

Year  Plant  Unit 1  Unit 2  Unit 3 

2019 61.4 47.7 
 

74.5 63.6 

2020  54.8 70.2 69.0 61.8 

2021  69.5 60.3 49.1 57.1 

2022  54.4    

YTD  50.5    

Table 21: EAF at Grootvlei power plant (FY2018/2019–YTD) 
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Figure 66: EAF Units 1-3 at Grootvlei power plant (FY2009/2010–FY2020/2021) 

Source: KISSY database, vgbe 

 

The main sources of PLL are shown in the next figure. As can be seen, different components 

impact PLL – the main components are the mills. This is shown in Figure 2. The PLL ac-

counts for 58 MW (as of March 2023) 

 

Figure 67: PLL contributors at Grootvlei power plant (FY2017/2018–FY2022/2023) 
Source: Eskom  
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5.6.2 Technical Status 

As part of the power plant’s Return-to-Service programme, many components were refur-

bished or replaced. Therefore, the remaining three units are a combination of older parts and 

relatively new components. The service life of the modernised plant areas, in particular, 

should still be quite considerable. 

5.6.2.1 Technical Status of the Boiler 

The mills are the main contributor to PLL. They were refurbished but the maintenance has 

not been properly carried out due to subcontractor issues (see also the maintenance sec-

tion). Besides issues with the mills themselves, their foundations also need to be strength-

ened/refurbished. During the site visit, an outage at Unit 3 was ongoing – one of its main pur-

poses was to fix the mills, as well as to carry out repairs on the pulverised fuel piping, which 

was damaged and causing high dust contamination. 

A significant number of pulverised fuel leakages were visible in the boiler house. This is a 

severe safety issue and creates a potentially explosive atmosphere. Hence, fixing these de-

fects is of utmost importance. 

In addition to this, many water and steam leakages were found – especially at ground zero. 

In some parts of the boiler house (at ground zero), the whole floor was completely flooded by 

water. 

Apparently, water consumption at the plant is relatively high. One reason for this is the ex-

cessive number of leaks in the water steam cycle. Safety valves were visibly leaking badly. 

These also need to be fixed right away, to avoid any accidents. The number of leaky valves 

and the related water loss have reached a level that results in capacity shortages of make-up 

water. 
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Figure 68: Water leakages in Grootvlei’s dusty boiler house 

 

  

Figure 69: Flooded and wet floors at Grootvlei’s 0 m level 
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There is also a high rate of air ingress in the boiler which results in draught-plant-related 

PLL, as the ID fan cannot work properly. The air ingress is due to leaks in flue gas 

path/ducts.  

The combustion seems not to be working optimally, as a retarded combustion of the pulver-

ised fuel was noted. As a consequence, there are BTL issues – mainly related to fly erosion. 

Here, we recommend inspecting the boiler carefully and checking if the dust blockers are 

present and installed correctly. 

However, the soot blowers are mainly operated – more than 80% soot blower availability was 

reported – and no clinker problems occurred. 

Eskom uses a Thermal Index (TI) to track the thermal excursions on boiler outlet headers, 

main steam pipework and hot reheat pipework. The TI is a long-term plant health indicator for 

the high temperature/high pressure components. The data for the TI can also be used to check 

the operational stability of the boiler, as the thermocouples indicate time spent above normal 

operating conditions. More detailed information about the TI can be found in section 5.1.4.5. 

The TI report for Grootvlei for FY2022/2023 shows that the header temperatures generally 

exceed limits and are unacceptable, while the HP pipework is generally within limits, although 

there were some excursions in September and October 2022. The high temperatures on the 

headers are normally due to over-firing and this needs to be more carefully managed by the 

operators. 

 

 

Table 22: Extract from Grootvlei’s TI report 

There is no hot reheat section at Grootvlei. 

Sludge in the fuel oil system/tank is causing problems by clogging the strainers, etc. This 

needs to be cleaned up to ensure a smooth start-up process. 

During our site walks, it was noted that areas in which maintenance work was being con-

ducted were properly fenced and signed.  

Mar-22 Apr-22 May-22 Jun-22 Jul-22 Aug-22 Sep-22 Oct-22 Nov-22 Dec-22 Jan-23 Feb-23 Mar-23

Header TI 487 868 175 633 923 27 0 0 181 1908 737 2289 786

Main Steam TI 6 18 4 3 50 6 138 255 19 10 6 5 5

Hot Reheat TI 0 0 0 0 0 0 0 0 0 0 0 0 0

GROOTVLEI
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Figure 70: Fenced working area at Grootvlei boiler house 

Boiler at a glance:  

− The mills are the main cause of PLL and need proper and urgent servicing. The 

pulverised fuel leakages, in particular, need to be fixed, as they present a serious 

safety risk. 

− Many water and steam leakages were visible – including at the safety valve. The 

water losses lead to capacity limitations for make-up water. 

− The draught plant also contributes to PLL, due to a high rate of air ingress caused 

by leaks in flue gas path/ducts. 

− Combustion does not work optimally – issues with BTL, mainly related to fly ash 

erosion.  

5.6.2.2 Technical Status of the Machinery 

During the site walk, some turbine maintenance work was ongoing. The equipment and ar-

eas were not properly isolated and cleaned. This kind of environment, in which the compo-

nents are not properly protected, can lead to serious damage to sensitive turbine parts. This 

problem arises at Grootvlei because there is no separation between boiler and turbine 

house. Due to this, it would make sense to create working areas which are protected from 

the dust by tents.  

The HP heater 1 at Unit 2 was out of operation, resulting in a lower thermal efficiency. 

Hence, the functionality should be restored as soon as possible. 

The lighting in sections of the boiler house was not working, resulting in very poor visibility on 

the stairwells, particularly from the 16m level to boiler basement. This is a safety issue and 

also impacts the quality of work. 

Deposits in condenser tubes such as scaling or fouling can cause insufficient condenser vac-

uum. Fouling can also lead to corrosion (microbiological induced corrosion, MIC) in conden-

ser tubes and cause tube leakages. 
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Figure 71: Turbine maintenance in dirty conditions at Grootvlei 

During philosophy outages, high pressure cleaning is undertaken. Nevertheless, small con-

denser tube leaks occur sporadically (leak rate < 10 litres per hour) and require the unit to be 

shut down so that the affected tubes can be located. 

Cooling water treatment (acid, anti-scalant, corrosion inhibitor, biocide, ultrafiltration and re-

verse osmosis (RO)) plant are installed for cooling water treatment. A partial flow of the recir-

culating cooling water is treated by a desalination plant and there is intermittent dosing of 

acid, as well as dosing of biocide and dispersants. Unfortunately, the availability of the RO 

plant is affected by the availability of the ash plant, because the RO plant brine is discharged 

into the ash sump, together with the clarifier sludge. 

Another problem is that waste water, containing ash and oil from plant operations, enters into 

the cooling water system. This is done in order to reduce raw water usage and to manage 

the ash dam capacity. Ash and oil negatively affect the availability of the desalination plant. 

However, not all basins in the pre-treatment for turbidity reduction have been sufficiently 

cleaned yet. This will be done during the next outage. As can be seen in the photo, the algae 

in the tank are causing the water to be loaded with total organic carbon. 

In summary: The treatment of cooling water needs special focus in order to avoid clogging 

and leakage formation in the condenser tubes. 
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Figure 72: Pre-treatment of Grootvlei’s cooling water 

 

 

Figure 73: Ultrafiltration of Grootvlei’s cooling water 
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Machinery at a glance:  

− Clean working conditions should be ensured for turbine maintenance activities. 

− The cooling water treatment needs permanent monitoring and quality assurance. 

− Ash and oil ingress into the cooling water system needs to be avoided. 

5.6.2.3 Technical Status Electrical and C&I 

The C&I system was supplied by Honeywell. According to Grootvlei’s operational plan, there 

are some projects in the pipeline to upgrade the technical status. These projects range from 

the installation of an additional oxygen analyser to firmware migration of the control systems 

and the replacement of the turbine OPC server and HMI. 

 

Figure 74: Screenshot of Grootvlei’s control system 

However, no issues were reported with respect to the C&I or the electrical system (generator 

and transformer). 

5.6.2.4 Technical Status of the Water Treatment Plant 

The central make-up water plant was visited during the site walk. The raw water source is 

surface water coming from the Vaal dam.  

At times, the capacity of the make-up water plant is not sufficient to meet the site’s consump-

tion with water of adequate quality. This is due to high losses caused by steam and water 

leakages at the plant and in the cooling system.  
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Figure 75: Measuring and monitoring instruments at Grootvlei’s water treatment plant 

The conductivity data (CACE) provided for feedwater, boiler water and steam indicates that 

the quality is not always sufficient, possibly caused by condenser tube leaks. This can lead to 

damage, such as BTL. 

The feedwater is conditioned with ammonia (AVT), the boiler water with caustic soda (CT).  

Water treatment at a glance: 

− At times, the capacity of the make-up water plant is not sufficient, due to high 

losses caused by steam and water leakages at the plant and in the cooling system. 

− The plant, therefore, is not always capable of producing water of adequate quality.  

− More focus should be put on the neutralisation of regeneration effluents.  

 

5.6.2.5 Technical Status of the Auxiliaries and other Systems  

The coal and ash systems seem to be in an acceptable condition. The coal is transported via 

road and rail. The current stockpile is capable of storing enough coal for 19.8 days – based 

on three units on full load. The coal quality is analysed on a daily basis. The following figure 

shows the typical composition of coal at Grootvlei power plant.  
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Figure 76: Coal composition at Grootvlei 19 

Emission situation: If the FFP is working properly, the emission values of the north stack for 

PM, NOx and SO2 can be met.  

There is a maintenance workshop which is used by contractors, as the maintenance is fully 

outsourced at this station. It is spacious and well-equipped, although most machines are 

quite old. However, the facility should be used to as much as possible to fix the various de-

fects at the plants. 

 

19 Eskom – file Station Overview 2023.pdf 
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Figure 77: Maintenance workshop at Grootvlei 

The spare-parts store was in poor condition – especially, with regards to the conditions in 

which components are stored. Many of them were covered in dirt and pigeon droppings. 

Also, high quality components, such as shafts with sealing surfaces, were partly corroded. In 

their current condition, these parts would not be fit to use. Hence, the vgbe team recom-

mends improving the situation by reducing the number of birds (pigeons) in the store and 

covering the components. The stored components should also be checked to see whether 

they can still be used or what measures have to be taken to make sure that they can be used 

if they are urgently needed. 
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Figure 78: Dirty spare parts at Grootvlei 

5.6.3 Technical Measures to Improve the Plant Condition  

The maximum potential MW gain of the following measures is 58 MW.  

The boiler, including the mills and the draught plant, is a key area requiring improvement.  

The issues relating to the draught plant are due to air ingress in several places in the boiler 

area. They can be reduced via the following measures:  

− Tighten the flue gas ducts. 

− Tighten the air preheaters. 

− Tighten other areas of the boiler with air ingress. 

We strongly recommend inspection and repair of all other potential sources of air ingress. 

This can also be done during short stops and would lead to direct improvements. In addition 

to the locations already mentioned, we also recommend inspection of the wall penetrations of 

superheater, reheater as well as soot blowers. Moreover, the mills should be checked, ser-

viced and repaired. A systematic programme needs to be implemented to technically recover 

all mills by maintaining a spare mill during operation, e.g. by fixing the gear box and reinforc-

ing the foundations. 

Furthermore, the water and steam leakages all around the plant need to be systematically 

repaired in order to improve plant efficiency and reliability – especially in view of the make-up 

water capacity constraints. Many repairs can be even carried out step-by-step during short 
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standstills. Repair of the leaking safety valve needs to be a priority, as it is causing significant 

steam loss. 

Machinery: The treatment of cooling water needs to be optimised. Outages should be used 

to clean the tubes and to optimise the cooling water treatment system. Furthermore, the con-

ditions in the maintenance workshop need to be improved, e.g. by erecting tents to protect 

the area from dust and other pollution. 

If the lifetime of the units is extended, the HP heaters should be brought back into operation. 

Water Treatment: The regeneration effluent of the make-up water plant is currently drained 

to the channel. We strongly recommend neutralising the water, as the current situation may 

lead to damage to the concrete components. 

The storing conditions at the spare-parts warehouse have to improve. Birds need to be pre-

vented from entering the warehouse and there needs to be proper protection of components 

and equipment parts from dirt and dust (e.g. protective covering). 

5.6.4 Power Plant Management 

Currently, 367 people are working at the power plant – only 28 positions are currently vacant. 

According to Eskom’s internal planning, the Grootvlei power plant is going to shut down Unit 

1 in August 2026, Unit 2 in March 2026 and Unit 3 in September 2027. It should be noted 

that in 2017 the Eskom management took a strategic decision to shut-down the plant in 2019 

and 2021. This has affected the planning and resulted in the reduction of maintenance, re-

sources and spares procurement. The reduced funding has contributed to the current status 

of the plant. It affected the performance as the decision to ramp down was revised twice 

(2012 and 2021) which resulted in continued operation without maintaining the plant accord-

ing to standards.  

Currently it is under discussion to operate the plant until 2030. A short-term decision is nec-

essary for strategic planning security, and an extension would encourage staff at the power 

plant to improve their maintenance activities and to execute outage work as per the defined 

scope. A clear decision would also mean that measures could be taken to immediately imple-

ment projects to reduce PLL. The measures needed for a lifetime extension project are out-

lined in section 5.1.4.2. Due to its temporary decommissioning, the power plant is by no 

means yet at the end of its lifetime. Moreover, many components and equipment parts were 

replaced or refurbished. These factors are promising indicators that a lifetime extension 

could make sense. 

The uncertainty around the plant’s future is a challenge for the management team – both with 

regards to the planning of upcoming outages and with regards to the approval of necessary 

budgets and human resource development. 

Despite these circumstances, the team spirit of the management team seems to be good. 

The vgbe team believes that, if it is equipped with the according empowerment, perspectives 

and budgets, the team is capable of managing another lifetime extension and O&M accord-

ing to industrial standards.  
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Maintenance 

The maintenance work is 100% outsourced. The site team, with a headcount of 61, is fo-

cused on maintenance co-ordination and supervision. A total 400 contractors work at the site 

permanently. The MPI was reported to be good – one of the best in the Eskom fleet. How-

ever, this was not reflected in what we saw at the site - especially in the boiler house, at the 

maintained turbine and in the spare parts warehouse. This observation suggests that the 

maintenance KPI are not very reliable. 

According to the site team, the procurement process for spare parts has been improved 

since 2020 – enough spares are available. 

The insufficient servicing of mills has been one of the main bottlenecks in maintenance in the 

past. Very recently, a new contractor (Babcock) was engaged to permanently maintain the 

mills. The site team expects the health of the mills to improve significantly. 

Operation 

The operation department currently employs 117 people. There shifts are working on a 12-

hour-cycle, with 25 people per shift. The Grootvlei power plant does not offer any simulator 

training, as the simulator is not available. According to the site team, the cost of fixing the 

plant simulator is in the range of R 11 million. Hence, the alternative plan is to use the simu-

lator at Eskom’s Academy of Learning or to relocate the Komati simulator. A simulator in-

structor is available.  

The vgbe team recommends reviving this simulator training as it is one of the most efficient 

ways of enhancing operating skills. 

Outages 

There are only three members of staff working in the outage department. 

Since 2016, a proper outage philosophy has not been executed (due to the expected shut-

down of the power plant). The current outage lifecycle is shown in the next figure. 

All GOs are being reduced due to non-availability of funding because of the upcoming shut-

down in 2026/27. The philosophy makes provision for outages at +18-month intervals, over a 

5-year period, and includes 3 x 95-day GO interventions for major refurbishment work re-

quired based on statutory, mandatory and reliability compliance requirements.  
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Figure 79: Current outage lifecycle of Grootvlei power plant 

In the past, outages have been started with an ORI of 60%. This should not be allowed to 

happen, as it is clear from the start that the maintenance activities cannot succeed due to 

lack of planning and to missing spares and service contracts. 

5.6.5 Technical Profile of Main Plant Areas 

Manufacturer  Babcock & Wilcox (Units 1–4, 6) 

Steinmüller (Unit 5) 

Type  Natural circulation water tube boilers 

Coal mass flow [t/h]  118  

Pressure [bar, absolute]  110 

Temperature [°C]  540 

Firing system  

Number of burners  24 (Units 1–4,6), 18 (Unit 5) 

Type of mills  BEC 8.5 E, Ball (Units 1-4, 6)  

Loesche, Roller (Unit 5) 

Mill capacity [t/h] – per mill  28.8  (Units 1–4, 6), 25.9 (Unit 5) 

Coal supply  

Coal supply (truck, mine)  Road and rail transport 

Coal storage capacity on site (t)  138 877  

Precipitators/ Flue gas cleaning  

Type  Fabric Filter Flue Gas Cleaning Plant com-

pleted 2017 
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Wet ash handling  

 

Turbine  

Manufacturer  MAN 

Type  Tandem-compound axial flow impulse type 

with 2 steam stop and 6 governor valves  

Casings (HP-IP-LP, double/single flow)  1 HP, 2 LP (double flow)  

Main steam pressure [bar, absolute]  105 bar 

Main steam temperature [°C]  538 °C +8 °C for continuous use  

Cold end  

Condenser  MAN 

Cooling tower  3 natural draught wet cooling towers 

Manufacturer  ASEA Brown Boveri  

Terminal voltage  15.75 kV 

Rating  222 200 kVA, 15.75 kV 

Cooling system  Direct hydrogen cooled rotor and direct wa-

ter-cooled stator  

Transformer    

Manufacturer  Siemens 

Terminal voltage primary/ secondary  15.75/400 kV 
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5.7 Hendrina Power Plant 

Hendrina power plant, situated in the Mpumalanga Province of South Africa, is the oldest 

continuously operated power plant in the Eskom fleet. The first unit was commissioned in 

May 1970 and the last unit in December 1976.  

The plant comprises 10 x 200 MW units – five units on the north side and five units on the 

south – with a total installed design generating capacity of 2 000 MW. During the 1990s, a 

life extension assessment was carried out, which revised the plant operating life to 50 years 

and, hence, the planned retirement/decommissioning of the units to between 2020–2026 (as 

indicated in the table below). At the time, mid-life refurbishment was deemed unnecessary, 

and refurbishment was limited to a C&I upgrade and pulse jet fabric filter plant retrofit (1996–

2000, 2001–2005).  

There are currently six units in operation with a total generating capacity of 1 158 MWgross 

(1 098 MWnet); Units 2, 4, 5, 6, 7 and 10. Units 1, 3, 8 and 9 have been placed in extended 

“cold reserve” and are not planned to be returned to service. The units were removed from 

Generation’s asset base between FY2017/2018 and FY2019/2020. 

Parameters Value 

Installed capacity, gross  10 x 200 MW 

Units still in operation 6 

Nominal installed capacity FY2022/2023 YTD 1 098 MWnet 

Steam parameters (pressure/temperature) 110 bar/540oC 

Efficiency at MCR (LHVnet) 34.2% 

 
 Unit2  Unit 4  Unit 5  Unit 6  Unit 7  Unit 10  

Commissioning 

date 
01-Sep-71 12-May-70 13-May-71 12-Sep-73 15-Jun-74 23-Dec-76 

Planned decom-

missioning date 
10-Feb-25 31-Mar-25 31-Dec-25 13-Sep-25 19-Mar-24 21-Mar-23 

 

 
Units in extended inoperability & not planned to be returned to service 

Unit 1 Unit 3 Unit 8 Unit 9 

Commissioning 

date 
22-Sep-72 05-Aug-70 19-Jun-75 06-Apr-76 

Table 23: Installed capacity and plant details of Hendrina power plant 

Source Eskom 

Hendrina has been incorporated into the “Just Energy Transition” strategy - repurposing and 

repowering power plants beyond shutdown programme. As per the adopted Gx 2035 Strategy, 
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Unit 10 should be the first unit to shut down in March 2023, followed by Unit 7 in March 2024, 

Unit 2 in February 2025, Unit 4 in March 2025, Unit 6 in September 2025 and, last of all, Unit 

5 in December 2025. 

The deferral of general overhauls due to limited funding has significantly contributed to the 

current deteriorated condition of the plant. Every deferral is a lost opportunity for required 

maintenance.  

Despite operational challenges, the remaining six operating units are in a good enough con-

dition to keep the plant in operation for the next 5 to 7 years.  

Timely approval of planned outages and timely release of adequate funding (both for planned 

overhauls and ongoing maintenance), along with accelerated lead times and delivery of 

spare parts, would allow for proper execution of outages and planned work, preventing yet 

more damage. A clear decision is needed so that projects to reduce PLL can be imple-

mented immediately.  

We also recommend that the plant have its own procurement department and thus be able to 

freely allocate pre-defined available budget.  

A clear decision is needed on how long Hendrina will continue to operate. This would also 

significantly boost staff engagement and morale. More than 70% of the plant’s 600 employ-

ees are willing and ready to continue their work, despite present uncertainties about Hen-

drina’ s future. The hard stop date of the plant operation is the ash dam capacity which 

makes an extension beyond 2030 impossible.  

The plant’s management team did a study to investigate the possibility of extending the 

power plant’s life span in the short term (5 to 7 years) to help mitigate the current electricity 

supply crisis in South Africa. The information from this study is summarised and included in 

this report at face value, because the information could not be assessed and verified within 

the scope of this assignment. We recommend that this should be the subject of an additional 

assessment study (see chapter 5.1).  

Key technical issues which need to be addressed urgently include:  

− Full refurbishment of the HP turbine in Unit 7 due to oil contamination  

− HP turbine in Unit 10 needs urgent inspection  

− Condensers need cleaning in Units 6, 7 and 10  

− Refurbishment of the southern cooling towers, as well as CW system cleaning  

− Spare parts for the ash pumps are urgently needed (only one of the four required ash 

pumps is operational)  
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5.7.1 EAF and PLL  

Currently, four units are de-rated (with limited generating capacity; see Table 24). Units 2, 4 

and 5 pose a significant safety risk due to general corrosion on the boilers’ front furnace 

walls, while Units 2 and 4 are de-rated by 30 MW due to LP turbine stage 3 blade removal.  

 

Table 24: Hendrina’s capacity limitation (MWnet) 

Source: Eskom  

Hendrina was a reliable power plant up until FY2010/2011 (see Figure 80), with the availabil-

ity above 80%. However, in FY2012/2013 availability rapidly declined to 50%. There was 

slight improvement over the next few years, reaching 75% in FY2017/2018, but thereafter it 

experienced a drastic decline, back to 50% in FY2020/2021.  
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Figure 80: Hendrina power plant/availability and utilisation (FY2003/2004–FY2020/2021) 

Source: KISSY 

Figure 81, below, shows the availability of each of the ten units at Hendrina power plant in 

the period FY2003/2004–FY2020/2021. More recent information is provided in Table 25 and 

Figure 82. 

 

Figure 81: Hendrina availability, unit by unit utilisation (FY2003/2004–FY2020/2021) 

Source: KISSY 
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 FY2018/2019 FY2019/2020 FY2020/2021 FY2021/2022 FY2022/2023 YTD 

 MW net EAF % MW net EAF % MW net EAF % MW net EAF % MW net EAF % 

Unit 1 0 0 0 0 0 0 0 0 0 0 

Unit 2 190 70.64 190 61.72 190 44.25 190 27.26 190 12.02 

Unit 3 0 0 0 0 0 0 0 0 0 0 

Unit 4 190 77.33 190 70.84 190 66.69 190 45.91 190 0 

Unit 5 190 76.35 190 68.05 190 53.93 183 48.18 181 23.78 

Unit 6 190 62.44 190 3.86 190 55.99 190 72.08 190 29.05 

Unit 7 158 74.61 190 43.84 190 32.66 160 71.00 157 40.13 

Unit 8 190 47..28 32 0 0 0 0 0 0 0 

Unit 9 93 62.26 0 0 0 0 0 0 0 0 

Unit 10 185 65.01 185 62.31 185 64.93 190 45.30 190 43.40 

Total 
Plant 

1386MW 67.16 1167MW 50.32 1135MW 53.03 1102MW 51.11 1098MW 24.27 

Table 25: Hendrina’s performance (FY2018/2019–FY2022/2023 YTD) 

Source: Eskom  

During the last five financial years, the EAF fell significantly from 67.16% in FY2018/2019 to 

24.27% in February 2023. As of 14 March 2023, EAF was at 23.22%. In FY2022/2023, as 

shown in Figure 82, Units 2 and 4 had the greatest impact on the drastically reduced EAF of 

the plant, followed by Units 5 and 6.  

 

Figure 82: Hendrina EAF performance (FY2018/2019–FY2022/2023 YTD) 

During the last two financial years, the total generation losses of the coal fleet increased sig-

nificantly from 10 910 MW (5 313 MWs PLL and 5 597 MWs FLL) in February 2021 to 16 095 

MW (6 559 MWs PLL and 9 536 MWs FLL) in February 2023. In the same period, Hendrina’s 

PLL was 132 MW in February 2021, 131 MW in February 2022 and 45 MW in February 

2023.  
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In FY2022/2023 YTD, Hendrina experienced 59.34% full and part load losses, with the aver-

age 91MW loss contributing only 1.5% to the total MW loss of Eskom’s coal generation fleet. 

 

Figure 83: Hendrina performance (FY2022/2023 up until February 2023) 

Source: Eskom  

In FY2022/2023 YTD, as Figure 83 above shows, the largest contributor to Hendrina’s units 

being taken offline for partial load loss repairs was the CW system, contributing 44% of lost 

MWs. Steam turbine (26%), coal plant (11%) and draught plant (8%) were also major contrib-

utors. The average MWs lost were 91MW, with Unit 10 as the highest contributor.  

 

Figure 84: Hendrina’s UCLF contributors (FY2022/2023 until 28 February 2023) 

Source Eskom 

The biggest contributors to the unreliable operation of the plant are the frequent BTL 

(23.28%), turbine blades failures due to high vibrations (14%), outage slip (5.87%), copper 

thefts (4.6%) and fouling of the CW system (4.43%).  
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5.7.2 Technical Status  

5.7.2.1 Technical Status of the Boiler  

During the visit, the team walked through the boiler house. In general, the housekeeping was 

acceptable (see Figure 59). Dust levels were not extreme and there were no visible leak-

ages. No safety-related issues could be observed.  

 

Figure 85: Hendrina boiler at 0 m level  

The boiler design of Units 2, 4 and 5 is a Babcock El-Paso type, while Units 6, 7, and 10 are 

a Steinmüller tower type. Boilers performance differently, depending on their design and 

maintenance history. 

Overall, the generation availability of the plant has been reduced by frequent BTF affecting 

plant reliability and output.  

Currently, there are ongoing sporadic losses at Unit 10, including: 10 MW lost due to non-

availability of spare parts (seal gasket for HP heater); 5 MW due to HP turbine stage 10 

blades cropped; 27 MW due to reduced mill performance (due to low CV coal); 26 MW due 

to high condenser vacuum, caused by CW system fouling. As shown in Figure 7, below, over 

the last four financial years high BTL was registered on boilers at Units 2 (36) and 5 (37), 

compared to Units 7 and 10.  

External corrosion was the dominant contributor to BTF (50%), followed by fly ash erosion 

(32%) due to high velocity of ash particles, fireside corrosion (7%), fatigue (7%), soot-blower 



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  174 

erosion (2%) due to defective protection shields and mechanical damage (2%). External cor-

rosion is mainly caused by boiler washing. The evaporator walls of the boilers at Units 2, 4 

and 5 have been identified as high-risk areas. 

 

Figure 86: BTF performance & dominant BTF mechanisms at Hendrina 

Source: Eskom 

Based on the list of records for the period between 1 April 2015 and 4 September 2020, BTF 

experience has been as follows:  

− Unit 2 – Inadequate and delayed boiler maintenance was the most common cause of 

BTL at the economiser, primary superheater, and evaporator section, and connecting 

tubes (26 records).  

Dominant failure mechanisms: fly ash erosion, external corrosion, fatigue corrosion.  

Total MWh loss: 747 900 MWh 

Outage time: 4 240.47 hours.  

− Unit 4 – Inadequate maintenance strategy and poor workmanship was the most com-

mon cause of BTL at the evaporator, primary and secondary superheater section (26 

records). 

Dominant failure mechanisms: fly ash erosion, external corrosion.  

Total MWh loss: 732 375 MWh  

Outage time: 3 854.6 hours.  

− Unit 5 – Inadequate and insufficient boiler maintenance was the most common cause 

of BTL at the primary superheater, evaporator, and economiser section (29 records). 

Dominant failure mechanisms: fly ash erosion, soot blower erosion, external corro-

sion.  

Total MWh loss: 887 955 MWh.  

Outage time: 4 673.46 hours.  

− Unit 6 – Inadequate boiler maintenance was the most common cause of BTL at the 

evaporator and superheater section (5 records).  

Dominant failure mechanism: short-term overheating.  
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Total MWh loss: 251 782 MWh.  

Outage time: 1 325.16 hours.  

− Unit 7 – Lack of maintenance and poor workmanship were the most common causes 

of BTL at the evaporator, superheater sections (9 records).  

Dominant failure mechanism: long-term overheating creep, welding-related defects.  

Total MWh loss: 182 842 MWh.  

Outage time: 1 125.29 hours.  

− Unit 10 – Poor workmanship was the most common cause of BTL at the evaporator, 

superheater sections (9 records).  

Dominant failure mechanism: welding-related defects.  

Total MWh loss: 163 861 MWh.  

Outage time: 885.74 hours.  

During FY2020/2021 and FY2021/2022, a total of 106 boiler-loss-of-fire incidents caused by 

BTL were registered. The main factor contributing to BTL was reduced scope of work during 

the previous outages. In the same period, total manual boilers shutdowns due to BTL were 

13 (7 in FY2020/2021, 5 in FY2021/2022, 1 in FY2022/2023), with 3 more due to ash-

ing/dusting behind (because of unstable flame in the boiler furnace) at Units 2 and 5 and tur-

bine vibration at Unit 4.  

The root causes of frequent BTF at Hendrina are well known. High-risk areas have been 

identified and the planned scope of work to be performed during the overhaul of the units has 

been prepared in detail. Since the main contributing factor to the increased BTF is the 

maintenance backlog (due to delayed overhauls and limited funding), considerable time and 

resources will be required to restore the reliable operation of the boilers at Units 2, 4 and 5.  

There are no major problems with the boilers at Units 6, 7, and 10. The integrity of the boilers 

can be maintained by ensuring compliance with the maintenance and outage philosophy.  

As for the boiler mills, we were told that the coal quality is severely impacting mill operations 

at Unit 10. Most of the time, only four mills are available, which reduces the possibility of 

100% production capacity. It should be noted that each unit has six mills and full load could 

be achieved with five mills. The main problem affecting the availability of the mill is the una-

vailability of the necessary spare parts. 

Eskom uses the Thermal Index (TI) to monitor thermal excursions on boiler outlet headers, 

main steam and hot reheat piping. Since TI is a long-term indicator of unit health, it can also 

be used to check the stability of boiler operation, as thermocouples indicate time spent above 

normal operating conditions.  

The TI report from FY2022/2023 shows that the header temperatures are consistently above 

the tolerance limits and unacceptable, while the main steam and hot reheat pipework are well 

within the limits.  
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Figure 87: Extract from Hendrina’s TI report 

Boiler at a glance:  

− Frequent BTF due to maintenance backlog because of limited funding and deferred 

overhauls.  

− Considerable time and resources are needed to restore the reliable operation of the 

boilers at Units 2, 4 and 5. 

− There are no major problems with the boilers at Units 6, 7 and 10. 

− There is a reduced availability of the mills due to unavailable spare parts. 

5.7.2.2 Technical Status of the Machinery  

Turbines: Kraftwerk Union impulse-type HP and reaction-type double flow LP, double-casing 

condensing turbines have been installed. Approximately half of the turbine hall is reasonably 

clean. Steam leakages were visible on the valves/sealings in several places.  

 

Figure 88: Turbine hall at Hendrina 

Hendrina power plant has been running continuously for more than 50 years and the turbines 

have already reached their designed operating hours (see Table 80).  
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Unit ST running hrs   

Unit 1 309 640.47 hrs Reserve storage (Apr 2018), BPP 

Unit 2 320 069.72 hrs 
LP Turbine refurbished  

(Aug 2016 to May 2017, after 298 841.87 hrs) 

Unit 3 310 967.06 hrs Reserve storage (June 2017), generator internal fault 

Unit 4 343 953.53 hrs 
LP Turbine refurbished  

(Oct 2014 to Sept 2015, after 304 326.14 hrs) 

Unit 5 331 807.63 hrs 
LP Turbine refurbished, brand new HP Turbine was installed 

(Aug 2015 to Mar 2016, after 293 087.84 hrs) 

Unit 6 339 810.11 hrs 
LP Turbine refurbished  

(Jan 2016 to June 2016, after 303 765.78 hrs). 

Unit 7 334 383.52 hrs 
LP Turbine refurbished  

(May 2016 to Oct 2016, after 297 275.9 hrs) 

Unit 8 307 986.82 hrs Reserve storage (Jun 2019), LP blades failure 

Unit 9 302 191.58 hrs Removed from System (Oct 2018), LP running hrs depleted 

Unit 10 338 308.97 hrs 
LP Turbine refurbished  

(Jan 2017 to June 2017, after 301 073.65 hrs) 

Table 26: Hendrina’s turbine running hours since COD to Jan 2023 20  

At LP turbine in Unit 4, due to high vibrations, the blades of stage 3 have been removed 

which resulted in unit de-rating of 30MW. Since 25 December 2021 following a step change 

in Turbine vibrations, Unit 4 has remained down to address the risk on boiler front furnace 

wall. 

HP turbine at Unit 7 requires full refurbishment due to oil contamination. Since the unit is due 

to shut down in March 2024 (as part of Gx 2035 shutdown plan), no major unit outage is 

planned before then.  

The plant is equipped with double-pass regenerative type surface condensers; one per tur-

bine. All seven cooling towers are of natural-draught wet cooling type. Four northern cooling 

towers service Units 1 to 5, while the three southern towers service Units 6 to 10.  

Units 6 and 7 have a poor condenser vacuum, due to condensers fouling (sludge and debris 

in CW system) and to the condition of the southern cooling towers, contributing 6% to total 

UCLF.  

Refurbishment of the cooling towers on the south side and cleaning of the CW system are 

urgently needed. The continuous cleaning of condensers and maintenance of the cooling 

towers need to be improved. 

 

20 Data supplied by Eskom as part of the initial documentation package.  
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At Unit 10, there are ongoing sporadic load losses which have been mitigated by load reduc-

tion (10 MW loss due to HP heater, 5 MW loss due to HP turbine stage 10 blades cropping) 

and 26 MW loss due to high condenser vacuum. Condenser cleaning requires long-term 

planning and outages of more than 7 days. 

The HP turbine at Unit 10 has not had an inspection for 12 years. Renewing all the HP tur-

bines was part of the 60-year life plan, but only Unit 5 has had a new HP turbine installed in 

2015-2016.  

Northern cooling towers have been renewed, while the project for refurbishment of the south-

ern cooling towers (servicing Units 6 to 10) has been stopped after investment approval.  

Machinery at a glance: 

− HP turbine at Unit 10 needs an urgent inspection.  

− Full refurbishment of the HP turbine at Unit 7 is required due to oil contamination.  

− Improved continuous cleaning of the condensers is recommended.  

− Refurbishment of the southern cooling towers is required.  

− CW system cleaning is required.  

 

5.7.2.3 Technical Status of Electrical and C&I 

Assessment and maintenance of the complete Electrical and C&I installations are conducted 

at regular maintenance intervals, while the tests are planned at annual intervals.  

Generators are dependable, with spares available from decommissioned units. Between 

1994 and 2002, originally installed protection relays of an electro-mechanical type were re-

placed with modern numerical type generator protection relays and numerical protection re-

lays for generator transformers and unit transformers.  

Medium Voltage (MV) equipment is obsolete and there is no direct technical support. Staff 

in the maintenance department are well trained and have sufficient knowledge to repair and 

refurbish (with Eskom Rotek support) MV switchgears to ensure they continue to work relia-

bly. Some of the MV distributions need to be retrofitted, and coils in the MV compartment 

need replacement although the MW switchgear is not internal arc-proof as it should be. Tak-

ing into consideration the availability of spares for the MV switchgears from the four non-op-

erational units, as well as spares in stock, along with purchasing of necessary equipment 

from the market, the MV switchgears at Hendrina may be able to operate for the next five to 

seven years.  

Low Voltage (LV) equipment is in good operating condition and spares are available on the 

market. LV SGs outside of the unit buildings are obsolete and pose a risk to safety due to the 

condition of the components and equipment. Their replacement is required. LV SG at the 

units can continue to work without significant investment for a further 5 to 7 years. LV SGs 
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outside of the plant should be refurbished/replaced in due time to contribute to plant produc-

tion and keep EAF stable.  

HV/MV and MV/LV Transformers: spares are available from the four non-operational units, 

as well as being in stock or available to purchase on the market. With further work on the 

availability and secure supply, the run of the HV and MV Transformers at Hendrina is possi-

ble for the next five to seven years.  

DC System UPS / chargers / batteries are produced by Dura Power Vendor and were com-

missioned 15 years ago. The system is in poor condition and needs refurbishment. Batteries 

are from a variety of vendors (Panasonic, Willard, Chloride, Alcad, and Sonenshein). Due to 

age, they are in poor condition and need to be replaced.  

Plant control system: The distributed control system (DCS) for all units was replaced with 

the Siemens Teleperm XP (Siemens SPPA T2000) DCS during the 1990s and 2000s. The 

DCS T2000 System is dependable and provides excellent quality of control and smooth inte-

gration of plant and operation interface. SPPA T2000 DCS at Hendrina can continue to oper-

ate for the next ten years with little expenditure. 

WTP (Water Treatment Plant) local control: The WTP is controlled using Siemens’ Simatic 

PCS 7 system, commissioned in 2008. Simatic PCS 7 is robust, of high quality and dependa-

ble. There are plans to upgrade PCS 7 computers to achieve further high availability. The 

stock of spares is low, but more are available on the market.  

Turbine Governor & Unit Functional Safety: The boiler protection system is integrated into 

the SPPA T2000 system. The turbine protection unit is S5 PLC, electromagnetic with an 

electro and mechanical overspeed device. The system is user-friendly, available, and de-

pendable. Spares are in stock.  

Field Instruments/measurements/drives/C&I cables: The equipment is of premium quality 

and durable. Some of the older instruments need maintenance. Generally, the quality and 

durability are very good. Spares are in stock.  

Electrical and C&I at a glance: 

− The equipment is obsolete but well maintained; wear and tear are not significantly 

endangering proper operation of the equipment.  

− Plant operator simulator system is working and can continue to be used for further 

staff training.  

− Based on available documentation, the site assessment and interviews with plant 

maintenance, engineering, and production staff, Electrical, C&I and the DCS are 

capable of sustaining production for the next five to seven years without any need 

for major additional investment. 
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5.7.2.4 Technical Status of the Water Treatment Plant  

Hendrina obtains raw water from the Komati water system, which catches water from the 

Nooitgedacht and Vygeboom dams. Other power plants supplied by the Komati system in-

clude Arnot, Komati and Duvha. As Hendrina provides potable water to the surrounding 

mines and some small residential areas, the raw water is first treated for domestic use and 

then subjected to further treatment for use as boiler feedwater (the water treatment plant is 

integrated with the demineraliser plant).  

Hendrina operates wet cooling and wet ash systems. The effluents from the water treatment 

processes are used as make-up water for transporting ash from the plant to the ash dams. 

The water usage of the plant is 74 Ml per day. Raw water from Nooitgedacht Dam has high 

sodium and total organic carbon content (due to farming), which has a significant impact on 

the performance of the ion exchange trains and the cost of producing demineralised water.  

Raw water from Vygeboom Dam is predominantly characterised by high silica, which has a 

significant impact on the performance of the anion resins.  

The capacity of the make-up water plant is adequate to meet plant consumption needs with 

water of sufficient quality. Water samples are taken and analysed twice a day to monitor key 

performance indicators.  

Replacement of the acid tank was recently completed but upgrading of the regeneration bay 

is on hold. Lining the raw water reservoir, identified as a major issue, is also on hold.  

Water treatment at a glance: 

− The capacity of the demineralised water plant is sufficient, despite the high losses 

due to steam and water leakages at the plant.  

− Replacement of the acid tank was recently completed but upgrading of the regener-

ation bay is on hold.  

− Raw water reservoir lining required. 

− The plant is capable of producing water of sufficient quality  

5.7.2.5 Technical Status of the Auxiliaries and other Systems  

Coal supply to the plant is 100% via road haulage from various mines. Daily coal burn per 

unit is 2 261 tons. The storage capacity of coal is usually 20.51 days of unit operation (stock-

pile 18.33 days, live 2.23 days, seasonal 4.57 days, strategic 11.53 days; in total 20.51 

days). In line with the Gx 2035 shutdown plan, there are no more long-term contracts for the 

coal supply.  

The coal is pre-certified from various sources. Coal sampling is done daily. Table 81 shows 

the typical coal specifications (Reference: Coal Quality Specification 240-71273834).  
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Table 27: Hendrina’s coal specification  

Source Eskom  

The overall condition of the coal handling plant was acceptable. 

The ash plant: The hard stop date for the plant is decided by the ash dam capacity, 

which will prevent extension beyond 2030. To be able to continue to 2030 "step-in and go 

higher project" needs to be completed in FY2026. Environmental license renewal will need 

attention. Due to the unavailability of spare parts to refurbish the pumps, only one (1) of the 

four required ash pumps is operational.  

Emissions: Based on the 2018 Minimum Emissions Standard Amendment and the assump-

tion that the plant will be decommissioned before 2030, in accordance with the Integrated 

Resource Plan (IRP), Hendrina power plant was granted leniency with regards to environ-

mental compliance. Should the plant be considered for operation beyond 2030, it will need to 

comply with the new plant standards for PM, SO2 and NOX before being allowed to operate 

beyond 203021.  

ELV North Stack – units 1 ÷ 5 South Stack - units 6 ÷ 10 

NOx (mg/Nm3) 1 200 1 200 

SO2 (mg/Nm3) 3 500 3 500 

PM10 (mg/Nm3) 75 75 

Atmospheric Emission Licence 17/4/AEL/MP313/11/16 

Table 28: Hendrina emission limit values (ELV)2 

 

21 474-12865 Air Quality Control Generation Engineering Strategic Report 2023 (Rev 1)  
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All the Hendrina units were retrofitted with pulse jet fabric filters with a design capacity of ap-

proximately 384 m3/s gas flow and outlet PM concentration of less than 50 mg/Nm3. Pro-

jected bag life is ~ 40 000 hours (PPS fabric). No gaseous emission reduction systems (e.g. 

for SO2 and NOx) have been installed on these units. The automated measuring system in-

struments for measuring emissions were supplied and installed on Hendrina’s south and 

north stacks by SI Analytics. 

Hendrina has no problems with meeting the above emission limits. Monthly and annual emis-

sions reports are publicly available on the internet. The next correlation PM tests and parallel 

measurements for gaseous emissions are expected in 2023.  

Replacement of fabric filter bags is planned during scheduled outages at Unit 4 on 1 Janu-

ary 2024, at Unit 6 on 1 November 2023 and at Unit 7 on 1 January 2025. However, filter bag 

replacement and expansion of the cages is on hold: This requires proper attention.  

The spare parts warehouse and maintenance workshop were also visited. The workshop is 

clean but has limited options for repair work. There is a lack of spare parts due to budget 

cuts and inadequate funding. There are not enough spare parts for running and preventive 

maintenance of all units. Some critical spare parts are no longer available on the market, but 

it should be noted that their production is possible. There are spares at the decommissioned 

units and these could be used for mechanical, electrical, and C&I equipment.  

 

Auxiliaries at a glance: 

− The coal and the ash handling plant are in an acceptable condition. 

− The coal is not of appropriate quality for the operation of the mills, especially for the 

mill design at Unit 10 (fossil fuel firing regulations restriction on mill throughput due 

to coal CV).  

− The ash dam capacity will not allow operation beyond 2030.  

− Hendrina has no emission compliance issues unless it should operate beyond 

2030. 

− There is lack of spare parts for running and preventive maintenance due to budget 

constraints. There are spares at the decommissioned units that could be used for 

mechanical, electrical, and C&I equipment. 

5.7.3 Technical Measures to Improve the Plant Condition  

Boiler: The root causes of frequent BTF at Hendrina are well known. High-risk areas have 

been identified and the planned scope of work to be performed during the overhaul of the 

units has been prepared in detail. The main contributing factor to the increase of BTF is the 

maintenance backlog due to delayed overhauls and limited funding for repair work. Hence, 

considerable time and resources will be required to restore the boilers at Units 2, 4 and 5 to 

reliable operation.  
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There are no major problems with the boilers at Units 6, 7 and 10. Operation of the boilers 

can be maintained by ensuring compliance with the maintenance and outage philosophy. 

Machinery: The steam turbine at Unit 10 needs urgent inspection on its HP section. Full re-

furbishment of the HP turbine of Unit 7 is required due to oil contamination.  

Improved continuous cleaning of the condensers is required, especially at Units 6, 7 and 10. 

Refurbishment of the southern cooling towers is necessary. The cooling water system needs 

cleaning.  

Generator: Taking into consideration the availability of spares from the four non-operating 

generators and their auxiliaries (hydrogen & water cooling, excitation plant, protection de-

vices), as well as spares in stock and equipment available on the market, the six generators 

and their auxiliaries could operate for the next five to seven years. 

5.7.4 Power Plant Management  

Currently, around 600 employees are working at the power plant. In general, the manage-

ment team is stable and seems to be very capable and efficient in addressing the operational 

issues facing the power plant.  

There are knowledgeable and experienced people in most technical areas of the plant, espe-

cially in the maintenance department. The engineering manager has been working at the 

plant for a long time.  

Due to budget cuts and inadequate funding, there is lack of spare parts to maintain 

and even keep units running (key reason for low EAF). The plant management does not 

have freedom to make its own decisions regarding the necessary contracts for procurement 

of works, services, and supplies. This must change.  

Timely release of adequate funding for outages, accelerated lead times and delivery of 

spares would all facilitate the execution of the outages and planned scope of work, which are 

essential to avoid further deterioration of plant reliability.  

A clear decision must be made regarding Hendrina’s operational lifespan. This would also 

significantly boost staff engagement and morale. More than 70% of the 600 employees are 

willing and ready to continue their work even though Eskom’s management has given them 

no information about the future of the power plant. A clear decision on how long the plant will 

operate would also determine the appropriate level of maintenance work to be done. 

Maintenance  

The maintenance team is responsible for providing adequate resources to meet repair and 

servicing requirements reported by the operation team. The scoping is defined by the engi-

neering department. The maintenance group takes care of spare parts and consumables in-

ventory and planning, as well as being responsible for the training and development of the 

work force. The maintenance and warehouse system are fully integrated into the SAP sys-

tem. 
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Approximately 70% of all maintenance work is outsourced: 50% of the coal plant mainte-

nance work is carried out by external companies, while maintenance of the ash plant, water 

plant and execution of construction work is carried out entirely by external companies.  

We recommend that the maintenance of the mills be carried out by the plant’s own 

personnel or by OEM staff, as is the case at the other power plants.  

Operation  

Operation of the units is managed by senior plant operators. The plant operation staff are of 

the belief that the plant will shut down in 2025, since there has been no employee training 

since 2019. There is an employment gap at operational level. A total 56 persons are needed 

to run the shifts. Shift operators are missing as well. The shift handover takes 15 minutes, at 

the beginning and at the end of each shift. Plant operation staff are working a lot of overtime. 

Training of the operation staff was stopped because of the decision to shut the plant down in 

2025. Recruiting and education of new operation staff is recommended, as well as engaging 

more qualified trainers to teach the staff.  

Outages  

The planning of the outages at Hendrina power plant is in accordance with the outage philos-

ophy revised to be in line with the Gx 2035 shutdown plan. The scope and frequency of out-

ages are based on a short-term strategy (12–18 months) that ensures statutory compliance.  

The last big outage was carried out in 2017 at Unit 2, when all boiler pressure parts were 

refurbished.  

The next major overhaul is planned for Unit 5 on 30 August 2023.  

Unit 4 is on the forced outage, the works on the replacement of the boiler’s furnace front wall 

are in progress. The planned return to service of the unit, by 30 March 2023, could not be ful-

filled due to unavailability of materials. Unit 2 outage is planned for June 2023. Unit 6 outage 

was completed in March 2023.  

The plant still has no conformation regarding the execution of future planned outages (see 

Table 29). Necessary time for outage planning is 24 months. Timely execution of planned 

outages would prevent further damage occurring.  
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Table 29: Hendrina’s 5-year outage listing  

Projects  

Current Situation: Currently, projects at Hendrina that exceed R 10 million have been put on 

hold after investment approval, while others have been stopped before investment approval.  

 

Table 30: Hendrina’s projects parked after investment approval 

Source: Eskom  

WEEK 16
5 Year Outage Listing

FromDate 2023/04/18

ToDate 2028/04/17
Export Date 2023/04/18 15:35

OutageID Outage Code Station Unit
Planned/Actual Start 

Time

Planned/Revised 

End Time
MW Loss

MW Loss 

Percent
Outage Description Status

Planned 

Duration
43487 HD06UST-19-04-2023 Hendrina 6 2023/04/19 22:00:00 2023/04/20 03:59:00 190 100 TPU test ROLLSCHED 0,25

14318 HD02UST-30-06-2023 Hendrina 2 2023/06/30 00:00:00 2023/09/23 23:59:00 190 100 ST - RBI, BPP ROLLSCHED 86,00

14309 HD04UST-05-02-2024 Hendrina 4 2024/02/05 00:00:00 2024/03/03 23:59:00 190 100 ST - RBI, BPP ROLLSCHED 28,00

14253 HD06UST-28-04-2024 Hendrina 6 2024/04/28 00:00:00 2024/05/25 23:59:00 190 100 ST - RBI, BPP ROLLSCHED 28,00

14298 HD02UST-01-05-2024 Hendrina 2 2024/05/01 00:00:00 2024/05/28 23:59:00 190 100 ST - FFP ROLLSCHED 28,00

14321 HD05UST-01-07-2024 Hendrina 5 2024/07/01 00:00:00 2024/08/23 23:59:00 181 100 ST - RBI, BPP ROLLSCHED 54,00

35833 HD07UIN-04-09-2027 Hendrina 7 2027/09/04 00:00:00 2027/10/01 23:59:00 190 121 IN2 SCHED 28,00

35834 HD06UIR-06-11-2027 Hendrina 6 2027/11/06 00:00:00 2027/12/03 23:59:00 190 100 IR1 SCHED 28,00
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Table 31: Hendrina’s projects parked before investment approval  

Source: Eskom  

Shutdown Deferment Scenario: The power plant management team did a study to investi-

gate the possibility of extending the power plant life span in the short term (5 to 7 years) to 

help mitigate the current electricity supply crisis in South Africa22. This study takes into con-

sideration what the deferment limits are and what is required to extend the plant life to the 

limit dates. A date map, KPI projection and estimated budget is provided. The information 

from this study is included below at face value because it could not be assessed and verified 

within the scope of this assignment. It is recommended that this should be the subject of an 

additional assessment study.  

The limiting factors for plant life extension are environmental licenses that will require statu-

tory relaxation beyond 2026. The hard stop is, however, the ash dam capacity limit which, in 

accordance with the Eskom study, will limit plant operation to September 2030 as seen in Ta-

ble 32 below. 

 

22 Eskom HND Shutdown Deferment Scenario document 28 February 2023. 
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Table 32: Hendrina’s unit shutdown deferment scenarios, 28 February 2023 

Source Eskom 

The intervention plan only includes the six units that are currently still operational and is 

based on the intervention due-date schedule in Table 34, below. It is clear from these dates 

that, as far as a decision regarding extension of the plant’s lifespan is concerned, time is of 

the essence. 

The planned interventions, which would enable the plant life extension, are necessary for 

statutory compliance with regards to plant running hours until 2030. The current compliance 

limits dictate plant shutdown in accordance with the shutdown dates in Table 33, below. 

Gx 2035 Plan Defer
ENV 

Licenses

ASH DAM 

Limit

Unit 2 2025/02/10 2026/04/20 2026/04/20 2030/09/01

Unit 4 2025/03/31 2028/04/21 2026/10/31 2030/01/21

Unit 5 2025/12/31 2028/11/30 2026/11/30 2030/02/28

Unit 6 2025/09/13 2027/01/12 2026/12/15 2030/01/01

Unit 7 2024/03/19 2030/05/01 2026/07/04 2030/05/01

Unit 10 2023/03/31 2030/06/15 2026/10/15 2030/06/15
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Table 33: Hendrina’s 50-year life plan 

Source: Eskom 

 

Table 34: Hendrina’s intervention due dates 

Source: Eskom 

Commissioning 

Date

Decommissioning 

Date

Accumulative Running 

Hours

Unit 1 1972/09/22 2022/09/22 309640

Unit 2 1971/09/01 2021/09/01 320370

Unit 3 1970/08/05 2020/08/05 310967

Unit 4 1970/05/12 2020/05/12 343954

Unit 5 1971/05/13 2021/05/13 331808

Unit 6 1973/09/12 2023/09/12 339810

Unit 7 1974/06/15 2024/06/15 334384

Unit 8 1975/06/19 2025/06/19 307987

Unit 9 1976/04/06 2026/04/06 302192

Unit 10 1976/12/23 2026/12/23 338639

HP (100kH) LP (45kH) GEN PER / RBI HEP
Reference 

Date

Unit 1 RS RS RS RS RS 2018/04/01

Unit 2 2026/11/11 2026/04/20 2026/04/20 2023/06/30 2024/02/06 2023/02/28

Unit 3 EI EI EI EI EI 2017/06/01

Unit 4 2030/01/21 2028/04/21 2028/04/21 2023/10/20 TBC 2023/02/28

Unit 5 2030/02/28 2028/08/30 2028/08/30 WIP TBC 2023/02/28

Unit 6 2027/01/12 2024/09/02 2024/09/02 2023/09/13 TBC 2023/02/28

Unit 7 2024/05/06 2026/07/04 2024/05/06 2023/11/11 TBC 2023/02/29

Unit 8 RS RS RS RS RS 2019/06/01

Unit 9 RS RS RS RS RS 2018/10/01

Unit 10 2023/03/06 2024/02/20 2027/01/31 2025/08/30 2025/08/30 2023/02/28
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The additional CAPEX required (over and above the current situation) for the deferment plan 

is presented in Table 35, below. According to Eskom, the total CAPEX required to extend the 

life of Hendrina to 2030, including the current situation CAPEX, is R 10 475 million. 

 

Table 35: Hendrina’s deferment scenario CAPEX requirement (over and above current) 

Source: Eskom  

The deferment plan also includes KPI projections for the plant. If the deferment plan is imple-

mented as indicated above, the projection is that overall EAF could improve to 49% in 

FY2023/2024 and reach >80% levels by FY2025/2026. The corresponding UCLF forecast is 

18.5% by FY2023/2024 and <6% from FY2024/2025 onwards. The projected PLL for 

FY2023/2024 is 10.5%, with <3% from FY2024/2025 onwards. 

 

5.7.5 Technical Profile of Main Plant Areas  

Boiler and related Plant Area: There are currently six units in operation at Hendrina power 

plant. These are Units 2, 4, 5, 6, 7 and 10. The boiler design of Units 2, 4 and 5 is that of a 

Babcock El-paso type, while Units 6, 7 and 10 are a Steinmüller tower type.  

Coal supply to the plant is 100% via road haulage from various mines, whilst raw water sup-

ply is from the Komati water scheme, which is fed by the Nooitgedacht and Vygeboom dams. 

Coal is delivered by a duplicate overland conveyor system to four coal staithes behind the 

plant or, alternatively, to an emergency stockpile. Two systems of incline conveyors, north 

and south, deliver the coal reclaimed from their respective staithes to the boiler bunkers, of 

which there are six per boiler.  

  

CAPEX
 2024

Budget 

 YTD 

Actual 

2023  

2025 2026 2027 2028 2029 2030 

Outage Capital 295.5 688.0 414.0 1090.0 660.0 60.0 60.0 40.0

Tech Plan Capex (incl IDC) 43.4 49.3 43.4 56.5 43.1 12.7 10.0 10.0

Asset Purchases 22.6 0.2 5.8 8.5 5.0 5.0 5.0 2.0

Total Annual Capex 361.5 737.4 463.3 1155.0 708.1 77.7 75.0 52.0

Total Annual Capex 3 960.5
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Boiler Manufacturer  Units 1-5: Babcock 

Units 6-10: Steinmüller 

Type Unit 1: Tower  

Units 2-5: El-Paso  

Units 6-10: Tower 

Coal mass flow [t/h] 13 566 t/day (total plant) 

Main Steam Pressure [bar, a] 110 

Main Steam Temperature [°C] 540 

Firing system 

Number of burners 24 per unit 

Number of mills  6 per unit 

Units1-7: Babcock & Wilcox 8.SE 

Units 8-10: PHI MPS 140 

Type of mills Units 1-7 Vertical spindle (ball and ring) 

Unit 8-10: Vertical spindle (roller type) 

Mill capacity [t/h] – per mill Units1-7: 24 t/h 

Units 8-10: 21.3t/h  

Coal supply 

Coal supply (truck, mine) 100% via road haulage 

Coal storage capacity on site (t) 100 000 t (coal staithe capacity) 

100 000 t (stockpile capacity) 

Boiler bunker capacity (t) 478 t (2 868 t/unit) 

Flue gas cleaning 

Manufacturer Howden 

Type Pulse jet fabric filters plant 

Wet ash handling 

Machinery and Electrical:  

Kraftwerk Union impulse-type HP and reaction-type double flow LP, double-casing condens-

ing turbines are still the original installed equipment. The plant is equipped with double-pass 

regenerative type surface condensers; one per turbine. All seven cooling towers are of natu-

ral-draught wet cooling type. Four northern cooling towers service Units 1 to 5, while the 

three southern towers service Units 6 to 10.  
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Turbine 

Manufacturer Kraftwerk Union (KWU/AEG) 

Casings (HP-IP-LP, double/single flow) HP, IP, double flow LP  

Steam flow to HP cylinder (kg/s) 202 (at 200MW) 

Main steam pressure [bar, a] 110 

Main steam temperature [°C] 540 

Cold end 

Condenser Double pass regenerative type surface con-

denser 

Cooling tower Hyperbolic natural-draught wet cooling type  

Generator 

Manufacturer Kraftwerk Union Siemens 

Terminal voltage 16.5 kV  

Rating 222.2 MVA 

Cooling system Hydrogen at 400 kPa 

Transformer 

Manufacturer HV: Oerlikon, Alstom, Bruce Peebles 

MV: ASEA, ASGEN 

Terminal voltage primary/ secondary 16.5kV / 420kV 

Placement Between units and HV yard 
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5.8 Kendal Power Plant 

The Kendal power station is one of the largest and most important stations in South Africa. 

Its installed capacity is 4 116 MW gross and generates 3 840 MW net. It includes six units, 

each with a capacity of 686 MW gross and generating 640 MW in net output. The plant was 

built between 1982 and 1993. Design efficiency at MCR is 35.30%.  

The power station is located in the Mpumalanga coal-mining area. Its coal source is 

AEMFC's coal mine at Khutala, near Ogies, which supplies more than 80% of the coal used 

at the power plant. 

The commissioning dates, along with the key design parameters, are shown in the following 

table. More design details are provided in Section 5.8.5 of this report. 

Parameter Value 

Installed capacity (MW) 6 x 686 (4 116) 

Available capacity (for Maximum Continuous Operation) 3 840 

Number of units (no.) 6 

Start of operation (year) 1993 

Units still in operation (no.) 6 

Planned end of life of first unit (year) 2044 

Planned end of life of last unit (year) 2044 

Steam parameter (pressure/temperature) 165 bar/535 °C 

Source of coal Vlakfontein Collery 

Commissioning and 

life of plant 

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 

Commissioned 1988 1989 1990 1991 1992 1993 

Expected de-com. 

(estimated) 

09/2039 01/2041 12/2042 12/2042 12/2043 12/2044 

Table 36: Installed capacity and station details at Kendal power plant 

The plant is fifth in the dispatch order and has black start capabilities to restart the power grid 

in case of black-out.  

Kendal has been reliable in the past, but over the last four years it has shown signs of its age 

and of a lack of adequate maintenance. One of the best operating plants in the system in 

2018, it reached 46% EAF in 2022. Deferred general overhauls have contributed substan-

tially to its recent unreliable performance. After 30 years in operation and considering that it 

is expected to operate for another 20 years, it is due for a mid-life rehabilitation. 

https://en.wikipedia.org/wiki/Mpumalanga
https://en.wikipedia.org/wiki/AEMFC
https://en.wikipedia.org/wiki/Ogies
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The situation and condition at the station have, however, already much improved since May 

last year23. Although the improvements are not yet visible in the EAF, they should be seen 

soon. The main areas of improvement are management, dust, and ash handling plant perfor-

mance, with resulting improvement in emissions, as well as in spray valve condition and use. 

Key technical issues which need to be addressed urgently include: 

The water treatment plant needs urgent refurbishment or even replacement. Also, an effort 

needs to be made to reduce water consumption (water consumption has been reduced from 

30 Ml/day to 18 Ml/day, but the target should be 8 Ml/day). 

The draft system needs to be improved by rehabilitating and upgrading the ESP (to comply 

with the required 50 mg/Nm3 and reduce dust loading through the ID fan), the primary air 

heater (PAH) and secondary air heater (SAH) baskets need to be repaired, air-in leakage re-

duced and excess O2 optimised. 

The ash handling system needs urgent attention, including the performance of the ESP (see 

above, including ESP hoppers), conveyor capacity, ash dump facility capacity, etc. The O&M 

contractor is underperforming and needs to be replaced. 

The mills urgently need spare parts. Also, the O&M contractor needs to be replaced. 

The steam turbine at Unit 6 needs urgent overhaul; HP turbine leak causes 300 MW PLL 

presently. Eskom has decided to engage the OEM to improve the quality of service provided. 

Variable speed drive motors for six feedwater pumps are needed. 

Also, gas turbines used for black start need replacement or substantial rehabilitation. 

Spare parts are needed for the transformer (AT) and the generator rotor. 

Three 3kV transformers need replacement at first opportunity. 

Plans should be made to address how the plant will comply with NOx and SO2 requirements 

by April 2025. Decisions need to be made this year (2023). 

Finally, plans should be made to replace the DCS at first opportunity because the existing 

DCS is obsolete. 

Furthermore, several actions are needed on power plant management aspects. The new 

plant manager and the new engineering manager have brought in a positive approach to 

managing the plant and have already achieved positive results. This needs to continue and 

be expanded. 

Noteworthy actions required: 

 

23 Comparison with situation described in the Generation Turn around Matla and Kendal Eskom 
Presentation dated 19 May 2022. 



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  194 

Staff morale is improving but 60 vacancies need to be filled. Training needs to increase for 

both existing and new staff. 

Better management of O&M contractors is needed, in terms of selecting those best qualified 

for the job and ensuring that they perform well. 

5.8.1 EAF and PLL 

Up until 2017, Kendal was a very reliable power station, as Figure 89Figure 159 shows. 

Availability was above 90%, except for the period 2012-2016 when it declined to 80–90%. 

However, after 2017 it experienced a drastic decline to its current availability of 40–50%. 

 

 

Figure 89: Availability and utilization at Kendal (FY2003/2004–FY2020/2021) 

Source: KISSY 

Figure 90 shows the availability and utilization of each of the six units of the Kendal power 

station for the period 2004–2021. More recent information is provided in Figure 91 below. 
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Figure 90: Unit-wise availability and utilization at Kendal (FY2003/2004–FY2020/2021)  

Source: KISSY 

In 2015, Kendal was the best performing station in Eskom’s coal fleet and in 2018 its EAF 

was 91.71%, earning it an award for good performance. By 2021-2022, Kendal’s EAF had 

deteriorated to 46% (see Figure 91). 

 

Figure 91: Kendal’s EAF performance trend 

Source: Eskom 

During FY2022/2023 YTD, forced outages and PLL system-wide continued to break records 

in South Africa. In January, total losses were 15 615 MW, increasing to 16 096 MWs in Feb-

ruary. The Kendal station had 42.55% full and part load losses and the unfortunate distinc-

tion of being the highest contributor to PLL (with 18% of the total among South Africa’s coal 

plant fleet). As the next figure shows, 1 077 MWs have been lost in FY2022/2023 YTD (in-

cluding February 2023), compared to 716 MWs in FY2021/2022. The lost MWs have been 

increasing steadily since 2018. 
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Figure 92: PLL contributors at Kendal power plant (FY2017/2018–FY2022/2023) 

Source: Eskom 

Figure 162 and Figure 163 provide the most recent reliability parameters for Kendal power 

station (YTD up to March 31, 2023). 

 

 

Figure 93: Kendal’s reliability UCLF summary (FY2023 YTD) 

Source Eskom 
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Figure 94: Kendal’s reliability PLL summary (FY2023 YTD) 

Source Eskom  

The highest contributor to Kendal’s unreliable operation is the air draft system, contributing 

56% of the lost MWs during FY2022/2023 YTD. The steam turbine (16%), ash handling sys-

tem (12%) and mills (11%) were also major contributors. Table 37 below highlights the key 

areas requiring urgent attention (colour red). 

 
Table 37: Kendal’s power plant system health overview 

Source Eskom24. 

 

24 Eskom/Kendal turnaround strategy, May 19, 2022 
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Further observations regarding the issues affecting EAF and the potential solutions are pro-

vided in the next two sections of this report. 

In the meantime, it is important to point out that the Kendal power plant has been in opera-

tion for roughly 30 years and is due for a major rehabilitation (“mid-life upgrading”), especially 

since it is expected to operate for another 20 years (until roughly 2044). Furthermore, Kendal 

ranks fifth in the dispatch order of the power system and is aiming to achieve 75% EAF by 

March 2024. Hence, substantial maintenance and rehabilitation is urgently needed, espe-

cially since past overhauls have been postponed/deferred, as can be seen in Table 38 and 

Table 41.  

Unit No Originally Planned Postponed to 

1 2018 2024 

2 2022 2025 

3 2023 8/2023 – 1/2024 

4 2023 Current, completion due July 

2023 

5 2020 2026 

6 2020 2021 HP steam leak outage 

Nov 2023 (90 days) 

Table 38: Kendal’s current major overhauls (GO) schedule 

Source Eskom25  

5.8.2 Technical Status 

5.8.2.1 Technical Status of the Boiler  

During the visit, the team walked through the boiler house. Housekeeping was not com-

pletely in order. Excessive amounts of dust, ash and coal is still present in Unit 2, but we 

were told that this will be removed during the next outage. No excessive amounts of dust, 

ash or coal were present in the same areas of Unit 4, which is currently in a major overhaul 

(see photos below). Boiler reliability was good. The number of boiler tube leaks was limited, 

and a good boiler tube leak prevention program is in place. Finally, we were able to establish 

that there were no safety-related issues.  

 

25 Information obtained during site visit from station management team. 
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Figure 95: Kendal Unit 2 – PAH duct covered in ash and dust (April 2023) 

 

Figure 96: Kendal Unit 4 – same PAH duct not covered in ash and dust (April 2023) 

Lost MWs due to the draft system have increased from 52.38 MWs in 2018 to 596.84 MWs 

in 2023, a substantial increase. The draft system is operating at maximum capacity. The op-

erating issues are mostly related to the ID (Induced Draft) fans, which are affected by in-

creased erosion due to increased dust loading (at the exit of the ESP): Thinning of the ID fan 
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blades has been reported and requires urgent attention. Also, ID, PA and SA fans are han-

dling increased air and flue gas flow due to high air-in leakage (through the ducts and the air 

preheater), which has not yet been evaluated to identify the location and magnitude of air-in 

flow.  

Air leakages were identified in the PA heater during the 2021–2022 period, as well as dam-

age to the SA heater. Also, some of the SAH packs have eroded. Finally, the boiler is oper-

ated at O2 levels which are pre-set and likely to be above the optimum level, resulting in 

higher-than-necessary air flows. 

 

Figure 97: Back of Kendal’s boiler at ash handling plant 

Ash everywhere with water covering the floor. Dust in the air visible: May 202226 

 

26 World Bank Power Station Assessment Presentation August 2022 
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Figure 98: Kendal station covered in a dust cloud: May 2022 

 

Figure 99: Kendal’s ESP clean and dust cloud is completely gone: April 2023 



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  202 

 

Figure 100: Ash in Kendal’s boiler house 

It has not been completely addressed but certainly much better than 12 months ago: April 

2023 

ESP performance has improved since last year, so the impact on the ID fan is expected to be 

less, but the air-in leakage still needs to be addressed. 

The replacement of pressure parts at Units 1 & 6 was not fully executed during outages in 

2018 and 2021, due to unavailability of economiser tubes. This is a risk, as tube leaks may 

occur causing both forced outage and damage to neighbouring equipment. 

Mills were one of the four top factors causing PLL losses to increase from 10.93 MW in 2018 

to 114.38 MW in 2023. Plant staff struggled to keep six mills per unit in good working order, 

mainly due to the lack of spare parts. Maintenance of the mills is 100% outsourced and there 

are usually issues and delays in signing contracts and getting the support needed. Lack of 

spare parts and (in some cases) use of old spare parts contribute to underperformance and 

plant derating. 

Coal quality is good and does not seem to cause any problems. Coal samples are taken 

once a day and analysed; there is some variability in coal quality but within the limits of boiler 

design specifications.  

The Thermal Index report (June 2021) indicated that the header temperatures and steam 

pipes were operating at design levels (Table 39 and Table 40 below). The boilers at Kendal 

have a design capacity of 800 MW, which allows for a large amount of operating room and is 

a significant contributing factor to the good thermal index figure (the best in the fleet). 
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Table 39: Steam operating temperature at Kendal 

Source Eskom  

 

Table 40: Kendal power station Thermal Index results (FY2022/2023) 

 

Boiler at a glance: 

− Overall boiler operating condition is good. 

− The most serious issue is limitations in the draft system (PA, SA, and ID fans) due 

to a combination of air-in leakage and high excess air (O2). This is the highest con-

tributor to PLL and needs immediate attention. Air-in leakage needs to be reduced; 

PAH and SAH needs urgent maintenance attention. 

− Spare parts for the mills are an urgent issue. Also, associated contracts for mill 

maintenance need to be expedited. 

 

5.8.2.2 Technical status of the machinery 

Turbine: As indicated in Figure 161, the steam turbine is reliable and not causing any con-

sistent outages. The exception is the Unit 6 steam turbine, which has been leaking since 

2022. The unit was taken offline and inspected but was put back in service with the leak be-

cause the power network needed the additional capacity: Repair work would have required a 

90-day outage. As a result, the unit was de-rated by 300 MW (in January 2022) until proper 

maintenance is carried out. 

Poor execution of steam turbine maintenance was reported. As a result, Eskom has decided 

to involve the OEM throughout the maintenance process (planning through to implementa-

tion). Also, it plans (appropriately) to establish a QC (quality control) system. 
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The variable speed drive motors of six feedwater pumps are not working properly and need 

replacement. We understand that this project has been included in the short-term action plan 

and will be addressed in 2023. 

Kendal is the main “Black Start station” to re-instate the power grid after a blackout event. 

Black out start equipment comprises gas turbines that are not in good condition but are still in 

working condition (rather old) and need replacement. Unit islanding and black start proce-

dure is tested regularly. Seven (7) operators with operation teams know the process well and 

do regular training. 

Machinery at a glance: 

The steam turbine of Unit 6 needs an urgent outage to eliminate the leak; HP stop valve is 

needed.  

Feedwater pumps need urgent replacement of variable speed drive motors. 

Gas turbines used for black start need replacement or rehabilitation to ensure that they are 

in good working condition. 

 

5.8.2.3 Technical Status Electrical and C&I 

Assessment and maintenance of all electrical and C&I installations are carried out at regular 

maintenance intervals and tests are carried out annually. 

The generators are reliable, although there is winding fretting on Units 2 & 4 after stator re-

winding. The generator rotors are overdue for mid-life refurbishment. The Unit 5 generator 

rotor has an inter-turn fault. One defective spare rotor and stator are available for emergency 

use and an additional spare rotor is currently being purchased.  

Medium voltage (MV) spares are available in stock and in the market, even though some 

are obsolete. The MV equipment is of excellent reliability. The variable speed drives (VSD) 

for feed water pumps are in very poor working condition and need to be replaced with new 

ones.  

The low voltage (LV) equipment is of excellent reliability. Spares are available even though 

some of the equipment is obsolete. There are no spare incomers or isolators. The LV system 

and equipment outside of the unit are reliable, although the life span of the equipment is re-

duced due to the impact of environmental conditions. 

HV/MV unit transformers and MV/LV generator transformers are of good reliability, alt-

hough there was a big generator transformer failure in 2021. There are no spares, but a 

spare transformer – to be shared with the Kusile power plant – is on order. The unit trans-

formers and service transformers are in good condition and only the tap changers are cur-

rently awaiting replacement/repair. 
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Batteries have been gradually replaced over the course of the 2010s, carried out via na-

tional contract. DC and UPS systems are in good condition. 

Plant control system (DCS): The obsolete ABB Procontrol P13 system will be replaced by a 

new state-of-the-art DCS system. 

Local control for Balance of Plant, water treatment plant, ash handling: Spare parts are 

available, the systems are reliable, and the maintenance department is very familiar with the 

systems. 

Turbine governor and unit functional safety: The system is user-friendly and reliable. 

Modules that fail are repaired with no danger to the process. 

Field instruments / measurements / drives: Equipment is of good quality, although some 

of the older instruments need additional maintenance or replacement. There are spares in 

stock, but some inventory needs to be replaced. Basic to intermediate maintenance and en-

gineering expertise is provided by the site team. 

The electrical and C&I plant equipment is well maintained. General wear and tear are not 

endangering the proper functioning of the equipment in any significant way. Based on availa-

ble documentation - the site assessment, interviews with plant maintenance, engineering, 

and production staff, - the following issues need to be addressed: 

• DCS (ABB Procontrol) obsolete – needs to be replaced. 

• Unit transformer – spare transformer needs to be purchased. 

• VSDs for feed water pumps need to be replaced. 

• Generator rotor – a spare rotor needs to be purchased. 

• 3,3 kV station transformers – need to be replaced. 

Electrical and C&I at a glance: 

Key spares need to be added to the inventory, in particular a generator transformer and 

generator rotor. 

3.3 kV transformers need to be replaced at first opportunity. 

Plans need to be made to replace the DCS system, which is obsolete. 

 

5.8.2.4 Technical Status of the Water Treatment Plant  

The water treatment plant had not caused any problems until last year. The reverse osmosis 

unit failed in 2022 and reduced the available plant output by 170.29 MWs. Also, the conden-

sate polishing plant is out of service, resulting in a high volume of blowdown at all six units. 

Presently, the water treatment plant is not in good operating condition and urgently needs to 

be refurbished. 
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To be able to carry out the refurbishment, the power plant must make a serious effort to re-

duce water consumption, so that it can run with just one water treatment train. Alternatively, a 

temporary mobile plant will be required to enable the refurbishment. Water consumption 

reached 30 Ml/day and efforts have been made to bring it down to the 18 Ml/day level. The 

target should be 8 Ml/day. 

Water treatment at a glance: 

The water treatment plant needs urgent refurbishment. 

Efforts should be made to reduce water consumption further (to the target 8 Ml/day). 

 

5.8.2.5 Technical Status of the Auxiliaries and other Systems 

The ash handling equipment is impacting reliability and over the last 15 years its contribution 

to PPL has increased constantly. For example, in 2018 the ash handling system contributed 

23.79 MW to PLL, while in FY2022/2023 it was 130.68 MW. In fact, over the last four years it 

has consistently contributed 70–130 MWs. Figure 101 and Figure 102 show the energy 

(GWh) and capacity (MWs) lost during 2021–2022. 

 

Figure 101: Monthly load loss (GWh) due to ash removal constraints at Kendal 

Source Eskom 



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  207 

 

Figure 102: Monthly load loss (MW) due to ash removal constraints at Kendal 

Source Eskom 

As the “Q3 DHP System Health Report for 2022” indicates, the ash plant has not been per-

forming well since 2017 and is getting worse. There are problems throughout the ash han-

dling system, resulting in outages and plant derating (lost MWs). (See photos above). 

ESP performance must improve as it emits more than 100 mg/Nm3 and the required level of 

emissions is 50 mg/Nm3 (see Paragraph 5.8.2.6 below). Also, the ESP hoppers are causing 

frequent operating problems. The average particulate emission at the Kendal station had 

been reduced to the 100 mg/Nm3 level at the end of 2020. However, some of the units 

started performing poorly one year later. For example, particulates from Unit 2 spiked at the 

1 500 mg/Nm3 level in the November 2021 – February 2022 period and some other units had 

particulate emissions at the 200 mg/Nm3 level. These issues have now largely been ad-

dressed, as already mentioned.  

Dust control has improved significantly but fly ash is still piled up in a small number of places 

around the power plant (see photos above). 

Also, space limitations at the ash dump facility, coupled with limited redundancy of the con-

veyors, affects the throughput of the conveyors, resulting in plant derating (lost MWs). 

Poor execution of planned maintenance, poor performance of the ash contractor, deferred 

maintenance and technical upgrading and replacement of equipment are still all affecting the 

ESP and ash handling system’s performance substantially. However, some system improve-

ments have been achieved over the last 8 months. 
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The coal handling system is in good working order and no issues have been identified. As 

mentioned previously, coal quality has been maintained within the required specifications, 

with approximately 80% of the coal coming from the local mine and 20% from other mines. 

Auxiliaries at a glance: 

− Maintenance of the ash handling system is needed urgently. Also, the capacity of 

the ash handling plant in general needs to be assessed, and potential upgrading 

may be needed. 

− ESP needs to be upgraded to reduce particulate emissions below 50 mg/m3. This 

will help the ID fans too. 

5.8.2.6 Emissions 27 

Kendal has emission compliance issues which are expected to get worse unless action is 

taken. The plant does not comply with particulate matter (PM) emission requirements. The 

required limit is 50 mg/Nm3 and the plant emits above 100 mg/Nm3. It is understood that 

some actions have been taken (e.g. replacement of high frequency transformers), but a com-

prehensive upgrade of the ESPs is needed. 

NOx emissions are required to be kept below 1 100 mg/Nm3 and the plant complies margin-

ally with this requirement. By April 2025, NOx emissions need to be kept below 750 mg/Nm3. 

This could be achieved with low NOx burners at a cost of $ 20−30/kW. Replacing the burners 

also provides the opportunity to optimise combustion. This should result in lower excess O2 

and lower overall air flow through the system, which should help the draft (PA, SA, and ID) 

fans. 

As we understand, presently the Kendal plant complies with SO2 requirements 

(2 600 mg/Nm3), but it will not be able to comply with the reduced requirements of 

1 000 mg/Nm3, which come into effect in April 2025. 50−60% SO2 reduction is needed, which 

can be achieved by reducing the sulphur content of the coal or by installing SO2 control 

equipment. Lower sulphur content coal may be available from other mines, or it can be ob-

tained through selective mining and coal clean-up. Alternatively, 50–60% SO2 reduction can 

be achieved by using dry SO2 control technologies (given the lack of water in the region).  

  

 

27 Information taken from Eskom business plan 2022-23 
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Emissions at a glance: 

− ESP upgrading is needed urgently, both to comply with 50 mg/Nm3 and to improve 

ID fan performance. 

− The plant needs to lower NOx emissions by April 2025; low NOx burners seem to be 

the preliminary option of choice. 

− Kendal needs to assess how it will comply with SO2 control requirements 

(1 000 mg/Nm3, which come into effect in April 2025). Alternative options (lower 

sulphur coal and SO2 control technologies) need to be evaluated. 

 

5.8.3 Technical Measures to Improve the Plant Condition 

The power plant has now been in operation for more than 30 years and is due for a major re-

habilitation/mid-life technical maintenance. Deferred outages in some of its units in the last 

few years make this need even more urgent. 

The air and flue gas draft system, the water treatment system, ESP, and ash handling, as 

well as the mills all require special attention. Also, Unit 6 requires urgent maintenance of the 

steam turbine to eliminate the leaks and recover 340 MWs of de-rated capacity. 

The air draft system is operating at maximum capacity and an effort needs to be made to re-

duce both air-in leakage and the amount of air coming into the system. The former will re-

quire a detailed evaluation of where air is entering the system. The investigation should start 

with an inspection of the most obvious places (e.g. PA and SA heaters, duct joins, the boiler). 

Furthermore, excess O2 set points should be reviewed and possibly revised. An optimization 

program should be able to reduce the excess O2 without adversely affecting unburned car-

bon and overall performance of the boiler. O2 optimization can be achieved in one of the fol-

lowing ways: 

1. Set up O2 measurements in multiple locations along the boiler (combustion zone, exit 

of the economizer, exit of the air heater); also, set up CO monitors at the exit of the 

unit (e.g. at the stack or wherever is convenient after the air heater). By monitoring 

CO emissions and unit performance, an optimum O2 level can be established for each 

of the key loads that the unit is operating in (e.g. O2 set points at 100%, 75%, 50%). 

2. A neural network-based system can be used to optimize unit performance, including 

identification of optimum setpoints for excess O2. Such a system would require similar 

instrumentation as Option 1 (especially CO monitors). 

The performance of the ESP should be addressed urgently, both because particulate emis-

sions need to be reduced and because of its adverse impact on ID fan reliability.  
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Maintenance of the water treatment system is also a high priority and needs to be addressed 

as soon as possible. In parallel, every effort should be made to reduce the required amount 

of water being consumed at the power plant. 

Obtaining spare parts and maintenance of the mills is another urgent item. Additional items 

that need to be addressed at first opportunity: 

− Variable speed drive motors for six feedwater pumps. 

− Replacement or rehabilitation of the gas turbines used for black start. 

− Key spare parts need to be added to the electrical system inventory, in particular a 

unit transformer (AT) and a generator rotor. 

− 3.3 kV transformers need to be replaced at first opportunity. 

− Plans need to be made to replace the DCS system which is obsolete. 

− The training centre needs to be revitalized and staffed appropriately. 

5.8.4 Power Plant Management  

Currently 705 employees are working at the power plant. The management team seems to 

be very capable and efficient, addressing the chronic issues facing the power plant. The 

plant manager was brought in only eight months ago and he seems to be turning things 

around with a new leadership style and focus on people and results. The engineering man-

ager was replaced too. There have been substantial improvements both in employees’ spirits 

and in the results achieved. 

A limited number of motivational initiatives have been introduced, including performance con-

tracts, training, mentorships, awards, etc. This is not enough, though, and more is required 

but is not achievable within the current management and operational structure. 

Maintenance 

The maintenance team is responsible for fixing the problems reported by the operation team. 

The scoping is defined by the engineering department. Moreover, the maintenance group 

takes care of spare part planning. 

A substantial proportion of the plant maintenance is carried out by outside contractors. Ap-

proximately 63 contracts are needed, with the top five covering the mills, fuel oil, water treat-

ment plant, coal handling plant and ash plant. However, only two thirds of the required con-

tracts are actually in place. As shown in Figure 103, delays in signing these contracts are a 

frequent occurrence. 
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Figure 103: Kendal stock contract summary 

Source: Eskom 

Operation 

The operation team works in five shifts, 24/7. Forty-two employees are active per shift, 210 is 

the headcount target for operation. Hence, there are about 60 vacancies now. Efforts are un-

derway to fill the vacancies.  

Occupational hazards also need to be reduced: Particular attention should be paid to fire risk 

management and to providing emergency response and medical services. 

Outages 

Since 2016, all major overhauls have been deferred (see Table 38 and Table 41). The effect 

of these deferrals has already been explained in the report, above.  

It is evident that system supply constraints and performance requirements have taken priority 

over good plant maintenance and management. This very short-sighted approach has re-

sulted in severe deterioration in the condition and performance of the plants. In the last 12 

months, this situation has improved. Table 41 shows that the only GO still open and neces-

sary to normalize the situation is the overhaul of Unit 3 and this is currently in progress. 

From what we have seen and mentioned already, it is evident that more complete mainte-

nance is now carried out during outages. The plant management team has indicated that it is 

aiming to have EAF back at 75% by April 2024. This seems possible but will require a 

90 days outage to repair the HP steam leak on Unit 6 (300 MW PLL).  
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Table 41: Kendal GO deferral schedule 

Source Eskom 

Capital Project Plan and Expenditure Budget 

The current capital investment project schedule for Kendal power station is based on the 

2044 plant decommissioning strategy as per the current Eskom shutdown schedule.  

This strategy is acceptable and fits within the long-term JET plan for the country. Between 

2023 and 2027, the station has 37 approved capital investment projects scheduled. The total 

estimated capital investment required for these projects is R 2 239.6 million. In addition to 

this, they have another 34 unfunded projects that require R 5 559.3 million in investment. 

The five projects in Table 42 are from the unfunded list but already have ERA approval and 

are deemed to be critical. The investment required for these projects is R 508.83 million. 

 

Table 42: Critical unfunded projects FY2022/2023–FY2026/2027 at Kendal  

Source: Eskom (approved ERAs) 

The total critical investment required at Kendal from FY2022/2023 to FY2026/2027 is 

R 2 748.43 million for the approved and critical unfunded projects. Including all the unfunded 

projects, it is R 7 798.9 million. 

Unit

Original 

Scheduled 

Date

Actual Start 

date

Times 

Moved

Deviation(D

ays)
Explanation

1 2016/11/04 2018/10/18 28 713 Eskom Management Decision

2 2019/01/04 2022/01/08 8 1100 Eskom Management Decision

3 2020/08/07 2023/08/05 7 1093

Unit 3 moved to accommodate unit 4 

stress corroison cracking risk. 

4 2021/09/04 2023/01/23 6 506 Eskom Management Decision

5 2020/02/01 2020/07/20 5 170 Eskom Management Decision

6 2017/04/07 2020/11/20 13 1323

Moved to accommodate units 1 and 2 

to address stress corrosion cracking

SAP PS Project Name

Required Budget 

Total R FY2023-

2027

ERA Approval Status 

and Planned date
Comments

Mobile Demin Plant  136 340 000 Approved

No Fund Allocation & IM release. 

Commercial process delayed.

Unit 1&3  supply and installation of Secondary 

Air heater element packs 98 288 289.26 Approved

No Fund Allocation & IM release. 

Commercial process delayed.

Replacement of Boiler Feedpump VSDs 288 000 000 Approved

No Fund Allocation & IM release. 

Commercial process for Sole Source 

approval in progress.

Coal Plant Chutes refurbishment 194 830 000 Approved

No Fund Allocation & IM release. 

Commercial process delayed.

Diesel Generator Control Panels 26 000 000 Approved

No Fund Allocation & IM release. 

Commercial process delayed.
Total (million) 508 830 000
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5.8.5 Technical Profile of Main Plant Areas  

The following table provides the key design data, types of key equipment and suppliers. 

Boiler Manufacturer Combustion Engineering (General Electric) 

Type Forced circulation, sub-critical 

Coal mass flow [t/h] 98.67 kg/s 

Pressure [bar, absolute] 185 – steam drum 

Temperature [°C] 360 – steam drum 

Firing system 

Number of burners 5 Mills, 4 corners each, upper and lower 

pipes on each corner 

Type of mills Ball-tube mills 

Mill capacity [t/h] – per mill 103 

Reheat system 

Pressure [bar, absolute] 37.962 

Temperature [°C] 540  

Coal supply 

Coal supply (truck, mine) Mine & Trucks 

Coal storage capacity on-site (t) 3 760 000 

Boiler bunker capacity (t) Silos & Bunkers – 35 000 (50% capacity) 

Precipitators 

Manufacturer Walter & C&E 

Type Sigma type CE plates 

Ash handling 

 

Machinery and Electrical 

Turbine 

Manufacturer Siemens 

Type Tandem compound reaction 

Casings (HP-IP-LP, double/single flow) HP (single)-IP (double)-LP (four)  

Steam volume (kg m/s) 577 

Main steam pressure [bar, a] 165 

Main steam temperature [°C] 535 

Reheat steam pressure [bar, a] 37.962 

Reheat steam temperature [°C] 535 

Cold end 
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Condenser 2 – 13.6kPa backpressure at MCR 

Cooling tower Indirect dry cooled 

Generator 

Manufacturer KWU - Siemens 

Terminal voltage 22kV 

Rating 686 MW Normal, 729 MW Max 

Cooling system Hydrogen 

Transformer  

Manufacturer Siemens 

Terminal voltage primary/ secondary 420+6/-10x1.56%/22 kV 

Placement Between Units and HV Yard  
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5.9 Kriel Power Plant 

The Kriel power plant is more than 47 years old. Insufficient maintenance causes significant 

power losses at the plant: In March 2023, PPL accounted for 548 MW of the power plant's 

installed gross capacity of 3 000 MW. Furthermore, three units have been permanently de-

rated by 70 MW each, due to coal-related slag formation and emission issues. 

One of the key PLL contributors is the poor vacuum conditions caused, in the main, by the 

malfunctioning of the cooling towers. The water chemistry is the root-cause for this malfunc-

tion as the alkalinity of the water cannot be sufficiently controlled due to insufficient lime 

treatment. This resulted in scale build-up in the ducts and flakes that block the cooling tower 

fills. As the fills cannot be cleaned effectively due to the design, a complete change is re-

quired. The retrofit of the two cooling towers will require operations to be halted at three 

units. However, the MW gain from this measure is worth the effort. In the course of the cool-

ing tower retrofit, the chemistry regime for the cooling water treatment needs to be optimised 

and the condenser tubes should be cleaned. 

Another cause of PLL is the draught plant. Even if operated at maximum load, the capacity of 

the ID fan is inadequate to guarantee appropriate pressure in the furnace. This can be 

largely mitigated by tightening the flue gas ducts and air heaters. We also strongly recom-

mended inspection and repair of all other potential sources of air ingress on the boiler.  

A significant reduction in the steam temperature was noted, caused by leaky spray injection 

valves. We strongly recommend changing or repairing the valves on a priority basis. Besides 

the PLL, these leakages also risk causing damage due to thermal shock.   

Many more water and steam leakages were visible throughout the plant. We recommend 

systematically repairing leaking valves, pumps, etc., in order to improve the plant’s efficiency 

and reliability. Moreover, the HP heaters should be brought back into full service – either by 

repairing them or replacing them.  

The standstill period for the cooling tower retrofit would be a very good opportunity to fix all 

defects in the affected units. 

The site team reported that keeping highly-qualified personnel at site is a challenge – this re-

fers to the management as well as to the workforce. This is mainly due to the fact that the 

power plant is regarded as an unattractive workplace, situated remotely far away from urban 

areas such as Pretoria and Johannesburg. The vgbe team therefore recommends the devel-

opment of an incentive programme that includes elements that address the issue, such as 

rewards for good performance and the provision of accommodation near the power plant.   

Despite these circumstances, the team spirit of the management team seems to be good. 

The vgbe team believes that, equipped with the necessary empowerment and budgets, the 

team would be able to manage the turnaround. Management needs some positive signals 

with respect to recognition of good work and planning security.  
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5.9.1 EAF and PLL 

The Kriel power plant comprises six 500 MW coal-fired units (gross capacity). Units 1 to 3 

were supposed to be supplied by a new underground mine developed by Eskom. However, 

this mine has not been made operational and so the power plant needs to use alternative 

coal that is of poorer quality than originally planned. This has resulted in an additional derat-

ing of about 70 MW per unit – 210 MW in total. 

Unit  1  2  3  4  5  6  

Commissioning Date  05/1976 05/1976 01/1978 08/1978 03/1979 11/1979 

Gross installed capac-

ity [MW]  

6 x 500 

Nom. installed capacity 

[MW]  

6 x 475 

Table 43: Key figures for Kriel power plant 

Over the past five years, the EAF was in the range of 50.75% (FY2021/2022) to 60.78% 
(FY2018/2019). For FY2022/2023, the value is currently at 49.39%. 

Year  Plant  Unit 1  Unit 2  Unit 3  Unit 4  Unit 5  Unit 6  

2018/2019   60.78 %  69.65% 43.52% 51.66% 54.31% 69.52% 76.01% 

2029/2020   52.34 %  52.64% 67.57% 23.43% 65.14% 53.57% 51.66% 

2020/2021   52.48 %  41.16% 54.74% 50.06% 56.03% 51.41% 61.47% 

2021/2022   50.75 %                    

2022/2023 YTD   46.38 %                  

Table 44: EAF at Kriel power plant (FY2018/2019–FY2022/2023 YTD)  

Source: KISSY database, vgbe / Eskom 
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Figure 104: EAF at Kriel power plant (FY2003/2004–FY2020/2021) 

Source: KISSY database, vgbe  

The low EAF is mainly caused by significant PLL and a lot of trips. The main PLL sources are 

shown in the next figure, below. As can be seen, many different components impact PLL – 

the main components are the turbine, the draught plant, the feedwater, the boiler and the 

mills. The absolute numbers of the PLL for the individual components have fluctuated over 

the years, increasing again since FY2021/2022. A further increase in PLL this fiscal year has 

been caused by additional losses in the turbine. During the site visit, even higher losses were 

reported, caused by the poor vacuum at the turbine: Up to 1 000 MW, which corresponds to 

one third of the installed gross capacity. 

 

Figure 105: PLL contributors at Kriel power plant (FY2017/2018–FY2022/2023 YTD) 

Source: Eskom  
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5.9.2 Technical Status 

The plant has been running for more than 45 years. Over the years, maintenance and out-

ages have often either been deferred and/or not executed to their full extent, due to the tight 

supply situation. The main problem for the plant is the poor vacuum caused by insufficient 

functionality of the cooling towers. 

5.9.2.1 Technical Status of the Boiler 

The housekeeping in the units seems to be reasonably good. Many employees were clean-

ing the boiler house while we did our site walk. The ash handling plant (wet system) is report-

edly running without problems but, if there are problems, the ash is temporarily dumped on 

the ground. This situation appears to happen approximately once a month. The housekeep-

ing team is advised to immediately react to such situations, which are followed up by inten-

sive cleaning.  

The mills contribute 42 MW to PLL. During the site walk, an abnormal noise was noticed at 

two of the mills at Unit 2. The vgbe team recommends checking these mills, as it is likely that 

they are close to breaking down. Moreover, all mills need to be investigated more closely, in 

order to plan appropriate maintenance measures. 

  

Figure 106: Clean boiler house at Kriel power plant 

In total, a maximum of three units were running during our visit. All the others were shut 

down, due to trips.  

The boiler for the running units showed some signs of damage along with many steam and 

water leakages throughout the boiler house. 
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Figure 107: Example of cracked plaster insulation at a pipe in Kriel’s boiler house 

   

Figure 108: Water and steam leakages in Kriel’s boiler house  
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Moreover, the fire protection equipment was identified as a safety risk. The inspection dead-

lines for some of the extinguishers had been exceeded and others were simply lying on the 

grating. 

Besides these water and steam leakages, there are also a lot of air leakages that contribute 

to PLL. The air ingress to the ducts and the boiler mean that the draught plant contributes 67 

MW to the PLL. This is because the air ingress limits the capacity of the draught plant, pre-

venting operation of the unit at full load, as this would lead to a situation in which the flue gas 

could not be sufficiently removed from the boiler.  

In the control room, we noted that all running units were operating at a significantly reduced 

reheat temperature (447°C instead of 510°C, see next figure). This 60 K temperature deficit 

has a significant impact on plant efficiency and represents a loss in power output of some 50 

MW. This kind of reduction can also lead to problems with turbine operation, such as trips 

caused by excessively low temperatures. The low temperature was being caused by exces-

sive spray water (>1.2 kg/s) entering the system due to leaky spray injection valves, even 

though both spray injection valves were completely closed. 

As already mentioned, Units 1 to 3 have to use coal of lower quality. In order to avoid slag-

ging of the boiler, the power output was de-rated. Moreover, it was reported that the soot 

blowers’ availability was in the range of 65% of their full capacity. Operating soot blowers in 

lower capacities might result in clinker formation and BTL. The availability and effective oper-

ation of the soot blowers during operation are key to successfully removing the slag at an 

early-enough stage, so that it does not damage the boiler.  
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Figure 109: Low reheat temperatures at Kriel 

Eskom uses a Thermal Index (TI) to track the thermal excursions on boiler outlet headers, 

main steam pipework and hot reheat pipework. The TI is a long-term plant health indicator for 

the high temperature/high pressure components. The data for the TI can also be used to check 

the operational stability of the boiler, as the thermocouples indicate the time spent above nor-

mal operating conditions. More detailed information about the TI can be found in section 

5.1.4.5. 

The TI report for Kriel for FY2022/2023 shows that the TI limits are frequently exceeded on all 

the monitored components. This is probably caused by the boiler over-firing as a result of the 

unavailability of the feed-water heating and air-heater leakages. Additionally, poor vacuum on 

the condenser side contributes to the overall situation of an inefficient boiler operation mode. 

The over-firing has significant long-term implications for the creep life of the high pressure/high 

temperature components.   
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Table 45: Extract from the Thermal Index report for Kriel 

 

Boiler at a glance:  

− During site visits, only three units were in operation due to several trips. 

− Housekeeping is adequate. 

− There are a large number of water and steam leakages, as well as air ingress. 

− Combustion needs to be optimised to avoid over-firing und BTL. 

− The coal band needs to be checked and optimised to reduce clinker. 

− Mills at Unit 2 make an unusual sound – urgent servicing is needed. A close moni-

toring is required. 

− Leaky spray injection valves cause low reheat temperatures, impacting PLL. 

5.9.2.2 Technical Status of the Machinery 

The housekeeping in the turbine area is acceptable. However, some parts of the turbine are 

not completely insulated. Moreover, there are vibration issues at the turbine plant that are 

linked to an improper maintenance of turbine oil systems resulting in malfunction of oil sys-

tem. Specific reasons of the vibrations cannot be evaluated precisely. Nevertheless, on site 

we were told that oil drains were clogged and may disturbed oil circulation. Another possible 

root cause could be foreign contaminations of oil during refilling and/or maintenance work in 

the oil station. In this regard it is very likely that additionally some equipment failure e.g. of 

jacking oil system also contributed to turbine bearings vibrations. Usually the turbine oil sys-

tems (jacking oil, lube oil, hydraulic oil) are serviced from one common oil handling plant. 

Mar-22 Apr-22 May-22 Jun-22 Jul-22 Aug-22 Sep-22 Oct-22 Nov-22 Dec-22 Jan-23 Feb-23 Mar-23

Header TI 177 255 20 29 6 12 5480 4357 17 169 4902 0 1246

Main Steam TI 464 359 415 112 148 427 10320 4 327 152 7 85 85

Hot Reheat TI 112 8 85 132 25 46 7 9 22 49 0 0 82

KRIEL
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Figure 110: Clean turbine area at Kriel 

 

 

Figure 111: Oil station at Kriel’s HP bypass 

A massive leakage at the feedwater pump is contributing to the PLL. In addition to this, many 

HP heaters are not in service due to defects. These problems need to be addressed short-

term, either by repairing or replacing the defective equipment.  

One of the main causes of losses in the turbine area is the poor vacuum, due, in main, to the 

poor performance of the four cooling towers. The water chemistry is the root-cause for this 

malfunction as the alkalinity of the water cannot be sufficiently controlled due to insufficient 

lime treatment. This resulted in scale build-up in the ducts and flakes that block the cooling 

tower fills. As the fills cannot be cleaned as per design, a complete change is required. The 
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vgbe team strongly recommends refurbishment of the cooling towers as soon as possible. 

Although this requires the shut-down of three units for approximately two weeks, it will pay 

off, leading to a gain of up to 500 MW (as reported by the site team). During the shut-down, 

all other defects (not only those relating to the cooling system) should be fixed as well. 

In addition to the issues with the cooling towers and the consequences for the condenser 

tubes, problems with the cooling water chemistry were also identified. An unsuitable chemis-

try regime has caused scaling on the condenser tubes. They need to be cleaned during the 

cooling tower retrofit. Furthermore, the chemistry regime – especially the lime treatment –

needs to be optimised. This requires several measurements (e.g. acid capacities). The pro-

cess is also affected by high temperatures, sunlight exposure, TOC etc. Further information 

is available in the vgbe standard “Cooling Water Systems and Cooling Water Treatment” (S-

455-00-2022-12-EN). The vgbe team recommends engaging a specialised water treatment 

company to carry out the adjustment and optimisation on site. 

Machinery at a glance:  

− There are vibration issues at the turbine that are likely to associated to improper 

maintenance of the turbine oil system. 

− Poor vacuum is one of the key PLL drivers. The root cause of this problem is the 

cooling towers.  

− Scaling on condenser tubes resulting from improper cooling water chemistry. 

− Many HP heaters are not in operation, also leading to PLL. 

 

5.9.2.3 Technical Status Electrical and C&I 

The Siemens Teleperm C control systems on Units 1 to 6 have been replaced as part of a 

full control and instrumentation upgrade supplied by Siemens, including a new Human Ma-

chine Interface (HMI), controllers and the SPPA-T3000 DCS control system. All units are 

controlled from one central control room – the electrical operations are still controlled from 

the old control room. 
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Figure 112: Control room at Kriel 

Hence, the C&I system seems to be acceptable. No issues were reported with respect to 

generators and transformers. However, a replacement of the Unit 4 generator is planned for 

2025. The site team stated that Units 1, 3 to 6 generators are operating outside their design 

life and hence, a generator replacement is required. However, only generators for Unit 4 and 

6 will be replaced due the limited remaining lifetime of the plant (as per current planning). 

5.9.2.4 Technical Status of the Water Treatment Plant 

The power plant has a central make-up water plant, which we visited during the site walk. 

The capacity of the make-up water plant is adequate to meet the site’s consumption needs 

with water of sufficient quality.   

Raw water is supplied by the Usutu and Vaal dams and pre-treated (filtration, flocculation, 

sand filter). 

The make-up water plant consists of three parallel trains. Each train consists of cation and 

anion exchangers followed by a mixed bed with a flowrate per train of 198 m3/h.  

The water treatment plant is in good condition. Also, the pumps that transport the water to 

other areas of the plant seem to be in an acceptable condition – only a few were leaking 

when we visited. However, we recommend that any leaking pumps be repaired. New meas-

uring instruments have been installed and housekeeping is good. However, not all the in-

stalled online measuring instruments are working.  

The offline sampling is carried out by the site team. Water samples are taken and analysed 

regularly to measure key performance indicators. 

The regeneration of the anion and cation exchanger is carried out with sulfuric acid caustic 

soda. During the site visit, the team learnt that neutralisation of the regeneration effluents is 

not carried out. The effluents are discharged into the plant’s channel system without any 
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treatment. This poses a high risk of damage to pumps and foundations (sulphates can badly 

damage/erode concrete). This risk remains, even if channels are lined, except if there is a 

regular and consistent check of their state. 

 

 

Figure 113: Water treatment plant at Kriel 

 

Figure 114: Measurement at Kriel’s water treatment plant 
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Water Treatment at a glance 

− Capacity and quality of the make-up water plant is sufficient, even with high steam 

loss. 

− The plant, including the measurements, seems to be in an acceptable condition. 

− Neutralisation of the regeneration effluents is required before they are dumped. 

− Better integration of online measurements into DCS and better visualisation of 

trends is needed to optimise the technical status. 

 

5.9.2.5 Technical Status of the Auxiliaries and other Systems 

The coal comes from various locations – from underground and from an open-cast mine. The 

coal composition is shown in the next figure. 

 

Figure 115: Coal composition at Kriel 

Source: Eskom 

The boilers 1 to 3 were designed to use coal from the underground mine, which is of similar 

good quality as the coal used in Units 4 to 6. Due to supply constraints (as has already been 

mentioned in previous chapters), often a mixture of different coal types is used, causing a de-

rating of the affected units. The different coal types have very different ash content and abra-

siveness indexes, as can be seen in the coal analysis. The ash deformation temperature is 

very similar across all coal types. This does not explain the need to reduce the load because 

of bad clogging and slagging behaviour. Rather, it would explain a capacity problem of the 

ash handling plant due to higher ash content compared to the design values. 

However, the overall condition of coal plant and the ash plant is acceptable. 

Emission situation: Electrostatic precipitators are installed to reduce dust emissions. The 

emission behaviour of particulate matter is close to or above the ELV of 50 mg/Nm³. The SO3 

feed into the electrostatic precipitator needs to be improved. For NOx, there were problems 

with malfunctioning of the online monitoring system, but it looks like the limits can be met. For 
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SO2, all operating units meet the current ELV but will not reach the 2025 ELV without retrofit-

ting measures.  

The spare-parts warehouse and maintenance workshop were also visited. We identified 

no issues with regards to spare parts – the warehouse was in reasonable order. The work-

shop is well-equipped and clean. It provides many options to conduct repair work at the site, 

although there were few signs of activity.  

 

Figure 116: Maintenance workshop at Kriel power plant 

 

5.9.3 Technical Measures to Improve the Plant Condition 

Boiler: The maximum potential MW gain of the following measures is 138 MW. 

There are several issues relating to the boiler that, if repaired, would lead to immediate im-

provements in PLL. As discussed in previous chapters, the draught plant is one of the com-

ponents contributing most significantly to the high PLL. Even if operated at maximum load, 

the capacity of the ID fans is inadequate to guarantee appropriate pressure in the furnace. 

Therefore, to compensate this, the boiler load has to be reduced. The following measures 

would improve the situation:  

− Tighten the flue gas ducts. 

− Tighten the air heaters. 

− Tighten boiler openings. 
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We strongly recommend inspecting and repairing all other potential sources of air ingress. 

This can also be done during short stops and would lead to direct improvements. In addition 

to the locations already mentioned, we also recommend inspecting the wall penetrations of 

the superheater, reheater and soot blowers. Moreover, there are many other water and 

steam leakages around the plant. We recommend systematically repairing leaking valves, 

pumps, etc., in order to improve the efficiency and reliability of the plant. Many repairs can 

even be carried out step-by-step during short standstills. 

Moreover, the mills need to be checked, serviced and repaired. A systematic programme to 

technically recover all mills by maintaining a spare mill during operation should be imple-

mented, e.g. by fixing the gear box and reinforcing the foundations. 

The HP heaters need to be brought back into full service – either by repairing them or replac-

ing them. Their poor performance causes low feedwater temperatures, which affect operating 

conditions in the boiler and increase the potential for BTL.  

The vgbe team recommends that the spray water valves be checked, repaired and, eventu-

ally, replaced. The steam temperature controls should be also checked. All the measures 

should aim to achieve operation at steam temperatures as per design. 

The soot blowers should be inspected and repaired on a regular basis to ensure proper func-

tioning and to avoid the building of clinker formations and resulting BTLs. 

Machinery: The maximum potential MW gain of the following measures is 296 MW. 

One of the areas in most need of improvement is the cooling towers. Hence, we recommend 

immediately conducting a cooling tower retrofit with a replacement of the fills which have got 

blocked due to insufficient cooling water chemistry. The retrofit of two cooling towers requires 

the standstill of three units. However, the MW gain resulting from this action makes it worth 

the effort. During the cooling tower retrofit, the chemistry regime for the cooling water treat-

ment also needs to be optimised and the condenser tubes need to be cleaned. 

Water Treatment: The vgbe team recommends the neutralisation of effluents. 

The maintenance workshop needs to be used more and the vast possibilities for repairing 

and manufacturing parts in-house should be exhausted. 

5.9.4 Power Plant Management 

Currently, 726 employees are working at the power plant. This is close to the plan figure of 

740 (operational plan FY2022/2023). In addition to this, 815 contractors are active at the 

Kriel power plant. Some management level staff members have only been on site for a few 

months – some of them have been there for more than ten years. The site team reported that 

this situation is mainly due to the fact that the power plant is regarded as an unattractive 

workplace. One key aspect is that that there have not been any salary increases or other bo-

nusses over the last few years. Some persons also mentioned that it is a challenge to find 

suitable accommodation near the power plant.  
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Initiatives to incentivise people to come and work at the power plant need to be implemented, 

in order to attract qualified personnel. This is an essential managerial task which is also ad-

dressed in chapter 5.1 and chapter 5.2. 

The team spirit of the management team seems to be good. The vgbe team believes that, 

equipped with appropriate empowerment and budgetary freedom, the team would be able to 

manage the turnaround. The management team needs some positive signals with respect to 

appreciation of good work and planning security.  

Maintenance 

In total, 421 Eskom staff, including 11 managers, are working in the maintenance depart-

ment. Outage planning readiness index: There are 41 contractors active on site. One of them 

is Rotec – this company has engaged 100 people on-site. 

Given the fact that there are relatively frequent unplanned standstills due to trips or break-

downs, the maintenance is mostly done reactively. Due to this, fire-fighting mode defects are 

not repaired systematically – which is reflected in the low EAF. This unhealthy plant state has 

become a normality in which insufficiencies are just accepted. 

The maintenance team finds the procurement process far too complicated, too inflexible and 

not market oriented. This situation results in a non-availability of spare parts. 

Operation 

The headcount in the operation department is approx. 210, of which roughly half are opera-

tors.  

The Kriel power plants suffers from a high number of trips. During the site visits, only three 

units were in operation (at times, it was even only one unit) due to unforeseen events that led 

to shutdowns. This erratic failure behaviour is an indicator of poor plant health which requires 

a high level of operational skills to keep the plant running despite all this unexpected interfer-

ence. Moreover, the operation team seems to have accepted multiple insufficiencies in the 

plant status as a normal situation – e.g. with respect to leakages and malfunction of valves. 

This is why, the vgbe team recommends the establishment of an intense simulator training 

programme for the operating team in order to further revive a spirit of excellence and to fur-

ther develop the know-how and practical skills. 

Outages 

There are 23 people working in the outage department – 9 of these positions are currently 

vacant. In order to ensure the quality of contracting staff, skills audits are carried out. Moreo-

ver, 11 quality controllers are responsible for overseeing the contractors’ work. However, the 

post-outage performance is not sufficient.  

The outage team does not consider the Outage Readiness Index to be a useful KPI, as this 

tool is too complicated and somehow misleading. It does not reflect the accumulated condi-

tion of outage preparation but only achievements during a set period. This view is shared by 

the vgbe team, as stated in previous chapters. 
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One of the biggest challenges, according to the outage team, is the timely placement of out-

age service contracts and spare part procurement, which is dependent on the following key 

players: 

- Engineering team, which needs to submit required contract scopes on time. 

- Procurement team, which needs to place all orders on time based on im-

proved processes. 

- Materials management team, which needs to effectively manage stocks. 

- Finance team, which needs to ensure timely release of outage funds. 

The alignment between the different departments is key to successful outage planning. 

5.9.5 Technical Profile of Main Plant Areas 

Boiler and related plant area: All six boilers at Kriel have the same design. They are de-

signed as once-through Benson type boilers and include circulating pumps in a combined cir-

culation design. Boilers 1–3 are designed to use coal from the underground mine, which is of 

a higher quality than the coal from the open-cast mine, which is used for boilers 4–6. In prac-

tice, due to supply constraints, boilers 1–3 sometimes use a mixture of underground and 

open-cast coals.  

Manufacturer   L&C Steinmuller (Afrika) (Pty) Ltd 

Type   Benson 

Coal mass flow [t/h]   1 584 

Pressure [bar, absolute]   171 

Temperature [°C]   516 

Firing system    

Number of burners   36 per unit 

Type of mills   Vertical pressure type 

Mill capacity [t/h] – per mill   Unit 1–3: 47, Unit 4–6: 60  

Reheat system   

Pressure [bar, a]   31.65 

Temperature [°C]   510 

Coal supply   

Coal supply (truck, mine)   Mine, opencast and trucks 

Boilers 1 – 3 are designed to use coal from the 

underground mine (higher quality) 

Boilers 4 – 6 open-cast mine  

Coal storage capacity on site (t)   1 700 000 tons 
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Precipitators/ Flue gas cleaning   

Manufacturer   Brandt Engineering, Electrostatic (with SO3 pre-

treatment) 

Type   Unit 1–3 three fields ESP  

Unit 4–6 four fields ESP 

Wet ash handling   

Machinery and Electrical:   

Turbine   

Manufacturer  Brown Boveri/ CIE, Electro Mecanique (CEM)  

Type   Multi-cylinder impulse reaction 

Casings (HP-IP-LP, double/single flow)  1 HP, 1 IP, 2 LP (double flow)  

Steam volume (kg m/s)  415  

Main steam pressure [bar, absolute]  161  

Main steam temperature [°C]  510  

Reheat steam pressure [bar, absolute]  31.65  

Reheat steam temperature [°C]  510  

Cold end   

Condenser   Dual pressure surface - conduction 

Cooling tower   4x concrete construction natural draught  

Generator   

Manufacturer   BBC/CEM  

Terminal voltage   18 KV  

Rating   555 MVA  

Cooling system   Stator demineralised water  

Rotor H2  

Transformer      

Manufacturer   SMIT (units), WEG/GEC/ABB (station) 

Terminal voltage primary/ secondary   18/420, 18/11 
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5.10 Kusile Power Plant 

Kusile power plant can achieve 4 800 MWgross generation capacity with all six boilers in oper-

ation. It should be noted that the units at Kusile are still in various stages of commissioning. 

At present, four units have reached the stage of commercial operation: Of these, three units 

are in long-term shutdown owing to the collapse of the flue gas duct, while the remaining 

unit, Unit 4, is being operated by Mitsubishi. 

Design gross efficiency at rated turbine MCR is 41.84%, The plant cost of generation is 

755 R/MWh28, making it the fourth most cost-efficient plant in the Eskom fleet after Matimba, 

Lethabo and Medupi power plants.  

Coal supply deviates from the original design intent as a mine mouth plant with a designated 

coal quality. The current coal supply comes from various mines and, as a result, shows inho-

mogeneous characteristics. This presents a significant challenge to the plant operation. 

The plant has real potential to achieve an EAF of 85 %, with 10% planned and 5% un-

planned outages. This compares to a current EAF of just 36.6% and equates to a constant 

generation capacity of 3 672 MW, up from just 600 MW at present. 

Currently, achievable plant capacity is restricted due to: 

− Water supply and discharge restrictions 

− Coal supply restrictions 

− Ash discharge restrictions 

As long as the plant is limited by any one of these restrictions, its generation capacity is lim-

ited to operating a maximum four units simultaneously. 

Please note that, in addition to the delay in completing construction of Unit 5 and Unit 6, 

there are also other facilities, important to the functioning of the plant as a whole, that have 

not yet been erected or commissioned. 

  

 

28 Eskom: Life Cycle Planning Life of Plant Plan (LOPP) FY2025. Kick-off Session 1 March, 2023 
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Essential to achieving the higher EAF is a change in leadership29 and in the decision-making 

processes, to enable efficient use of assets and resources. All other factors needed to reach 

higher EAF are available or can be managed. Compared to international benchmarks, the 

budget is adequate, the technical design and condition of the plant are both good, and there 

are enough qualified people in South Africa to fill job vacancies. 

Kusile plant management attributes the plant low performance to design issues rather than to 

its own failure to manage the challenging task of running a complex, high-tech plant with de-

manding technologies, such as supercritical boiler specifics and a sensitive flue gas treat-

ment plant. The plant operation by the boiler OEM of Unit 4 reaches above 90% of EAF for a 

period longer than one year. This clearly demonstrates that competent and prudent plant op-

eration and maintenance makes a difference.  

The decision by Eskom to involve GE (the OEM for the flue gas treatment plant) in the opera-

tion and maintenance of the flue gas treatment plants, and to declare GE as sole source, is 

not supported by the experts: There is a potential conflict of interest, as existing design flaws 

may not be corrected. Further two units need to be handed over to Eskom and any correction 

in the flue gas desulphurisation (FGD) of Units 1, 2, 3 and 4 will become a liability of GE for 

Units 5 and 6. Instead, we recommend engaging an independent expert for design modifica-

tions and, in parallel, taking steps to immediately strengthen operation and maintenance of 

the FGD in order to achieve lasting improvements in plant performance. 

While equipment design issues are hampering EAF, the damage to Unit 1 flue gas stack is 

solely due to Eskom deviating from prudent operation and maintenance practices. A continu-

ation of this approach, together with obvious gaps in competency, risks leading to similar cat-

astrophic damage again in the future and to further and completely unnecessary plant deteri-

oration. Eskom’s organisational structure, which gives plant management very limited author-

ity to make decisions and permits a high degree of interference by Eskom head office, is an-

other factor that contributes to low plant performance. The plant is not operated as a profit 

centre but is part of a portfolio, so profits and budget overruns are diluted throughout the coal 

fleet. Decisions made by plant management require approval on several levels within Eskom 

Generation’s management structure, which does not serve the day-to-day requirements of a 

 

29 The term leadership is used to describe the ability of the organisation to enable groups of people to 

work together and to accomplish what they could not do working individually. Leadership includes the 

motivation influencing and guidance of the team, setting of visions and goals, it defines the suitable 

organisation, the procedures and the communication and decision-making requirements and govern-

ance rules in the organisation. The difference to management is that leadership challenges and 

changes the existing organisation, procedures and decision making and drives towards the real needs 

to achieve the goals. Leaders do not stop at the limits of the job description but take-up tasks where 

necessary to achieve the goals. The use of leadership in the reports is not meant to pointing at individ-

uals in the organisation of Eskom but describes the business culture which is reflected by different lev-

els of Eskom management personnel, the limitation of authorities and empowerment of managers 

(leaders) in the organisation. 
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plant that needs to be able to act immediately in case of a malfunction or defect. One exam-

ple is the coal supply arrangement, which is not within the remit of plant management. 

The Eskom philosophy of outsourcing all services to outside parties leads to a high degree of 

dependency on such service providers, as well as to a compromise on quality and speed 

(due to administration and mobilisation times) and, finally, to high costs.  

We highly recommend the hiring in-house staff to maintain key equipment such as PJFF, 

FGD, mills, etc.  

The plant has a very young workforce, with inadequate knowledge of the plant, equipment 

and system behaviour (in particular for PJFF and FGD). 

We have carried out a detailed analysis of the impact of the various factors causing signifi-

cant deviation from best-practice performance of the plant. Recommended steps to address 

the problems are given below. Prudent operation and maintenance of the plant and quick de-

cision management to correct key issues would boost plant performance. The issues that 

pose the greatest risk need to be addressed as a top priority by Eskom head office, and con-

tingency plans need to be made in case of emergency. 

Moving forward, Kusile needs to prioritise the implementation of measures to eliminate the 

constraints on water supply, coal supply and ash discharge and to improve key areas that 

pose challenges, such as FGD operation and maintenance. It is also crucial to address the 

issues pertaining to maintenance contracts, staff turnover, and the lack of incentives to drive 

improved performance. 

5.10.1 EAF and PLL 

Since 2019, plant performance has deteriorated and UCLF rose to 56% in the last financial 

year, which is too high. The breakdown of FY2022/2023 UCLF is shown in Table 46, based 

on data provided by the power plant. It is evident from the data that the FGD system, gas 

cleaning system, boiler and draft plant are the areas that contributed most significantly to 

losses over the year. 

Year EAF 

% 

UCLF 

% 

PCLF 

% 

UAGS 

Trips 

2018 76.51 12.29 11.19 21 

2019 45.32 18.42 34.62 38 

2020 50.44 45.04 4.52 45 

2021 66.57 19.47 13.94 55 

2022 39.78 32.82 27.11 85 

2023 36.20 55.79 8.0 81 

Table 46: Operating performance of Kusile power plant (FY2017/2018–FY2022/2023)  
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The absolute loss of EAF in percent is presented in the following Table 47, while the UCLF is 

shown in Figure 117. 

System  % of UCLF EAF loss in % 

FGD System  50 27.9 

Gas Cleaning System 23 12.8 

Boiler  8 4.4 

Draught System 8 4.4 

Mills  4 2.2 

Ash Plant 4 2.2 

Feed Water  2 1.1 

Turbine  1 0.5 

TOTAL 100 55.5 

Table 47: Kusile EAF per system 

 

Figure 117: Kusile UCLF breakdown (FY2022/2023) 
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5.10.2 Technical Status  

5.10.2.1 Top Issue List 

During the visit, only Unit 4 was operating and Units 1, 2 and 3 were out of service due to the 

collapse of flue gas duct. Based on the work carried out at the unit, housekeeping was found 

to be poor. Even though the plant has been in commercial operation since 2017, it is still in 

the stabilisation phase. 

FGD Issue 

− UCLF loss due to FGD: 27.9% (FY2022/2023). Unit 1’s FGD duct collapsed due to an 

excessive weight of slurry deposited in the flue, resulting in the failure of the flue 

chimney that also houses the flue gas ducts for Units 2 and 3. 

− Higher flue gas volume flow (15%-30% higher than the FGD design)30. 

− Mist eliminator gets damaged frequently. 

− Poorly maintained absorber recirculation pumps due to missing isolation valves. 

− Doubtful design of absorber recirculation pump suction strainers leading to plugging 

of absorber spray nozzles, higher wear and tear in the pumps and inefficient quench-

ing of flue gas. 

PJFF Poor Availability and Compressor Refurbishment 

− UCLF loss due to PJFF: 12.8% (FY2022/2023). High Pressure loss across PJFF, 

short life of PJFF bags due to erosion. High flue gas temperature entry to PJFF. 

− PJFF high hopper levels. 

− Leaks in PJFF bags. 

− High gas heater outlet temperatures causing high demand for air attemperation and 

subsequently acid formation. 

− Dew points of compressed air for pulsing jet on higher side. Water is contained in the 

compressed air. 

− Premature failure of filter bags due to: 

o Acid degradation 

o Thermal degradation 

o Poor flow distribution - uneven bag utilization 

  

 

30 Eskom claims the boiler design is the cause of the higher flue gas flow. This needs to be verified by 
an independent expert in detail. 
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Boiler Tube Leakage and Boiler Critical Valve Issues 

Eskom claims that boiler design issues31 are leading to high spray water requirement, high 

boiler end temperature and issues on PJFF and FGD performance. Below pictures show the 

frequent failure of FGD equipment in Units 1, 2 and 3. 

 

Figure 118: Butterfly valve rubber liner dam-

aged at Kusile 

 

Figure 119: Damaged rubber liner at Kusile 

 

 

Figure 120: Choked spray nozzle at Kusile 

 

Figure 121: Pump liner failure at Kusile  

− UCLF loss due to boiler trips and valve passing: 4.4% (FY2022/2023). Boiler tube fail-

ure, boiler trips, boiler spray water valves, HP-bypass valves and boiler valve pass-

ing. 

  

 

31 Eskom position cannot be confirmed by the experts. 
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Boiler Spares 

− No available spares for critical boiler equipment, e. g. boiler tubes, valves, PJFF 

bags, soot blower spares, mill parts, etc. 

Milling System 

Eskom attributes the mill issues to design issues32. Previously, the milling plant loss was 

around 13%, according to site personnel, and now it is down to approximately 4%. Mill refur-

bishment is planned for July 2023. 

− UCLF loss due to mills: 2.2% (FY 2022/2023). Non-availability of mills and coal feed-

ers, mill low through-put, mill feeder conveyor failures and loss of mills due to loss of 

scanners, belt slips.  

− Coal quality, issues with foreign material and rocks. 

Draught Systems 

Two ID fans draw the flue gas out of the boiler to the chimney. ID fans run out of capacity. 

This is caused by Eskom’s safety margin of excess air, air ingress, leaks in the air heater and 

choking of gas air heater. According to plant personnel, the coal quality has a higher effect 

on boiler performance, as well as on the draught system since the plant received higher ash 

content coal. However, based on the coal report available33 from the plant, the composition of 

the coal is well within the design limit. Moreover, all boilers are designed with worst coal (with 

ash content varying from 28% to 36.5%).  

− UCLF loss due to draught system: 4.4% (FY2022/2023). Gas air heater choking and 

overloading of ID fans, due to duct leakages, acid due point corrosion. 

− Eskom requirement to add safety margin on the excess air over and above the OEM 

intend is leading to higher flue gas flow with an adverse impact to the PJFF and FGD 

performance. 

− ID fan blade erosion. 

Steam Temperature 

At Unit 4, boiler outlet main steam is maintained close to design (560°C, operating at 563°C). 

The reheater temperature is maintained at 572°C, compared to design 570°C. There is high 

reheater spray water consumption (spray flows 25–28 kg/s vs design 5–7 kg/s)34. 

 

32 This statement by Eskom is not plausible since the same mill design is operating satisfactorily at 
Medupi power plant. We assume the coal quality issues and the contamination of the coal with foreign 
material and rock are significant contributing factors. A detailed assessment by an independent party 
is recommended. 

33 Coal quality recording is unreliable. The sampling system is not in operation. 

34 Eskom’s safety margin of excess air is contributing to this effect. 
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Figure 122: Poor housekeeping at Kusile  

 

Air Heater 

Choking leads to significant load loss (SLL) and overloading of ID fans and ash carryover. 

According to site personnel, there had been acid due point corrosion. This led to ID fan blade 

erosion. The steam air preheater control logic is changed which is based on sulphur content 

at the FGD inlet as a temporary measure. The effects are fouling and wear/ abrasion, result-

ing in higher loading on mills and fans. 

Thermal Index (TI) 

Kusile’s TI report shows that the header temperatures are above limits and unacceptable, 

while the main steam and hot reheat pipework is well within limits. This has significant long-

term implications on the creep life of the headers. The below trend shows an alarming situa-

tion for the TI. The primary impact is due to boiler combustion and heat transfer in pressure 

parts which results the higher furnace exit gas temperature. 

Headers Unacceptable 

Main Steam Acceptable 

Hot Reheat Acceptable 

Table 48: Assessment of areas exceeding the Thermal Index at Kusile 
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Figure 123: Exceeding Thermal Index at Kusile 

Boiler at a glance: 

− PJFF plant reliability is below industrial standard due to a combination of coal qual-

ity variations, design, maintenance and operation. It causes SLL – there needs to 

be a concerted effort to improve performance. 

− Silo area exposed to heavy ash leakage. 

− Mill feeder conveyor failures and loss of mills due to loss of scanners, belt slips  

− Gas air heater is facing ash carryover and acid due point. 

− Higher boiler end temperature. 

− Higher spray water requirement. 

− Coal quality variation effects boiler performance. 

 

5.10.2.2 Technical Status of the Machinery 

Units 1, 2 and 3 are not in operation. 

EAF loss of 1.6% due to turbine issues and feed water issues. 

− Valve passing (mainly drain and vent valves) leads to higher water consumption.  

− Condenser system: The poor condenser vacuum has a severe impact on operations, 

mainly because of the unavailability of ACC fan spares. This leads to higher conden-

ser back pressure and, consequently, loss in generation. 
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Machinery at a glance: 

− The turbine seems to be operating properly. 

− There is no load loss due to feed heater. 

− ACC spares unavailability causes vacuum losses. 

 

5.10.2.3 Technical Status of Electrical and C&I 

Generator Excitation Failures 

The plant is experiencing repeated failures on the excitation system: Unit 1 generator tripped 

five times between 20 and 22 September 2022. Unit 2 has also experienced similar faults in 

the past. The root cause of these faults is still under investigation with GE (OEM). Replace-

ment is planned as per LOPP plan. 

Generator H2 Leaks 

Various hydrogen leaks have occurred at the plant since Units 1 and 3 were commissioned, 

and recently, on 22 July 2023, the same problem was observed at Unit 4, due to failure of a 

hydrogen cooler “O” ring. 

Generator Partial Discharge 

Elevated high partial discharge activity has been recorded for short periods of time before re-

turning to acceptable levels. The source of the discharge activity is still unknown, but possi-

ble causes include insulation degradation, voids, and dirt/contaminants.  

A full and in-depth offline PD assessment using IRIS test equipment needs to be conducted 

on Unit 4’s generator, to determine the source of the partial discharge activity. Additionally, 

Eskom management recommended that Units 5 and 6 undergo a partial discharge assess-

ment before handover. 

PJFF Pulsing System 

Controller spares for the system are not available, and the software is locked, as the supplier 

does not want to assist in causing the FF pulsing system to stop functioning. Spare parts for 

the solenoids and their components are also not available for repairs. 

Non-Availability of Critical Spares 

Non-availability of these spares may lead to generation loss: PLC HMI Legacy Series spares, 

3rd part communication PLC spares, ABB and ALSPA TG Control system spares, BMS con-

trol spares, BFP minimum flow skid spares SIEMENS S7-200 spares (obsolete), DCS oper-

ating system software and hardware (obsolete) spares (upgradation planned), PJFF control-

lers. 
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High Turnover of Experienced Staff 

C&I section is experiencing high turnover of experienced staff, as they are leaving the com-

pany, due to its remote location. Therefore, as an immediate measure, we recommend hiring 

staff from other countries to maintain the desired skill set requirement. 

Shortage of Calibration Instruments  

A C&I laboratory needs to be equipped with the minimum required calibration instruments for 

complete calibration, as per OEM recommendation, to ensure reliable control and protection. 

Currently, the department is totally dependent on external agencies for calibration, resulting 

in incomplete calibration of instruments, which may impact on generation loss and safety of 

the system. 

5.10.2.4 Technical Status of the Water Treatment Plant  

Issues relating to the water system. 

− Water treatment plant is not fully commissioned. 

− Excursion in chemical parameters indicates that these are within the limit (K25 quality 

index 0.61 and SiO2 as 0.64). See Table 49. 

The water treatment plant erosion rate is high, as shown in Table 49. It needs to be coated 

with anticorrosive paint and plans should be made to replace badly corroded parts. 

 

Table 49: Chemical parameters for Kusile’s Unit 4 (sample from March 2023) 
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Figure 124: Bad condition of Kusile’s water treatment plant 

 

5.10.2.5 Technical Status of the Auxiliary and other Systems 

Infrastructure/Civil Engineering 

− Not completed fully. 

− Workshop and warehouse are not yet completed. 

Ash Handling Plant (AHP) 

− Contributes an UCLF loss of 2.2% in FY2022/2023 due to AHP issues. 

− Project not completed. Currently, the site is preparing a temporary ash handling plant 

for 10 years of operation. 

Coal Handling Plant 

− Contributes an UCLF loss of 0.19% in FY2022/2023 due to CHP issues. 

− Coal hopper construction in progress. Delays due to slow construction progress, com-

mercial issues and resource instability. 

− Supplied coal characteristics vs contractual coal characteristics. 

o Volatile matter in the coal is as per the contractual limit of 16.5% to 22%. 

o As per the contract, percentage of ash content is 34.4%. However, values 

vary from 32% to 34%. 
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o As per the contract, sulphur values have their contractual limits of 0.9% but 

operating values > 1.1%. 

o As per contract, HGI is 55, however it varies from 41 to 60. 

o As per contract, abrasive index is 350 mgFe, operation is within the limit. 

Coal and Ash 

As the coal is delivered from a variety of nearby mines, sustaining the quality in the long term 

is a concern. Presently, the coal is trucked into the plant. Figure 125, below, shows the cur-

rent status of the coal handling plant, which is still incomplete. Overall condition of the coal 

plant is not satisfactory. 

 

Figure 125: Water logging in Kusile’s coal handling plant 

5.10.3 Technical Measures to Improve the Plant Condition 

Kusile power plant wants to achieve a high level of reliability and availability of all units by 

FY2026/2027. The target set by the plant is to achieve 85% EAF, 10% PCLF and 5% UCLF. 

The plant is currently performing far below the set target. 

5.10.3.1 Short-Term and Long-Term Measures to improve EAF 

The plant has the potential to increase its generation by 1 540 MW by the end of December 

2023, by constructing a temporary chimney for Units 1, 2 and 3. Further, it has the potential 

to additionally generate 1 040 MW by the end of the current financial year, by commissioning 

Units 5 and 6. Hence, Kusile can achieve an EAF of 65% in FY2024/2025. By implementing 
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short-term and long-term measures, the plant could potentially achieve EAF of 75% in 

FY2025/2026 and 85% in FY2026/2027 

With the above objectives, we have made short-term and long-term recommendations for im-

proving system reliability and Kusile’s EAF, which can be found below. 

FGD issues contributing EAF loss of 27.9% 

The major contributor to Kusile’s reduced EAF is the FGD. Needless to say that the malfunc-

tion of the mist eliminator was the main cause of the damage at Units 1, 2 and 3, although 

the issue could have been prevented by timely shutting down of the units. However, there 

are other factors which also contribute to the low EAF. Below are some issues (non-exhaus-

tive) that need to be addressed in the Kusile FGDs. 

− The mist eliminators should be kept in clean condition for reaching MCR within the 

maximum permissible DP. Study to be conducted for improved mist eliminator design. 

Site engineering is currently in discussion with Munters (OEM), but there are other al-

ternatives on the market that perform better. 

− FGD absorber pump suction strainers are collapsing, allowing bigger foreign material 

parts to enter the absorber circulation pumps, damaging the ceramic impellers and 

silicon carbide casing cladding. 

− Passing of absorber circulation pump suction valves, in addition to the absence of dis-

charge valves, makes maintenance difficult to impossible during operation. 

− Kusile personnel admitted lack of experience in engineering, maintenance and opera-

tion and have requested support by third party in order to enhance their knowledge.  

Besides the above, there are other factors listed below, that will limit the EAF in the future 

unless addressed:  

− All units have a higher water consumption than designed. The water treatment plant 

will not be capable of catering for the needs of six units. Leakages must be identified 

and passing valves need to be maintained. 

− To date, the plant does not have a completed permanent infrastructure for ash dis-

posal. This will limit the output of the plant to approx. 3 200 MW, as all ash disposal is 

carried out by wheel loaders and trucks. 

− A similar issue exists for the coal supply. The conveyor from the mine to the plant is 

not due to be finished until after the commissioning of the last unit, which makes it al-

most impossible to truck in enough coal to run all units. 

− Ancillary buildings such as storage, maintenance workshop, chemical lab are not yet 

completed, which is affecting plant maintenance and supervision of water quality, coal 

quality and FGD chemistry control. 

− Waste water treatment plant is not commissioned, which will make it difficult to main-

tain a zero-discharge balance once units return from outage or are commissioned. 
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However, these are all medium-to-long-term measures, which would only visibly impact the 

EAF after this winter season. 

The following short-term interventions can be addressed as a priority: 

The problems faced by the FGD system urgently need addressing, especially with regards to 

the mist eliminators and the management of the chemical process - from the lime feed to the 

end of the vacuum filter belts – in order to ensure operation within acceptable parameters 

and to address the current 120 MW load loss on Unit 4. However, we question whether GE 

can support FGD: They might be able to help marginally, but their current support on Unit 4 

has led to no significant improvement. We further recommend that MHI continues to operate 

Unit 4 for at least the winter season, to ensure stability and intensified attention.  

PJFF (Gas Cleaning System) Issues contributing EAF Loss of 12.8% 

Short-Term Solutions 

The choking of the gas air heater can be avoided by implementing the following operational 

practices: 

− The tempering of flue gas at the inlet of the PJFF Section is to be done as the last al-

ternative. The flue gas temperature should ideally be controlled through operational 

practices, so that flue gas flow remains close to the design value. 

− The dew point of the compressed air needs to be monitored regularly, so that it is 

maintained as per design. The healthiness of compressor dryers and auto moisture 

drain valves must be ensured. 

− The critical spares for the compressors need to be procured as a priority, so that com-

pressors are serviced and overhauled as planned. 

− The skill sets of personnel (both Eskom employees and outsourced) deployed for 

PJFF need to be upgraded continuously for the O&M of the PJFF. 

Long-Term Solutions 

− Development of PJFF bags suitable for higher flow gas temperature needs to be a 

priority to avoid frequent failure. 

− Sufficient spares for solenoids and its components, as well as for pulsing controllers, 

need to be kept in reserve. Presently, controllers and solenoids are not available for 

replacement, leading to inefficient pulsing operation of bag filters and high emissions. 

West Chimney Recovery after Stack Failure 

In October 2022, Unit 1’s lobster back entry to the west stack failed. Kusile Gx Engineering 

conducted a root cause analysis for the collapse of the Unit 1 lobster bend flue duct. 

Mitsubishi Power Africa completed an initial inspection, and ICC carried out a chimney inter-

nal inspection. The failure of the entry duct was attributed to the carryover of sludges from 

FGD, causing excessive overloading. 
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There are multiple units under outage due to failure of the common flue gas duct supporting 

structure to the west stack. Eskom has decided to construct a temporary chimney for each 

unit, so that the units are back in operation as soon as possible. 

Short-Term Solutions 

Construction of three numbers temporary chimney: 

− On 10 January 2023, a decision was made to proceed with the construction of tempo-

rary stacks, due to uncertainty regarding the repair work on the permanent stacks and 

whether the repair was possible. 

− On 20 February 2023, ad hoc the Gx Board approved the construction of three tem-

porary stacks pending environmental approval by the DFFE. 

− Instruction to Concor to order material for all three flues and to make the first flue; 

This is to mitigate the risk whilst awaiting response from DFFE. 

− Placement of purchase order on stack ducting fabrication was done in March 2023. 

− Piling design and pile cap for construction finalised. The current Kusile contractor has 

been engaged to conduct the work. 

− Full concept stack design is in progress to include horizontal tie-ins and other inter-

faces to the permanent stack. 

− Approval obtained on 17 March 2023 for construction to take place parallel to the en-

vironmental approval process. 

− Concor has been issued instruction to proceed with the construction of three tempo-

rary flues. 

1st stack Unit 3 28 November 2023 

2nd stack Unit 1 11 December 2023 

3rd stack Unit 2 24 December 2023 

Table 50: Project schedule for temporary stacks at Kusile 

Long-Term Solutions 

The plant has already taken steps to recommission the stack. 

− Continue monitoring the instrumentation of the permanent stack to ensure stability 

and detect any abnormal activity or movement. 

− Engage the DOEL to lift the prohibition notice on the stack, indicating that it is safe for 

repairs to proceed. 

− Procure the necessary equipment, to access the main stack for repairs. Concor has 

been tasked with this procurement. 
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− Acquire jacking equipment to stabilise the 151 m level platform and strengthen the 

bottom of the shield. A concept design is to be made for the purpose. 

− Evaluate and consider high-pressure water jet techniques for cleaning the flue duct as 

part of the repair process.  

 

Risks 

− Stabilisation risk - Inability to stabilise the 151 m level platform from the 180 m level 

platform. There is a risk that the permanent stack may not be recoverable if the stabi-

lisation of the 151 m level platform cannot be achieved. Prioritize the procurement of 

jacking equipment and carefully execute the concept design to strengthen the bottom 

of the shield. 

− Prohibition notice delay - The commencement of site construction works, including 

permanent stack repairs, is dependent on the lifting of the prohibition notice. Ensure 

effective coordination and communication with the DOEL to expedite the process and 

mitigate any potential delays to the return of units to service. 

− Mitigate project schedule risks - Develop a detailed project plan that considers the 

interdependencies between the permanent stack repairs and the construction of tem-

porary stacks. Identify potential risks and incorporate mitigation measures to minimise 

the impact on the overall project schedule, ensuring timely completion and return of 

the units to service. 

− Regular monitoring and evaluation - Establish a robust monitoring system to track 

the progress of both the permanent stack repairs and the temporary stacks construc-

tion. Regularly assess the status of the lifting of the prohibition notice and environ-

mental approval to address any potential bottlenecks promptly. Maintain open com-

munication channels with relevant stakeholders to ensure a coordinated and efficient 

approach throughout the entire process. 

Boiler Tube Leakage (BTL), Boiler Trips and Valves Passing Issues Contributing EAF 

Loss of 4.4% 

Short-Term Solutions 

− The amount of time needed to the repair of BTL is high compared to international 

standards and there is scope for this to be reduced. It is a standard practice to attend 

BTL in first pass water wall tubes/second pass economiser/LTSH in 40-50 hours, 

whereas Kusile is taking 96-120 hours. For platen and final superheater area, with 

prudent practices for BTL can be attended in 60-80 hours, whereas the plant is taking 

120-144 hours. 

− The BTL repair time can be brought down to the average time taken internationally by 

ensuring proper mobilisation of manpower, T&P and other resources with round-the-

clock supervision by Eskom. This will improve the plant EAF substantially. 
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− The recommendations from the BTL standing committee are to be implemented and 

monitored on a monthly basis. 

− Grounding of signal cable shield to be checked (only one side ground is recom-

mended) to avoid spurious tripping caused by lightning, which in turn causes the vi-

bration level of fans to exceed the tripping level or causes invalid signal (bad signal), 

though the system is protected by 2V3 vibration logic but all three are going high or 

bad at a time resulting in tripping of fans which leads to further unit trips. 

− All critical instruments need to be calibrated as per OEM guidelines and C&I labora-

tory needs to be set up so that inhouse calibration can be carried out, to avoid slip-

page in the calibration schedule. 

− Strengthening of drainpipe joints and piping responsible for frequent leakages of hot 

water/steam is required. The hot water/steam is entering into the HPBP (Manostats) 

controller and leads to further boiler trips due to malfunction of HPBP on controller 

faults. 

Long-Term Solutions 

− Ensure availability of all the spares for the boiler pressure parts. 

− Replace weak/eroded piping and components from the process tapping point (drain 

point connection) up to the HPBP controller, to stop steam leaks and improve the reli-

ability of the system, as components are failing due to heat exposure and water in-

gress caused by steam/hot water leaks. 

− Ensure availability of spare HP bypass valve, as most of the failures which have hap-

pened in the past are owing to a shortage of spares. 

− Kusile’s reheater/superheater spray capacity needs to be enhanced, as per the rec-

ommendation of OEM, to control the temperature excursion of reheater/superheater. 

EAF Loss of 4.4% due to Draft System Issue 

Short-Term Solutions 

− The choking of gas air heater can be avoided by implementing following operational 

practices: 

− The soot blowers for the gas air heaters need to be available and operated regularly. 

The operation of soot blowers is mandatory during cold startup of the boiler as per the 

standard operating procedure. 

− Defective oil burners need to be rectified for proper atomisation of oil and combustion 

in the furnace. 

− Whenever the sulphur content in the coal increases beyond the limit of 1.3%, it needs 

to be ensured that the temperature of the flu gas at the gas air heater outlet is above 

the dew point of the flue gas. 



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  251 

− The mixing of tempering air in flue gas before PJFF is to be avoided, by implementing 

prudent operational practices, so that the temperature at the PJFF inlet is maintained 

as per design. 

− The leaking flue gas ducts / expansion bellows are to be inspected at every available 

opportunity and to be repaired as per the requirement. 

− Gas air heater seal leakages are to be measured at regular intervals and the seals 

should be adjusted to correct them whenever the opportunity arises. 

− If the opportunity arises during a short shutdown of the unit, the duct leakage should 

be rectified. 

− De-ashing system for economiser and gas air heater should be made available imme-

diately. 

− The oxygen percentage in flue gas at the inlet of the gas air heater is to be measured 

to ensure the combustion excess air levels. All air ingress to the boiler is to be 

stopped. Air ingress points need to be checked (after first removing insulation at sus-

pected areas) via air pressure tests and then sealed, to reduce air ingress and ID fan 

loading.  

Long-Term Solutions 

− The plant has reported very high erosion of flue gas ducts. This erosion needs to be 

located and repaired with material that is resistant to erosion and can provide longer 

life. 

− The availability of these materials must be ensured before the outage of the unit. 

− The CFD test and GD test are to be conducted to balance the air flow along all the 

ducts and passes entering PJFF section. 

− During the planned outage, all the seals are to be checked and rectified. Further, bas-

ket elements are to be replaced using the weight-loss method. 

− Water washing of APH during available opportunities. Ensure thorough cleaning by 

continuous washing until the inlet and outlet water PH levels match. Dry out the APH 

after washing, by running ID and FD fans.  

− APH baskets are to be removed and cleaned very carefully with a high-pressure wa-

ter jet. This can be done during major overhauls/ outages. Inspection of baskets for 

erosion/ damage and replacement of the same, if necessary.  

− Condition based replacement of the baskets during overhauls. Ensure contract with 

capable agency for the replacement of the basket with proper seal setting. After the 

baskets are taken out of their position and cleaned, and if the weight loss is 20% or 

more, then the baskets should be replaced. 

− Replacement of APH seals and proper seal setting during every major opportunity to 

reduce/minimise leakages.  
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− Air ingress from APH outlet to ID fan inlet should be checked by air pressure test to 

identify leakages. All expansion joints for the ducts are to be checked for leakages 

and repaired during overhaul. 

EAF Loss of 2.2% due to Mills 

Short-Term Solutions 

− The plant has identified the issues for the lower throughput of the mills and made a 

rolling plan for rebuild/replacement of components of all the mills. The contract for the 

services along with spares needs to be awarded. 

− The plant has to start rebuilding the mills as soon as possible. 

− The issue of wear on components of mills is a continuous process and the rolling plan 

for rebuild/replacement needs to be continued. 

− Technical capability for mill operation and maintenance is to be developed. 

− All the mills are to be checked for design defects and repaired, under the supervision 

of mill experts or OEM support, whenever the unit shuts down. 

− Mill to be tested for clean and dirty air, to balance the speed and flow in all three PA 

pipes. 

− Iso-kinetic sampling may be adopted for representative sampling and true fineness 

values. 

Long-Term Solutions 

− The specifications for the spare grinding tires/grinding ring segment and other critical 

spares are to be developed and procured, to meet the overhaul requirements of the 

mills. The budget requirement for procuring the spares is substantial. The process 

should be started at least one year in advance, to ensure the critical spares are avail-

able on time. 

− A maintenance strategy for coal pipes and bends needs to be devised, to ensure no 

generation loss/fires due to leaking pipes. 

− Availability of spares and contracts to execute full mill overhaul during planned out-

ages. 

− Design drawing for dampers and gates to be developed, along with specifications, in 

order to prepare the relevant part list required for reliable mill operation. 
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EAF Loss of 2.2% due to Ash Plant Issues  

Short-Term Solutions 

Following actions are recommended during spontaneous shutdown/planned short shutdown. 

− Check healthiness of the all-hopper heaters for maintaining the ash temperature in 

hoppers at design temperature.   

− All FF hopper level switches must be in good condition, to ensure reliable evacuation. 

− The dew point of the compressed conveying air is to be monitored regularly so that it 

is maintained as per design. The healthiness of the compressor dryers and auto 

moisture drain valves must be ensured. 

− The fluidising pads installed at the FF hoppers are to be regularly checked and re-

placed periodically. 

− All defective pulsing controllers need to be replaced/repaired, as a matter of priority. 

Presently, spares are not available. 

− Thickness surveys of the ash conveying pipes are to be done at regular six-monthly 

intervals and pipes and bends that show a reduced thickness need to be replaced, to 

prevent ash leakages. 

− Health of water spray facilities needs to be ensured, to prevent dust emission from 

the ash dumping facilities. 

Long- Term Solutions 

− Maintenance strategy for ash conveying pipes is to be reviewed, as these pipes are 

prone to high wear and tear. 

− Geomembrane cover for disposed ash at ADF by 2025, to comply with environmental 

regulations and meet regulatory requirements for operation of the plant. 

− Completion of construction of balance ADF in time-bound manner. 

EAF Loss of 1.6% due to Turbine Issues and Feed Water Issues 

Short-Term Solutions 

No major TG failures have been reported. However, the following measures are advisable, to 

improve the reliability of the system and reduce the chances of failure. 

− Ensure oil quality as recommended by OEM by carrying out online filtration. Oil filters 

of the right quality are to be procured. The specifications need to be developed with 

quality vendors. 

− Valve passing is an issue at the plant and make-up water consumption is very high. 

The issue of valve passing needs to be addressed as a matter of priority. 

− Valve torque settings are to be done as per OEM recommendation. 
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− Frequent walk downs to map the passing valves and attend to them, as a matter of 

priority. 

− Valves should not be procured from vendors whose performance has been estab-

lished as unsatisfactory. 

− Skills for repair and maintenance of HP valves/critical valves need to be developed in-

house. 

Long-Term Solutions 

− Critical valves to be cut and sent to a capable vendor/OEM for repair. 

− Valves to be procured from established manufacturer. 

Incomplete Construction/Infrastructure Facilities 

− There are incomplete facilities because construction is not taking place and because 

systems, such as fire detection, CBM systems, coal hopper, mine conveyor, truck of-

floading facility, 10-year ADF, ash conveyor extension to ADF, gypsum conveyor and 

60-year ADF, drains for the coal stock yard, workshops, electrical and C&I laboratory, 

liquid waste treatment plant, etc., have not been commissioned. This is putting con-

straints on plant operation. 

− There should be a time-bound program to complete the balance facilities with an ade-

quate budget.  

− Regular monitoring and facilitation by the plant management is needed for timely 

completion. 

Unavailability of Auxiliary Steam for the Plant 

As Unit 4 is the only unit running at present, with Units 1, 2 and 3 expected to be operating 

by the end of 2023, the outage of Unit 4 would mean that the plant has no auxiliary steam. 

The return to operation of Units 1, 2 and 3 and the commissioning of new units will take even 

longer if the existing auxiliary boilers are not functioning. 

Recommendations 

The auxiliary boiler should be kept in a healthy condition and ready for use, and trial light-up 

of the auxiliary boiler should be carried out regularly. 

Non-Availability of Spares of Critical Equipment 

Short-Term Solutions 

− Most of the spares are stock-controlled items with minimum, maximum and re-order-

ing levels. This, however, does not match the actual requirement, resulting in frequent 

unscheduled procurement on the one hand and a huge inventory of slow-moving 

items on other. An FSN/ABC analysis needs to be conducted urgently, as well as an 

immediate review of minimum, maximum and reordering levels as a one-time exer-

cise, and then every six months thereafter. We also recommend monitoring the shelf 
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life of spares and consumables in the ERP system and implementing an automated 

first-in, first-out philosophy. 

− List of critical spares to be reviewed in every quarter for all the system by the con-

cerned department. 

− As the current practice of global tendering is delaying the procurement process con-

siderably, we advise issuing tenders only to prequalified vendors with appropriate 

technical competence and appropriate financial background. 

− Single-source or sole-source suppliers should be identified for critical spares and the 

single/sole source approval should be given without limitation of the validity of said 

approval. 

Long-Term Solutions 

− Develop specifications and drawings for key spares (for example, for mills) to widen 

the network of suppliers and reduce dependence on OEM and their agencies. 

− The present procurement process is cumbersome and time consuming, due to ap-

proval at multiple stages. This needs to be revisited to accelerate the process and to 

ensure timely availability of spares and resource engagement and mobilisation. 

HR Issues 

Short-Term Solutions 

− Training to be organised for all newly appointed O&M staff, as most of the systems at 

this plant are new and need to be operated by properly trained staff. 

− Reward and recognition systems need to be enhanced by clear criteria, alignment 

with organisational goals and effective communication, with a variety of rewards. 

− The training department must ensure that lessons learned from plant incidents are 

built into the training materials for the plant operators. 

− The skill set of employees (Eskom/business partner) need to be continuously im-

proved through training and counselling. Operating manpower skills, HP welders, 

grinder men, boiler tube fitters, HP valve repairs and maintenance skills, millwright fit-

ters for pumps and fans and their alignment, skilled technicians for compressors, 

HVAC technicians all need training and development. 

Long-Term Solutions 

− Adequate experienced mid-level staff need to be recruited by granting special bo-

nuses for those working in O&M. 

− Non-availability of specialists at plant level can be resolved by ensuring there are ex-

perts for all O&M functions based at Eskom headquarters. 
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5.10.4 Power Plant Management 

Maintenance 

The maintenance work is mainly carried out by outsourced maintenance personnel. The ratio 

of own maintenance personnel to outsourced personnel is not healthy. We highly recom-

mend insourcing maintenance personnel.  

Planning: The planning and execution of maintenance activities is carried out locally by 

RWM teams, in consultation with all the departments. A daily meeting is conducted with 

maintenance, the production/operating department and engineering to decide the work priori-

ties. Maintenance strategy varies from system to system, based on criticality, i.e., some 

maintenance is planned, some is condition-based and some activities are run-to-failure. 

There is a lack of overall condition monitoring reports shared with the plant, and there are no 

clear limits set for individual reports. Additionally, there is no consolidated matrix of indicators 

for equipment condition and no system health report.  

Further, the plant’s maintenance and outage departments have long-term contracts with 

prequalified contractors in order to meet the requirements for carrying out planned and un-

planned work. 

Findings 

− Planned maintenance is held back by belated approval of funding and unavailability 

of spares in line with requirements. 

− The procurement process takes too long time (in general, more than six months). 

Placement of service contracts takes considerable time, which does not fit with urgent 

plant needs. There are instances of overhaul projects being deferred by six months or 

more due to budgets not being approved in time, which affects unit performance ad-

versely. Such delays are not acceptable considering the criticality of the plant. 

− The Kusile units still at the commissioning stage continue to face unresolved teething 

problems. To achieve stable operation at their rated capacity, additional efforts, re-

sources, and budget are required. 

− Feedback on equipment performance from operations, maintenance and other per-

sonnel, is not an integral part of the strategy to maintain long-term equipment reliabil-

ity. This needs to be changed. 

− Budgets are not fully aligned to the requirements of the final scope of the planned 

work. Furthermore, there is inadequate approval of proposed budgets. 

− The majority of load loss is caused by improper planning and execution of mainte-

nance of boiler pressure parts, PJFF, FGD and ash plant. The available resources 

are not used efficiently. 

− The skill levels of the staff need to be improved and updated on a continual basis 

through effective training. 
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− Training programmes for improvement in skill sets, people management and succes-

sion planning, etc., need to be organised at regular intervals. 

Critical and Strategic Spares Planning 

Attendance of meetings relating to management of spare parts is inconsistent and the meet-

ings lack effectiveness. A finalised list of critical and strategic spares for every system has 

not been made available. A list of budget approvals and procurement plans also urgently 

needs to be finalised. 

The issue of spares unavailability has been repeatedly discussed in various meetings, includ-

ing schedule freeze, plant focus and production meetings. The lists of critical spares for FGD, 

compressors, PJFF, mills, boiler pressure parts, ACC fans, DHP plant and coal handling 

plant, etc., need to be reviewed every quarter and to be expedited for their procurement. 

Below is a list of strategic parts, based on their criticality. The plant needs to finalise this as 

per the status of the equipment status. 

Quality 

For quality control, the SAP system generates work sampling orders for managers/supervi-

sors to verify the work done on different plants as per the respective approved QCPs. As the 

checking of compliance with QCPs is only carried out on a random basis, shortfalls in the 

quality of the work executed. This sometimes leads to a need for remedial work or to unrelia-

bility. Quality control checks need to be carried out by skilled technicians/engineers on all 

work carried out by contractors, in order to ensure that it is up to standard and value for 

money. It is best practice to separate the quality control from the execution. 

Findings 

− There needs to be quality control of every job executed. Quality control on a sample 

base is not advisable, especially if the majority of maintenance jobs are outsourced. 

− A department for quality control and quality assurance is not available. 

− Approved QCPs are in place but need to be strengthened. 

− Inspection of HT Motors, MCA, Tan Delta test, DPT of fan motor rotor bars, MDBFP 

motor in-situ inspection of overhang portion of stator bars/DPT of impeller blades 

should be carried out during overhauls. 

− Some machine spares are stored in open yards and some spares are placed in open 

sheds exposed to sun, rain and dust are becoming damaged. Vulnerable items need 

to be shifted inside the covered store and the preservations schedule needs to be fol-

lowed. 

− Currently, there is no prequalification of vendors with regards to approval of single 

sourcing/open tendering. 

− The unit has a rolling overhaul schedule for IN, IR, MGO and GO, as per their outage 

philosophy. However, the scope of the work must be frozen well in advance, so that 
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resources are procured/managed in time. Otherwise, quality issues are not properly 

addressed. 

− There is a high risk of the plant losing its operation permit, due to improper ash dis-

posal, high emissions, overflow of dams, etc. 

− Proper housekeeping is a prerequisite to safety and quality maintenance and needs 

to be addressed immediately. 

Resources 

At the Kusile plant, there are 32 people working each shift, on a five-shift cycle. Currently, 26 

critical positions, including operators, are vacant. This is a huge gap, affecting operation 

quality, and needs to be addressed immediately. 

In the event of sickness, other shift members cover their duties through overtime arrange-

ments.  

Regular plant walks are conducted by operators on a shift basis, using check sheets to moni-

tor the plant. Presently, there is a shortage of quality and experienced operating staff. 

Further, only one field operator is posted for the entire boiler, milling system, draught system 

and TG and auxiliaries. We recommend that at least three field operators are present on 

each shift to monitor the systems separately: one for boiler, one for the milling and draught 

systems and one for TG and auxiliaries. 

Work authorisation procedures are in place to ensure that the work is properly authorised 

and to guarantee that the maintenance activities are carried out safely. However, the authori-

sation process needs more attention, in order to ensure that work is carried out efficiently 

and safely. 

Artisans are qualified with trade tests (N2-N6). Technical supervisors and engineers have the 

required National Technical Diploma/B Tech degree. The works are executed by contractors 

under the supervision of Eskom technician supervisors and engineers. The plant follows a 

clear hierarchy level as per Eskom structure which is very exhaustive in terms of managerial 

roles. 

− The current Eskom organisational structure does not empower the generating plant 

management, which faces a high degree of intervention and control from head office. 

− Adequate experienced middle-level staff need to be recruited, particularly in mainte-

nance, including C&I and Electrical. This is not the case at present. 

− There are challenges in retaining experienced employees due to lack of a proper re-

ward and recognition scheme and failure to motivate them. Issues like housing, 

schooling, etc., are big concerns for the employees. 

− The average length of stay of employees is too short, which severely hinders the 

transfer of skills from experienced to junior staff. 

− There is a non-availability of specialists at plant level to resolve critical issues. 
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− The mechanical workshop at the plant has not been commissioned yet, which poses 

a severe constraint on repair and refurbishment activities. 

Third Party Resources 

The current Eskom tendering process does not include a prequalification process prior to 

submission of request for proposal. Any party can participate in the tendering process, irre-

spective of qualification or previous procurement history. This leads to significant delays in 

the procurement process and does not assure that sufficiently qualified companies are even 

considered in the bidding process. Rejection of potential venders leads to retendering, which 

causes additional delays in mobilisation of vendors. Such a system encourages the contract-

ing of inadequately qualified vendors, as plant personnel is forced to choose between quality 

of work and timely execution. 

Current Subcontractors 

The plant has entered into 34 maintenance contracts for different functions. We recommend 

that each contract specify the required skill set of the contractor and that they are approved 

only after a performance test. 

Spare Parts 

Concerns relating to spare parts can be divided into two main categories: 

− Timely procurement of spare parts: This is adversely affected by tendering of pro-

posals to potential vendors irrespective of their technical or financial capabilities. This 

can lead to one or more retenderings, even after an extended period. 

− Quality of spares due to absence of proper quality control plan with sufficient holding 

points. As reported by plant personnel, there are occasions when quality control only 

takes place after delivery to the site. This forces the plant personnel to compromise 

on the quality of spares, as rejection would cause substantial delays in the availability 

of said spare part. 

The following is a list of all the main concerns: 

− Spare-part management is a major issue impacting EAF. 

− There are gaps in ordering, receiving, and maintaining adequate spare parts in order 

to avoid delay in maintenance and load loss. 

− Only OEM-related spares and services are provided by/procured from the respective 

OEM/their agency on sole source basis. 

− Even though sharing of spares is done with other plants, this is a grey area which is 

currently a big concern for the concurrent load loss. 

− The stock level is not adequately maintained. 

− A dedicated quality assurance department is not available. 
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− The long procurement process and unavailability of critical spares increases the high 

risk of downtime and, consequently, load loss. 

− Valves passing is a major concern and, even post outage, rectification is not yielding 

desirable results, which results in loss of energy and abnormally high DM water con-

sumption. Non-availability of spares for FGD, PJFF, mills, Compressors, DHP, rotat-

ing equipment and soot blowers is a big concern for the equipment reliability. 

Additional Spare Parts Recommendations 

− Besides the correction of the above-mentioned points, we recommend that the ade-

quacy of min/max values and safety stock in the plant be reviewed every six months. 

At least on annual basis, the plant should conduct FSN/ABC analysis to identify high 

value and non-moving items and to establish whether it is necessary to keep such 

items in stock. The use of an automated first-in, first-out system, with monitoring of 

shelf-life time is highly recommended.  

− A strategic list of spares /unit assemblies needs to be finalised between all plants that 

have similar units/OEM. 

− List of critical spares to be reviewed in every quarter for all the system by the con-

cerned department. 

− Develop specifications and drawings for the spares. 

Operation 

Quality 

The plant operates around the clock with five groups of operating staff. Each shift is 12 hours 

and there are two shifts in a day. Shift handover takes place during the change of shifts. Shift 

handover work instructions are available with shift in-charge. Operating instructions are re-

ferred to from the work instructions (SOP) and technical specifications from OEM. Plant oper-

ational logs are maintained by the operators in an electronic logging system.  

Recording of the plant performance analysis needs improvement so that the findings and re-

lated issues of load loss and efficiency parameters are well mapped to the respective equip-

ment/systems. This is a necessity to mitigate the gap between the current and design perfor-

mance. The schedule of testing for performance monitoring for different equipment/systems 

needs to be well defined on daily/monthly/quarterly/half yearly and annually basis. The punch 

points made for the equipment/systems need to be monitored at regular intervals for facilitat-

ing the resources, so that they are addressed in a definite time frame by the respective de-

partments. 

The coal conveyor from Anglo Inyosi Coal mine is under construction and expected to be op-

erational by the end of 2024. Hence, coal from different mines is currently being transported 

to the plant by road. Coal quality management procedure is followed as per the coal supply 

agreement between Eskom and Anglo Inyosi Coal. The plant uses a coal management sys-
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tem to capture data on coal quality parameters, and the laboratory uses LIMS (laboratory in-

formation management system). Coal samples are taken at the source before it is shipped to 

the power plant. Verification is also done at the power plant after delivery. The results of the 

two labs are compared and accepted only when the deviations between the two reports are 

within the permissible limits. 

The quantity and quality of the coal for the plant is guaranteed by the following documents, 

system, and liaison meeting between Eskom and Anglo Inyosi Coal: 

− Contractual monthly minimum dispatches, as per coal supply agreement. 

− Weekly coal demand for the plant shared with Anglo Inyosi Coal by Eskom. 

− Operation report for dispatch of coal per shift. 

− Weekly operational meetings between Eskom and Anglo Inyosi Coal (maintenance 

teams, coal manager and counterpart form the mine). 

− Monthly technical liaison meetings for any technical issues. 

− Main liaison meeting between Kusile and Anglo Inyosi Coal Senior Management. 

− Centralised system: Coalapps and LIMS (Eskom system). 

The OPEX is tracked by comparing actual vs budgeted expenditure on monthly and YTD ba-

sis. PSGM holds a monthly review meeting.  

The budget for the plant is prepared on an annual basis and takes the volumes of genera-

tion, different activities to be executed and outage plans into consideration. Although the sys-

tem is established, no record is available for system wise budget declaration. 

Monitoring 

C&I System Integration 

The Kusile plant has an integrated ABB instrumentation and control (C&I) system. The sys-

tem serves as an operational historian, providing real-time information. Some modifications 

are required in the controls and display on the Human-Machine Interface (HMI), but the sys-

tem is functional and integrated with the plant's operations. 

Alarms Handling 

At Kusile, alarms are classified into different categories and displayed on the HMI screen 

with audible alerts. A separate critical alarm screen is constantly open to ensure immediate 

attention to critical alarms. The efficient handling of alarms will help in addressing potential 

issues promptly and minimising risks to the plant's operations. 

Condition Monitoring System 

Kusile has implemented a condition monitoring system. It monitors temperatures, vibrations, 

and other parameters to prevent plant failures. The system enables continuous monitoring of 

generator vibrations, including stray flux and end-winding vibrations. It also monitors partial 



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  262 

discharges and performs dissolved gas analysis (DGA) for unit and generator transformers. 

This proactive approach to condition monitoring allows for early detection of abnormalities 

and timely maintenance interventions. 

Periodical Risk Assessment 

Kusile follows a periodical risk assessment procedure to identify and manage potential risks 

effectively. This systematic approach allows for the identification of risks and the implementa-

tion of appropriate mitigation measures to ensure the safety and reliability of plant opera-

tions. 

Unburnt Carbon in Ash Monitoring 

The performance and testing department at Kusile monitors unburnt carbon in ash. This 

monitoring helps assess the plant's combustion efficiency, so that combustion processes can 

be optimised and energy generation maximised. 

Overall, the monitoring systems and procedures at Kusile demonstrate a proactive approach 

to ensure the efficient and safe operation of the plant. 

 

Outage Management 

Planning 

At Eskom power plants, the TG operational running hours drive the unit outage philosophy. 

There are different types of outages as per the outage philosophy, which have been summa-

rised below with interval running hours, duration and main activities to be done during the re-

spective outage period. 

The outage philosophy, as well as the outage intervals, are given in detail in Figure 126 and 

Figure 127. 

 

Figure 126: Outage philosophy at Kusile 
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Figure 127: Outage intervals at Kusile 

 

Modified Outage Philosophy at Kusile 

As there are frequent outages of FGD that require inspection and repair every year for an 

outage duration of 25 to 30 days, the plant has the planned outages of all the units at an in-

terval of 1 year (instead of 1.5 years, as at other Eskom plants). Thus, all the units at the 

plant require planned outage of 25 to 30 days every year. FGD has been installed at Kusile 

power plant for the first time in South Africa. This technology is new to Eskom. 

There is a shortage of skills and experience for O&M of the FGD, as this technology is new 

to Eskom. The outage philosophy is governed by the maintenance requirement of FGD plant. 

The plant management is of the opinion that the plant can achieve EAF of 85%, UCLF of 5% 

and PCLF of 10% by FY2026/2027. 

The monitoring for the preparedness for the outages starts 24 months prior to the start of 

overhauling. However, the preparation of outages, particularly with regards to finalising the 

scope of work, award of contracts and procurement of spares, is not done as per the outage 

timelines and there is bunching of activities, which leads to delays in supply and services. 

The plant lacks a dedicated quality control and quality assurance department, relying on line 

engineers for quality control, which is not a standard practice. While there are approved 

QCPs in place, they need further improvement and strengthening. 

There is a shortage of skilled manpower for critical tasks such as high-pressure welding and 

servicing of HP valves, compressors, and pumps, FGD, mills, fans, etc. 
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During the outage planning, the outage scope is prepared based on the type of outage as 

per outage philosophy and the prevailing issues and concerns of the unit. The individual 

scope of work is signed off for each outage.  

Handling of additional manpower during outage is managed through manpower curve to 

meet the scope of work of the outage and task order submissions prior to outage. 

Funding approval process for OPEX is met through MFIC, and CAPEX requirements are 

sent to head office. This needs to be approved at T-24 for proper planning. 

Findings 

− The duration of outage for IR, MO and GO is very long compared to the international 

standard. There is substantial potential for improvement in EAF by optimising the du-

ration of outage. Thus, we recommend that the duration of IR, MO and GO respec-

tively be changed to IR about 30 days, MO about 50 days and GO about 56 days. 

− the preparation for outages, particularly with regards to finalising the scope of work, 

award of contracts and procurement of spares, is not done as per the outage strategy 

and there is last minute rush to award contracts. 

− The plant prepares the overall outage budget, but a systematic budget estimate was 

not available for review. This needs to be done meticulously for all the systems 

matching the requirements of the finalised scope of work. 

− Budget approval takes an extremely long time, which delays the procurement of 

spares and award of contracts. Although manpower resources are sufficient to handle 

outages, implementation of outages is often impacted by shortage of spares, time-

consuming procurement processes and system constraints. 

Main reasons for outage slippage are: 

− There are number of surprises, which require change of scope leading to time con-

suming processes like awarding of contracts, spares procurement/refurbishment and 

budget approval. 

− Even after completion and return of PTW, the recommissioning of the unit takes 10 to 

15 days which is too long and needs to be optimised. 

Short-Term Solutions 

− Ensure compliance of preparations for outage with outage philosophy. 

− The slippage of outage caused by unexpected developments can be minimised by 

planning for spares and services for worst case scenarios. 

− The resources (manpower, spares, consumables, expert services etc.,) are to be 

made available before the start of overhaul by contracting in time. 

− Budget preparation needs to be made systematically and approval needs to take 

place within a specific time frame. 



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  265 

− Even after completion and return of PTW, the recommissioning of the unit takes 14 to 

15 days, which is too long. There is potential to reduce the same to increase PLF. 

− Presently, the quality control during outage is carried out by the line manager. Since 

intense quality supervision is required over a short period of time, the quality control 

group needs to be augmented for the period of the outage. 

Long-Term Solutions 

− The durations for MO and GO are 56 rand 90 days, respectively, and higher than the 

best international practice. The durations should be reviewed and optimised to the 

minimum required duration. 

− Currently the FGDs require an annual outage of 14 to 18 days, which consequently 

requires the related unit to be shutdown. After stabilisation of the FGD operation, 

there is potential to reduce the outage frequency to 1.5 years. 

− The monitoring for the preparation for the outages starts 24 months prior to the start 

of the overhaul. However, the preparation for outages, particularly with regards to fi-

nalising the scope of work, award of contracts and procurement of spares, is not car-

ried out as per the outage timelines and there is bunching of activities, which leads to 

delays in supply and services. 

− The plant lacks a dedicated quality control and quality assurance department, relying 

on line engineers for quality control, which is not a standard practice. While there are 

approved quality control plans (QCPs) in place, they need further improvement and 

strengthening. 

− There is a shortage of skilled manpower for critical tasks such as high-pressure weld-

ing and handling valves, compressors, and pumps. 

Quality 

For outage management, ORI are conducted, assessing submission tracking of QCP’s, de-

fining hold points, witnessing quality interventions etc. The technical issues are addressed in 

the technical resolution meetings and execution meetings. 

Findings 

− Quality control and quality assurance departments do not exist at the plant. Currently 

quality is controlled by line engineers, which is not an international standard practice. 

− Approved QCPs are in place but need to be further strengthened. 

− Currently there is no prequalification of vendors in case of approval of single sourc-

ing/open tendering. 

− Shortage of skilled manpower for the critical jobs (high pressure welding, valves, 

compressors, pumps etc.) 
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− Achieving full load and uninterrupted operations of the unit after completion of over-

haul also need to be considered as criterion for quality overhaul. 

Procurement 

The procurement process is a combination of local and centralised purchase systems. The 

placement of orders for spares and service contracts are done locally. However, a list of 

spares and service contracts are processed centrally.  

Open tender process is adopted for the items that are over R 1 million, and quotes are re-

quested for items below R1 million.  

The procurement process is cumbersome and time consuming, due to approval require-

ments at multiple stages. It needs to be revisited to accelerate the process and to enable 

timely availability of spares and engagement and mobilisation of resources. There is no 

proper vender prequalification process in place to ensure that only (technically and finan-

cially) pre-qualified vendors participate in the bidding process. The lack of a prequalification 

process means that vendors that cannot cater to Eskom’s requirements also participate in 

bids. 

Leadership 

Kusile plant management attributes the low plant performance to design issues rather than to 

its own failure to manage the challenging task of a complex high-tech plant with demanding 

technologies, such as supercritical boiler specifics and a sensible flue gas treatment plant. 

The plant operation by the OEM for Unit 4’s boiler has achieved an EAF of over 90% for 

longer than one year. This clearly demonstrates that competent and prudent plant operation 

and maintenance make a difference.  

The damage to Unit 1’s flue gas stack caused the non-availability of Units 1, 2 and 3 and was 

solely due to deviation by the plant’s O&M team from prudent operation and maintenance 

practices.35  

The attitude that allowed for this deviation from prudent practice, along with obvious compe-

tence gaps, will very likely lead to repetition of such catastrophic damage, as described here-

inafter in derail the consequence of current operation and maintenance practice leads to fur-

ther unnecessary plant deterioration.  

To achieve sustainable operation of the plant, the following challenges have to be ad-

dressed:  

− Inability to evacuate ash and gypsum from TH09 to the 10-year ADF when more than 

three units are running concurrently, due to delays in the construction of a 60-year 

ADF and leading to possible de-load/shutdown of units. 

 

35 Eskom currently is finalising the RCA on the damage. At the time of Opera assessment no compre-
hensive report was available. 
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− Inability to maintain coal supply and ash evacuation for more than four units, due to 

incomplete construction of mine conveyors and ADF. This may lead to shortages dur-

ing commissioning of Units 5 and 6, if Units 1, 2 and 3 are recommissioned with tem-

porary stack, in accordance with the provided schedule.  

− Risk of collapse of western flue gas ducts on load (inclusive of the 55 m and possibly 

at 155 m platforms and roof). The supports and the platform at 55 m, and possibly at 

155 m, were damaged by overloading with slurry while running with Unit 1 in October 

2022. 

− Overflow of ash contaminated water from transfer houses 8 and 9, and radial stacker 

due to blocked drainage system leading to a legal contravention and non-compliance. 

− Delays in completion of construction and commissioning of facilities for fire detection, 

CBMS, coal hopper, mine conveyor, truck off-loading facility,10-year ADF, ash con-

veyor extension to ADF, gypsum conveyor and 60-year ADF, drains for the coal stock 

yard, workshops, electrical and C&I laboratories, liquid waste treatment plant, chemi-

cal laboratory, etc. This is putting constraints on plant operations. 

− Non-availability of a public address system may lead to delayed announcement in 

case of an emergency and to unsuccessful evacuation. 

− Prolonged outage of the units due to the unavailability of auxiliary steam in the past. 

Issues with auxiliary boiler were addressed. 

− The coal supply contract is on a take-or-pay basis. Due to the delay in commissioning 

of the different units and low EAF, the contracted minimum quantity of coal could not 

be consumed. Coal is stored in an area that now needs to be cleared, as the area is 

due to be used for ash disposal.  

− The present procurement process needs to be revisited, to address the time-consum-

ing procurement process. 

− Lack of detailed budgeting for each system of O&M and its timely approval.  

− Shortage of skilled trained manpower particularly in FGD. 

The basic challenge that management faces is to establish an appropriate maintenance 

practice and introduce a robust monitoring system. Even though the first unit achieved com-

mercial operation in 2017, it appears that such systems have not been established for the 

first four units, as records of the preventive maintenance schedules were found to be incom-

plete.  

The essential requirement for sustainable operation is an appropriate maintenance plan. This 

must be derived from the design and maintenance manuals of the equipment installed at site 

and these have, in many cases, not yet been supplied by the project management team. The 

creation of a department with competent maintenance engineers and planners will be one of 

the major leadership challenges that needs to be addressed urgently.  
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The current leadership is overly dependent on the EPC contractors and Mitsubishi for O&M 

of the plant. Unless there is a planned transition with identified key resources in place, the 

risk of catastrophic failure, as was experienced with the collapse of flue gas ducts, is high. 

Various gaps in skills can be identified in the report and immediate study is required to ad-

dress the organisational and human resource requirements. 

Risk Management 

Kusile has an integrated risk management work directive, which complies with the integrated 

risk management standard (doc. no. 32-391) of Eskom’s enterprise risk and resilience policy. 

While the risk management process works on paper, in reality the implementation of risk miti-

gation measures appears to be confronted by a large number of activities that are not exe-

cuted in a timely manner. Risks are recorded in the Cura system. However, the system can-

not be fully used to the full due to software license restrictions.  

The plant faces various risks in generation, construction, emissions compliance, zero dis-

charge, equipment reliability, safety culture, manpower shortage, employee motivation, docu-

mentation management, critical spares specifications, comprehensive systematic budgeting, 

streamlined procurement, and knowledge forums.  

Mitigating these risks is essential for ensuring the sustainable operation of the plant and 

achieving long-term success. 

5.10.5 Technical Profile of Main Plant Areas 

Kusile power plant comprises six 800 MW identical supercritical coal-fired generating units 

with a total generating capacity of 4 800 MW. This plant is the first in Eskom's fleet, and in 

South Africa, to use flue gas desulphurisation technology. Each of the six boilers feeds its 

own turbine with steam. At present, Units 1, 2 and 3 are not operational due to FGD duct col-

lapsed. This leaves Unit 4 as sole unit in working condition for the plant. Units 5 and 6 are 

not online but are expected to be running by FY2023/2024. The actual dates of commercial 

operation of the units are shown in Table 51. 

 

Parameter Value 

Gross plant capacity (MW) 6 x 800 (4 800) 

Available capacity (for Maximum Continuous 

Operation) 

3 200 MW (excluding Units 5 and 6) 

Number of units (no) 6 

Start of operation (year) 2017 (Unit 1) 

Units still operation (no) 1 (Unit 4) 

Steam parameter (pressure/temperature) 24.1 MPa/560°C 

Commercial operation  Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 
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Parameter Value 

COD 08/2017 10/2020 03/2021 05/2022 NA NA 

Table 51 Kusile power plant details 

 
Source of Fuel 

Anglo Coal’s subsidiary, Anglo Inyosi Coal, was contracted to supply the necessary fuel to 

the Kusile power plant. Approximately 17 million tons of coal are supplied annually by Anglo 

Inyosi Coal, agreed for a period of 47 years. In addition, coal will also be supplied from the 

New Largo reserve. At the moment, coal from different mines such as Manungu, Mzimkhulu, 

Vlakfontein, Wescoal Moabs is trucked to the plant. 

Source of Water 

Raw water is supplied from the Vaal dam. The site has a raw water reservoir capacity of 687 

500 m³. 

Source of Emergency Fuel  

Diesel is used on-site for the coal moving equipment, the diesel-driven fire water pumps, 

emergency demineralised water pumps, diesel-driven compressors and emergency genera-

tors. 

Total Operation Hours for Each Unit YTD 

The total operating hours for each unit, since commissioning, are shown in Table 52. 

Units Boiler Running Hours Generating Hours 

Unit 1 34 683 31 649 

Unit 2 22 842 21 577 

Unit 3 19 378 18 588 

Unit 4 10 156 9 772 

Unit 5 56 0 

Unit 6 0 0 

Table 52: Kusile’s unit running hours since commissioning 

Coal Composition (including Heating Value) 

Kusile’s coal composition for March 2023 (monthly average) is shown in Table 3 (based on 

the Kusile step report, March 2023). The CV of operating coal is better than the design 

(18.8 MJ/kg). While the key parameters of coal quality are in a reasonable range, the sulphur 

content variation and over-stepping of contractual values contributes to operational chal-

lenges and potential load loss. 
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Coal analysis March 2023 data Contract data (ARB) 

CV as received (MJ/kg) 19.66 18.80 

Total moisture (%) 7.06 7.00 

Ash (%) 30.86 34.40 

Volatile matter (%) 21.32 18.40 

Fixed carbon (%) 40.30 40.20 

Sulphur in coal 1.04 0.9 

Table 53: Kusile’s coal composition in March 2023 vs. contracted data 
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5.11 Lethabo Power Plant 

The Lethabo power plant is one of the best performing and continuously operated power 

plants in the Eskom fleet. Situated in the north, in Free State, at an altitude of 1460m, 

Lethabo lies approximately 10 km south of Vereeniging and 25 km east of Sasolburg.  

Unit 1 went into commercial operation in December 1985 and the last of the six production 

units was commissioned in December 1990. The station comprises 6 x 618 MW units with a 

total installed design generating capacity of 3 708 MW. 

Parameter Value 

Installed capacity (MW) 6 x 618 MW 

Available capacity (for maximum continuous operation) 3 708 

Number of units (no) 6 

Start of operation (year) 1985 

Units still operation (no) 6 

Planned end of life of first unit (year) 2041 

Planned end of life of last unit (year) 2041 

Steam parameter (pressure/temperature) 17.32 MPa/540oC 

Source of coal 
Seriti Mine &Coal 

Stockyard 

Commissioning and life of 

plant 

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 

Commissioning dates 12/1985 05/1986 02/1987 10/1987 05/1989 12/1990 

Expected decommission 

(estimated) 

12/2036 07/2037  03/2037 12/2038 06/2040 12/2041 

Lifetime operating hours as 

on 1 June 2023. 

265,815 257,989 258,317 263,235 247,485 241,077 

Table 54: Installed capacity and station details for Lethabo power plant 

Source Eskom  

Lethabo has been reliable in the past, but during the last two years it has shown signs of its 

age and the lack of adequate maintenance and mid-life upgrades. From being the best oper-

ating plant in the fleet in FY2021, its EAF reached 60.38% in February 2023. Deferred gen-

eral overhauls (mainly due to lack of adequate power supply in the country) contributed sub-

stantially to its recent unreliable performance. After 30 years of operation and considering 

that it is expected to operate for another 20 years, mid-life rehabilitation was already planned 

for FY2016–2021 but very little of this refurbishment and technical upgrading has actually 

taken place. 

The main areas of necessary improvement are tube leaks on boilers, draught plant and gas 

cleaning. Key technical issues which need to be addressed urgently include:  
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− The whole station needs a mid-life upgrade/rehabilitation for all units, to secure relia-

ble operation until planned decommissioning in 2041.  

− The water treatment plant needs urgent refurbishment and replacement of the most 

damaged items like tanks or valves. 

− The draught system needs improvement by rehabilitating and upgrading the HTF 

(Unit 2-5 completed, 1 and 6 scheduled), ESP components need replacement/up-

grade, SO3 plant needs refurbishment (except Unit 4), reduce air-in leakage and opti-

mise excess O2. 

− BTF at Unit 5 and Unit 2 should be given maintenance priority to get 18 MW (each) of 

load back. 

− Limitations on ID fan Unit 3: urgent repair is needed on precipitator ducts to get back 

18 MW of load. 

− Part of the draught plant on Unit 1 must be repaired, following an accident (duct fire). 

− Inconsistent coal supply is impacting all production units, mainly in the rainy season. 

A coal reserve adequate for at least 2 weeks of full load production should be estab-

lished on-site, and efforts should be made to maintain consistent quality of dry coal. 

The establishment of additional covered coal storage should be looked into, because 

it would improve EAF and plant efficiency. 

− The main control system Teleperm C and protection system Iskamatic B, that are cur-

rently in operation, are obsolete and should be replaced. 

On the plant management side, timely approvals of planned outages, timely release of ade-

quate funding and timely access to spare parts would improve the plant’s availability. The 

plant management at Lethabo has a positive approach to managing the plant. Senior and 

management staff have, however, recently been poached by other stations like Grootvlei, 

which is concerning. The reasons for this need to be investigated and the problem ad-

dressed. 

The following actions are particularly important: 

− Release of funding for technical projects and adherence to scheduled outages. The 

funding should ideally be secured at least two years before execution of the outages. 

− Staff morale is improving, but employees need to be given incentives that 

acknowledge and reward their hard work and good station performance. 

− The procurement & supply chain procedures must be improved, and the decision/ap-

proval timing must be reduced. 

− HR processes are not efficient, and HR is unable to deliver headcount numbers re-

quested by managers. Also, there is high staff turnover and a high retirement rate. 

Additionally, it is necessary to reinstate and authorise progression procedure. Cur-

rently, there are 134 senior managers and 42 open vacancies. 

5.11.1 EAF and PLL  

Lethabo was an exceptionally reliable power station until FY2011 (refer to Figure 128) with 

an availability above 90%. Over the last few years, the availability has declined to 70%–80%, 
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with a small improvement in the period FY2015 to FY2016, with availability rising above 80% 

in FY2016. In FY2021, it was also operating at around 80%.  

 

Figure 128: Lethabo’s availability and utilisation (FY2003/2004–FY2020/2021)  

Source: KISSY 

Figure 129, below, shows the availability for each of the ten units at the Lethabo power sta-

tion for the period FY2004–2021. More recent information is provided in Figure 130 and Fig-

ure 131. 

 

 

Figure 129: Unit-wise availability at Lethabo (FY2003/2004–FY2020/2021) 

Source: KISSY 
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Figure 130: Lethabo’s EAF performance trend 

As Figure 130 shows, over the last four years EAF was around 80%. In FY2020, there was a 

drop to 66.85% and in FY2023 to 75.10%. During FY2023 YTD, as Figure 131 shows, the 

largest contributors to Lethabo’s reduced availability have been boiler tubes (35.8%), draught 

plant (12.6%), gas cleaning (12.6%) and mills (8.7%). 

 

Figure 131: Lethabo’s UCLF contributors (FY2022/23–YTD) 

Source Eskom 

Similarly, in FY2024 YTD, the major contributors to the unreliable operation of the plant were 

draught plant (52.9%), BTF (23.2%), mills (9.9%) and feed water (9.4%). An average of 

27.54 MW was lost, for in FY2022/2023 and FY2024 YTD. 

Table 55, below, highlights major contributors for UCLF from the last five years 

FY2017/2018–FY2021/2022: 
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Table 55: Major UCLF contributors at Lethabo (FY2017/2018–FY2021/2022) 

Source Eskom 

 

Table 56 provides a summary of hours lost due to planned and unplanned shutdowns. 

 

Table 56: Review of unit shutdowns at Lethabo (593 MW) 

– both planned and unplanned events, source Eskom 

More observations regarding issues affecting EAF and the potential solutions are provided in 

the next two sections of this report. 

5.11.2 Technical Status  

5.11.2.1 Technical Status of the Boiler  

During the visit, the team walked through the boiler house. In general, the housekeeping 

was in order. There was no high amount of dust, and no visible leakages or safety-related is-

sues were observed.  
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Figure 132: Lethabo’s Unit 6 boiler house  

The overall generation availability of the station has fallen due to frequent BTF (20 in 

FY2023, see Figure 133), affecting both station reliability and output. The boiler tube mid-life 

refurbishment programme was deferred from FY2010, and it is still uncertain when it will take 

place. There is a current backlog of boiler tube maintenance and this, as well as boiler tube 

spares not being available, has resulted in tube replacements not being completely carried 

out during outages. The current lead time for boiler tubes is 5 months. Budget approval, pro-

curement of spares and completion of the full scope of work are essential. The current situa-

tion poses a paramount risk to station performance. 

 

Figure 133: Lethabo’s BTL per year and month 

Source Eskom 
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Finally, no safety related issues were observed. 

Currently, there are ongoing sporadic losses at several units. Unit 2: 18MW lost due to high 

pressure heater A bank, which is offline; Unit 3: 18 MWe PLL due to air leakage (causing ID 

fan limitations); Unit 5: 28MWe PLL due to air leakage and feedwater high pressure heater B 

bank offline; Units 1 and 6: out of operation for repairs. 

Lost MWs due to the draft system (see Figure 131) have increased from 12.64% in FY2023 

to 52.9% in FY2024 YTD, a substantial increase. Load losses due to ID fan issues have 

ranged from 18 to 68 MWs for extended periods. 

 

 

Figure 134: Lethabo ID fan Unit 1 

The draft system is not operating at maximum capacity. The operating issues are mostly re-

lated to the ID fans, which are affected by increased erosion due to increased dust loading 

(at the exit of the ESP). Also, thinning of the ID fan blades has been reported, which requires 

urgent attention.  

Variable and out-of-specification coal quality have a major impact on the operation of the 

mills and were among the four highest contributing factors to UCLF in FY2023 (increasing to 

8.9%), as shown in Figure 131. Plant staff struggled to keep enough mills in good working 

condition, mainly due to the lack of spare parts. Maintenance of the mills is outsourced and 

there are usually issues and delays in signing contracts and getting the support needed. The 

recent establishment of spares contracts for mill liners should help the situation. 

Eskom uses the Thermal Index (TI) to monitor thermal excursions on boiler outlet headers, 

main steam and hot reheat piping. TI is a long-term indicator of unit health and, as such, can 

also be used to check the stability of boiler operation, as thermocouples indicate the time 

spent operating over and above normal operating time. The TI report from FY2023 shows 
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that the header temperatures at Lethabo are consistently above the tolerance limits, while 

the main steam and hot reheat pipework are mostly within the limits.  

 

  

Figure 135: Extract from the Lethabo’s Thermal Index report 

 

Boiler at a glance:  

− Poor coal quality is putting stress on both the boilers and mills. The coal supplied is 

consistently below the design coal specified for the plant, especially with regard to 

CV and moisture content. 

− Frequent BTF is caused both by high operating temperatures and maintenance 

backlog. Tube replacement needs to take place as per maintenance philosophy. 

− Availability of mills is low for several reasons: reduced heating value of coal results 

in higher throughput required to meet full load output; reduced maintenance and 

availability of spare parts make the situation worse. 

− Effort should be made to assess the actual air-in leakage throughout the boiler and 

try to reduce it, as well as to optimise combustion, which should reduce excess air. 

− ID fans experiencing blade thinning need urgent attention; improved ESP perfor-

mance should help the ID fans, too. 

 

5.11.2.2 Technical Status of the Machinery  

Lethabo power station has been running continuously for more than 30 years, and the tur-

bines have already reached their designed mid-life operating age with 300 000 operating 

hours. To extend their life to 350 000 operating hours, it will need a general overhaul with 

parts replacement. 

< 35 Favourable

36- 73 Acceptable

> 73 Unacceptable

Tolerance Limits for Thermal Index:
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Figure 136: Turbine hall at Lethabo power plant 

Turbines are MAN impulse-type HP, IP and reaction-type double flow LP, triple-casing con-

densing turbines have been installed. The turbine hall is reasonably clean. Dust is present on 

all equipment, but it is not as bad as at some of the other stations we visited. As can be seen 

in Figure 131, turbines represented only 6.1% of UCLF in FY2023 and are well maintained 

and generally in good condition. 

The generator rotors at Lethabo and Matla are the same design and interchangeable. This 

assists spares availability, because when rotors need to be replaced, the spare rotor from ei-

ther station is installed and that rotor is then sent to ERI or the OEM (currently Toshiba) for 

refurbishment. The most current rotor replacement was at Lethabo Unit 1, in Jan 2022. The 

rotor used for this replacement was a spare that had been at the ERI workshop for a very 

long time. The rotor that was removed was refurbished and will be installed at Matla Unit 6. 

Matla’s rotor will, in turn, then be refurbished and available for the next replacement. Rotor 

replacements need to be carefully planned and coordinated between the two stations. Stator 

are handled similarly. Generally, rotor and stator maintenance is carried out as per OEM 

guidelines, although outages are often deferred, resulting in extended running hours. As can 

be seen in Figure 131, generators represented only 0.3% of UCLF in FY2023 and are well 

maintained and generally in good condition. 
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Machinery at a glance: 

− The repair of defective HP control valves 3 and 4 on Unit 5 is required. 

− Turbines perform well and are in good running condition. Maintenance is carried 

out in accordance with maintenance philosophy. 

− Generators perform well and are in good running condition. Maintenance is carried 

out in accordance with maintenance philosophy. Some deferred maintenance 

seems to have since been resolved. 

 

5.11.2.3 Technical Status of Electrical and C&I Installations  

Assessment and maintenance of the complete electrical and C&I installations are carried out 

at regular maintenance intervals and tests are planned at annual intervals. 

Generators and auxiliaries are reliable, and no issues have been reported. Generator pro-

tection devices are of numerical relay type AREVA and MICOM. 

Medium Voltage (MV) spares are available in stock and on the market, even though some 

are obsolete. The issue of spares is being addressed with breaker retrofits. MV equipment is 

of excellent reliability. 

Low Voltage (LV) spares are available in stock and on the market, even though some are 

obsolete. The issue of spares is being addressed with breaker retrofits. There are no spares 

on incomers and isolators. LV equipment is of excellent reliability. 

HV/MV Transformers are of high quality and reliability. The quality of some of the spares in 

stock is questionable: Employees are not confident they would be reliable in operation and, 

as such, are hesitant to use them. MV transformers (MV/MV) are very reliable with no failures 

to date. 

SoMV/LV Transformers are reliable with no failures. Spares are available. 

Plant Control System:  

Lethabo’s main control system is Siemens Teleperm C with Iskamatic B protection. The sys-

tem is obsolete, and no spares are available. Lethabo’s own maintenance team carries out 

maintenance and repairs. DCS needs to be replaced. Also, the functional safety system Is-

kamatic B needs to be replaced. 
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Electrical and C&I at a glance: 

− The equipment is partially obsolete but well maintained; wear and tear are not sig-

nificantly endangering proper functioning of the equipment. 

−  Based on information drawn from documentation, site assessments and interviews 

with plant maintenance, engineering and production staff, the electrical plant and 

C&I, needs further investment in spares and replacement of the obsolete main 

DCS Teleperm C, as well as the obsolete protection system Iskamatic B. 

− Control and protection systems (DCS and fail safe) C&I systems are obsolete, and 

no spares are available. DCS needs to be replaced. 

5.11.2.4 Technical Status of the Water Treatment Plant 

Lethabo power station obtains raw water directly from the Vaal river and consumption is 120 

ML/day. The water treatment plant did not cause any problems until last year when its perfor-

mance started deteriorating; urgent refurbishment is needed. In the past, designed capacity 

of the demineralised water plant was sufficient for stable and failure-free operation of the 

power station, especially the boiler plant. Now, its performance is too poor to supply the plant 

because of high water and steam leakages and system failures. 

Upgrading of the water treatment plant DCS system is also required.  

   

Figure 137: Lethabo’s water treatment plant in May 2023 

In addition to refurbishment, serious efforts are needed to reduce water consumption. It will 

have to be reduced significantly to be able to run the power plant with one water treatment 

train; alternatively, a temporary mobile plant would be required.  

The capacity of the make-up water plant is sufficient to cover the consumption of the plant 

with water of adequate quality. Samples are taken and analysed twice a day and they are 

one of the key performance factors of the plant.  
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Water treatment at a glance: 

− The capacity of the demineralised water plant is not sufficient, mainly caused by 

losses due to steam and water leakages at the plant.  

− There is an urgent need for refurbishment of the whole plant. 

 

5.11.2.5 Technical Status of the Auxiliaries and other Systems 

Coal supply to the plant is 100% via conveyer belts from the Serti mine. Due to severe rain-

fall in February 2023, mining activity was negatively affected to such an extent that no coal 

could be delivered to the power station and some units needed to be shut down until coal 

was available. The recurrence of this problem poses a major risk to continuous operation. 

Currently it is alleviated by keeping the live stock piles as full as possible prior to the rainy 

season and by conducting monthly risk assessments for handling plant and equipment. 

Daily coal burn is 50 000 tons for all 6 units, 2 100 tons coal/hour. The capacity of the coal 

stockpile is only sufficient for 3.2 days of plant operation. Live piles for more than 10 days 

and strategic piles for more than 20 days are necessary in order to ensure reliable fuel sup-

ply for all units. 

The coal sampling is carried out on a daily basis. Table 57 provides the coal quality specifi-

cation36 and Table 58 the quality of contracted coal. 

 

Table 57: Coal quality specification for Lethabo power plant 

Source Eskom36 

 

36 Coal Quality Specifications for Eskom Power Stations at Staithe/Silo Inlet Standard: 240-71273834  
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Table 58: Contracted coal specification at Lethabo 

Source Eskom 

Actually, Lethabo has never received coal consistent with design quality. In particular, the 

heating value is consistently below the design coal quality (16.41 MJ/kg(AR)) and the mois-

ture content above the design coal (10.5%). As a result, the plant experiences lower plant ef-

ficiency and higher coal flow rate per MWh produced than designed. The latter stresses the 

mills and adds more dust loading on the ESP. So, the impact due to low coal quality is both 

direct and indirect. 

The overall condition of the coal handling plant is in order. 

The ash handling equipment is not causing any major reliability problems. For example, in 

FY2023 and FY2024 YTD, the ash handling system contributed only 0.7% of UCLF. Exten-

sive repairs are planned, and minor repair work is being carried out on a daily basis. 

The spare parts warehouse and maintenance workshop were also visited. The workshop is 

clean but its scope with regards to repair work is limited (see Figure 138). It has limited ca-

pacity and most of the repair work needs to be outsourced. 

Also, there is a shortage of spare parts due to budget constraints. Some critical and opera-

tional spare parts are not available in stock. Late approval of outage budgets means that 

spares are being procured during outages. This is completely unacceptable practice, be-

cause it is a cause of outage slip that is a big problem in general. 

We recommend the development of a strategic warehouse with security fencing and camera 

surveillance. 

Spares procurement is still a problem, although some progress has been made. The pur-

chasing department is under resourced and unpowered at present. 

Proactive procurement of spares is currently a key aim and area of focus at the station. 
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Figure 138: Lethabo warehouse 

 

Auxiliaries at a glance: 

− Overall, the coal and the ash handling plant are in good working condition. 

− Coal quality is consistently low/poor. In fact, Lethabo has never received coal con-

sistent with design specifications. While this variability has not affected EAF di-

rectly, it increases the loading of the mills and ESP, and lowers plant efficiency. 

− There is low availability of critical and operational spare parts. Stores need upgrad-

ing and security. More buyers are needed, and timely budget availability is critical. 

5.11.2.6 Emissions  

Lethabo power station has been treated leniently with regards to environmental compliance. 

The plant does not comply with PM requirements. Presently, the required limit is 100 mg/Nm3 

and the plant emits more than 100 mg/Nm3. Steps are being taken (a high frequency trans-

former project is in progress – Units 1 and 6), but a comprehensive upgrade of all the ESPs 

is needed. The emissions exceedance reasons for PLL for high stack emissions in FY2023 

are presented in Figure 139, below: 
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Figure 139: Emissions exceedance reasons at Lethabo 

Source Eskom 

The biggest challenge will be to comply with the new emissions limits by 2025. The old and 

future emission limits for PM, SO2 and NOX are presented below, in Table 59. 

ELV Current limits Future limits (2025) 

NOx (mg/Nm3) 1100 750 

SO2 (mg/Nm3) 3500 1000 

PM10 (mg/Nm3) 100 50 

Table 59: Lethabo emission limit values (ELV) 

The station needs to install low NOx burners to reduce NOx from the present level of 

1 000−1 200mg/Nm3 below the future limit (750 mg/Nm3).  

Presently, Lethabo power plant complies with SO2 requirements (3 500 mg/Nm3), but it will 

not be able to comply with the reduced requirement of 1 000 mg/Nm3 which comes into effect 

in 2025. 50−70% SO2 reduction is needed, which may be achieved by reducing the sulphur 

content of the coal and/or through installation of SO2 control equipment. Lower sulphur con-

tent coal may be available from other mines, or it may be achieved through selective mining 

and coal clean-up. Alternatively, 50−60% SO2 reduction could be achieved through dry SO2 

control technologies (recognising the lack of water in the region).  
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Emissions at a glance: 

− ESP upgrading is urgently needed, both to comply with 50 mg/Nm3 (by 2025) and 

to improve ID fan performance. 

− SO3 plant needs an upgrade. 

− The plant needs to lower NOx emissions by 2025; low NOx burners seem to be the 

preliminary option of choice. 

− Lethabo needs to assess how it will comply with SO2 control requirements 

(1 000 mg/Nm3, which comes into effect in April 2025). Alternative options (lower 

sulphur coal and SO2 control technologies) need to be evaluated. 

5.11.3 Technical Measures to Improve the Plant Condition 

Boiler: The root causes of frequent BTF at Lethabo are well known, high-risk areas have 

been identified, and the planned scope of work to be performed during the overhaul of the 

units has been prepared in detail. Since the main contributing factor to the increase in BTF is 

delayed overhauls and limited funding for maintenance, considerable time and resources will 

be required to restore the reliable operation of the boilers on Units 2 and 5. Other areas that 

need urgent maintenance attention are oil burners and boiler internal steam circuit replace-

ments. 

Machinery: Turbine maintenance needs to continue as per outage philosophy. Improved 

regular cleaning of the condensers is required, especially at the units 3.  

Generator: Generator maintenance needs to continue as per outage philosophy and spare 

rotors need to be refurbished in time for next replacement. Spares need to be procured well 

in advance and to be available for maintenance of generators and generator auxiliaries (hy-

drogen, water cooling, excitation plant, protection devices).  

5.11.4 Power Plant Management  

Currently, 716 employees are working at the power plant. The management team is very ca-

pable and efficient, addressing the chronic issues facing the power plant. The plant manager 

focuses on people and results, but he needs more power to make decisions relating to effi-

ciency. He should have the power to incentivise personnel without having to follow tedious 

motivational requests that get blocked by HR. To increase morale of employees, a self-fund-

ing bonus program should be initiated (achieving additional 1% EAF every month will release 

funding to incentivise station employees).  

Timely release of adequate funding for outages, at least two years before schedule, acceler-

ated lead times, and spare deliveries would enable the execution of the outages and planned 

scope of work so that plant reliability is ensured.  

Lethabo has only 66% of the required senior staff to run the station, 134 people are needed 

but currently there are 42 vacancies. In addition, 32 senior operators are between 61 and 65 
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years old and due to retire at 65. Planning is currently underway to address this but it may be 

too late and could result in a loss of operational skills and knowledge. We recommended 

looking into whether it is possible to retain some of the critical skills and knowledge of the re-

tiring staff by encouraging them to take on a mentorship role or sign short-term contracts. 

Maintenance  

The maintenance team is responsible for providing adequate resources to meet repair and 

servicing requirements on the issues reported by the operation team. The scoping is defined 

by the engineering department. The maintenance group takes care of spare parts and con-

sumables inventory and planning, as well as for planed outage activities. The maintenance 

and stockroom systems are fully integrated in the SAP System. 

Approximately 70% of the maintenance work is outsourced, but generally maintenance at 

Lethabo is carried out to good standards, although the targets are not always in line with the 

needs. The replacement of boiler tubes (already discussed) is a good example. Engineering 

staff at Lethabo report that OEM suppliers are struggling to provide the required spares on 

time and that they generally favour well-performing stations over others. 

Operation  

The operation team normally work five shifts (24/7 – 12 h per shift). 165 is the headcount tar-

get for operation. There are about 33 vacancies at present. Efforts are underway to fill the 

vacancies. To cope with the vacancies, Lethabo decided to move to four shifts from 1 May 

2023. This effectively meant the training shift was omitted and replaced by taking persons 

from the duty shift to training. This cannot be sustained and is only a short-term solution that, 

in our opinion, also creates risks. 

Improvements are also needed in reducing occupational hazards; particular attention should 

be paid to fire risk management and providing emergency response and medical services. 

Outages  

The planning of outages at Lethabo power station should be carried out in accordance with 

outage philosophy, and outages should not be delayed. The scope and frequency of the out-

ages are based on a 10-years strategy (FY2020–2033) with ensuring statutory compliances. 

Table 60 provides the current five-year outage plan based on this strategy. 
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Table 60: Lethabo 5-year outage plan for all units 

Source Eskom 

The funding for planned maintenance should be secured at least two years before the outage 

is planned, to give enough time for procurement processes.  

Investment Projects 

Investment projects are generally not currently on hold, although Eskom have financial con-

straints. Projects are generally only funded after investment approval, but funded projects 

could be moved to the unfunded list due to prioritisation and proper motivation and vice 

versa. The C&I upgrade project have now been deferred several times and now needs to be-

come a high priority refurbishment project. 

Table 61 provides a list of funded projects that are already planned and have Eskom invest-

ment approval for FY2023 and FY2024. The fact that they are approved projects indicates 

that the projects are required and deemed necessary. Some of the projects are awaiting the 

release of project funding to enable implementation. If you look at the outage dates provided, 

some projects were deferred, which poses a risk to the reliability and good performance of 

the station. 

WEEK 20
5 Year Outage Listing

FromDate 2023/05/16

ToDate 2028/05/15
Export Date 2023/05/16 16:53

OutageID Outage Code Unit
Planned/Actual Start 

Time

Planned/Revised 

End Time
Outage Description Status

Planned 

Duration
24441 LT01UIR-13-03-2023 1 2023/03/13 09:45:00 2023/05/22 09:44:00 IR - HFT EXREQEXT 70,00

17917 LT02UMG-12-01-2024 2 2024/01/12 00:00:00 2024/05/10 23:59:00 MGO ESP,C&I ROLLSCHED 120,00

42180 LT02UST-10-11-2023 2 2023/11/10 00:00:00 2023/11/23 23:59:00 HP Piping Inspection SCHED 14,00

24589 LT05UIR-27-05-2024 5 2024/05/27 00:00:00 2024/09/23 23:59:00 IR - ESP SCHED 120,00

24446 LT03UIR-07-10-2024 3 2024/10/07 00:00:00 2025/02/03 23:59:00 IR - ESP,C&I SCHED 120,00

17911 LT04UIR-17-02-2025 4 2025/02/17 00:00:00 2025/06/16 23:59:00 IR - Stator Rewind, C&I upgrade & ESP SCHED 120,00

29808 LT01UGO-11-08-2025 1 2025/08/11 00:00:00 2025/12/08 23:59:00 GO4 ESP SCHED 120,00

29810 LT02UGO-05-01-2026 2 2026/01/05 00:00:00 2026/05/04 23:59:00 IR Gen slot liner replacement & C&I Upgrade SCHED 120,00

24591 LT05UIR-14-09-2026 5 2026/09/14 00:00:00 2026/12/02 23:59:00 IR HSSD SCHED 80,00

24596 LT06UIR-14-09-2026 6 2026/09/14 00:00:00 2027/01/11 23:59:00 IR Gen slot liner replacement & C&I Upgrade SCHED 120,00

29812 LT04UIR-14-09-2026 4 2026/09/14 00:00:00 2026/12/22 23:59:00 MGO-Slot Liner Replacement & HSSD SCHED 100,00

24447 LT03UGO-01-02-2027 3 2027/02/01 00:00:00 2027/05/31 23:59:00 MGO-C&I Upgrade SCHED 120,00

17878 LT01UIR-18-10-2027 1 2027/10/18 00:00:00 2028/02/14 23:59:00 IR C&I Upgrade SCHED 120,00

36673 LT02UGO-07-03-2028 2 2028/03/07 00:00:00 2028/05/29 23:59:00 GO 04 SCHED 84,00
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Table 61: Lethabo list of funded projects 

Source: Eskom 

Table 62 provides a list of the unfunded projects. Nine (9) of the projects were already on the 

FY2022 project list and twelve (12) form part of the FY2023 project list or are roll-over pro-

jects from FY2022. From the information provided in Table 61 and Table 62, it is evident that 

Eskom is not currently investing enough capital to ensure the reliability, performance and 

good health of the station.  
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Table 62: Lethabo unfunded projects list 

Source Eskom 

5.11.5 Technical Profile of Main Plant Areas  

All six units at Lethabo power station are currently in operation. The boiler design of all units 

are Babcock and Wilcox type. Coal supply to the plant is 100% via conveyor from the next 

door Seriti mine, whilst raw water supply is from the Vaal River running past the station. Coal 

is delivered by a duplicate overland conveyor system to coal bunkers in the station. The fol-

lowing table provides the key design data, types of key equipment and suppliers. 

Manufacturer Babcock Engineering Contractors (Pty) Ltd 

Type Natural circulation 

Coal mass flow [t/h] 2 100 – 2 400  

Pressure [MPa, absolute] 17.32 

Temperature [°C] 540 

Firing system 

Number of burners 36 per boiler 

Type of mills Horizontal tube mills 

Mill capacity [t/h] – per mill 80 

Reheat system 

Pressure [bar, absolute] 3.98 

Temperature [°C] 540 
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Coal supply 

Coal supply (truck, mine) Mine 

Coal storage capacity on-site (t) Coal silo (5 off) 27750, coal stockyard 

3 820 000.  

Boiler bunker capacity (t) 28 800 

Precipitators 

Manufacturer Brandt Engineering, now Babcock 

Type Electrostatic high frequency 

Ash handling Conveyer system with stackers 

 

Machinery and Electrical 

Turbine 

Manufacturer MAN AG (618 MW) 

Type Multi-cylinder impulse-reaction 

Casings (HP-IP-LP, double/single flow) Double flow 

Steam volume (kgs) 492  

Main steam pressure [MPa, absolute] 16.1 

Main steam temperature [°C] 535 

Reheat steam pressure [MPa, absolute] 3.674 

Reheat steam temperature [°C] 535 

Cold end  

Condenser pressure 6.51kPa/4/45kPa (abs) 

Cooling tower Hyperbolic natural draught 

Generator 

Manufacturer Alstom  

Terminal voltage 20 kV 

Rating 618 MW nominal, 697MW Max 

Cooling system Hydrogen 400kPa 

Transformer  

Manufacturer Asea (700MVA) 

Terminal voltage primary/ secondary 20/300Kv 

Placement In between turbine hall and HV yard 
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5.12 Majuba Power Plant 

The age of Majuba power plant is in the range of 22 to 27 years, but due to insufficient 

maintenance the plant already suffers from a high amount of power losses. In April 2023 al-

most 40% (1 506 MWe) of the installed net capacity of 3 807 MWe was not available due to 

PLL. 

One of the main PLL contributors are the fabric filters used to extract ash from the flue gas. 

Due to signs of wear and tear, the filters cause a significant pressure loss limiting the flue 

gas flow. It is necessary to replace and upgrade the existing fabric filters in all units to avoid 

gas volume flow reductions and, thus, a decrease in power output. Our clear recommenda-

tion is to refurbish the filters immediately and identify further PLL causes afterwards. 

The draught fans of Unit 5 were identified as a major contributor to high PLL, due to prob-

lems with stall and limitations of the ID fans. As a result, it is recommended to replace the 

components and investigate further damage of the existing vents. 

Due to poor coal quality, rocks in the coal and a missing on-line measurement a rapid degra-

dation of coal mills are given. To avoid this a rock separation system and/or incoming coal 

quality improvement needs to be implemented. The online coal analysis system needs to be 

renewed in order to determine the coal quality before entering the combustion. 

In order to increase power plant output maintenance needs to be executed to the full extent 

and duration of outages should be optimised. This requires an according investment into 

necessary spare parts (e.g. filters, mills, ID fans). Some of the repairs and improvements can 

be done also during short stops. 

Generally, the atmosphere among employees at the plant is harmonious. Staff are knowl-

edgeable and experienced and there is a comprehensive understanding of plant issues. 

5.12.1 EAF and PLL 

The Majuba power plant consists of 6 coal fired boilers, which each feed their own turbine. 

The entire power plant has a total nominal net capacity of 3 843 MWe and the installed gross 

capacity of the power plant is as per design 4 108 MWe. Units 1 to 3 are cooled via air cooled 

condensers (ACCs) and are, in theory, able to produce 657 MWe . Units 4 to 6 are cooled by 

cooling towers and produce up to 713 MWe each. The station with its the first unit was com-

missioned in 1996. The latest unit commissioning occurred in 2001 (see Table 63). 
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 Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 

Commissioning 

date 
1996 1997 1998 1999 2000 2001 

Planned decom-

missioning 
2046 2047 2048 2049 2050 2051 

Gross installed ca-

pacity [MWe] 
657 657 657 713 713 713 

Net power [MWe] 612 612 612 669 669 669 

Table 63: Key figures for Majuba power plant 

In the years 2017 to 2021, the EAF of the total power plant was between 88.45% (2017) and 

62.55% (2021). During this period, fluctuations in EAF increased (see Figure 140) and there 

was an almost steady decrease in total EAF through to 2022, when EAF for the plant as a 

whole fell to 47.95% (see Table 64). Recent steps, undertaken to improve the plant’s EAF 

again, lead it to rise to 63.03% in FY2023. 

FY Plant Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 

2017 88.45 82.40 91.21 93.81 90.08 84.25 91.73 

2018 83.51 84.56 78.41 84.93 81.16 82.50 84.41 

2019 72.74 81.62 79.19 54.22 67.51 77.25 83.09 

2020 73.52 67.26 59.60 88.31 62.57 75.90 73.57 

2021 62.55 73.45 66.55 66.19 33.83 71.21 68.09 

2022 47.95 53.39 57.39 31.26 60.04 29.82 55.65 

2023 63.03 61.27 64.80 56.87 65.82 72.55 56.88 

Table 64: EAF of Majuba power plant (FY2016/2017–YTD) 

Source: Eskom37 

The EAF of the units were taken from the vgbe KISSY database. The data for this is supplied 

by Eskom on a yearly basis. The data for 2022 has not been transferred as of April 2023. 

The EAF values for FY2022 and FY2023 were provided by Eskom during the site visit.  

 

37 Majuba GM presentation, pages 11 and 26, dated: 24 April 2023 and Eskom head-office documents 
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Figure 140: EAF of Majuba power plant (FY2003/2004–FY2020/2021) 

Source: KISSY database, vgbe 

The main reason for the low EAF has been the significant PLL, accounting for approximately 

61% of the total unplanned capacity loss factor (UCLF). The main sources of PLL are de-

picted in Figure 141. As can be seen, an array of components influences PLL – the main 

components are the mills (54%), the gas cleaning (20%), the draught plant (11%), the turbine 

(8%) and the boiler (3%). The PLL for the individual components has fluctuated over the 

years but increased steadily in the period FY2018-2020, with a slight improvement in 

FY2021. In FY2022, there was a sharp increase of approximately 47%. At the beginning of 

FY2023, there was a significant increase in PLL, to 78% of total load losses, caused by a 

dramatic increase in losses at the milling plant, which had had almost no negative impact on 

the system up until FY2021.  

The PLL values given by Eskom, together with the figures provided for the contributing fac-

tors, are in stark contrast to those given by the power plant general manager on 20 April 

2023. This deviation between the data given by Eskom (see Figure 141 and Table 65) and 

the numbers provided during the site visit can partially be explained by mill repairs carried 

out over the last few months and by increasing wear and tear on the filter bags. But, overall, 

many factors have played a part and, for the time being, cannot be clearly identified. 
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Figure 141: PLL contributors at Majuba power plant (FY2017/2018 to 3/2023) 

Source: Eskom 

  



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  296 

MWe Loss FY2018 FY2019 FY2020 FY2021 FY2022 
FY2023 

March 

Ash Plant 0.38 1.92 0.19 2.26 1.36 2.96 

Auxiliary System 1.34 1.93 1.53 0.58 4.37 7.46 

Boiler 4.37 47.38 51.42 13.82 16.88 26.08 

C&I 0.41 2.99 0.67 0.36 0.81 0.69 

Coal Plant 0.19 0.76 5.37 0.52 9.55 2.42 

Cooling Water 0.00 0.81 0.87 0.01 0.00 0.26 

Draught Plant 2.73 33.64 88.44 59.34 78.75 105.52 

Electrical 0.62 1.04 40.56 46.41 50.18 10.68 

Feed Water 1.11 16.20 10.36 22.37 18.67 12.67 

Fuel Oil 0.18 0.88 0.64 0.15 0.89 2.55 

Gas Cleaning 26.80 167.70 55.55 102.63 60.71 187.12 

Generator 0.10 0.17 0.33 0.12 0.30 0.16 

Mills 3.66 27.42 27.11 26.43 177.41 503.76 

Turbine 1.17 5.64 117.40 79.76 102.09 76.99 

Waterways 0.00 0.00 0.00 0.00 0.00 0.00 

Total 43 308 400 355 522 939 

Table 65: PLL contributors at Majuba power plant (FY2018–3/2023) 

Source: Eskom 

5.12.2 Technical Status  

5.12.2.1 Technical Status of the Boiler  

Housekeeping: During the visit, the team walked through the boiler house. The housekeep-

ing was not in order. High amounts of dust, ash and coal were present (Figure 142). Safety-

related issues could occur due to bad housekeeping.  

Steam leakages: No major steam leakages could be established within the boiler house. 

However, Eskom has recorded total power losses of 38 MWe relating to auxiliary steam 

valves passing. 
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Figure 142: Majuba boilers with a lot of dust due to bad housekeeping 

Steam temperatures: The steam temperatures at the boiler outlet are in line with the design, 

as a result around, 535°C (see Figure 143). No significant temperature differential between 

the different sides of the boiler could be observed.  
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Figure 143: Steam conditions – air flow and fuel flow at Majuba power plant 

Boiler tubes: There has been only minor boiler tube failures in the past. This failure was rec-

orded and used as a lesson learned. One exception are the evaporators, which need to be 

replaced in every unit in the next MO, due to fatigue. 

Draught plant: Two induced-draught (ID) fans per boiler draw the flue gas out of the boiler to 

the chimney and are only causing minor problems. An exception here are the ID fans of Unit 

5, which account for approximately 101 MWe or 11% of the total PLL due to fan stall and limi-

tations. The two force-draught (FD) fans per boiler are currently running without major issues 

most of the time. Major limitations are currently caused by the fabric filters. In the case of 

solving the fabric filter issues (see below) it could be possible that restrictions by ID and FD 

fans could be solved as well.  

Air leakages: The fans in the draught group that are running well are currently compensat-

ing the air leakages within the system - mainly located within the air preheater and the air 

ducts. The leakages lead to an increase in required air volume, which results in an increase 

in consumed electricity by the fans, as well as higher wear and tear on the machines. 

Fabric filters: Besides the fan and air leakage issues, there are major problems with the in-

stalled fabric filters, which are used to clean the flue gas and, as such, play a key role in 

achieving the local emission limits. The condition of the fabric filters is monitored by measur-

ing differences in pressure over the filter (delta p). Delta p is influenced by the amount of ash 

contained within the filter, as well as by the flue gas volume and the filter condition. The max-
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imum pressure difference is defined by the manufacturer and cannot be changed without ex-

changing the parts. An increase in ash in the flue gas, which is caused by poor coal quality, 

as well as an extension of maintenance intervals, leads to an increase in pressure loss and 

overflow of the ash extractors (see Figure 144). Another reason for the high delta p, which is 

affecting Unit 1 and Unit 2, is the filter bags blinded by fuel oil carry-over. Most of the FFP fil-

ter bags at units 3 to 6 have reached end of life and need to be replaced. The total amount of 

flue gas has been reduced to keep delta p below the limit. This is done by decreasing the 

fuel and primary air, which leads to a drop in total power output. The decrease in power out-

put is estimated to be between 970 MWe and 1 122 MWe in total, varying from 93 MWe to 

312 MWe per boiler (04/2023). 

 

Figure 144: Majuba’s ash extraction, emergency disposal – poor housekeeping  

Mills: The mills were reported as the biggest issue. The coal is trucked-in or delivered by 

train from 14 different mines. As a result, the coal shows quite inhomogeneous characteris-

tics. However, the coal energy density is within the design range. Problems at the gearboxes 

of the mills is caused by high rock content, which leads to higher wear, abrasion and dam-

age. In FY2023, the average power loss caused by this was about 504 MWe (see Figure 

145). 

Due to the amount of time needed to analyse the incoming coal – about 24 hours – the re-

sults are usually not available until after the coal has been burned. As a result, it is currently 
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not possible to avoid problematic coal segments or blend them properly to reduce the nega-

tive impact, even though the coal stockpile is well managed and in order (see Figure 154). 

 

Figure 145: Coal mill at Majuba Unit 1 with patchy canals and overall bad condition 

Thermal Index (TI): Eskom uses a TI to track the thermal excursions on boiler outlet head-

ers, main steam pipework and hot reheat pipework. The TI is a long-term plant health indica-

tor for the high temperature/high pressure components. The data for the TI may also be used 

as a check on the operational stability of the boiler, as the thermocouples indicate time spent 

above normal operating conditions (see Table 66). 

Majuba’s TI report for FY2023 shows that the header, as well as the main steam and the hot 

reheat temperatures, are far above limits and unacceptable. This is the result of constant 

over-firing in order to counteract the flue gas filtration problems and increase the power out-

put. It has significant long-term implications for the creep life of the entire boiler and piping 

system and should be resolved. 
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Table 66: Extract from Majuba’s TI report FY2023 

Boiler at a glance: 

− The Majuba boilers themselves are fit for operation. 

− The ID fan at Unit 5 is causing problems and should be renewed but apart 

from that the fans are working fine. 

− The air ducts and air preheaters are not fully tight and need to be sealed. 

− The flue gas fabric filters are the main reason for part load operation and 

should be replaced as soon as possible. 

− There are few-to-no steam leakages in the boiler house. 

− Coal sites are well managed, ash handling is poor. 

− Coal analyses are not available in time for the unit operator to make appropri-

ate composition changes to the coal quality change before it is burned. 

− Coal mills are degrading rapidly and should be overhauled. 

 

5.12.2.2 Technical Status of the Machinery 

Cold end: With respect to the cold end, no problems with the condenser or its auxiliary sys-

tems were apparent and investigable during the visit. However, it should be noted that any 

partial power losses at the condenser was overlapped by the reduced performance of the 

fabric filters in the flue gas cleaning system. 

Eskom itself reported condenser issues at Unit 5 caused by blocked tubes, resulting in a PLL 

of 65 MWe. This problem was recently fixed. 

Cooling water: The cooling water used for cooling units 4 to 6 was optically in good condi-

tion. According to Eskom employees, it contains no suspended particles or foreign objects. A 

reason for the good quality of the cooling water is the pre-treatment process of the untreated 

water, which includes clarifying of the sludge content. The cooling water is also injected with 

acid and limestone, to adjust its properties accordingly. A cooling water analysis is carried 

out on a daily basis, which ensures the quality. 
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Cooling towers: The cooling towers of units 4 to 6 are in good condition, not showing signs 

of biofouling or missing or damaged end caps as far as visible. The spray pattern was as ex-

pected (see Figure 146). Based on our assessment, the cooling towers are not expected to 

negatively impact power plant operations or lead to reduced power output. However, it 

should be noted that the plant was running at partial load at the time of our visit. 

 

Figure 146: Majuba cooling towers without biofouling and with a proper spray pattern 

Air cooled condensers (ACC): The ACCs at units 1 to 3 were in good general condition, 

with most of them working during the visit (Figure 147). The ACCs have problems with reach-

ing their design efficiencies in certain unfavourable wind conditions. These wind conditions 

can cause some of the condenser units to suck back in already heated up exhaust air of 

nearby cooling units or inhibits sufficient suction of fresh cooling air. The consequence of 

these incidents can be cooling power losses and, as a result, efficiency losses. Furthermore, 

the ACC fans are arranged in a concrete construction several meters above the ground and 

are losing grease and oil, possibly due to the rotation of the fans. This has led to the soiling 

and complete wetting of the underlying structures and electrical equipment, such as the 

transformers (Figure 148). 

The steel structures need to be repainted, and the concrete and metal structures need to be 

cleaned of grease and oil. 
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Figure 147: ACC units at Majuba power plant with visible oil residue 

 

Figure 148: Soiled transformer at Majuba power plant 

Covered in grease and oil from the ACC fans 
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Cooling water pump: The cooling water pump house was generally in good condition. Out 

of the six installed pumps, five were used for the operation of units 4 to 6, thus leaving one 

pump as a redundancy backup. Furthermore, two spare pumps and two spare motors were 

stored on side, for a further exchange, which ensures that plant operation and power output 

will not be limited by insufficient cooling water supply. The condition of the cooling water pip-

ing looked good, with three out of four discharge lines running during operation and one as a 

redundancy. The valves were in good condition. No blocking bolts were placed at shutoff 

valves for maintenance purposes because of the aforementioned availability of spares.  

Turbine: First of all, the turbine hall was reasonably clean, as the housekeeping was con-

ducted well (see Figure 149). The overall condition of the turbines was good, with only a few 

negative occurrences limiting the power production in the past. According to Eskom staff, the 

only notable influence was given by the turbine drive train of Unit 6, which caused a power 

loss of 17 MWe, and sound problems at Unit 4, which caused a power loss of 78 MWe. The 

power losses on Unit 6 are mainly driven by an inefficient steam flow through the HP turbine, 

due to deposits on the turbine blading. The reason for the deposits couldn’t be investigated 

during engine operation. Water quality does not seem to be the source of the problem be-

cause no other engines and parts are affected. On some units, slight traces of coked oil were 

noted on the bearing pedestals and on the lower turbine casings. This was probably caused 

by small oil leakages or oil dust, which can be largely considered as normal, given the age of 

the plant. The turbines were operating within the norm. Online vibration monitoring, bearing 

temperatures and steam parameters were within design range. No obvious leakages could 

be identified at the on-site inspection. 

However, the spare-part handling for an upcoming turbine overhaul was sloppy. Stop and 

control valves that had already been refurbished and were awaiting use in the overhaul were 

lying unprotected in the turbine hall, exposed to dirt, dust and foreign particles, which were 

also found in the replacement valves. 

HP, IP and LP heaters: The general condition of the HP, IP and LP heaters was good. An 

exception, here, were the Unit 6 heaters, which showed minor leakages that need to be 

fixed. There were no obvious failures during the site visit and a noticeable operating  

behaviour could not be observed in the control room.  
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Figure 149: Reasonably clean turbine hall at Majuba power plant 

HP piping: The HP piping itself was in a visual ordinary condition when we visited the site. 

However, some of the spring hangers were in a blocked position which can lead to tensions 

in the piping when the affected unit is ramping up and down. The direction of the thermal ex-

pansion was not obvious. In the worst case, the stress limits will be exceeded. Furthermore, 

the positioning of the spring hangers and the way they are mounted isn’t optimal and, as a 

result, the indication scale is not visible on some of them. One explanation given for this was 

that poorly conducted maintenance had been carried out by a third party. 

Machinery at a glance: 

− There are no condenser problems. 

− There are no cooling tower or ACC issues. 

− Cooling water and cooling water pumps are in a good condition. 

− No steam leakages can be found in the turbine hall. 

− The turbines seem, generally, to operate properly. 

− Poor care of spare parts for major turbine components could be observed. 
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5.12.2.3 Technical Status of Electrical and C&I 

Generators: In the past, operation of the generators has been unproblematic and as a re-

sult, play almost no role in outages or PLL. 

C&I system: The C&I system at all units and the outside plant are outdated and thus require 

refurbishment. The HMI mosaic panel is not up to date, either, and needs to be upgraded 

(see Figure 150). 

 

Figure 150: Obsolete HMI mosaic panels at Majuba power plant 

MV & LV Switchgear: Poor housekeeping and environmental conditions within the board 

rooms were visible in the switchgear building (see Figure 151). 
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Figure 151: Poor housekeeping within the switchgear building at Majuba power plant 

HV transformer: The HV transformers at units 1-3 suffer from contamination by oil and dust 

(see Figure 148). A contaminated transformer can potentially pose an increased fire safety 

risk, due to impediment of heat dissipation, insulation problems, oil contaminations and arc-

ing. 

Electrical and C&I at a glance: 

− Generators are in a good condition. 

− The C&I system is outdated and requires refurbishment. 

− The switchgear rooms require better housekeeping. 

− HV transformers at units 1 to 3 suffer from contamination. 

 

5.12.2.4 Technical Status of the Water Treatment Plant 

Make-up water plant: The central make-up water plant was visited during the site walk. The 

building of the water treatment plant was clean and, all in all, in order (see Figure 152). The 

capacity of the make-up water plant is sufficient to cover the the site’s needs with water of 

sufficient quality.  
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Figure 152: Water treatment plant at Majuba power plant 

According to the power plant staff, the water make-up plants are generally in good condition. 

All of the water measurements are running properly, and in all parts of the power plant the 

measurements are online (see Table 67). For this reason, it is possible to operate the water 

treatment in a safe and automated manner. 

The raw water source is surface water coming from the Zaaihoek dam.  
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Location pH Spec. 

Cond. 

Acid 

Cond. 

Deg. 

Cond. 

O2 Fe Si Na Cu Org. 

Makeup 

water 
Both On. On. --- On. Off. On. Both Off. Off. 

Conden-

sate  
Both On. On. --- On. Off. On. Both Off. Off. 

Feed 

water  
Both On. On. --- On. Off. On. Both Off. Off. 

Boiler 

water 
--- On. On. --- On. Off. On. Both Off. Off. 

(HP) live 

steam 
Off. Off. Off. --- Off. --- Off. Off. --- --- 

Table 67: Types of water measurements at Majuba power plant 

Filters: The water filters are in good condition as well, not showing major signs of aging and 

working as intended. 

 

Figure 153: Sand filters at the water treatment plant at Majuba power plant 

Water treatment at a glance: 

− Capacity of the make-up water plant is sufficient. 

− The plant is capable of producing water of sufficient quality. 

− Water treatment plant is in a good condition. 

− Online measurements are working resulting properly. 
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5.12.2.5 Technical Status of the Auxiliaries and other Systems 

Coal and Ash: The coal is trucked-in or delivered by train from 14 different mines. As a re-

sult, the coal shows quite inhomogeneous characteristics. The quality of the air-dried coal is 

mostly within the low heating value (LHV) design range. The ash content according to the 

plant analysis from January 2023 to April YTD was within the design specification. The coal 

that is supplied has high stone/rock content, which causes increased wear and abrasion on 

the mills. This leads to the aforementioned problems (chapter 5.5.2.1). The content of vola-

tiles and sulphur within the coal is moderate and within the range of specifications. 

Pre-specification is carried out by the mines themselves and Eskom’s PDE department veri-

fies it on-site. The installed online analyser for LHV, moisture, ash and sulphur is out of ser-

vice. The only way of analysing coal is with a coal analysis report, which takes about 24 

hours to arrive, which means that a timely reaction to the coal quality is not possible. Table 

68 shows the design range of the coal of Majuba plant (source: Eskom, "240 Coal Spec"). 

Fixed carbon % n/a 

Volatile matter % 21.98 (moisture free) 

Total moisture % 10.10 (as received) 

Ash % ~33 

Gross calorific value MJ/kg 21 (moisture free) 

Table 68: Major design coal composition at Majuba power plant 

Source: Majuba power plant 

Coal handling site: The coal handling site is generally well managed but too small to stock-

pile enough coal to enable it to postpone using the coal until it has been analysed (see Fig-

ure 154). 

Ash handling area: The ash handling area has poor housekeeping, due to an extraction 

overload resulting from increased ash content in the coal (see Figure 144). 
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Figure 154: Stockpile at Majuba power plant 

OEM parts: The spare parts warehouse was also visited. Spare parts that had already been 

refurbished were not covered and protected against dust, but the warehouse was otherwise 

in reasonable order. Of the 28 most important spare parts, 14 were currently not available.  

Workshop: The equipment in the maintenance workshop was in order. The housekeeping 

and the cleaning of the machines was neglected. Due to maintenance work at the spare 

parts warehouse, some spares were stored at the mechanical workshop. 

Auxiliaries at a glance: 

− The coal quality is inhomogeneous and has high ash content- 

− The coal handling site is small but well managed- 

− The ash handling site is overflowing- 

− The availability of spare parts depends heavily on the type of plant parts- 

− The maintenance workshop is equipped properly but poorly maintained- 
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5.12.3 Technical Measures to Improve the Plant Condition 

Filters: The potential MW gain of the following measures is up to approximately 1 050 MWe. 

The fabric filters used to extract ash from the flue gas are a major cause of PLL at Majuba 

power plant. The status of the fabric filters is monitored with pressure difference measure-

ment (delta p) over the filter. Delta p is affected by the amount of ash contained within the fil-

ter, as well as the filter condition and flue gas volume. Due to ingress of oil into the filters dur-

ing starts, as well as normal signs of wear and tear, a sharp increase of delta p was ob-

served. In order to counteract this increase in pressure loss, the gas volume needs to be re-

duced, to stay within the operating range of the filters. 

It is necessary to replace and upgrade the existing fabric filters in all units to avoid gas vol-

ume flow reductions and, thus, a decrease in power output. This should be a priority, given 

that it is relatively easy to do and can, potentially, significantly boost power output. 

Boiler and draught group: The potential MW gain of the following measures is up to 

140 MWe. 

There are several areas within the boiler where repair work would lead to immediate im-

provements in PLL. As discussed in the previous chapters, the draught fans of Unit 5 were 

identified as a major contributor to high PLL. Due to problems with stall and limitations of the 

ID fans, a power loss of up to 100 MWe was observed. As a result, it is recommended to re-

place the components and investigate further damage of the existing vents. 

Another cause of PLL is steam loss within the boiler system. Similar loss has been identified 

on a smaller scale in the Unit 1 boiler and in the HP bypass of Unit 2. The power losses ac-

count for approximately 38 MWe in total and can be fixed by replacing leaking valves, pipes 

and gaskets. 

Machinery: The potential MW gain of the following measures is up to approx. 110 MWe. 

The turbine and machinery parts generally only caused minor problems and, as a result, are 

not the main cause of PLL and outages. One of the minor problems is ACC inefficiency in 

certain unfavourable wind conditions, which prevents the plant from running at full load due 

to a lack of cooling capabilities in Units 4 to 6. Due to the high effort which is required to 

adapt the ACC’s and due to the minor impact, on improving power output, we do not recom-

mend any measures. The leakages of grease and oil from the ACCs gearboxes should be 

checked to protect the machinery underneath. 

A few minor leaks within the condensate tank and the condenser tubes were identified and 

should be sealed step by step during future outages, to prevent further problems. The HP 

heaters were generally in good order. An exception, here, were the Unit 6 heaters, which 

showed minor leakages and need to be fixed. 

The lack of condenser vacuum has been a regular problem in the past but has already been 

fixed by cleaning the condenser tubes. The condensers should be further investigated, to 

identify further blockages or leaks. 
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Mills: The potential MW loss prevention of the following measures is up to 340 MWe. 

The mills were another major cause of outages, affecting full load loss (FLL) and PLL alike, 

with a share of more than 54% of the total PLL in FY2023, according to Eskom. The high im-

pact on PLL was caused by a lack of mills available for redundancy in combination with an 

abrasive coal. The lack of redundancy lead to a power loss of approximately 150 MWe per 

mill out of order. It is necessary to return all five mills per boiler to operation, in order to 

achieve the design redundancy of the plant and to prevent further PLL and FLL by mill out-

ages. On top of that, the storage of additional spares is recommended. 

Coal handling: The abrasive coal with its high stone and ash content, is one of the main 

causes of the aforementioned rapid wear and tear of the coal mills. This problem needs to be 

addressed, which means that the online coal analysis system needs to be renewed. Alterna-

tively, stockpiling the coal for at least 24 hours (until the coal analysis is available) would also 

solve the problem.  

5.12.4 Power Plant Management 

Currently 636 employees are working at the power plant. There are over 100 vacancies, but 

the number of employees is expected to rise to 680 by the end of the year. Staff turnover has 

increased within the last year, up to 9.1%. 

Generally, the atmosphere among employees at the plant is harmonious and as one would 

expect. However, staff in some areas showed signs of solo mentality. Staff working in the 

functional areas upon which this assessment focused are knowledgeable and experienced 

and there is a comprehensive understanding of plant issues. Key performance data (e.g. 

PLL) is available, ensuring transparency with regards to the condition of the plant. There is 

an extensive reward and incentive scheme in place, based on yearly and monthly perfor-

mance. 

Employee training is regular and organised centrally by the training department, based on 

various departmental needs. In total, there are approximately 700 employee training ses-

sions per year. 

Maintenance: The maintenance team is responsible for fixing issues reported by the opera-

tions team. The scope is defined by the engineering department. Moreover, the maintenance 

group takes care of spare part planning. 

Currently, the maintenance department has a staff of 171, as well as approximately 680 fur-

ther contracted staff working on-site. According to the operational plan for FY2023, the target 

for own maintenance staff is significantly higher, with 67 unfilled vacancies at present. 

There are seven maintenance KPIs for FY2023: 

Inspections per year: 30 173 

Annual maintenance budget specific 

costs: [total; per MWe; per MWe/h] 

R993.3 million; R258 500/MWe; 

R813.8/(MWe/h) 
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Intervals between failures: 13 hours 

Failures per year: 1 015 

Maintenance FTE/MW: n.a. 

Share of outsourced maintenance: Approx. 80% 

Maintenance Contracts in place: 25 out of 27 (92.6%) 

Operation: The operations team works in four shifts, 24/7, with 35 people on each shift. The 

operations team is relatively well staffed and there are currently only 15 critical positions va-

cant. 

There are 79 trips per year, so about seven trips per month, across the whole plant. Of these 

trips, 40 are caused by operating failures and 39 by unsuccessful starts and forced outages. 

Due to intensive monitoring of performance data, there is high transparency with regards to 

the condition of the plant. 

There are six operational KPI’s for FY2023: 

Efficiency (design @full load): 35.3% (Units 1–3); 37.7% (Units 4–6) 

Coal consumption: 1 750 t/h 

Auxiliary Power consumption: 260 MWe 

Startup time for a cold start: 12 h 

Number of damages due to bad opera-

tion: 
200 

Number of trips due to bad operation: 40 

Outage: Majuba’s outage planning is in accordance with Eskom’s outage philosophy and the 

running hours of low-pressure parts. A general overhaul (GO) is planned every six years. In 

theory, this is based on the scope and timing of the outage activities. However, in practice 

the outage philosophy is not always pursued, especially in terms of timing, due to the high 

grid demand and the resulting reduced available times for maintenance. Majuba site has 

adapted the Eskom standard outage philosophy to fit its needs. 

Figure 155 shows Majuba power plant’s modified outage plan. The addition of the so-called 

interim repairs (IR) was necessary to refurbish the fabric filter systems within the units. Due 

to a lack of procurement and/or financing, a lack of filter bag fabric caused an IR delay, which 

was one of the main reasons for the high PLL notable at the power plant at the time.  

The latest mini overhaul including outage at Unit 5 was postponed by 7 months and con-

ducted in August 2022. There was also performed interim repairs at Unit 3 in December 

2022, which were postponed by 5 months. The MO at Unit 6 and the IR work at Unit 1, which 

were due to take place in early 2023, were postponed until the end of 2023 because of na-

tional electricity capacity constraints. 
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Most of the outage work is outsourced to OEMs (GE, Steinmüller, Kulkoni, PCB, etc.). From 

the department point of view, resources are mostly sufficient. Currently 18 employees work in 

the outage department and there are 2 vacancies. 

The funds are allocated according to the defined philosophy scope. A request for extra fund-

ing was required. The only challenge is the late release of funding, which jeopardises the re-

turn to service of the unit as per plan.  

Procurement is partially organised local and partially carried out centrally, depending on the 

total value of the contract.  

 

Figure 155: Outage sequence at Majuba power plant 

Source: Eskom 

 

5.12.5 Technical Profile of Main Plant Areas 

Boiler and related Plant Area:  

The six boilers at Majuba station have the same design. They are designed as once-through 

Benson type boilers. Each boiler possesses a bunker system to store enough coal for 22.5 

hours operation at full load. This means that even malfunctioning of the conveyor system or 

problems related to coal production would not generally directly impact operations. Five mills 

are installed per boiler. Using coal of the specified quality, a maximum of four mills are 

needed at full load operation. One mill was therefore designed to be used as redundancy. 

The pulverised coal is burned by 30 Steinmüller PF-burners at 5 elevations in a circular vor-

tex configuration. 

 

Firing System 

Manufacturer Steinmüller 

Type PF Burners 

Number of burners 30 

Coal mass flow [t/h] 1 750 

Pressure [bar, a] 171 

Temperature [°C] 540 



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  316 

Mills 

Manufacturer Stein Industrie 

Type of mills Ball Tube Mill, BBD 4760 

Mill capacity [t/h] – per mill 102.6 t/h per mill, required 400 t/h in total 

Coal supply 

Coal supply (truck, mine) Truck, train 

Coal storage capacity on-site [t] 6 million. 

Boiler bunker capacity [t] 54,000 

Precipitators/ Flue gas cleaning 

Type Bag filter (FFP) 

Machinery and Electrical: 

Turbine 

Manufacturer Alstom  

Type GEC, 4 Cylinder Turbogen 

Casings (HP-IP-LP, double/single flow) 1 HP (single flow), 1 IP (single flow) 2 LP 

(double flow) 

Steam volume (kg m/s) 577  

Main steam pressure [bar,a] 161 

Main steam temperature [°C] 535 

Reheat steam pressure [bar,a] 37.3 

Reheat steam temperature [°C] 535 

Cold end 

Condenser 3 x 50% Dual-pressure surface type 

Cooling tower Hyperbolic natural draught, wet cooling, 

U4-6; ACC, dry cooling, U1-3 

Generator 

Manufacturer Alstom 

Terminal voltage 22 kV (50 Hz) 

Rating U1-3: 730 MVA, U4-6: 792 MVA 

Cooling system Stator core: Hydrogen 

Stator windings: Demineralised Water 

Transformer 

Manufacturer Siemens 

Terminal voltage primary/ secondary 22kV/400kV 

Placement outside 
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5.13 Matimba Power Plant 

Matimba power plant, with a 3 990 MWgross generation capacity and current EAF of 75.79%, 

has realistic potential to achieve an EAF of more than 85% and thereby gain constant 

367 MW generation capacity. This level was regularly achieved by the plant prior to 2021. 

The plant cost of generation is R 515/MWh38, making it the least costly plant in the Eskom 

fleet.  

The key precondition to achieving the higher EAF is a change in leadership and in the deci-

sion-making process, to allow efficient use of assets and resources, since all other factors 

needed in order to reach higher EAF are available or can be managed. Compared to interna-

tional benchmarks, the budget to operate the plant is sufficient, qualified personnel is availa-

ble and the technical design and condition of the plant are good. 

The root cause of the low performance of the plant is Eskom’s organisational structure. Plant 

management has very limited decision-making authorisation and there is a high degree of in-

terference from Eskom’s head office. The plant is not operated as a profit centre but is part of 

a portfolio, so profits and budget overruns are diluted throughout the coal fleet. Decisions by 

plant management require endorsement at several stages within Eskom Generation. This 

does not serve the day-to-day requirements of the plant, which needs to be able to act imme-

diately in case of a malfunction or defect.  

The Eskom philosophy of outsourcing all services to outside parties leads to a high degree of 

dependency on such service providers, which impacts quality, slows processes due to ad-

ministration and mobilisation periods and drives up costs.  

We highly recommend the insourcing of several own maintenance personnel for the key 

equipment.  

The plant is fortunate to have a highly experienced workforce with extensive knowledge of 

the plant, equipment, and system behaviour. However, the risk of losing this asset is immi-

nent, and it appears to be impossible to attract skilled personnel to serve in certain areas of 

the plant (e.g. C&I specialists).  

While both plant management and key personnel are well aware of the issues, one concern 

is the observed lack of discipline and urgency in plant recovery and maintenance, resulting in 

a deterioration of various areas within the plant. Additionally, pressure from national control 

authorities often hinders maintenance work and the completion of necessary repairs during 

outages. The inability to extend outages for proper repairs and additional work uncovered 

during these periods poses a challenge to maintaining the plant's optimal condition. 

 

38 Eskom: Life Cycle Planning Life of Plant Plan (LOPP) FY2025 Kick-off Session, 1 March 2023 
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The various contributing factors causing the decrease in performance of the plant have been 

analysed in detail and are presented below, along with recommended measures for improve-

ment. By applying prudent plant operation and maintenance and fast-tracking management 

in eliminating key gaps, the plant’s performance can be lifted without major investment.  

Please note, the raw water treatment plant poses a significant threat to the continued opera-

tion of the entire plant. It is being operated far beyond its design limits and requires urgent 

and significant equipment refurbishment. 

The other key risk is the slow progress in constructing a desulphurisation plant, which is a le-

gal requirement for operation of the plant beyond 2025.  

The key risk aspects need to be addressed as top priority topics by Eskom’s head office, with 

an emergency implementation arrangement.  

Moving forward, Matimba needs to prioritise the implementation of improvement measures 

such as the recovery and improvement of the dust handling plant. It is also crucial to address 

the issues pertaining to maintenance contracts, staff turnover, and the lack of incentives to 

drive improved performance. By addressing these concerns, Matimba can enhance its oper-

ational efficiency and return to its position as a reliable power plant. 

5.13.1 EAF and PLL 

Matimba power plant aims to achieve a high level of reliability and availability of all its units. 

The target set by the plant is to achieve 90% UCF, 7% PCLF and 3% UCLF. Matimba was 

performing near to the set target until 2020, as can be seen in the data shown in Table 69.  

Year Net Gen. 

GWh 

EAF 

% 

UCF 

% 

UCLF 

% 

PCLF 

% 

UAGS 

Trips 

2018 26,369 90.47 92.31 2.12 5.57 8 

2019 26,678 87.89 90.18 2.02 7.8 6 

2020 26,704 87.48 90 4.34 5.66 8 

2021 23,533 80.25 81.73 6.97 11.3 23 

2022 23,180 75.48 80.02 13.23 6.75 60 

2023 20,559 75.79 79.68 13.15 7.17 36 

Table 69: Operating performance of Matimba plant (FY2017/2018–FY2022/2023) 

At present, the plant is losing approximately 575 MW on an annual basis due to the issues 

listed below. 

From 2020 onwards, plant performance has deteriorated and UCLF increased to 14% during 

the last financial year, which is too high. The breakdown of FY2022/2023 UCLF is shown in 

Figure 156. 
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Figure 156: Matimba UCLF breakdown for FY2022/2023 

 

5.13.2 Technical Status  

5.13.2.1 Top Issue List 

Dust Handling Plant 

UCLF loss due to DHP: 0.95% (FY2022/2023). The drag chain link and bucket conveyor for 

ash conveying are not performing at the required level for evacuation of ash from ESP hop-

pers. 

Emission System 

UCLF loss of 3.69% due to high emission. All the units were running at approximately 70% 

loading due to poor evacuation of ESP hoppers. Actual contribution: 3.69% FY2022/2023 vs 

2.54% PFY. 

Main reasons are: 

− Choked hoppers are leading to very high emission. 

− Plant is forced to reduce load due to HH levels of ESP hoppers with high emissions. 

− The ash flow control valves below the ESP hoppers are not operating freely during 

the operation of the units, leading to poor evacuation of hoppers. The hopper levels 

are going very high, even to the ESP-field level, sometimes even beyond HH levels, 
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which is leading to very frequent shutdowns of ESP fields. Thus, emission levels are 

very high. 

− The ash conveying from ESP hoppers to transfer points is done using drag chain con-

veyors until the transfer junction, from where it is lifted to the ash silo by bucket con-

veyors. There is frequent choking of the drag chain conveyor and the transfer junc-

tion. 

− One major cause is that skilled manpower left the organisation during the Covid pan-

demic. 

Draught System 

UCLF loss of 2.09% in FY2022/2023, due to tube leakage and choking of tubular gas air 

heater, which leads to overloading of PA and ID fan. Actual contribution: 2.09% in 

FY2022/2023 vs 0.92% in the previous financial year. The plant reported that the abrasive 

index of the coal supply has increased due to high quartz and silica content, leading to more 

erosion of the components. The tubes of the air preheater in Unit 4 and Unit 6 are eroded, 

leading to short circuiting between air and flue gas. This leads to overloading of PA and ID 

fans. 

Unit 5 and Unit 6 are running with load losses and scopes were finalised for the outages. 

However, the Unit 5 outage was moved from December 2022 to April 2023. 

Boiler Pressure Parts 

UCLF loss of 2.03% in FY2022/2023, due to boiler issues and tube leakage. Actual contribu-

tion: 2.03% in FY2022/2023 vs 2.37% PFY. 

There are outages of units due to boiler trips and BTL. The repair time of boiler tube leak at 

the plant vis-à-vis international practice has been detailed out in the chapter describing short 

term recommendations. There are standing committees for BTL and boiler trip analysis. 

Electric Feed Pump 

UCLF loss of 1.74% (FY2022/2023) due to non-availability of electric feed pump (pump car-

tridge, gear box, motor and transformer). 

There have been frequent outages of the electric feed pump system, due to breakdown of 

pump cartridge, gear box, motor and transformer. The failure of cartridge, gearbox and motor 

were due to poor workmanship, and non-functioning of HVAC in switchgear lead to failure of 

transformers. Till a few months back, all the units were running with two out of three pumps 

available. The situation has improved and, at present, only Unit3 is running with two out of 

three electric feed pumps. 

Milling System 

UCLF loss of 1.13% in FY2022/2023, due to repeated breakdown and capacity reduction of 

mills. Actual contribution: 1.13% CFY vs 0.53% PFY. 
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Top mill E was not put in service after consultation with OEM due to metal temperature ex-

cursion (high VM coal). This leads to loss in generation, in case of problems in any of the 

running mills. 

Feed Water System 

UCLF 0.66% in FY2022/2023 due to feedwater inlet temperature. Unit 2 24 MW and Unit 3 

48 MW standing load loss. There are losses of UCLF due to tube leakages in HP heaters 

leading to non-availability of HP heaters. 

Turbine Generator 

UCLF loss due to turbine generator issues: 0.42% UCLF in FY2022/2023. 

Turbine main steam stop valve leak repairs, Unit 6 HP bypass failure issue, EH oil contami-

nation (Unit 6 UCLF: 0.49%) and valve issues and refurbishment. 

Unit trips due to TG. 

Investigations conducted and actions raised. Though there has been a reduction in trips over 

the last two years, tripping due to human error is a point of concern. 

ACC Fans 

UCLF loss of 0.62% CFY due to ACC fan outages (actual contribution: 0.62% CFY vs 0.39% 

PFY). 

There are 48 ACC fans in each unit. The gear box and motors frequently fail, due to ageing 

and running in hot and humid conditions. The condition monitoring is being carried out by the 

plant and corrective action for repair/refurbishment and replacement of gear boxes is being 

done. 

Generator Transformer System 

UCLF loss of 1.36% in FY2022/2023. 

Unit 1 generator transformer gas formation, which has been replaced with spare generator 

transformer. 

Unit 4 exciter issues and high vibration issues and Unit 6 generator issues are planned dur-

ing Unit 6 outage, as units are running with vibration under control and close monitoring is 

exercised. 

5.13.2.2 Technical Status of the Boiler 

During the visit, the team walked through the boiler house. As shown in Figure 157: Poor 

housekeeping in Matimba’s boiler house, below, housekeeping was poor. High amounts of 

dust, ash or coal were present. 
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Figure 157: Poor housekeeping in Matimba’s boiler house 

Steam temperature at the boiler outlet is maintained close to the design of 535°C (in the 

range of 533–534°C). The temperature differential between the different sides of the boiler is 

within the limit. Not much tube failure has been observed in the past. 

Mill issues are repeated breakdown and capacity reduction of mills. Coal quality seems to be 

quite in order. Due to metal temperature excursion, the operation of the top mill (mill E) has 

stopped since commissioning. As reported by plant personnel, there was a problem with high 

wear rates of the mills of Unit 6. 

Air heater tube leakage and choking of tubular gas air heater leads to SLL and overloading of 

fans. 

Draught system: Two ID fans draw the flue gas out of the boiler to the chimney. ID and PA 

fans run out of capacity. This is caused by air ingress and tube leaks in the primary air heater 

and choking of tubular gas air heater. 

5.13.3 Technical Measures to Improve Plant Condition 

The plant has the potential of gaining 300 MW in the short term and an additional 275 MW in 

the long term by implementing the solutions set out below. 

Emission System 

Short-Term Solutions 

The following actions are recommended during the opportunity shutdown/planned short shut-

down: 

− Deployment of skilled manpower with Eskom supervision around the clock. 

− All defective valves are to be replaced for the first two fields of all passes, to ensure 

trouble-free operation. For the remaining three fields, all the valves are to be serviced, 

if possible, or replaced. 
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− The ash flowability from hoppers to drag chain conveyor needs to be ensured by:  

o checking the effectiveness of the hopper heaters and maintaining the hopper 

design temperature 

o checking that effectiveness of fluidising air blower and fluidising pad at hopper 

is guaranteed 

− All the defects of the ash conveying system, including hopper level switches from 

ESP hopper to ash silo, need to be rectified. 

− All the accumulated ash in hopper and ESP field area needs to be cleaned. 

− ESP fields (transformer, collecting, emitting electrode and the controller) need to be 

checked/rectified, so that all the fields develop designed voltage. 

− Ensure the healthiness of the rapping mechanism. 

Long-Term Solutions 

− Thorough overhauling of complete ESP and associated conveying system during the 

planned outage. 

− Availability of capable agency for the overhaul. 

− Availability of all the spares required for overhaul. 

Draught System 

Short Term Solutions 

− At first opportunity, during a short shutdown of the unit, the leaking tubes of gas air-

heater need to be identified and blanked. 

Long-Term Solutions 

− During the planned outage, all the blanked and leaking tubes need to be replaced. 

Further, thickness survey of the tubes needs to be conducted for replacement of 

tubes. 

− Ensure availability of air preheater tubes and related materials before the planned 

outage. 

− Ensure contract with capable agency for the replacement of the tubes. 

Boiler Pressure Parts 

Short-Term Solutions 

− The time taken for the repair of BTL is high, compared to international standards, and 

there is scope for reduction. It is a standard practice to attend to BTL in first pass wa-

ter wall tubes/second pass economiser/LTSH within 40-50 hours, whereas the plant is 

taking 80-96 hours. For platen and final superheater area, with prudent practices the 

BTL can be attended in 60-80 hours, whereas Matimba is taking 120-144 hours. 
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− The repair time for BTL can be brought down to standard time taken internationally 

through proper mobilisation of manpower, T&P and other resources, with supervision 

by Eskom around the clock. This will improve plant EAF substantially. 

Long-Term Solutions 

− Ensure availability of certified high-pressure welders. 

Electric Feed Pump 

Short-Term Solutions 

− Action to restore the electric feed pumps has been taken and corrective action to im-

prove EAF is underway. However, electric feed pump 3B is expected to be restored 

by 31 December 2023. 

− The action plan for the revival of this pump system appears to be realistic. 

− The skilled manpower in maintenance should be deployed to carry out quality work. 

Long-Term Solutions 

− The plant has a minimum of two sets of standby unit assemblies for of the main pump 

and booster pump cartridges, gear box, electric feed pump motors and transformer. 

Milling System 

Short-Term Solutions 

− All the mills need to be checked and repaired at the next opportunity, during a shut-

down of the unit. 

− More than six different motor bearings failed as a result of lube oil failure. Since the 

plant lacks mill redundancy, the oil lubrication system must be improved, as it is cur-

rently underperforming and causing load losses owing to failure of the mill’s motor 

bearings. 

Long-Term Solutions 

Availability of spares and contracts to execute full mill overhaul during the planned outage. 

Feed Water System 

Short-Term Solutions 

− Isolation valves for the HP heaters needs to be repaired, to enable maintenance of 

the HP heater during operation. At first opportunity, during a short shutdown of the 

unit, the leaking tubes of HP heaters need to be identified and blanked. 

Turbine Generator 

Short-Term Solutions 

− Valve repair/servicing to be carried out by capable agencies, to ensure quality of 

work. 
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− Ensure skilled manpower. 

− Ensure oil quality as recommended by OEM by doing online filtration. 

− Valve torque settings to be done as per OEM recommendation. 

− Frequent walk downs, to map the passing valves and attend to priorities. 

− Valves not to be procured from vendors whose performance is not found to be satis-

factory. 

− Inhouse development of skills for repair and maintenance of HP valves/critical valves. 

Long-Term Solutions 

− Critical valves need to be sent for repair to a capable vendor/OEM. 

− Valves need to be procured from established manufacturer. 

ACC Fans 

Short-Term Solutions 

− The workshop has the ability to overhaul the gear box, which the plant is currently do-

ing. However, it needs to be done to high standards and more swiftly, to meet require-

ments. 

− Ensure availability of spares as a priority. 

Long-Term Solutions 

− The plan for procurement of 300 gearboxes with upgraded oil cooling facility is under-

way. Should the failure rate of the old/new gearboxes not improve, the spare/rotating 

quantity per unit should be increased from the current 2 to 8, to allow for one per ACC 

fan row plus 2 spares. Storage of the rotating spare at the ACC fan level should be 

considered, to reduce replacement time. 

Spares Planning, Availability and Development of Specifications  

Short-Term Solutions 

− Most of the spares have been declared stock-controlled items with minimum, maxi-

mum and reorder quantities. This does not match actual demand, which has resulted 

in frequent unscheduled procurements on the one hand, and a huge inventory of 

slow-moving items on other hand. As such, an FSN/ABC analysis is needed and an 

immediate review of minimum, maximum and reordering levels as a one-time exer-

cise, and then every six months thereafter. We also recommend monitoring the safe 

lifetime of spares and consumables in the ERP system and implementing an auto-

mated first- in, first-out philosophy. 

− List of critical spares to be reviewed in every quarter for all the system by the con-

cerned department. 
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− As the current practice of global tendering is delaying the procurement process con-

siderably, we advise that tenders only be issued to pre-qualified vendors with appro-

priate technical competence and appropriate financial background. 

− Single source or sole source suppliers should be identified for critical spares and sin-

gle/sole source approval should be given without limitation of the validity of said ap-

proval. 

Long-Term Solutions 

− Develop specifications and drawings for key spares to widen the network of suppliers 

and reduce dependence on OEM and their agencies. 

− Pooling and consolidated procurement of spares /unit assemblies between plants with 

similar units/OEM and steps to improve their availability and optimise prices. 

− Present procurement process is cumbersome and time consuming, due to approval at 

multiple stages. The process needs to be accelerated, for timely availability of spares 

and engagement and mobilisation of resources. 

HR Issues 

Short-Term Solutions 

− There is a huge shortage of operational staff (120 out of 170). Recruitment and train-

ing need to happen on an immediate basis as a top priority. 

− Reward and recognition system needs to be enhanced by clear criteria, alignment 

with organisational goals, effective communication with variety of rewards. 

− Recognition and reward of individuals and teams for their outstanding contributions in 

demonstrating creativity and innovation. 

− The training department needs to ensure that lessons learned from plant incidents are 

built into the training materials for the plant operators. 

− The skills of the staff (Eskom/business partner) need to be continuously improved 

through training and counselling. Operating manpower skills, HP welders, grinder 

men, boiler tube fitters, HP valves repair and maintenance skills, millwright fitters for 

pumps and fans and their alignment, skilled technician for compressors, HVAC tech-

nicians need to be trained and developed. 

Long-Term Solutions 

− Adequate experienced middle-level maintenance staff (including C&I and Electrical) 

need to be recruited by granting special remuneration for the remote location. 

− Non-availability of specialists at plant level can be resolved by having experts for all 

the functions of O&M based at Eskom headquarters. 
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Major C&I System Obsolescence 

Long-Term Solutions 

− Most of the unit and common plant control systems installed are facing problems re-

lating to unavailability of spares due to obsolescence, and there is no support from 

OEM. The plant personnel have presented LOPP for the upgrading of the C&I sys-

tems which should be followed as per plan. 

Switch Gear (MV&LV) 

Short-Term Solutions 

− Water seepage from the roofs needs to be stopped permanently, to avoid water 

egress inside the breaker cubical causing failure of control cards and other compo-

nents of feeders. 

− Defective fire seals of breakers can be sealed properly to avoid flashover inside 

breakers, due to condensation of steam entering through cable trenches flooded by 

overflow from drain water. Availability of sump pump also needs to be ensured, to 

avoid overflow from drains. 

Long-Term Solutions 

− The MV and LV air insulated switchgear for indoor use was installed between 1985 

and 1989. Even though there have been few MV failures, all the MV and LV switch-

gears need to be replaced over the next 8 years. The MV and LV scope also includes 

the installation of a new protection scheme. All MV and LV protection should consist 

of IEDs for a reliable system. 

5.13.4 Power Plant Management 

Maintenance 

Maintenance work is mainly carried out by outsourced maintenance personnel. The ratio of 

own maintenance personnel to outsourced personnel is not healthy. We highly recommend 

insourcing maintenance personnel. 

Planning 

Plant maintenance management is executed via the SAP system. A MSMW system is used 

as a tool to establish reliability-based maintenance. As this is a new initiative of Eskom’s, re-

cently implemented in SAP, the planning and execution of maintenance work on-site is car-

ried out by the routine work management team, in consultation with the maintenance depart-

ment. There is a daily meeting with maintenance, production/operating department and engi-

neering to decide the work priorities. Maintenance strategy varies from component to compo-

nent, based on criticality, i.e. some maintenance is planned, some is condition-based and 

some is run-to-failure. Further, the plant maintenance and outage departments have long-

term contracts with pre-qualified contractors to meet the requirements to perform planned 

and unplanned maintenance. 
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Findings 

− The constraints on planned maintenance are lack of adequate funding, belated ap-

proval of funding and unavailability of spares in line with requirement. 

− The procurement process until the order is placed takes too long (in several in-

stances, more than six months. In limited cases, up to 24 months), even for critical 

part and services. Such delays are not acceptable given the criticality of the plant.  

− Plant mid-term renovation of the facilities is due, which is reflected in the LOPP. 

Therefore, the plan should be prepared once the proposed budget has been re-

viewed.   

− There are instances of deferment of overhauls by six months or more, due to non-ap-

proval of budget in time, adversely affecting unit reliability and performance. 

− Majority of load loss (approximately 70%) is due to improper planning and execution 

of maintenance of ash plant. Close coordination between dust handling plant O&M 

and main plant O&M, in particular ESP O&M, is required, as limitations in the DHP 

will have adverse impact on ESP performance. Sufficient reasonably qualified re-

sources are currently unavailable, especially for the ESP and ash conveying plant. 

− The skill level of the staff needs to be enhanced on a continual basis through effective 

training. 

− Training programmes for improvement in skill sets, people management and succes-

sion planning, etc., need to be organised at regular intervals. 

− The current budget is not prepared in enough detail. Therefore, it is difficult for man-

agement to track maintenance expenses per activity, or to detect shortfalls in plan-

ning while budget preparation is still underway. This can lead to insufficient budget 

allocation for certain activities and, subsequently, to delays in budget approval.  

Quality 

For quality control, the SAP system generates work sampling orders for managers/supervi-

sors to verify the work done at different plants, as per the respective approved QCPs. As the 

checking of compliance with QCPs is only done on a random basis, there can be shortfalls in 

the quality of the work executed and in subsequent rectification work. Quality control checks 

need to be carried out by skilled technicians/engineers on all work carried out by contractors, 

in order to ensure that it is up to standard and value for money.  It is best practice to separate 

the quality control from the execution. 

Findings 

− Quality control and quality assurance departments are not available. 

− Inspection of HT Motors, MCA, Tan Delta test, DPT of fan motor rotor bars, MDBFP 

motor in-situ inspection of overhang portion of stator bars/DPT of impeller blades 

should be carried out during overhauls. 
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− Currently, there are no prequalification criteria for selecting vendors in single sourc-

ing/open tendering. 

− The plant has two industrial cleaning contracts to assist with issues of housekeeping. 

− The unit has a rolling overhaul schedule for IN, IR, MGO and GO based on their out-

age philosophy. However, the scope of the work needs to be frozen well in advance, 

so that resources are procured/managed in time. Otherwise, it leads to outage slip-

page. 

− There is a high risk of losing the permit to operate due to the incorrect use of pressure 

part materials, improper ash disposal, high emissions, overflow of dams, etc. 

− Proper housekeeping is a prerequisite to safety and quality maintenance and needs 

to be addressed immediately. 

Resources 

The plant’s resource planning is as follows.  

There are 27 employees working per shift, excluding the operation staff for the water treat-

ment plant. If shift staff are unavailable (due to leave/sickness), either staff stay on and do 

overtime, or replacements are organised from the spare group, which impacts the training 

schedule. 

During every shift, a walk-down survey is conducted as per the checklist. Presently, there is a 

shortage of qualified and experienced operating staff, with only 120 out of 170 positions 

filled. This shortfall needs to be addressed immediately, as it takes time to qualify the opera-

tors. Plant operators need to be in the plant and interacting with maintenance supervisors 

more often, to ensure plant walk downs are properly carried out and recorded. 

For a general description of resources qualifications et al, please refer to the description for 

Kusile power plant. 

Third Party Resources 

The current Eskom tendering process does not include a prequalification process prior to 

submission of request for proposal. Any party can participate in the tendering process, irre-

spective of qualification or previous procurement history. This can lead to significant delays 

in the procurement process and does not assure that sufficient qualified companies are even 

considered in the bidding process. Rejection of potential venders can lead to retendering, 

which generates additional delays in mobilisation of vendors. This system is enabling inade-

quately qualified vendors to pitch for and even to execute jobs, as plant personnel is forced 

to weigh up the need for quality work against the need for timely execution. 

Spare parts 

Concerns relating to spare parts can be divided into two main categories: 
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− Timely procurement of spare parts: This is adversely affected by tendering of pro-

posals to potential vendors irrespective of their technical or financial capability. This 

can lead to one or more retenderings, even after an extended period of time. 

− Quality of spares due to absence of proper quality control plan with sufficient holding 

points. Plant personnel have reported that, at times, quality control only takes place 

after the delivery to site. This forces the plant personnel to compromise on the quality 

of spares, as rejection would cause substantial delays in the availability of said spare 

part. 

Additional Spare Parts Recommendation 

− Besides the correction of the above-mentioned points, we recommend that the ade-

quacy of min/max values and safety stock in the plant be reviewed every six months. 

At least on annual basis, the plant should conduct FSN/ABC analysis to identify high 

value and non-moving items and to establish whether it is necessary to keep such 

items in stock. The use of an automated first-in, first-out system, with monitoring of 

shelf-life time is highly recommended.  

Operation 

Quality 

The plant is operated around the clock with five groups of operation manpower. Four groups 

are engaged in the round-the-clock operation of the plant. The 5th group reports to the train-

ing department for simulator training and other training. Shift handover takes place during the 

change of shifts.  

Monitoring of operational performance by KPIs is done by the performance and testing divi-

sion. However, recording of plant performance analysis needs improvement so that the find-

ings and related issues of load loss and efficiency parameters are well mapped to the re-

spective equipment/systems. This is a necessity, to mitigate the gap between the current 

performance and design performance. 

Coal quality management procedure is followed as per the coal supply agreement between 

Eskom and Exxaro. The plant uses a coal management system to capture data on coal qual-

ity parameters, and the laboratory maintains LIMS. Coal sampling is done at an automated 

sampling plant situated at the Exxaro end. The coal sampling is prepared jointly by Eskom 

and Exxaro and each party hands a sample of coal over to their respective laboratories for 

chemical and physical analysis before the coal is dispatched to the plant. The results of the 

two labs are compared and accepted only when the deviations between the two reports are 

within the permissible limits.  

The quantity and quality of the coal for the plant is guaranteed by the following documents, 

system and liaison meetings between Eskom and Exxaro: 

− Contractual monthly minimum dispatches as per coal supply agreement. 

− Sharing of weekly coal needs by Eskom with Exxaro. 
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− Operation report for dispatch of coal per shift. 

− Weekly operational meetings between Eskom and Exxaro (maintenance teams, coal 

manager and counterpart from the mine). 

− Monthly technical liaison meeting for any technical issues. 

− Main liaison meeting between Matimba and Exxaro senior management. 

− Centralised system: Coalapps and LIMS (Eskom system). 

The OPEX is tracked by comparing actual vs budgeted expenditure on month to month and 

YTD basis. PSGM holds a monthly review meeting. 

The budget for the plant is prepared on annual basis and takes the volumes of generation, 

different activities to be executed and outage plans into consideration. Although the system 

is established, no record is available for system wise budget declaration. 

Monitoring 

Each control room is currently manned by one senior control engineer, which appears to be 

insufficient to cater for an emergency situation, based on the rate of atomisation and the con-

trol room layout. Inexperienced staff, in particular, will face problems, as information is not 

available at one single location. An up to date DCS will reduce the probability of human er-

rors, once implemented. 

The system is obsolete, as detailed in section 3, and needs to be replaced with an upgraded 

system. The existing system is running with a shortage of spares and without OEM support. 

The plant has a historian for real time data, but the storing capacity is limited and not meeting 

the present requirement.  

A simulation procedure is in place and followed as per defined procedure, and relevant pa-

rameters are transferred to the control system. However, due to the old system, it is a time-

consuming, cumbersome process when malfunction of parameters occurs. The complete 

simulation procedure needs to be adapted to bridge the gap.  

Presently, only critical instruments are calibrated by an external accredited certified agency 

during IR and MGO. We recommend the calibration of all the instruments in a systematic 

manner, either at a scheduled time or when an opportunity arises.  

CBM is in place and carried out by external personnel stationed at plant. CBM is done for oil 

quality, thermography, vibration measurement analysis and water quality. Coal analysis is 

done at the in-house laboratory by the chemistry division. In case of discrepancies, manual 

verification is carried out by the Performance and Testing group. A VA view system is in-

stalled to track the plant’s physical parameters (like temperature, pressure, flows, vibration 

etc.). However, the online plant performance monitoring system is needed to identify the grey 

areas, and daily performance assessments are needed to schedule the maintenance require-

ment for underperforming equipment. 
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The condition monitoring results are usually analysed for deviations and recommendations. 

However, the corrective measures are not monitored and implemented in the SAP system. 

Outage Management 

The principal outage management is similar to Kusile power plant’s and is described there. 

Leadership 

The challenges faced by plant leadership in order to achieve sustainable operation of the 

plant are as follows: 

− To operate the plant within the emission limits of South Africa emission regulatory 

body. 

− To achieve zero discharge by stopping overflow of dams and controlling the process 

water wastage. 

− Reliable operation of the critical equipment/system (like electric feed pumps and aux-

iliaries, ACC system, generator and exciter, plant emergency DC system, ash dump-

ing facilities, etc.). 

− Advancing the safety culture among the employees of Eskom and business partners. 

− Shortage of skilled trained manpower. 

− Reestablishing the motivation of Matimba employees which has been severely af-

fected by COVID. 

− Management of documentation and its transfer from OEM’s/construction department 

to O&M of the plant. 

− Development of specifications and drawings for the critical spares. 

− Comprehensive budgeting for each system of O&M and timely approval 

− Restructuring of present procurement processes to address the time-consuming pro-

curement process. 

− Development of a knowledge forum at Eskom central level for each function of O&M, 

to resolve technical issues. 

The main cause of low performance at the plant is Eskom’s organisational structure, which 

severely limits the authority of the plant management to make its own decisions and involves 

a high degree of interference by Eskom’s head office. 

The plant is not operated as a profit centre but is part of a portfolio, so profits and budget 

over-runs are diluted in the coal fleet.  

Decisions by plant management require endorsement at several stages within Eskom Gener-

ation. This does not serve the day-to-day requirements of the plant, which needs to be able 

to act immediately in case of a malfunction or defect.  
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One excellent example is a hypothetical situation that the vgbe team discussed with the 

Matimba plant management: Imagine the procedure if, for instance, a single component at 

the plant was found to be defective and, as a consequence, the entire unit needed to be shut 

down. The scenario assumed that the damaged component was not in stock or available an-

ywhere in South Africa but, instead, had to be ordered from an OEM-supplier in Europe. The 

cost of the equipment was R1 million. 

For Matimba, the loss of revenue with one unit out of operation is R14.8 million per day. 

For a plant manager in India or Europe, the emergency order to the European OEM would be 

initiated the same day and the spare part would be flown in in the coming days. The repair 

preparation would be carried out and the plant put back in operation within five days of the 

incident. This would represent a total loss to Eskom of approximately R 79 million, for 5 days 

outage, plus the spare part and repairs, and plant EAF would drop 0.2%. 

Matimba’s management then described the Eskom internal emergency process applied in 

such scenarios: This assumes an outage period of about 10–15 days until the spare part is 

available, if at all. Furthermore, external contractors for repair would have to be mobilised, so 

the loss to Eskom would be about R 150 million, with a drop in the EAF of 0.45%. This exam-

ple, which is quite realistic, shows how the EAF and cost efficiency in operating the plant are 

unnecessarily hampered by Eskom’s internal procedures. 

Another example of where the central organisation hampers effective plant operation is the 

centralised coal supply management, which prevents direct communication about and optimi-

sation of the coal supply quality and logistics.  

We highly recommend that the authority of the plant management be augmented: An imme-

diate improvement can be managed with the support of an independent interim management 

team.  

Eskom plant management and experts have no direct operative influence over the speed and 

quality of maintenance activities because all services are outsourced.  

In case of nonperforming service companies, there is no Plan B – e.g. stepping in with own 

personnel possible.  

The Eskom philosophy of outsourcing all services to outside parties leads to a high degree of 

dependency on such service providers, as well as a lack of quality, loss of speed because of 

time delays caused by administration and mobilisation and, finally, high costs.  

We highly recommended that Eskom consider insourcing a team of own maintenance per-

sonnel for key equipment.  

People Management 

− The work culture at Matimba is impacted by the following: 

o During and after Covid, the work culture has adversely affected and there is 

still a lot of work to be done to return to normality. 
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o Lack of ownership, which needs to be addressed by improving the quality of 

leadership. 

o Employee involvement through employee engagement initiatives, e.g. info 

sessions and empowering the employees to create and enforce a winning cul-

ture. 

− Employee Motivation 

o Assure the attractiveness of the remote work location by providing incentives 

such as free housing, free schooling and other incentives that consider the 

specifics of the location. It appears that Eskom has no specific incentive 

scheme for remote work locations, so that personnel is moving to more attrac-

tive plants with nearby cities and good infrastructure (e.g. Kusile being close 

to Pretoria). It is common practice in Europe and, also, in India to support local 

personnel with attractive infrastructure and incentives so that they take on the 

burden of moving to and staying in such remote areas. There is sufficient 

Eskom accommodation available (most of it is unoccupied and not used for 

years) in Lephalale. However, due to taxation on fringe benefits, it is not at-

tractive for Eskom employees to use such Eskom housing. The coal mining 

company Exxaro, which operates the nearby coal mine, seems to have ob-

tained a waiver for fringe benefits and it would be worthwhile for Eskom to 

study the options and consider an exemption for Eskom employees in the re-

gion. 

o Though a reward and recognition system exists, it needs to be further en-

hanced by clear criteria, alignment with organisational goals, effective commu-

nication and a variety of rewards. 

o Recognise and reward individuals and teams for their outstanding contribu-

tions in demonstrating creativity and innovation. 

o Foster employee motivation by organising fun activities and celebrations. 

H&S Management 

The plant is ISO 45001:2018 certified, actively striving to meet the standards requirements. A 

SHEQ policy outlines leadership commitment and expectations. Effectiveness is reviewed 

through management reviews and quarterly audits. 

Incident investigations are organised following the requirement of 32-95 Eskom incident 

management procedure. All incidents are investigated within seven days of occurrence un-

less the injured party is not yet fit to attend. The number of incidents per year are summa-

rised in Table 70. 
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FY 2022-2023 LTI Medi-

cals 

First Aid Near 

misses 

MVA Total 

H&S incidents per year 79 

Eskom Employees 0 6 3 10 9 28 

Business Partners 3 12 10 16 10 51 

Table 70: Incidents per year at Matimba 

Business Partner Engagement for Safety Evaluation 

Business partner/third-party companies submit safety files for evaluation by the safety de-

partment. After approval, they can proceed with site establishment and work. Third-party 

companies fully comply with legal requirements mentioned on the safety file evaluation 

checklist. 

Risk Management 

Matimba has an integrated risk management system which complies with the integrated risk 

management standard (doc. no. 32-391) in Eskom’s enterprise risk and resilience policy. 

While the risk management system is administered in accordance with the standards, the im-

plementation of agreed risk mitigation measures lacks speedy processing for a variety of rea-

sons.  

The plant faces various risks in emissions compliance, zero effluent discharge, equipment 

reliability, safety culture, manpower shortage, employee motivation, documentation manage-

ment, critical spares specifications, comprehensive budgeting, streamlined procurement, and 

knowledge forums.  

Mitigating these risks is essential for the sustainable operation of the plant and achieving 

long-term success. 

While the risk management process appears to be well structured and maintained, the miti-

gation activities at and beyond plant level appear to be doubtful. 

Two key risks have been taken out of the list and are discussed in Table 71, below. 
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Losing the op-

eration permit 

in 2025 

If no flue gas desulphurisation plant is built, Matimba will lose its opera-

tion permit. This topic is now being given more priority in the planning di-

vision at Eskom’s head office. However, there is no visible management 

structure responsible for actively implementing FGD plants at various 

Eskom power plants, including Medupi and Matimba. At Matimba, there 

is no team actively involved in the planning and implementation of the 

FGD plants. 

There is not enough time to build Matimba’s FGD system before 

Matimba’s operation permit becomes invalid because of the new emis-

sion standards. There is no information available about an exemption 

from minimum emission standards or about whether a suspension of 

compliance will be granted by the National Air Quality Officer. The impli-

cations of failing to install the FGD are very complex and beyond the un-

derstanding gained by the vgbe team. It is however a) feasible, b) com-

mon practice in nearly all countries in the world operating coal-fired 

power plants and c) practicable to continue operating with high EAF if in-

stallation of advanced flue gas cleaning technologies is underway. Thus, 

from an operation, maintenance and plant performance perspective, 

there is no reason not to install the FGD plant at Matimba. The impact of 

the tie-in and disturbances during erection of the facilities can be miti-

gated by intelligent optimisation of the outage schedule. The tie-in, how-

ever, will have some impact on the EAF, which needs to be considered in 

the generation capacity planning. 

Water treat-

ment plant 

Due to passing valves and leakages, current water demand is far ex-

ceeding the design range of the treatment plant. Aside from higher costs, 

this also accelerates the aging of plant components and puts the plant at 

risk of failure (single component failure).  

The vgbe team has not been able to establish the existence of any risk 

mitigation or implementation plans for these issues at Eskom headquar-

ters. 

Table 71: Discussion of key risks at Matimba 

5.13.5 Technical Profile of Main Plant Areas 

Matimba power plant is a base load power plant with subcritical and once-through boilers. 

The plant comprises six identical units of 665 MW each and total installed capacity of 

3 990 MW. The units were commissioned between 1988 and 1993. The plant uses air cooled 

condensers (ACC) to cool the exhaust steam from the LP turbines. The condensers, supplied 

by GEA air cooled systems, represent a major advance in the application of dry cooling tech-

nology for power generation. Design gross efficiency at rated turbine MCR of 38.10%. Coal is 
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supplied from the adjacent Grootegeluk colliery on the Waterberg coalfield via a conveyor 

system. The commissioning dates along with plant details are shown in Table 72. 

Parameter Value 

Installed capacity (MW) 6 x 665 (3 990) 

Available capacity (for Maximum Continuous 

Operation) 

3 990 

Number of units (no) 6 

Start of operation (year) 1987 

Units still operation (no) 6 

Planned end of life of first unit (year) 2048 

Planned end of life of last unit (year) 2052 

Steam parameter (pressure/temperature) 16.1 MPa/535°C 

Commercial operation  Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 

Commissioned 1987 1987 1988 1989 1990 1991 

Expected decommission 2048 2048 2049 2050 2051 2052 

Table 72 Matimba power plant details 

Source of Fuel 

The adjacent Grootegeluk colliery has sufficient coal reserves to guarantee supplies to 

Matimba for a minimum lifespan of 35 years, at 2 100 – 2 130 tons of coal per hour, with the 

possibility of extending to 50 years. The coal is supplied directly by overland conveyor from 

Exxaro’s Grootegeluk mine, 5.5 km away. The plant consumes an average of 41 109 tons of 

coal per day, or about 14 mill tons per year. 

Source of Emergency Fuel 

As secondary fuel/oil and emergency oil HFO is used. HFO is used to light up boilers and for 

flame stabilisation during normal operation. HFO is delivered by road tanker to the offloading 

bay to the northwest of the plant. There are four tanks, each with a capacity of 1 000 m³. 

Diesel is used on-site for coal moving equipment and for the diesel-driven fire water pumps, 

emergency demineralised water pumps, diesel driven compressors and emergency genera-

tors. There is a 30 m³ storage tank. 
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Source of Water 

Raw water is supplied from the Mokolo dam, 35 km away. The dam is filled by the Mogol 

River providing a reliable supply. The site has a substantial raw water reservoir which pro-

vides a good buffer against supply disruptions.   

Apparently, the current raw water supply is not sufficient to serve the plant in case of the in-

stallation of an FGD plant. The plan to enhance the capacity of raw water supply was re-

ported to be not realistic. Consequently, the implementation and operation of a FGD system, 

which is mandatory after 2025, is unrealistic.  

Without a waiver or realistic implementation plan, the operation of the plant after 2025 must 

stop in accordance with the legislation. 

Ash Dump 

The total footprint where the Matimba ash dump is located is 1 200 ha and 698 ha is used for 

ash disposal. To date, approximately 475 ha has been covered with ash to a volume of 

171,904,317 m³. The remaining footprint is 223 ha with a volume of 227,920,382 m³ still re-

maining until the end of life of the plant. 

Total Operation Hours for each Unit YTD 

The total operating hours of each unit, along with the number of start-ups, are shown in Ta-

ble 73. The running hours during the last five years are shown in Figure 158.  

Compared to Units 4, 5 and 6, Units 1, 2 and 3 have a greater number of shutdowns which 

causes generation losses. 

Year 

(1987-

2023) 

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 

Running 

hours 

261 447 264 937 262 103 264 705 255 233 245 330 

Cold starts 122 98 110 87 89 101 

Hot starts 315 277 234 199 173 157 

Table 73: Matimba’s unit running hours since commissioning 
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Figure 158: Running hours of each unit over last five years at Matimba 

Coal Composition (including Heating Value) 

Detailed coal trends have been reviewed. These trends depict the comparison of Exxaro and 

Matimba laboratory analysis reports. There is a good correlation between the reports and the 

Matimba analysis is found to be in line with the Exxaro analysis.  

Supplied coal characteristics vs contractual coal characteristics are described in the follow-

ing: 

− Ash content goes up to 38% (as per contract ash content is 35.5%). 

− Sulphur values have no contractual limits. However, they seem to regularly exceed 

the desired limits of < 1.5 to 1.8%, with values varying from 1.25% to > 3%. 

− Abrasiveness trending above the contractual value (240 mg Fe). It varies from 210 to 

> 310 mg Fe. 

While the key parameters of coal quality are in a reasonable range, the sulphur content vari-

ation and excursions above contractual values contribute to operational challenges and po-

tential load loss. 
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5.14 Matla Power Plant 

The Matla (a Sotho word meaning “strength” or “power”) power station was the first of the gi-

ant 3600 MW coal-fired power stations in the world with a concrete boiler house superstruc-

ture. The unusual design evolved because of a world-wide steel shortage during the design 

stages. The installed capacity is 3600 MW gross (six units, 600 MW each), but the licensed 

nominal capacity is 3450MW net. Design efficiency at MCR is 37.6% (LHV net). 

The power station is located in Mpumalanga coal-mining area near the town of Kriel. The first 

of the six units started operating in December 1979 and the last in 1983. Matla was designed 

with an operating lifespan of 30 years, but substantial coal reserves exist to extend this to 50 

years and beyond. After 40 years of operation and considering that it is expected to operate 

for another 20 years, it was due for a mid-life rehabilitation (2010 to 2013). This rehabilitation 

did not happen, but some technical upgrades were carried out. The commissioning dates 

along with station details are shown in Table 74. 

Parameter Value 

Installed capacity (MW net) 6 x 600 (3 600) 

Available capacity MW gross (for Maximum Continuous Operation) 3450 

Number of units (no) 6 

Start of operation (year) End of 1979 

Units still in operation (no) 6 

Planned end of life of first unit (year39) 2030 

Planned end of life of last unit (year39) 2034 

Steam parameter (pressure/temperature) 16.1 MPa/540oC 

Source of coal 
Matla Exxaro col-

liery 

Commissioning 

and life of plant 

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 

Commissioned 08/1979 06/1980 12/1980 10/1981 08/1982 07/1983 

Expected decom-

mission 

08/2030 06/2031 12/2031 10/2032 08/2033 07/2034 

Operating hours 

(as of March 2023) 

306 936 299 412 307 042 296 599 291 079 294 277 

Table 74: Details of Matla power plant 

 

39 Based on current Eskom coal power plant shutdown date schedule, dated March 2023 
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The station was equipped with a wet ash and dust extraction system, but it was later con-

verted to a dry dust extraction system. Coal is supplied from the adjacent Matla Exxaro col-

liery (60%) via a conveyor system; the remaining 40% is trucked into the station. More details 

about the plant are provided in subsection 5.14.5. 

In the past, Matla was a reliable and consistently well-performing station, but it has been in 

steady decline since 2007. This decline started accelerating in 2018, due to deteriorating 

coal quality and lack of adequate maintenance. From one of the best operating plants in the 

fleet in 2017 (82.2% EAF), it reached 53.3% EAF by the end of FY2022/2023.  

The situation and condition of the station has, however, improved since May 202240, although 

the improvements are not yet visible in EAF data. One of the reasons is the fire at Unit 6, re-

sulting in a long UCLF outage. However, this unit was returned to service in May 2023. The 

principal areas of improvements are the upgrading of the cooling towers, catch-up on de-

ferred outages and more complete maintenance during outages.  

Key technical issues which need to be addressed urgently include: 

− Coal quality needs to be improved urgently and as a priority, as it affects BTFs, 

ESP and ash handling system performance, ID fan reliability, etc. Coal blending 

should be considered until the Exxaro colliery can supply coal according to design 

specifications (estimated by 2028). Better coal quality may help achieve SO2 compli-

ance at a lower cost. If coal quality is not improved, the plant may be derated until 

coal can be delivered that meets design specifications. The current PLL – resulting 

from bad coal - is estimated to be 100MW on each unit. 

− The boiler suffers from frequent tube failures. Poor coal quality and deferred 

maintenance are the main causes. Air-in leakage throughout the system is suspected 

to be making things worse and needs to be assessed and controlled. 

− Mills suffer from reduced reliability and result in plant derating due to lack of 

spare parts and inadequate maintenance. Improved coal quality will help the mills too, 

but systematic and timely maintenance is needed. The replacement of the feeder 

pipes needs immediate attention. 

− The steam turbine and associated equipment are suffering as a result of de-

ferred maintenance. The plant staff have made all the necessary preparations for 

maintenance; so, it is a matter of deciding to implement the maintenance and provid-

ing adequate funding. 

• Emission control equipment needs upgrading, some of it immediately and 

some in order to comply with tightening regulations. The ESP is not complying 

with current particulate (PM) requirements; so, ESP upgrading is needed urgently. 

SO2 and NOx controls would be needed, too, by 2025. A comprehensive study is rec-

ommended to evaluate the various options. Low NOx burners should be adequate to 

 

40 Plant turnaround strategy presentation 19 May 2022 was used as the reference for this assessment. 
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meet NOx requirements. SO2 controls require more careful examination, as there are 

multiple technologies and the final decision will depend on the required level of com-

pliance, the sulphur content of the coal (which can also be reduced through coal 

cleaning and/or selective mining) and the availability of water. 

− The ash handling system is affected by the increased ash volume causing fre-

quent failures. Better coal quality (with lower ash content) should help, but some 

components need urgent maintenance and refurbishment. 

− The electrical and C&I systems: The turbine governor needs to be replaced; there 

is lack of spares for some MV and LV SG’s; it would be wise to purchase reserve 

generator rotors and generator transformers for Units 3-6. 

Key recommendations: 

− Most importantly, Eskom needs to decide on the retirement of Matla. Presently, 2035 

is the official retirement date, but it is understood that a delay until 2040 or 2045 is be-

ing considered. If so, this should be decided urgently because it will have a significant 

impact on what type of maintenance and rehabilitation needs to be done. It will also 

have a positive impact on staff morale at the plant since they are expecting a 2035 

retirement. 

− The power plant management has the capacity to manage the power plant efficiently, 

but it also needs decision-making control on procurement of works, services, and 

supplies. 

− Presently, outsourced staff outnumber plant staff by a factor of 2-to-1. This balance 

should change in favour of more plant staff.  

− In general, the plant needs to hire more staff; for example, it needs 24 supervisors, 

but it has only 18; also, more operators are needed. 

− Funding related to maintenance should be released in a timely manner. 

− A detailed study is recommended to assess the effect of coal quality and the re-

sulting ash and dust issue, and to make recommendations. 

− On-site mentoring via a small dedicated technical mentoring team is recom-

mended. 

5.14.1 EAF and PLL 

Matla was a very reliable power station until 2013; availability was consistently above 80% 

with a high of 93.6% in 2006, as Figure 159 shows. In 2014, the availability took a deep dive 

to 69.4% but then improved again to 82.2% in 2017. However, since 2018 the station EAF 

has shown a steady deterioration every year, reaching 53.3% by the end of FY2022/2023.  
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Figure 159. Matla’s availability (FY2003/2004–FY2002/2023) 

Source: KISSY & Eskom 41 

Figure 160 shows the availability and utilisation of each of the six units at the Matla station 

for the period 2004 – 2021. The information per unit shows that the availability decline was 

consistent across all units and not only related to specific units. 

 

Figure 160: Unit-wise availability and utilization at Matla (FY2003/2004–FY2020/2021) 

Source: KISSY 

 

 

41 2004 to 2009 is based on KISSY information 2010–2023 is based on Eskom end year report infor-
mation. 
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The combined PLL and UCLF for Matla was 25.47% for FY2022/2023, with PLL contributing 

about 46% of the station’s total UCLF losses, which is substantial. For the FY2022/2023, 

Matla contributed 7% of the total generation fleet PLL and UCLF, which is below average for 

the fleet at present, but this only highlights how badly the fleet is performing. As Figure 161 

shows, MWs lost were 408 MWs during FY2022/2023 and 370 MWs during FY2021/2022. 

The lost MWs have been increasing steadily since 2018. 

 

Figure 161: PLL contributors at Matla power plant (2018–2023) 

Source: Eskom 

Figure 162 to Figure 164 provide the most recent reliability parameters for Matla power sta-

tion (YTD up to 31 March 2023). 

 

Figure 162: Matla UCLF analysis for FY2022/2023 

Source Eskom 



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  345 

 

 

Figure 163: Matla reliability summary (FY2022/2023 YTD) 

Source Eskom  

 

Figure 164: Matla PLL analysis (FY2022/2023 YTD) 

Source Eskom 

The highest contributor to Matla’s unreliable operation in FY2022/2023 YTD was the turbines 

(including the CW system), contributing 35% of the lost MWs. Mills (23%) and the ash han-

dling system (13%) were also major contributors. Table 75 below highlights the top five 

UCLF contributors for FY2017/2018 to FY2021/2022. Boiler tube leaks, vacuum, dust emis-

sions and mills have consistently been among the top five over the past five years. The cool-

ing towers have now been upgraded and therefore the vacuum problems should now be re-

solved.  
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Table 75: Matla Top 5 UCLF contributors (FY2017/2018 to FY2021/2022) 

Source Eskom 

Table 76 lists the current load losses per unit and the major constraints at the power station.  

 

Table 76: Matla current load losses and major constraints (FY2022/2023) 

Source Eskom 

Also, it is important to point out that the Matla power plant has been in operation for roughly 

40 years and was due for a major rehabilitation (“mid-life upgrading”), which should had 

taken place in 2010–2013. However, this didn’t happen, and it is a major reason for the dete-

riorating performance of the power station. Furthermore, major overhauls have been post-

poned as indicated in Table 77 below. Considering the power shortage in South Africa in the 

short to medium term, it will most likely be necessary to look at extending the life of Matla to 

60 years (roughly 2044). This makes it even more urgent and important to carry out substan-

tial maintenance and rehabilitation on this plant, especially since past overhauls have been 

postponed/deferred.  
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Table 77: Major outage deferrals at Matla (May 2022) 

Source: Eskom technical status  

5.14.2 Technical Status  

More observations on the issues affecting EAF, PLL and the potential solutions are provided 

in the next two sections of this report. 

5.14.2.1 Technical Status of the Boilers  

During the visit, the team walked through the boiler house. The housekeeping was generally 

poor in the areas that are not easily accessible to clean and on ground level. Pulverised coal 

and ash dust was piled up on equipment. This presents a serious fire hazard. The fire in Unit 

6 is no surprise and, if housekeeping is not improved, the station will remain at risk. Areas 

that are easily accessible are generally kept clean (e.g. the mill feeder area at 16m elevation; 

see Figure 59 and Figure 166). There is high amount of dust and visible pulverised coal leak-

ages coming from mill feeder pipes. No other safety-related issues were established.  
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Figure 165: Coal dust on pipes and cable trays at Matla’s boiler house  

 

Figure 166: Matla’s mill feeder floor at 16m level  

The poor quality of the coal has a negative impact on the overall availability of the station 

(Table 76), leading to frequent BTF, amongst other things, and thus affecting station reliabil-

ity. More information about the poor coal quality will be provided later. 

As shown in Figure 167, below, the extent of BTF varied over the last six financial years, with 

2018 seeing the highest number of leaks and 2022 the lowest. However, it does not indicate 

an increasing trend. 

An analysis of 14 tube leaks in FY2022/2023 is provided in Figure 168. Short-term overheat-

ing and fatigue were the dominant failure mechanisms (29% each) followed by material flaws 

and long-term overheating (14% each), fireside corrosion due to defective protection shields 

(7%) and unknown causes (the remaining 7%).  
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Figure 167: BTF as a percentage of Matla’s total UCLF (FY2017/2017–FY2022/2023) 

Source Eskom 

 

Figure 168: BTF performance and dominant BTF mechanisms at Matla 

Source Eskom 

The root causes of BTF at Matla are well known and documented (see Figure 169). High-risk 

areas have been identified with the secondary reheat being the highest risk area (see Figure 

170). The planned scope of work to be performed during the overhaul of the units has been 

prepared in detail. One of the main contributing factors to the increase in BTF is the mainte-

nance backlog due to delayed overhauls. Dedicated time and resources will be required dur-

ing future outages to restore the reliable operation of the boilers. The work is already com-

pleted and the unit EAF has increased substantially. 
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Figure 169: Boiler tube failures at Matla (FY2022/2023) 

Source Eskom 

 

Figure 170: Matla’s Unit 1–6 risk mapping 

Source Eskom 

Each boiler is fitted with six Babcock E Type ball mills. The station was designed to operate 

with four mills to produce 492.2 kg/s of steam (600 MW). Each mill has a capacity of 

72 ton/h, but due to gearbox problems (vibrations), the mills were de-rated to 67.6 ton/h. With 

the design coal quality of 21.59 MJ/kg (AR), the coal flow would be around 264 ton/h; during 

acceptance testing, the heating value of the coal was 20.38 MJ/kg (AR), which then trans-

lated to 279.6 ton/h. Both these quantities were achieved while operating four mills. Currently 

though, the heating value of coal is in the 15.55–18.54 MJ/kg (AR) range, requiring five mills 

for full load operation.  
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This increases the operating hours of the mills, increasing the need for more frequent 

maintenance and the likelihood of failures. In fact, most of the time only four mills are availa-

ble, which reduces the ability of the plant to operate at full load; derating is necessary. Also, 

corrosion has been experienced in the mill feeder pipes, resulting in leaks and risking fire 

hazards. Mill feeder pipes are now being replaced as part of the reconditioning of the mill. 

Lack of spare parts and poor contractor performance are additional contributing factors to 

mill unavailability.  

The draft plant is in a reasonable to good condition. The secondary air heater elements 

have all been replaced (except for at Unit 1, where it will be done during the next long out-

age). The primary air heater piping needs to be replaced; preparation and planning for this 

has already been completed, but project funding is not yet allocated. Finally, the PA fans of-

ten operate at maximum capacity and contribute to load losses (see Figure 174). Limited ca-

pacity of the PA fans is likely to be caused by poor coal quality and high air-in leakage. Ac-

cording to design specifications, air-in leakage of SA should be around 13%, 2% of the PA 

and 5% through the boiler casing. Most likely, these values are exceeded, but there are no 

measurements to confirm it. A systematic assessment of the air-in leakage is recommended, 

as it has the potential to improve the performance of many plant components (e.g. fans, 

boiler, ESP, air preheaters, etc.).  

Eskom uses the Thermal Index (TI) to monitor thermal excursions on boiler outlet headers, 

main steam piping and hot reheat piping. Since TI is a long-term indicator of the health of a 

unit, it can also be used to check the stability of boiler operation, as thermocouples indicate 

time spent above normal operating conditions.  

The extracts from the TI report from FY2022/2023 (Table 78 and Table 79) show that the 

header and main steam temperatures are consistently above the tolerance limits, while the 

hot reheat pipework is well within the limits. This confirms the fact that bad coal quality is put-

ting more stress on the boilers. 

 

Table 78: Steam operating temperatures at Matla 

Source Eskom 
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Table 79: Extract from Matla’s Thermal Index report 

Boiler at a glance:  

− Bad coal quality is putting stress on both the boilers and mills. Systematic over-

heating in the boiler is also a sign of coal that is below specified quality and air flow 

rates outside specified limits. 

− BTF is often caused by both high operating temperatures and maintenance back-

log. More resources are needed to ensure reliable operation of the boilers and 

mills. 

− Availability of mills is low due to a number of reasons; reduced heating value of 

coal results in higher throughput required to meet full load output; as a result, 5 (in-

stead of 4) mills are required to operate at full load, increasing the operating hours 

of each mill. Reduced maintenance and availability of spare parts make the situa-

tion worse. 

− Efforts should be made to assess actual air-in leakage throughout the boiler and try 

to reduce it. Also, combustion needs to be optimised, as this should reduce excess 

air. 

5.14.2.2 Technical Status of the Machinery  

Turbines: MAN impulse-type HP, IP and reaction-type double flow LP, triple-casing con-

densing turbines have been installed. The turbine hall is reasonably clean. Dust is present on 

all equipment but is not as bad as some other stations visited. 

 

< 35 Favourable

36- 73 Acceptable

> 73 Unacceptable

Tolerance Limits for Thermal Index:
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Figure 171: Turbine hall at Matla power plant 

Matla power station has been running continuously for more than 40 years, and the turbines 

are currently on their designed operating hours (300 000 hours) for 30-year operation (refer 

to Table 80). Midlife refurbishment to extend the turbine operational life is essential. 

 

Table 80: Matla’s turbine running hours since start to 01/2023 42  

The steam turbine (along with associated equipment) has contributed to 6.54% of the total 

UCLF in FY2022/2023 (see Figure 172).  

 

42 Data supplied by Eskom as part of the initial documentation package.  

Unit Commissioning date:
Total Operating Hours 

Since First Commissioning

1 23/08/1979 306936

2 30/06/1980 299412

3 12/12/1980 307042

4 16/10/1981 296599

5 24/08/1982 291079

6 21/07/1983 294277
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Figure 172: Matla’s turbine plant UCLF FY2022/2023 analysis 

Source Eskom 

Refurbishment of all the cooling towers and the cooling water system is nearly complete 

and expected to improve reliability. The improvement of the vacuum UCLF after the comple-

tion of the cooling tower refurbishment project can be clearly seen in Figure 15. 

Other components of the steam turbine system need attention too; mitigation measures and 

recovery plans are in place, but they need funding and outages to be implemented. Top pri-

ority projects are control air compressor replacement, LP pump house leak repair projects, 

Unit 2 standby generator B replacement, BFPT condenser retubing, turbine HP and IP loop 

pipes and flanges restoration and turbine IP bypass upgrading. 

 

Figure 173: Vacuum UCLF at Matla (FY201/2018–YTD) 

Source Eskom 
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Machinery at a glance: 

− Improved maintenance is evident compared to May 2022. 

− Upgrading of the cooling towers and cleaning of the cooling water system has re-

duced vacuum UCLF tremendously. 

− Maintenance postponement and deferrals impacted heavily on turbine plant perfor-

mance. 

− Several upgrade and refurbishment projects are now at an advanced planning 

stage and, once implemented, will contribute to turbine plant performance improve-

ment and PLL reduction.  

5.14.2.3 Technical Status of the Electrical and C&I part  

Assessment and maintenance of the complete electrical and C&I installations are carried out 

at regular maintenance intervals, while the tests are planned at annual intervals. Spares are 

in stock and available on the market unless otherwise indicated. 

The generators at Matla power plant are manufactured by Alstom and cooled with hydrogen 

gas (rotor and stator) and demineralised water (stator only). 

Rewinding was performed on the stators of all six units between 1997 and 2000. Electromag-

netic Core Imperfection Detection testing was carried out on three generators between 2021 

and 2023. The remaining three generator stators will be tested in 2023 and 2025 during unit 

GO’s (General Overhaul).  

With the exception of the generator rotor defects at Units 4 and 6, no major investment in 

generators and auxiliary equipment is expected. Relevant work is planned for 2024. It should 

be noted that there is no spare generator rotor; one is due to be procured in 2024. 

Medium voltage switchgears: The majority of medium voltage distribution boards, MV STN 

boards were replaced with new MV equipment during mid-life upgrading. The Operation/Pro-

tection MV board dates to 1978 and it is difficult to obtain spare parts. 

Existing old medium voltage boards and switchgears at the ash handling plant (regardless of 

condition) need to be replaced, because there is a lack of spares, and the risk of failure 

needs to be reduced. Plans for refurbishment of the outside medium and low voltage switch-

gear are in place, but funding has not yet been allocated. 

Low voltage switchgears: All LV boards were replaced/refurbished between 2010 and 

2018. Only the Operation/Protection boards are the original. Existing old Operation/Protec-

tion boards, regardless of their condition, need to be replaced due to the lack of spares. Wa-

ter treatment plant and slurry low voltage equipment needs to be replaced. Plans for refur-

bishment of the outside medium and low voltage switchgear are in place, but funding has not 

yet been allocated. 
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HV/MV unit transformers. The high voltage (HV) generator transformer for Unit 5 failed in 

2017 with 30 days outage for reparation/replacement of the transformer. A spare generator 

transformer for Units 3-6 is scheduled to be purchased in 2024. 

DC System UPS/chargers/batteries. DC System for Operation/Protection boards is obso-

lete and needs replacement. 

Plant control system (DCS). The DCS Systems were commissioned in the period 2008 – 

2018. Basic to intermediate maintenance and engineering expertise is available from the site 

team. Complex activities are still executed by the OEM (ABB). Partial replacement or migra-

tion to 800xA HMI and PGM is necessary in future. 

Local control of the water treatment plant and ash handling. Spares are obtained from 

other power plants. The site team provides basic maintenance and engineering expertise 

with some support from third parties. The local Siemens Step5 system needs to be upgraded 

to Step7. The systems are obsolete and need refurbishment or replacement. 

Turbine governors (turbine governing & control): The governors are obsolete and need re-

placement in all six units. The functional safety system (ESD) (HIMA vendor) is supported 

until the end of station life. Basic to intermediate maintenance and engineering expertise is 

available within the site team. 

Field instruments are of poor to good quality; spares from ABB are available, but Siemens 

spares are scarce. For some aged instruments, maintenance or replacement is necessary 

(especially obsolete water treatment plant and slurry plant equipment). 

PP drives are supported until the end of station life. Generally, they are of very good quality 

and durability. Spares are available in stock. Basic to intermediate maintenance and engi-

neering expertise is available within the site team. 

C&I cables and cable traces were refurbished between 2008 and 2018. The outside plant 

needs replacement. 
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Electrical and C&I at a glance: 

− The equipment is well maintained; wear and tear are not significantly endangering 

the proper functioning of the equipment. 

− Based on available documentation, site assessment and interviews with plant 

maintenance, engineering, and production staff, at the Electrical Plant, and C&I and 

DCS departments, the following topics and actions need to be considered in order 

to ensure reliable station operation: 

o Water treatment plant and slurry plant obsolete C&I field equipment need to 

be replaced. 

o Turbine governor is obsolete and needs to be replaced. 

o MV SGs and LV SGs - lack of spares for some obsolete SGs. 

o Purchasing of reserve generator rotor and generator transformer for Units 

3-6. 

5.14.2.4 Technical Status of the Water Treatment Plant  

The raw water for Matla is obtained from the Vaal and Usutu River systems. The Vaal supply 

is relatively plentiful, but the water normally contains a high amount of suspended and dis-

solved solids. This increases the costs of water treatment and demineralisation. 

Usutu water is substantially cleaner than Vaal water, but its supply to Matla depends on the 

level of consumption by Kriel and Kendal power stations. Usutu water costs less than Vaal 

water to treat, particularly to demineralise. However, Eskom’s allocation of this water is insuf-

ficient to meet Matla’s needs. The shortfall is therefore made up by using Vaal water. The 

water usage of the station is 3500 Mℓ per month at full load. Potable water is supplied to 

Matla from Kriel power station via a pipeline that is currently not in good condition and needs 

to be repaired. 

Matla operates wet cooling and a wet ash system. The effluents from the water treatment 

processes are used as make-up water for transporting ash from the power station to the ash 

dams.  

The capacity and quality of the make-up water plant is sufficient to cover the plant’s con-

sumption needs. Samples are taken twice a day and the water’s key performance factors an-

alysed.  

The cooling towers were very recently replaced, as already mentioned, and a recovery plan 

is in place to ensure the full cooling water system is in good operating condition by August 

2023. 

Several refurbishment projects are planned between 2024 and 2028. These include the fol-

lowing unfunded projects: demin trains refurbishment p2, demin resin replacement p1 and 
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p3, unit online analysis replacement, sand filters refurbishment p1 and the dosing station re-

furbishment. The following projects, which already have funding, are also included: Kriel 

Matla filtered water pipeline repairs, Matla Mobile RO plant, CPP resin replacement p3 and 

water treatment plant valves replacement. 

Water treatment at a glance: 

− The capacity of the demineralised water plant is sufficient despite high losses due 

to steam and water leakages.  

− Upgrading and/or refurbishment of the water treatment plant is required and has 

been planned for. However, a large number of the projects are still unfunded. 

− The plant is capable of producing water of sufficient quality and quantity if fully op-

erational. 

5.14.2.5 Technical Status of the Auxiliaries and other Systems 

Coal supply to the plant used to be 100% from the Matla Exxaro mine, next to the station. 

The mine had three sources: Shaft 1 underground, as well as mines 2 and 3, both open cast 

mines. In 2018, Shaft 1, with the best coal quality, was closed. This reduced the coal supply 

from the mine to the Matla station to 60% of what is needed; the remaining 40% is now sup-

plied via road haulage from various mines. The coal burned at the station varies from 

600 000 to 1 200 000 tons per month depending on the MW produced. The average coal 

consumption of the station per year is around 12 million tons per year with FY2022/2023 be-

ing an exception with less than 10 million tons used. The Matla Exxaro mine is developing a 

new shaft to mine good quality coal but this shaft will not be operational before May 2025. 

As Figure 174 indicates, high coal flow is the largest load loss contributor at the station with 

nearly 17 000 MWh lost in FY2022/2023. Station management claims bad coal quality could 

account for as much as 7–9% of EAF lost, but this would require further investigation to con-

firm. However, we can certainly confirm that it does have a substantial negative affect. 
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Figure 174: Matla load loss analysis FY2022/2023 

Source Eskom43  

Based on the mine’s projected coal quality and supply tonnage and Matla’s coal specification 

(Table 81), the following can be concluded: 

− Coal currently supplied by the mine does not meet design quality coal requirements. 

The heating value is low, and the ash is very high. 

− The volume of coal received from the mine will be reduced to below 50% of the coal 

volume required in 2025, but the quality coal will meet the design specifications. 

− Not until 2028 will the mine again be able to supply the full coal demand with the re-

quired coal specification. 

− After 2035, coal from other mines will be needed once again but at much lower vol-

umes than at present. 

 

Table 81: Matla coal specification 

 

43 Draught group’s Generation Engineering strategic report 2023: 474-12883 



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  360 

Source Eskom44  

The overall condition of the coal handling plant was in order, with some maintenance and 

refurbishment already planned. 

The ash and dust plant: The environmental license renewal will need attention, but station 

management is already working on this. As mentioned earlier, the coal supplied to the plant 

is of lower quality than the design coal. The ash content of the design coal is in the 19–25% 

range (see Table 82), whereas the plant is currently using coal with ash in the 30–40% 

range. As Table 82 indicates, the ash loading has increased substantially (60–70% in-

crease), testing the limits of both the dust control and ash handling equipment. 

 

Table 82: Coal feed rate required and ash loading at Matla 

Source Eskom 

As a result of the addition of the dry dust pilot plant and selling ash to various users, the dust 

load has actually reduced at the ash plant. However, the particulate control system cannot 

handle the increased ash volume and does not comply with emission standards; upgrading 

of the particulate control system is needed. Finally, the ash pump needs maintenance atten-

tion. 

 

44 Eskom reference: Coal quality specification 240-71273834 
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Figure 175: Dust pilot plant at Matla 

 

Auxiliaries and other systems at a glance 

− Low coal quality and high ash content are limiting factors and the highest cause of 

UCLF and PLL at the station.  

− This also leads to limitations in ash and dust capacity and handling. A detailed in-

vestigation is needed to identify short and long-term solutions for these problems. 

5.14.2.6 Emissions 

The Matla power station needs to comply with the new plant standards for PM, SO2 and NOX 

by 2025, in order to be allowed to continue operating45. Figure 176 shows the required emis-

sion levels by 2025 (note: originally planned for 2020 but compliance extended). 

 

45 474-12865 air quality control Generation Engineering strategic report 2023 (Rev 1)  
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Figure 176: Minimum emission standards/postponement decision (30 October 2021) 

Source: Eskom45 

Presently, the plant does not comply with PM requirements. The required limit is 100 mg/Nm3 

and the plant emits above this level. PM needs to be reduced below 50 mg/Nm3 before 2025. 

This could be achieved by upgrading of the particulate control system; also, reduction in the 

ash content of the coal would be helpful. 

NOx emissions need to be kept below 1 100 mg/Nm3 and the plant complies marginally with 

this requirement. By 2025, NOx emissions need to be kept below 750 mg/Nm3. This could be 

achieved with low NOx burners at a cost of $ 20–30/kW. Replacing the burners is an oppor-

tunity to also optimise combustion which should result in lower excess O2 and lower overall 

air flow through the system, which should help the draft (PA, SA, and ID) fans. 

We understand that, presently, the Matla plant complies with SO2 requirements 

(3 50 mg/Nm3), but it will need to comply with the reduced requirement of either 500 or 

1 000 mg/Nm3, which comes into effect in 2025. Reaching 1 000 mg/Nm3 would require ap-

proximately 70% SO2 reduction, which could be achieved through installation of SO2 control 

equipment. For this level of SO2 reduction, dry SO2 control technologies would be applicable. 

If the limit is 500 mg/Nm3, nearly 85% SO2 reduction would be needed, which most likely re-

quires wet FGD. Coal with lower sulphur content may help, but it depends on whether it is 

available and at what price.  
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Emissions at a glance: 

− ESP upgrading is urgently needed on Unit 1 to comply with 50 mg/Nm3. High fre-

quency transformer replacement required on three units. 

− The plant needs to lower NOx emissions by 2025; low NOx burners seem to be the 

first choice. 

− Matla needs to assess how it will comply with SO2 control requirements. The appli-

cable limit needs to be clarified (whether it is 1 000 mg/Nm3 or 500 mg/Nm3). SO2 

controls would be needed; dry SO2 control technologies for 500 mg/Nm3 and wet 

FGD for 1 000 mg/Nm3. Low sulphur coal, if available, could help too. A more de-

tailed evaluation is needed. 

5.14.2.7 Spare parts warehouse and maintenance workshop 

We also visited the spare parts warehouse and maintenance workshop. The workshops are 

clean, well equipped and have the necessary staff to carry out repair work. They are even 

the go-to workshop for other stations like Kriel and Kendal, assisting them with repair work. 

There is a lack of spare parts due to budget cuts and inadequate funding. There are not al-

ways enough spare parts for the running of the units and for preventive maintenance. Some 

critical spare parts are no longer available on the market, but it should be noted that their 

production and procurement is possible. 

Spares at a glance: 

− There is a lack of spare parts for running and preventive maintenance programs. 

OEM spares for mills are a good example. 

− The costume-sized crane needed for mill maintenance is beyond economic repair 

and a replacement is urgently needed. 

5.14.3 Technical Measures to Improve the Plant Condition 

Coal Quality: To address the coal quality problem in the short term, the quality specification 

of the road-hauled coal should be improved, and measures should be implemented to blend 

this coal with the mine-supplied coal, to obtain a blend that meets the design requirements. 

Alternatively, the station performance requirement needs to be de-rated until 2028, when the 

mine can again provide the required volume of compliant coal. A study to unpack this and the 

related ash handling constraints and then make recommendations is recommended. 

Boiler: The root causes of frequent BTF at Matla are well known. High-risk areas have been 

identified and the scope of work to be carried out during the overhaul of the units has been 

planned in detail. The main contributing factor to the increase in BTF is reduced coal quality 

and the resulting increase in coal flow, as well as the maintenance backlog due to delayed 

overhauls. 
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Mills: According to the station management, mill maintenance has increased by 50% as a 

result of the increase in coal flow because of lower-than-specified coal quality. Mill feeder 

pipes now also need to be replaced regularly. Inadequate availability of OEM spares to main-

tain the mills is a large constraint at present. 

Machinery: The postponement and deferral of upgrade projects impacted heavily on turbine 

plant performance. Several upgrade and refurbishment projects are now at an advanced 

planning stage and, once implemented, will contribute to turbine plant performance improve-

ment and PLL reduction.  

Ash and dust plant: Reduced coal quality has a significant impact on the volume of ash and 

dust produced (60–70% increase). The dust plant is not in good condition, cannot handle the 

ash volumes produced, does not comply with emission standards, and needs to be refur-

bished or replaced. Ash pump maintenance is an area in need of maintenance attention. 

Emission controls: By 2025, the plant will have to comply with stricter SO2 and NOx emis-

sion requirements. SO2 emission controls are likely to require FGD of some type (dry or wet), 

depending on the specific requirement (1 000 or 500 mg/Nm3), and the ability to reduce the 

coal’s sulphur content. A comprehensive assessment of the options is recommended. NOx 

emission requirements will likely call for low NOx burners, which should be adequate to meet 

the emission standards. 

5.14.4 Power Plant Management  

Currently, around 690 employees are working at the power plant. The management team is 

stable and seems to be very capable and efficient when it comes to addressing operational 

issues at the power plant. The confidence and performance of the management team has 

improved since May 2022. 

There are knowledgeable and experienced people in most technical areas of the plant, espe-

cially in the maintenance department. Staff turnover is 7%, which is acceptable but should be 

lower. 

The plant management has no ability to make its own decisions regarding the necessary 

contracts for procurement of works, services, and supplies. This needs to change.  

Timely release of adequate funding for outages, accelerated lead times and spare deliveries 

would enable the execution of outages and planned repair work, which are essential to avoid 

further deterioration of plant reliability. The situation has, however, already improved signifi-

cantly since May 2022, when deferred and delayed outages had a major impact on plant per-

formance. 

A clear decision must be made as to whether the power plant will continue to operate after 

2035. This would give the staff clarity regarding the future of the station. 
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Maintenance  

The maintenance team is responsible for providing adequate resources to meet repair and 

servicing requirements reported by the operation team. The scope is defined by the engi-

neering department. The maintenance group is responsible for spare parts and consumables 

inventory and planning, including for training and development of the work force. The mainte-

nance and storage system are fully integrated in SAP System. 

Maintenance work is heavily outsourced. The maintenance contracting staff at Matla outnum-

ber Eskom employees by 2 to 1 (577 contracting staff vs 256 own staff members). This situa-

tion needs to be changed because core expertise is vested in contractors and IP is being 

lost, and there is no continuity in the maintenance department. This situation is particularly 

evident in the maintenance and operation of the milling department. To make matters worse, 

only 18 supervisors are available to supervise and coordinate the work but a minimum of 24 

is required. The current senior technicians will be trained and authorised to do contract su-

pervision. 

We recommend that maintenance of the mills be carried out, in the main, by the plant’s own 

personnel. 

In the past, it was not uncommon for maintenance on units to be deferred or delayed by 16 to 

42 months. (Table 77 provides this detail). In addition to this, the quality of work done was in-

adequate, resulting in units returning to operation with defects. Unit 4 was the first unit where 

the all the necessary maintenance was carried out. - Its performance after the overhaul 

shows the difference: EAF 80%, UCLF 3% and OCLF 8%. 

In terms of maintenance, Matla is evidently shifting from crisis management mode to reliabil-

ity mode, which is how it should be. 

Operation  

Operation of the units is overseen by lead plant operators. The plant operation staff are doing 

a good job and only 3 of the 68 trips in FY2022/2023 were operator related. There are still a 

number of operator vacancies at each unit that needs to be filled as soon as possible. Shift 

operators are missing as well. There are 15 minutes of handover-overlap at the start and end 

of each shift, so 30 minutes of overtime on every shift. Overtime is very high. Training and 

mentoring, as well as a new up-to-date simulator, are required and need to be a priority. 

Outages  

Planning for outages at Matla power station is in line with the outage philosophy, which was 

revised to be in line with the Gx 2035 shutdown plan. The scope and frequency of outages 

are based on the 12-year remaining lifespan as per the Gx 2035 plan with ensuring statutory 

compliances. The funding for interventions and technical upgrading is based on 12-year re-

maining lifespan return on investment. This principle makes some upgrades or refurbishment 

projects unviable, which is not a true reflection of their operational situation.  
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Unit 6 was put on forced outage due to a fuel oil fire on14 December 2023 and was returned 

to service in May 2023. The GO on this unit was due in August 2020 but was postponed 16 

times until the fire. The UCLF outage was used as an opportunity to carry out HP and IP tur-

bine assembly maintenance and stub box replacement (3 off), which was part of the GO 

scope of work. The full GO could not be done due to low readiness. The plant's 5-year out-

age listing is provided in Table 83 below, but all these outages still need confirmation. The 

preparation time necessary for outage planning is 24 months. If outages were carried out as 

planned, damage would not be exacerbated, the planned overhaul work could be executed, 

and good plant performance restored. 

 

Table 83: Matla 5-year outage listing 

Source Eskom 

Project Schedule 

The current capital investment project schedule for Matla power station is based on the 2035 

plant decommissioning strategy. From 2023 to 2032, the station has 82 capital investment 

projects scheduled, with a total estimated capital investment requirement of R 6 005 million. 

Table 84 provides the annual capital expenditure required, based on Eskom’s 50-year plant 

life plan. 

 

Table 84: Matla’s annual capital requirement based on 50-year life plan 

Source Eskom 

OutageID Outage Code Unit
Planned/Actual Start 

Time

Planned/Revised 

End Time
Outage Description

Planned 

Duration
43905 ML06UST-17-06-2023 6 2023/06/17 00:00:00 2023/06/18 23:59:00 Cold R/H NRV Inspections and repairs 2,00

42200 ML05UIN-23-06-2023 5 2023/06/23 00:00:00 2023/07/06 23:59:00 IN 14,00

24403 ML01UMO-15-12-2023 1 2023/12/15 00:00:00 2024/06/11 23:59:00 MO + ESP Upgrade 180,00

38247 ML02UIR-21-12-2023 2 2023/12/21 00:00:00 2024/01/07 23:59:00 HPPW Inspections 18,00

43888 ML03UST-22-12-2023 3 2023/12/22 00:00:00 2024/01/01 23:59:00 T1 & T2 HSSD 11,00

43891 ML05UST-27-03-2024 5 2024/03/27 00:00:00 2024/04/02 23:59:00 Spherical Header Inspections 7,00

24428 ML05UGO-07-08-2024 5 2024/08/07 00:00:00 2024/10/25 23:59:00 GO 80,00

38253 ML04UIP-22-09-2024 4 2024/09/22 00:00:00 2024/10/05 23:59:00 IR 14,00

38255 ML06UIR-07-11-2024 6 2024/11/07 00:00:00 2024/11/20 23:59:00 IR 14,00

24410 ML02UMO-01-12-2024 2 2024/12/01 00:00:00 2025/01/25 23:59:00 MO 56,00

24415 ML03UGO-08-05-2025 3 2025/05/08 00:00:00 2025/07/26 23:59:00 GO 80,00

24429 ML05UIR-25-10-2025 5 2025/10/25 00:00:00 2025/11/07 23:59:00 IR 14,00

24434 ML06UMO-10-05-2026 6 2026/05/10 00:00:00 2026/06/21 23:59:00 MO 43,00

24423 ML04UGO-10-06-2026 4 2026/06/10 00:00:00 2026/08/28 23:59:00 GO 80,00

24412 ML02UIR-03-10-2026 2 2026/10/03 00:00:00 2026/10/23 23:59:00 IR 21,00

24405 ML01UGO-05-12-2026 1 2026/12/05 00:00:00 2027/02/22 23:59:00 GO 80,00

38251 ML03UIR-08-12-2026 3 2026/12/08 00:00:00 2026/12/21 23:59:00 IR 14,00

38248 ML02UMO-24-04-2028 2 2028/04/24 00:00:00 2028/06/18 23:59:00 MO 56,00

24417 ML03UMO-10-06-2028 3 2028/06/10 00:00:00 2028/08/04 23:59:00 MO 56,00

Financial Year

Capital 

Required 

(Million)

2025 R2 349

2026 R1 522

2027 R801

2028 R519

2029 R417

2030 R264

2031 R132

2032 R2

Total R6 005
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National Treasury requested that the 60-year plant life or 2045 investment plan information 

also be provided. The information provided by Eskom on this is three years old but should 

provide an indication of what could be expected. According to this plan, the station has 

181 capital investment projects scheduled between 2024 and 2043, with a total estimated 

capital investment requirement of R 48 078 million. Table 85 shows the annual capital ex-

penditure requirement based on Eskom’s 60-year plant life plan. 

 

Table 85: Matla’s annual capital requirement based on 60-year life plan 

Source Eskom  

Financial Year
Capital Required 

(Million)

2024 R3 309

2025 R4 320

2026 R3 374

2027 R4 256

2028 R5 037

2029 R5 921

2030 R6 811

2031 R3 965

2032 R4 597

2033 R1 082

2034 R1 190

2035 R916

2036 R981

2037 R368

2038 R351

2039 R333

2040 R300

2041 R308

2042 R324

2043 R336

Total R48 078
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5.14.5 Technical Profile of Main Plant Areas  

The following table provides the key design data, key types of equipment and suppliers. 

Boiler Manufacturer Babcock Engineering  

Type Drum boiler 

Coal mass flow [t/h] 2100 t/h (total station) 

Pressure [MPa, absolute] 16.1 – superheat 

Temperature [°C] 540 – main steam 

Firing system 

Number of burners 4 to 5 mills, 48 burners per boiler 

Type of mills Babcock E type ball-mills 

Mill capacity [t/h] – per mill 72 

Reheat system 

Pressure [MPa, absolute] 3.84 

Temperature [°C] 535  

Coal supply 

Coal supply (truck, mine) Mine & trucks 

Coal storage capacity on-site (t) 130 000 tons 

Boiler bunker capacity (t) 7000 tons per boiler 

Precipitators 

Manufacturer Lurgi 

Type Sigma type CE plates 

Wet ash handling and dry dust handling 

 

Machinery and Electricals 

Turbine 

Manufacturer MAN 

Type Multi-cylinder impulse reaction 

Casings (HP-IP-LP, double/single flow) HP (single)-IP (double)-LP (four)  

Steam volume (kg m/s) 492 

Main steam pressure [MPa, a] 17.2 

Main steam temperature [°C] 540 

Reheat steam pressure [MPa, absolute] 3.84 

Reheat steam temperature [°C] 535 
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Cold end 

Condenser Dual-pressure surface type 

Cooling tower Hyperbolic natural draught, wet cooling 

Generator 

Manufacturer Alstom 

Terminal voltage 20 kV 

Rating 689 MW normal 

Cooling system Hydrogen @ 400 kPa 

Transformer  

Manufacturer ASEA Electric  

Terminal voltage primary/ secondary 420+6/-10x1.56%/22 kV 

Placement Between units and HV yard  
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5.15 Medupi Power Plant 

The Medupi power plant has a generation capacity of 4 764 MWgross. However, a portion of 

this capacity, specifically 794 MW, is at present unavailable due to the unfortunate H2 explo-

sion of the Unit 4 generator in 2021. It is anticipated that the unit will require several more 

months until it becomes operational again. 

The plant has a design gross efficiency of 41.36% when operating at its rated turbine MCR. 

Currently, the plant maintains an EAF of 70.80%. However, there is potential for improve-

ment, and it is realistic to aim for an EAF higher than 85%. Achieving this goal would result in 

a consistent increase of 563 MW in generation capacity. 

Significant progress has been made at Medupi over the past year, with a particular focus on 

critical areas and proactive maintenance initiatives. The reduction of unit trips has led to no-

table improvements in overall performance, and the MSMW programme is advancing well, 

already demonstrating its positive impact. The most critical areas of concern, such as the 

mills, dust handling plant, PJFFP, and spray water valve plants, have been effectively ad-

dressed. 

The precondition to achieve the higher EAF is a change in leadership46 and the decision-

making process, to allow efficient use of assets and resources, as all other factors needed 

for higher EAF are available or can be managed. Compared to international benchmarks, the 

budget to operate the plant is high enough, the technical design and plant condition are both 

good and qualified personnel are available in South Africa. 

The root cause for the low performance of the plant is Eskom’s organisational structure, 

which gives plant management very restricted authority to make decisions and which and en-

ables a high degree of interference by Eskom head office. The plant is not operated as a 

profit centre but is part of a portfolio, so profits and budget overruns are diluted throughout 

the coal fleet. 

Decisions by plant management require endorsement at several stages within Eskom Gener-

ation. This does not serve the day-to-day requirements of the plant, which needs to be able 

to act immediately in case of a malfunction or defect. 

 

46 The term leadership is used to describe the ability of the organisation to enable groups of people to 

work together and to accomplish what they could not do working individually. Leadership includes the 

motivation influencing and guidance of the team, setting of visions and goals, it defines the suitable 

organisation, the procedures and the communication and decision-making requirements and govern-

ance rules in the organisation. The difference to management is that leadership challenges and 

changes the existing organisation, procedures and decision making and drives towards the real needs 

to achieve the goals. Leaders do not stop at the limits of the job description but take-up tasks where 

necessary to achieve the goals. The use of leadership in the reports is not meant to pointing at individ-

uals in the organisation of Eskom but describes the business culture which is reflected by different lev-

els of Eskom management personnel, the limitation of authorities and empowerment of managers 

(leaders) in the organisation. 
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A philosophy of contracting OEMs, while including the spares supply under these mainte-

nance contracts, has been adopted to enhance the efficiency of the maintenance services 

delivered in specific plant areas. However, it is important to note that this approach primarily 

yields short-term benefits, as the long-term gains of capturing the spare parts usage data 

within the ERP system, while not managing the spares procurement and issuing through the 

stores, are lost. 

Medupi seems to have made significant progress in shifting away from blaming problems on 

original design and plant construction and is starting to take ownership of the plant and its 

performance. The drive to implement the maintenance strategies has already led to consider-

able improvements. 

Improving the level of experience within the outage department is crucial to improving their 

ability to inspect, assess and scope the required maintenance work. We recommend allocat-

ing more senior management personnel to mitigate and manage risks effectively, as identi-

fied risks during outages often seem to be managed solely by the outage manager. Addition-

ally, addressing the lack of aggressive quality control on the work performed by contracted or 

internal maintenance staff requires focused attention, training and disciplined management 

practices. 

Within the maintenance department, there is significant room for improvement in terms of the 

ownership exhibited by maintenance supervisors towards the plant. Further development is 

needed to ensure complete ownership and understanding of constantly ensuring plant availa-

bility. Disciplined management and quality control practices are also lacking and should be 

improved, to ensure the correct execution of work and to leave the plant in a better condition 

after every maintenance intervention. 

The understanding and management of the spare parts procurement process within the 

maintenance department needs improvement, to enable better specifications, streamline the 

procurement process and enhance overall efficiency. 

In terms of staff compensation, Eskom needs to consider the additional costs and hardships 

faced by personnel working in remote locations. Failing to acknowledge and value their dedi-

cation may lead to valuable human resources responsible for plant operation, maintenance 

and support engineering being lost to more enticing job opportunities. 

We recommend strengthening the operation maintenance and outage departments with ex-

perienced personnel or strong technical advisors and project managers, to stabilise Medupi 

during the winter season and reduce the downtime required for unit recovery after trips or 

maintenance. 

The handover of plant documentation from Eskom Group Capital department to Eskom Gen-

eration has not taken place, resulting in the inability of the plant operation and maintenance 

teams to safely operate the plant and carry out prudent equipment maintenance.  
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The various factors contributing to the significant deviation from the best practice perfor-

mance of the plant have been analysed and are presented in detail below, and recommenda-

tions for improvement the situation are made. By applying prudent plant operation and 

maintenance and fast-tracking efforts to eliminate key gaps, the plant’s performance can be 

lifted without major investment.  

Please note, the raw water treatment plant in Matimba, which also serves Medupi, poses a 

threat to the continued operation of the entire plant. It is being operated far beyond its design 

limits and requires urgent and significant equipment refurbishment. 

The other key risk is the slow progress in constructing a desulphurisation plant, which is a le-

gal requirement for operation of the plant beyond 2025.  

The key risk aspects need to be addressed as top priorities by head office at Eskom, with an 

emergency implementation arrangement. 

5.15.1 EAF and PLL 

Table 86 shows the operating thermal performance of the units for FY2022/2023. The unit 

efficiency is in the range of 38.2% to 40.1% compared to design of 41.36%. 

Parameters Unit 6 Unit 5 Unit 4 Unit 3 Unit 2 Unit 1 

Efficiency (%) 40.1 41.4 

Not in 

operation 

38.6 38.4 38.2 

Calorific value (MJ/kg) 19.1 19.1 19.1 19.1 19.1 

Coal burnt (M Tons) 1.5 2.2 2.6 2.3 2.7 

Unit sent out (GWh) 3 199 4 793 5 303 4 587 5 365 

Table 86: Operating performance of units at Medupi (FY2022/2023) 

As shown in Table 87, the EAF value for FY2022/2023 is 70.5% (without Unit 4) for the plant 

compared to a target of 81.6%. Among all the units, Unit1’s EAF is 90.9% whereas Units 2, 3 

and 5 are in the range of 76.9% to 79%. Unit 6 shows the lowest EAF at 53%. 

Parameters Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Plant 

Energy availability 

factor (EAF) 

90.9% 76.9% 87.9% 0.0% 79.0% 53.0% 70.5% 

Energy availability 

factor target (EAF) 

81.6% 81.6% 81.6% 81.6% 81.6% 81.6% 81.6% 

Unplanned capability 

loss factor (UCLF) 

8.2% 5.9% 10.1% 100.0% 18.6% 23.1% 21.1% 

Planned capability 

loss factor (PCLF) 

0.9% 17.2% 1.9% 0.0% 2.4% 24.0% 8.4% 
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Parameters Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Plant 

Other capability loss 

Factor (OCLF) 

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

Partial load loss 

(PLL - MW) 

28 20 48 0 79 60 236 

Table 87: Unit-wise EAF at Medupi power plant for FY2022/2023  

Table 88 shows the EAF, UCLF, PCLF of plant for FY2019 to FY2023, for operation vs tar-

get. Over the years, EAF has improved from 59% to 70% for the plant as a whole, and the 

UCLF has dropped from 29% to 23%. However, it should be noted that the current UCLF 

percentage is very high for such units. The low EAF is caused, in main, by the high UCLF. 

The main UCLF sources are shown in the Figure 177. 

 

 

Year EAF 

% 

UCLF 

% 

PCLF 

% 

UAGS Trips 

2019 59.54 29.16 11.29 102 

2020 64.44 26.23 8.89 78 

2021 57.90 24.43 17.63 79 

2022 62.96 26.30 9.06 92 

2023 70.80 23.59 5.6 48 

Table 88: Medupi’s operating performance improvements (FY2018/2019–FY2022/2023) 
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Figure 177: Medupi UCLF breakdown for FY2022/2023 

Although all the plant subsystems have an impact on the higher UCLF, the major contributors 

are the generator, boiler, gas cleaning plant, the draught plant and the mills. The turbine, 

electrical system and ash plant are the other important areas responsible for higher UCLF. 

The unit within Medupi that contributes most to the high UCLF is Unit 6, followed by Unit 5, 

Unit 3, Unit 1 and Unit 2. There are many reasons for the high UCLF, including design, im-

proper operation, lack of highly skilled staff, lack of spares, planning, etc. 

 

5.15.2 Technical Status  

5.15.2.1 Top Issue List 

Presently, the plant maintains an EAF of 70.80%. There is considerable potential for im-

provement, with a realistic chance of surpassing an EAF of 85%.  

To enhance system reliability and boost the EAF of Medupi, a combination of short-term and 

long-term solutions is recommended. In the short term, measures should be implemented to 

address the major issues currently hindering performance, which have the potential to in-

crease generation capacity by 400 MW. Additionally, the restoration of Unit 4 alone could 

provide an additional 612 MW (720 MW reduced for 85% EAF). In the long term, further 

measures suggested could contribute an extra 360 MW. 
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PJFF 

One of the major contributors to the UCLF of the boiler is the PJFF. PJFF has an UCLF of 

3.92% for FY2022/2023. 

The lifespan of the PJFF bags is very short, lasting less than a year. This is primarily due to 

high flue gas volume flow, caused by the increased excess air ratio, as well as the high flue 

gas inlet temperature caused by the choking of the gas air heater. In order to reduce the tem-

perature, tempering air is mixed with the flue gas at the inlet of the PJFF, which increases 

the flue gas volume, which in turn leads to high airflow velocity across the bags and over-

loading of the ID fans. The high dew points of the compressed air used for pulsing the bags 

and conveying contribute to bag choking and high DP across the filter bags. Furthermore, in-

creased moisture in the instrument air causes instrumentation malfunctions. The non-availa-

bility of critical spares results in lower throughput of the compressors. 

It is understood that the PJFF plant design capacity is marginally adequate and that even the 

slightest degradation of the plant results in PLL and UCLF. When additional factors impact 

plant performance from upstream and downstream plants, impacting the conditions within the 

PJFF, large capacity losses are experienced.  

The major design areas indicated are the overall filter material to air volume ratio (cloth-to-air 

ratio) which seems to be at the high end of acceptable design practice and the available re-

dundant PJFF capacity (cells or chambers) at boiler MCR to allow maintenance work on the 

PJFF or to deal with associated plant breakdowns or bag failures. It is therefore critical that 

PJFF plant maintenance is of a high standard and that the associated upstream and down-

stream plants receive similar attention, to reduce the impact on the PJFF plant performance. 

In addition, the high sulphur content excursions in the coal are detrimental to the PJFF per-

formance if not managed decisively and persistently. 

Short-Term Solutions 

− Maintenance of the PJFF plant needs to be of a high standard, and breakdowns need 

to be attended to as soon as possible. Due to the capacity constraints, online bag re-

placement practices will have to be continued. 

− Prioritise the procurement of critical spares for the compressors, to facilitate planned 

servicing and overhauls. 

− Continuously upgrade the skill level of both Eskom and outsourced manpower de-

ployed for PJFF operations and maintenance. 

− The associated plant, including the GAH, DHP, ID Fans and compressor plant, needs 

to be afforded the same care and attention as the PJFF plant, to minimise the impact 

on the PJFF performance. 

− Due to the high sulphur content excursions in the coal, exceeding 1.3%, it is critical to 

implement strict operating procedures. 
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− Regularly monitor the dew point of the compressed air and maintain it as per design. 

Ensure the proper functioning of compressor dryers and auto moisture drain valves. 

− Avoid mixing tempering air into the flue gas before the PJFF section, to maintain the 

temperature at the PJFF inlet as per design. 

Long-Term Solutions 

− Maintain an adequate reserve of spares for solenoids, components and pulsing con-

trollers. The availability of these items is crucial for the efficient pulsing operation of 

the bag filters and to minimise emissions. 

− Improve the overall filter cloth-to-air ratio and increase the overall capacity, to in-

crease the redundancy of the PJFF cells. The current indicated changes to modify the 

PJFF from a side entry design to a bottom entry design will only marginally improve 

the PJFF. 

Draught System 

There are two distinct issues within the draft group, which has an UCLF of 0.74% for 

FY2022/2023 

The first is the performance of the gas air heater, which - similar to the PJFFP - seems to be 

due to the design. It was mentioned that the differential pressure across the GAH is high, 

adding to the increased load on the ID fans. Furthermore, the heat transfer through the GAH 

is not as high as required, leading to higher flue gas temperatures, which result in the mixing 

of tempering air in order to reduce the inlet air temperature into the PJFFP. Due to the high 

DP and the increased boiler Lambda value, the GAH has experienced high wear to the cas-

ing and outsides of the heat transfer packs. There are also clear indications of sulphur depo-

sition, resulting in GAH choking. 

The flue gas ash removal system, responsible for removing the coarser fly ash before the 

GAH, is either not commissioned or not operated regularly and optimally. The positioning of 

the system hoppers has the potential to overflow onto the GAH at the transition from the cold 

air to the hot flue-gas side. 

The second area of concern is the excessive wear within the hot air ducting from the GAH to 

the mills and the boiler secondary air inlets at the burners. This is probably a result of the 

combination of large amounts of ash carryover from the flue gas ash removal system through 

the GAH and the additional air volume through the system. 

Short-Term Solutions 

− Regularly operate the soot blowers for the gas air heaters, especially during cold 

start-ups, as per the standard operating procedure. 

− Install oil carry-over probes above the gas air heater to detect oil particles in the gas 

air heater baskets. Repair any defective oil burners to ensure proper atomisation of oil 

and combustion in the furnace. 
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− Arrest the points of ash carryover and immediately repair. 

− The ash removal system ahead of the gas heater needs to be made available imme-

diately. 

− Regularly inspect leaking flue gas ducts and expansion bellows and perform repairs 

at every available opportunity. 

− Measure gas air heater seal leakages at regular intervals and implement remedial ac-

tion by adjusting the seal settings at regular intervals. 

− Arrest additional air ingress to the boiler to ensure that the oxygen level measurement 

at the air heater is accurate and indicates combustion excess air levels. 

− Prevent cable damage by properly laying them on cable trays and providing immedi-

ate protection until they can be rerouted to a safer zone, as they are currently ex-

posed to harsh environmental conditions. 

Long-Term Solutions 

− Identify and repair high erosion areas of flue gas ducts with erosion-resistant materi-

als for increased durability. 

− Ensure availability of materials before unit outage, to avoid delays in repairs. 

− Conduct GD tests to balance airflow in ducts entering PJFF. 

− Wash the gas air heater with water regularly, ensuring thorough cleaning until inlet 

and outlet water pH levels match. Dry out the GAH by running ID and FD fans after 

washing. 

− Remove and clean gas air heater baskets carefully with high-pressure water jets dur-

ing major opportunities like overhauls or major outages. Inspect baskets for erosion or 

damage and replace them as necessary. 

− Replace air heater seals and ensure proper seal setting during major opportunities to 

minimise leakages. 

Boiler Pressure Parts 

The boiler has an UCLF of 5.16% for FY2022/2023.  

It has already been mentioned that the boiler excess air ratio (Lambda value) was increased 

within the context of ESKOM’s revised operation parameters for the ESKOM fleet, which 

were implemented in response to the boiler explosion at Duvha’s Unit 3. This deviation from 

international practice and the OEM design presents a multitude of process implications, sig-

nificantly increasing the wear experienced by the boiler and its associated components, due 

to higher air velocity through the system. If there is an opportunity to revert the Lambda value 

back to the OEM design, it is plausible to anticipate enhanced component longevity and sus-

tained boiler performance, leading to potential improvements in the UCLF. 
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While the number of tube leakages has decreased considerably and is relatively low, the 

time taken to repair and restore the unit to operation is longer, compared to international 

standards. Efforts have been made to address this issue. Participation in the Eskom Stand-

ing Committee for Boiler Tube Leaks and a detailed analysis of the root causes of BTL and 

trips would assist in reducing the UCLF associated with the boiler pressure parts, should the 

recommendations be implemented. 

Short-Term Solutions 

− Investigate the possibility to lower the boiler Lambda value back to the original OEM 

design value. 

− The repair time for BTL is currently longer than international standards. To reduce re-

pair time, the following actions can be taken: 

o Ensure proper mobilisation of manpower, tools, and equipment for efficient re-

pair of BTL. With round-the-clock supervision by Eskom, the repair time can 

be brought down to international standards. 

o Ground the signal cable shield to avoid spurious tripping caused by lightning, 

which leads to excessive vibration levels of fans or invalid signals. This step 

ensures fan stability and prevents unnecessary unit trips. 

o Ensure calibration of critical instruments as per OEM guidelines. Establish a 

C&I laboratory calibration to prevent any slippage in the calibration schedule. 

o Strengthen joints and piping in the drain system to prevent frequent leakages 

of hot water or steam, which can lead to boiler trips due to controller faults. 

Long-Term Solutions 

− Ensure the availability of certified high-pressure welders for efficient repair of boiler 

pressure parts. 

− Maintain an inventory of all spares required for boiler pressure parts, to minimise 

downtime during repairs. 

− Replace weak or eroded piping and components in the affected areas, to prevent 

steam leaks and enhance system reliability. 

− Procure adequate spares for the HP bypass valves, as they are a common cause of 

failure. 

− Enhance the capacity of the reheater spray station, to meet temperature reduction re-

quirements. 

Milling System 

The UCLF for FY2022/2023 is 0.66%. 
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The wear elements of the mills are expected to last around 10 000 running hours before ma-

jor replacement or rebuild is required. A rolling plan for the rebuild or replacement of such 

components has been implemented and is yielding good results. 

In addition to the normal replacement of wear parts, various improvements have been 

agreed with the OEM and are currently being implemented. This implementation requires 

longer outages for the mill rebuilds, where after it is expected that future rebuilds will normal-

ise at a shorter outage duration. 

Short-Term Solutions 

− Develop the technical capability of mill operation and maintenance to enhance overall 

performance. 

− Conduct thorough inspections at the specified 1 000 hours intervals and rectify the 

defects during that mill shutdown or during a unit shutdown. 

− Perform mill clean-air and dirty-air tests to achieve velocity balance and balance the 

PA flow. 

− Consider adopting an isokinetic sampling method for representative sampling, to ob-

tain true fineness values. 

− Cables in the milling plant area are susceptible to damage due to exposure to harsh 

environmental conditions. To mitigate this issue, the cables should be neatly laid on 

cable trays and provided with necessary protection until they can be rerouted to a 

safer zone away from the hot pulverised fuel and coal rejects. 

Long-Term Solutions 

− Develop clear specifications and procure critical spares, such as grinding tires/grind-

ing ring segments, to meet mill overhauling requirements. Initiate the process at least 

one year in advance, to ensure the timely availability of critical spares at the site. 

− Continue to develop mill improvements under the supervision of a mill expert or with 

the support of the OEM. 

− Establish a maintenance strategy for PF pipes and bends, to prevent generation loss 

and fires caused by leaking pipes. 

− Develop design drawings and specifications for dampers and gates and prepare the 

associated spare part list required for reliable mill operation. 

− Replace the top and bottom reject gate valves of the mill reject system. Make certain 

to select valves that, when installed, ensure improved performance and reliability. 

− Another recurring problem in the milling plant area is the frequent failure of mill seal 

air fan motors. These failures are primarily caused by continuous overloading of the 

motors due to the excessive demand for air. 
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− To reduce the overloading of the mill seal air fan motors, it is essential to address the 

leakages in the mill's internal seal air system promptly. 

− In the long term, procurement of higher-rated motors equipped with standard bearings 

should be considered. Alternatively, exploring the possibility of using a high-delivery 

air fan and motor could also help mitigate this recurring issue. 

Issues relating to the Generator H2 Explosion 

− The generator H2 explosion occurred on 9 August 2021, caused by improper hydro-

gen purging in the absence of site-specific instructions.  

− Consequently, substantial capital losses were incurred, necessitating property dam-

age assessment, ERA preparation, contract placement for stripping and stator as-

sessment, on-site and off-site stripping, and damage assessment for investment ap-

proval.  

− Turbine hall civil roof and wall repair planned to be completed by 31 August 2023. 

− As per plan, the manufacture of the new generator is expected to be completed by 15 

July 2024 and installation and commissioning by 31 August 2024. 

− An interim plan includes the procurement of an old generator from the Netherlands for 

the Medupi plant, as a temporary arrangement. The old generator, currently decom-

missioned in the Netherlands, is awaiting the release of a purchase order by Eskom. 

− The old generator is decommissioned in the Netherlands. The purchase order for in-

spection of the old generator in the Netherlands needs to be released by Eskom. De-

lays in this process should be minimised as far as is possible, to bring Unit 4 back in 

operation as soon as possible. 

− As Unit 4 has been out of operation for an extended period, many spares and equip-

ment have been cannibalised for use in other active units. Therefore, simultaneous 

procurement of these spares and equipment is necessary to restore Unit 4. 

Turbine Generator 

Short-Term Solutions 

− It is crucial to ensure the availability of skilled manpower who possess the necessary 

expertise to effectively operate and maintain the system. 

− Establish OEM guidelines regarding the quality of oil. This can be achieved by imple-

menting online filtration techniques and procuring oil filters of the appropriate quality 

from reliable vendors. It is essential to develop specifications for the filters in collabo-

ration with reputable suppliers. 

− The plant has issues with passing valves, and the consumption of make-up water is 

excessively high. Addressing the valve passing problem should be prioritised, to pre-

vent further complications. We recommend addressing to the following problems: 
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o Adjust valve torque settings according to OEM recommendations. 

o Conduct frequent walk-downs to identify and prioritise the repair of passing 

valves. 

o Avoid procuring valves from vendors with unsatisfactory performance records. 

o Develop in-house skills for the repair and maintenance of high-pressure and 

critical valves. 

Long-Term Solutions 

− Critical valves should be carefully examined and, if necessary, sent to capable ven-

dors/OEMs for repair.  

− When procuring valves, it is advisable to select established manufacturers known for 

their expertise and quality products. 

5.15.2.2 Electrical System 

In recent years, the units have suffered numerous trips caused by generator excitation fail-

ures/excitation system failures. These trips have been attributed to various faults, such as 

bridge loss, rotor earth fault and failures in excitation system components (including snubber 

circuits, current sensors, cubicle ventilation loss, module failures, and more). Unfortunately, 

due to the unavailability of spares, the system is currently operating with low protection con-

figuration. 

Short-Term Solutions 

− Increase the effectiveness of the HVAC system in the excitation room. 

− Ensure appropriate cooling is maintained, to prevent failures of electronic and electri-

cal components in the excitation system caused by excessive temperature. 

− Turn off the HVAC system during long outages, to let the temperature settle at the 

ambient temperature. 

Long-Term Solutions 

− Plan for the replacement of excitation systems as they approach the end of their 

lifespan (> 15 years). 

 

Switch Gear (MV&LV) 

The units have been experiencing a number of trips caused by ARC fault protection activa-

tion. Unit 5 experienced the most trips, with five trips occurring in the past two years. Four of 

the five trips were caused by ARC protection relays/protection malfunction. The malfunction-

ing and failures of the system are primarily due to HVAC issues and water ingress. 

− The units are experiencing multiple failures/malfunctioning of the MV (switchgear) 

board arc protection systems.  
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− MV and LV (switchgear) board failures due to moisture ingress  

Short-Term Solutions 

− Defective fire seals of breakers should be sealed properly to avoid flashovers inside 

breakers, due to condensation of steam which then enters through cable trenches 

flooded by overflowing drain water. Availability of sump pump also needs to be en-

sured, to avoid overflow of the drains. 

− Hot water passing from the drains is to be arrested as a priority. 

Major C&I System  

The unit and common plant control systems procured for Medupi in 2007 have become obso-

lete. Currently, the OEM does not offer support for spares and security patches to address 

bugs. Consequently, the reliability and safety of the equipment have been compromised. The 

affected systems include: 

− Units 1 to 3: SiemensT3000 DCS System. 

− Units 4 to 6, BOP SER ALSPA Series 6 DCS (GE Alstom). 

− Boiler Protection Unit 1-6 Siemens T3000. 

− SPPA-T3000, TG Control–Control steam, etc. 

Short-Term Solutions 

− To mitigate the situation until a replacement is implemented, the development of ex-

ternal agencies capable of repairing and reengineering electronic cards is necessary. 

Previously, the Eskom PTM group handled such issues, but support from this group is 

no longer available due to a lack of experienced staff. 

Long-Term Solutions 

− For a lasting resolution, the following main DCS control systems (Units 1 to 6), boiler 

protection system (SIEMENS T-3000), TG Control–Control steam, P320 AVR, and 

Water Canon –Siemens S7 400PLC need to be addressed. These systems are obso-

lete, and the OEM does not provide support or spare parts for them. Therefore, the 

plant personnel proposed upgrading the C&I systems, which is recorded on the 

LOPP. 

High Turnover of Experienced Staff 

The C&I section is facing a significant turnover of experienced staff, primarily due to retire-

ment and the remote location of the company. To address this issue promptly, we recom-

mend recruiting staff from other countries, to maintain the required skill set within the depart-

ment. 

Shortage of Calibrated Instruments 
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To ensure reliable control and protection, it is essential to establish a C&I laboratory 

equipped with the minimum required calibration instruments, as recommended by the OEM. 

Currently, the department relies entirely on external agencies for calibration, leading to in-

complete calibration of instruments. This incomplete calibration can have adverse effects on 

generation efficiency and system safety. 

Diesel Generator Set 

Out of the three diesel generator sets, only DC set no 3 is available for use. Diesel generator 

sets 1 and 2 are currently unavailable, as they failed to start during a routine test. Immediate 

consultation with the OEM is necessary to rectify the issue and restore the functionality of 

these generator sets. 

Coal Handling Plant 

The UCLF was 0.03% loss in FY2022/2023 due to CHP issues. 

During the rainy season, coal moisture increases, for which proper coal blending is required. 

The characteristics of the supplied coal vary slightly from the contractual coal characteristics. 

− As per the contract, sulphur values have contractual limits of 1.3% but operating val-

ues vary from 1.02% to > 1.74%. 

Ash and Ash Dumping System 

The UCLF was 0.32%, in FY2022/2023. The loss was due to AHP defects.  

The ash conveying system has been shut down repeatedly, due to leaking ash conveying 

pipes leakages. 

The plant has been forced to reduce load due to HH levels of FF hoppers and this is also 

leading to high emissions. 

There are several environmental compliance issues relating to ash dumping and there is a 

constraint on dumping ash due to the incomplete construction of the ADF. The dumped ash 

also needs to be covered by a geomembrane, as per the environmental norms, by 2025. 

South Phase-3A, ash dumping facility construction has not yet been completed, resulting in 

an inadequate dumping facility. 

Spares for submerged scraper conveyor and DHP are not available. 

 

Short-Term Solutions 

− Check the health of all hopper heaters and maintain the ash temperature in the hop-

pers at the design temperature.  

− The fluidising pads installed at the FF hoppers need to be regularly checked and re-

placed periodically. 

− Condition of all FF hooper level switches to be ensured, for reliable evacuation. 
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− The dew point of the compressed conveying air is to be monitored regularly so that it 

is maintained as per design. The health of compressor dryers and auto moisture drain 

valves must be ensured. 

Thickness surveys of the ash conveying pipes are to be carried out at regular intervals of six 

months and reduced thickness pipes and bends are to be replaced, to prevent ash leakages. 

The health of water spray facilities is to be ensured to prevent dust emissions from the ash 

dumping facilities. 

Long-Term Solutions: 

The maintenance strategy for ash conveying pipes is to be reviewed as these pipes are 

prone to high wear and tear. 

Disposed ash at the ADF needs to be covered by a geomembrane by 2025, for environmen-

tal compliance, as it is related to consent to operate the plant. 

Infrastructure/Civil Engineering 

− Process water is overflowing. 

− Dam overflow. 

− Pumping to crocodile river. 

− Recovering effluent at the water treatment plant. 

− Focus on dirty water dams to achieve less than 60% level (9 December 2022 at 

67%). 

− Raw water, primary and secondary clarifiers not commissioned.  

− The workshop facilities have recently been commissioned. These are needed for re-

furbishment/repair. Lack of skilled manpower for the workshop. 

Fire Detection System  

Not yet fully commissioned. 

HVAC system  

Incomplete commissioning and outstanding documentation handover. 

Generator Hydrogen Plant  

Not yet commissioned. 

Incomplete Construction/ Infrastructure facilities 

There are incomplete facilities, due to delayed construction and non-commissioning of facili-

ties like ash dumping facilities, hydrogen generating plants, fire alarm systems, workshops, 

electrical and C&I laboratories, liquid waste treatment plants, etc. This is putting constraints 

on the reliable operation of the plant. 
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Short-Term Solutions 

− These facilities need to be planned and executed in a time-bound manner. Progress 

needs to be monitored on a regular basis, to ensure that the necessary resources and 

budget are available. 

Spares Planning, Availability and Development of Specifications  

Short-Term Solutions 

− Most of the spares have been declared stock-controlled items with minimum, maxi-

mum and re-ordering levels. This does not match the actual requirement, which has 

resulted in frequent unscheduled procurement on the one hand and a huge inventory 

of slow-moving items on other. An FSN/ABC analysis needs to be conducted, as well 

as an immediate review of minimum, maximum and reordering levels as a one-time 

exercise, and then every six months thereafter. The safe lifetime of spares and con-

sumables in the ERP system should also be monitored and an automated first-in, 

first-out philosophy implemented. 

− List of critical spares to be reviewed in every quarter for all the system by the con-

cerned department. 

− As the current practice of global tendering is delaying the procurement process con-

siderably, we advise that tenders be issued only to pre-qualified vendors with appro-

priate technical competence and appropriate financial background. 

− Single source or sole source suppliers should be identified for critical spares and sin-

gle/sole source approval should be given without limitation of the validity of said ap-

proval. 

Long-Term Solutions 

− Develop specifications and drawings for key spares or examples mills, to widen the 

network of suppliers and reduce dependence on OEM and their agencies. 

− Present procurement process is cumbersome and time consuming, requiring approval 

at multiple stages. It needs to be revisited, to accelerate the process and to ensure 

timely availability of spares and engagement and mobilisation of resources. 

 

HR Issues 

Short-Term Solutions 

− Training and workshops need to be organised for newly appointed staff in C&I and 

Electrical, as most of the systems at this plant are new and require appropriate train-

ing. 

− Reward and recognition system needs to be enhanced by clear criteria, alignment 

with organisational goals and effective communication with variety of rewards. 
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− The training department needs to ensure that lessons learned from plant incidents are 

built into the training materials for the plant operators. 

− The skills of personnel (Eskom/business partner) need to be continuously improved 

through training and counselling. Operating manpower skills, HP welders, grinder 

men, boiler tube fitters, HP valves repair and maintenance skills, millwright fitters for 

pumps and fans and their alignment, skilled technician for compressors, HVAC tech-

nicians all need training and development. 

Long-Term Solutions 

− Adequate experienced middle-level supervisors and engineers need to be recruited in 

maintenance (including C&I and Electrical) by granting special allowances for the re-

mote location. 

− Non-availability of specialists at plant level can be resolved by keeping experts for all 

the functions of O&M at Eskom headquarters. 

5.15.2.3 Technical Status of the Boiler 

During the visit, the team walked through the boiler house. As shown in Figure 178, Figure 

179and Figure 180, the housekeeping was poor. The plant is equipped to high technical 

standards but is still in the stabilisation phase, six years after the first unit, Unit 6, was taken 

over. 

 

Figure 178: Ash accumulation 

in Medupi’s boiler house 

 

Figure 179: Leakage in silo 

at Medupi 

 

Figure 180: Reasonably clean 

feeder floor at Medupi 

The steam temperature at the boiler outlet main steam is maintained close to the design of 

560°C. The temperature differential between the different sides of the boiler is within the limit. 

However, there is high reheater spray water consumption. The reheater spray station capac-

ity is below design and needs to be increased to maintain reheater temperature. 

Air heater choking leads to SLL and overloading of ID fans and ash carryover. The sealing 

system is not reliable. 
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Two ID fans draw the flue gas out of the boiler to the chimney. ID fans do not operate at full 

capacity. This is caused by air ingress, leaks in the air heater and choking of gas air heater. 

The plants are operating with higher O2 levels. The site team reported that the PA duct wear 

rate is very high due to ash erosion. Even though patch work has been done, the problem 

persists. 

 

Boiler at a glance: 

− Reliability of PJFF plant is below industrial standard due to combination of coal 

quality variations, design, maintenance and operation. It causes SLL – special ef-

fort is needed to improve the performance. 

− Silo area shows heavy ash leakage. 

− Reasonably clean mill floor and feeder floor. 

− Gas air heater is facing ash carryover, choking and unreliability of sealing system. 

Gas heater duct leakage in all units. 

− High wear rate of PA duct due to ash erosion. 

− Frequent failure of boiler HP bypass valve. 

− Reheater spray station under capacity. 

 

5.15.2.4 Technical Status of the Machinery  

The turbine hall was reasonably clean, as the housekeeping was conducted well. 

Heaters are in good condition and the heater outlet temperature is maintained as per design 

specification. All the heaters are in service. There are no load losses reported due to heater 

issues.  

Valve passing (mainly drain and vent valves) leads to higher water consumption.  

With regards to the condenser system, the poor condenser vacuum has a major impact on 

operation, mainly because of the unavailability of ACC fan spares. This leads to higher con-

denser back pressure and, consequently, loss in generation. 
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Figure 181: Good housekeeping at Medupi’s turbine hall 

Machinery at a glance: 

− The turbine seems to be operated properly. 

− There is no load loss due to feed heater. 

− ACC spares unavailability causes vacuum losses. 

 

5.15.2.5 Issues related to Water System 

Usage of demineralised water is higher than the allowable limits of 7.96 kg/s in Units 2, 3 and 

6. Plant usage of raw water is higher than the allowable limits, leading to overflow of dams 

and environmental concerns. 

5.15.3 Technical Measures to Improve the Plant Condition 

The measures were already described in the previous chapter. 
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5.15.4 Power Plant Management 

Maintenance 

Medupi has outsourced maintenance to third parties. Of the plant’s staff, 408 are inhouse 

and 1 129 are from third parties. The ratio is not healthy and does not ensure fast-track reac-

tions to real plant requirements. We highly recommend insourcing personnel to enhance un-

derstanding of the real needs, speed of action and ownership. 

Planning 

Maintenance at the plant is carried out via the SAP system. MSMW system in place of relia-

bility-based maintenance system has been recently implemented in SAP. Maintenance strat-

egy varies from system to system, based on its criticality, i.e. some maintenance is planned, 

some is based on condition and some is run-to-failure. 

There is a lack of overall condition monitoring reports shared with the plant, and there are no 

clear limits set for individual reports. Additionally, there is a missing consolidated equipment 

condition indicator matrix or system health report.  

Further, the plant’s maintenance and outage departments have long-term contracts with 

prequalified contractors in order to meet the requirements for carrying out planned and un-

planned work. 

Findings 

− The constraints for planned maintenance are lack of adequate funding, belated ap-

proval of funding and unavailability of spares in line with requirement. 

− The procurement process takes too long (approximately six months or more). Place-

ment of service contracts takes a considerable amount of time, which does not fit with 

urgent plant needs. There are instances of work being deferred by more than six 

months because budgets haven’t been approved in time. This affects unit perfor-

mance adversely. 

− The Medupi units that were commissioned in recent years continue to face unre-

solved teething problems. To achieve stable operation at their rated capacity, addi-

tional efforts, resources and budget are required. 

− Feedback on equipment performance from operations, maintenance and other per-

sonnel is not an integral part of the strategy to maintain long-term equipment reliabil-

ity. This needs to be changed. 

− Budgets are not fully aligned with the requirements of the final scope of the work so 

that the approved budget is often inadequate. 

− The majority of load losses are due to improper planning and execution of mainte-

nance of boiler pressure parts, PJFF and ash plant. The available resources are not 

used efficiently. 
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− The skill level of the staff needs to be improved on a continual basis via effective 

training. 

− Training programmes to improve skill sets, for people management and succession 

planning, etc., need to be organised at regular intervals. 

Quality 

Medupi is certified to ISO 9001. For quality control, the SAP system generates work sam-

pling orders for line managers/supervisors to verify the work done on different plants as per 

the respective approved QCPs. 

As the checking of compliance with QCPs is only done on a random basis, there can be 

shortfalls in the quality of the work executed and in subsequent rectification work. Quality 

control checks need to be carried out by skilled technicians/engineers on all work carried out 

by contractors, in order to ensure that it is up to standard and value for money. It is best 

practice to separate quality control from the execution of work. 

Findings 

− Quality control and quality assurance departments are not available. 

− Approved QCPs are in place but need to be strengthened. 

− Inspection of HT Motors, MCA, Tan Delta test, DPT of fan motor rotor bars, MDBFP 

motor in situ inspection of overhang portion of stator bars/DPT of impeller blades 

should be carried out during overhauls. 

− Some machine spares are stored in open yards and some spares are placed in open 

sheds exposed to sun, rain and dust and are becoming damaged. Vulnerable items 

need to be shifted inside the covered store and the preservations schedule needs to 

be followed. 

− Currently, there is no prequalification of vendors in case of approval of single sourc-

ing/open tendering. 

− The unit has rolling overhaul schedule for IN, IR, MGO and GO as per their outage 

philosophy. However, the scope of the work needs to be frozen well in advance, so 

that resources are procured/managed in time, otherwise quality issues cannot be 

properly addressed. 

− High risk of losing operation permit due to wrong application of pressure part materi-

als, improper ash disposal, high emissions, overflow of dams, etc. 

− Proper housekeeping is a prerequisite to safety and quality maintenance and needs 

to be addressed immediately. 
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Resources 

The resource planning of the plant is as follows:  

There are approx. 27 employees working on shift operations. If shift staff are unavailable 

(due to leave/sickness), replacements are brought in from the spare group or shift staff do 

overtime. 

During every shift, a walk-down survey is conducted as per the checklist. At present, there is 

a shortage of quality and experienced operating staff.  

Currently, there are only 127 operating staff and 139 approved positions. The gap affects op-

eration quality and needs to be addressed immediately. 

Further, only one field operator is posted for the entire boiler, milling system, draught system 

and TG and auxiliaries. We recommend having at least three field operators for each shift to 

monitor the systems separately: one for boiler, one for milling and draught system and one 

for TG and auxiliaries. 

For a general description of resources qualification et al, please refer to the Kusile power 

plant report. 

Third Party Resources 

The current Eskom tendering process does not include a prequalification process prior to 

submission of request for proposal. Any party can participate in the tendering process, irre-

spective of qualification or previous procurement history. This can lead to significant delays 

in the procurement process and does not assure that sufficiently qualified companies are 

even considered in the bidding process. If potential venders are rejected, then the retender-

ing process needs to be restarted, which can lead to additional delays in the mobilisation of 

vendors. Such a system encourages the contracting of inadequately qualified vendors to ex-

ecute jobs, as plant personnel is forced to choose between quality of work and timely execu-

tion. 

− The plant has placed 22 maintenance contracts for different functions. We recom-

mend that each contract specify the required skill set of the contractor and that they 

are approved only after a performance test. 

Spare parts 

Concerns about spare parts can be divided into two main categories: 

− Timely procurement of spare parts: This is adversely affected by tendering of pro-

posals to potential vendors irrespective of their technical or financial capability. This 

can lead to one or more retenderings, even after an extended period of time. 

− Quality of spares due to lack of proper quality control plan with sufficient holding 

points. Plant personnel have reported that, on several occasions, quality control has 

only taken place after delivery to site. This forces the plant personnel to compromise 
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on the quality of spares, as rejection would cause substantial delays in the availability 

of said spare part. 

Critical and Strategic Spares Planning 

The spares management meetings lack effectiveness and attendance is inconsistent. A final-

ised list of critical and strategic spares for every system has not been made available but is 

needed immediately for budget approval and procurement planning.  

The issue of spares unavailability has been repeatedly discussed in various meetings, includ-

ing schedule freeze, plant focus and production meetings. 

The strategic spares list, based on their criticality, is noted below which plant need to adopt 

as per the equipment status at the plant. 

Findings  

The following is a list of the concerns relating to spare parts:  

− Spare part management is a major issue impacting EAF. 

− There are gaps in ordering, receiving and maintaining adequate spare parts in order 

to avoid delay in maintenance and load loss. 

− Only OEM-related spares and services are provided and procured from relevant 

OEM/their agency on sole source basis. 

− Even though sharing of spares is done with other plants, this is a grey area which is 

currently a big concern for the concurrent load loss. 

− The stock level is not adequately maintained. 

− A dedicated quality assurance department is not available. 

− The long procurement process and unavailability of critical spares increases the high 

risk of downtime and, consequently, load loss. 

− Valves passing is a major concern and even post outage, rectification is not yielding 

desirable results, which results into loss of energy and abnormally high DM water 

consumption. Non-availability of spares for rotating equipment and soot blowers is a 

big concern for equipment reliability. 

Additional Spare Parts Recommendation 

− Besides the correction of the above-mentioned points, we recommend that the ade-

quacy of min/max values and safety stock in the plant be reviewed every six months. 

At least on annual basis, the plant should conduct FSN/ABC analysis to identify high 

value and non-moving items and to establish whether it is necessary to keep such 

items in stock. The use of an automated first-in, first-out system, with monitoring of 

shelf-life time is highly recommended. 
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− Strategic list of spares /unit assemblies need to be finalised between all plants with 

similar units/OEM. 

− List of critical spares to be reviewed in every quarter for all the system by the con-

cerned department. 

− Development of specifications and drawings for the spares is needed. 

Operation 

Quality 

The plant is operated round the clock with five groups of operating teams.  

Monitoring of operational performance via KPIs is done by the performance and testing divi-

sion of the plant. However, recording of plant performance analysis data needs improvement, 

so that the findings and related issues of load loss and efficiency parameters are well 

mapped to the respective equipment/systems. The punch points for the equipment/systems 

need to be monitored at regular intervals to facilitate the resources, so that they are ad-

dressed in a definite time frame by the respective departments. 

Coal quality management procedure is followed as per the coal supply agreement between 

Eskom and Exxaro. The plant uses a coal management system to record coal quality param-

eters, and the laboratory maintains LIMS. Coal sampling is done through an automated sam-

pling plant situated at Exxaro. The coal sampling is prepared jointly by Eskom and Exxaro 

and each party does a chemical and physical analysis of the coal at their respective laborato-

ries before the coal is dispatched to the plant. The results from the two labs are compared 

and accepted only when the deviations between the two reports are within the permissible 

limits.  

The OPEX is tracked by comparing actual expenditure with budgeted expenditure on a 

monthly and YTD basis. There is a monthly review meeting by the PSGM.  

The budget for the plant is prepared on an annual basis and considers the volumes of gener-

ation, different activities to be executed and outage plans. Although the system is estab-

lished, no record is available for system wise budget declaration. 

Monitoring 

Real-time information can be accessed via the HMI and the system is integrated into the op-

erational historian system, as the system was procured before 2007 and is therefore getting 

old and has issues with OEM support and non-availability of spares. Most of the hardware 

and software is becoming obsolete and the DCS system, boiler protection and turbine control 

need an upgrade. Simulation procedure is in place and followed as per defined procedure. 

All configured points are in line, except for a few forced signals due to operational issues. 

Auto loop status is given separately. 

Presently, only critical instruments for IR and MGO are calibrated through external accredited 

certified agencies. We recommend that all instruments are calibrated in a systematic manner 
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at scheduled times, or that a calibration schedule be uploaded and tracked via the SAP sys-

tem. 

Outage Management 

The basic principles of outage management are similar to Kusile power plant’s and are de-

scribed there. 

Leadership 

Eskom’s organisational structure, which severely limits the authority of the plant manage-

ment to make its own decisions and involves a high degree of interference from Eskom’s 

head office, does not serve the day-to-day requirements of a plant that needs to be able to 

react immediately in case of malfunction or defects. The plant leadership is faced with the fol-

lowing challenges for the sustainable operation of the plant:  

− To operate the plant within the emission limits set by South Africa’s emissions regula-

tory body AEL and to address unavailability of PJFF bags and compressor failures, 

which lead to major energy loss. 

− Ash dumping facility South Phase-3A is still under construction. It is one of the major 

risks for the plant. The dumped ash also needs to be covered with a geomembrane in 

order to meet the requirements of the environmental regulatory body. 

− Payment of penalties to the coal company because of reduced coal requirement on 

the back of low EAF. 

− Revisiting the present procurement process to address the time-consuming procure-

ment process. 

− Malfunctioning of the hyper wave system, which might lead to loss of documented in-

formation (documents) due to system migration. 

− The unreliable fire detection system poses a risk of delayed or undetected fires, po-

tentially causing plant damage and endangering personnel safety. 

− Development of specifications and drawings for the critical spares. 

− Comprehensive budgeting for each O&M system and timely approval of budgets. 

− To achieve zero discharge from overflowing dams and control the process water 

wastage. 

− Improving the safety culture among the employees of Eskom and its business part-

ners.  

− Shortage of skilled trained manpower. 

− Motivation level of Medupi employee needs to be raised, as it has been severely af-

fected by COVID. 
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− Development of Eskom-wide knowledge forums for each function of O&M, for resolu-

tion of technical issues. 

People Management 

The work culture at Medupi is influenced by the following: 

− Work culture at Medupi was adversely affected by Covid – both during and after the 

pandemic - and is still a long way from normalcy. 

− The programme on Eskom values is conducted by plant management. The plant 

maintains its culture through induction processes, recognition and reward systems 

and networking initiatives. 

− Lack of ownership needs to be addressed by improving leadership quality. 

− Employee involvement through employee engagement initiatives, such as info ses-

sions and empowering the employees to create and enforce a winning culture. 

− Good stakeholder relations are to be developed through stakeholder participative 

structures. 

Employee Motivation 

− Though a reward and recognition system exists, it needs to be further enhanced by 

clear objectives, alignment with organisational goals, effective communication and a 

variety of monetary and non-monetary rewards. 

− Recognise and reward individuals and teams for their outstanding contributions in 

demonstrating creativity and innovation. 

− Foster employee motivation by organising fun activities and celebrations. 

H&S Management 

The plant is ISO 45001:2018 certified, actively striving to meet standards requirements. A 

SHEQ policy outlines leadership commitment and expectations. Effectiveness is reviewed 

through management reviews and quarterly audits. Incident investigations follow 32-95 

Eskom incident management procedure. All incidents are investigated within 7 days of the 

occurrence unless the injured person is not fit to attend. Incidents per year are as summa-

rised in Table 89. 

Employee Year  PD MVA FA Medi-

cal 

LTI 

Eskom FY2022  2 4 2 4 0 

FY2023  3 2 4 0 0 

Contractors FY2022  9 4 10 10 6 

FY2023  6 3 6 12 4 

Table 89: Incident summary for Medupi power plant (FY2022/2023) 
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Health and Safety Performance in FY2022/2023  

Contractors are a cause for concern as the number of incidents has increased. The safety 

culture among the contractors needs to be improved through training and increased supervi-

sion by the safety officer and line managers. The recommendations made by the Investiga-

tion Committee need to be implemented. 

Risk Management 

Medupi has an integrated risk management system that complies with the integrated risk 

management standard (doc. no. 32-391) in Eskom’s enterprise risk and resilience policy.  

The plant faces various risks with regards to emissions compliance, zero discharge, equip-

ment reliability, safety culture, manpower short-age, employee motivation, documentation 

management, critical spares specifications, comprehensive system wise budgeting, stream-

lined procurement, and knowledge forums.  

Mitigating these risks is critical for the sustainable operation of the plant and the achievement 

of long-term success. 

Mechanisms for learning and for implementing actionable points must be monitored and 

complied with on a monthly basis. 

5.15.5 Technical Profile of Main Plant Areas 

Geographical Location: The Medupi power project is located on an 883ha-site near Lepha-

lale, in the Waterberg district of Limpopo, approximately 350km north of Johannesburg, 

South Africa. 

Installed Capacity and Station details: Medupi Power Station is a dry-cooled coal-fired 

power station built by Eskom near Lephalale in Limpopo province, South Africa. The station 

comprises of 6 generating units with a capacity of 794 MW each bringing the total installed 

capacity of 4764 MW. 794MW is unavailable due to unit 4 exploding in 2021 and is not ex-

pected to be operational for years to come. Each unit consists of a steam turbine and gener-

ator along with an air-cooled condenser supplied by GE, and a supercritical boiler supplied 

by Mitsubishi Hitachi Power Systems (MHPS), apart from the associated control and instru-

mentation system and other auxiliary equipment. Design gross efficiency at rated turbine 

MCR 41.36%. Coal is supplied from the adjacent Grootegeluk colliery on the Waterberg 

Coalfield via a conveyor system. The commissioning dates along with station details are 

shown in the next table. 
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Parameter Value 

Gross Installed capacity (MW) 6 x 794 (4 764) 

Available capacity (for Maximum Continuous Operation) 3 970 (excluding U4) 

Number of units (no) 6 

Start of operation (year) 2015 

Units still operation (no) 5 

Planned end of life of first unit (year)* 2066 

Planned end of Life of last unit (year)* 2069 

Steam parameter (pressure/temperature) 24.1 MPa/560oC 

Source of coal Grootegeluk colliery 

Commissioning 

and life of plant 

Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 

Commissioned 05/2020 05/2019 10/2018 12/2017 05/2017 09/2015 

Expected de-com-

mission* 

2069 2069 2068 2068 2067 2066 

Table 90: Details of Medupi power plant 

Source: Eskom, *based on 50 years of service 

 

Source of Fuel: Coal is sourced from the local coalfields and delivered to the power station 

via conveyor belts. The Exxaro Mine, formerly known as the Grootegeluk Coal Mine located 

north of the site supply coal. Eskom placed a contract with Exxaro to supply 14.6 MT of coal 

per year. 

Source of water: Raw water is supplied from the Mokolo dam 35km away. The dam is filled 

by the Mogol River providing a reliable supply. The site has a substantial raw water reservoir 

which provides a good buffer against supply disruptions. 

Coal composition (including heating value): 

Coal composition (dry basis) of Medupi for March 2023 monthly average is shown in Table 2 

with comparison between Exxaro and Medupi station laboratory. 

  



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  398 

Parameters Exxaro Medupi 

Fixed Carbon % 29.1 29.5 

Volatile Matter % 26.4 25.9 

Total Moisture % 9.2 9.2 

Ash % 35.2 35.3 

Gross Calorific Value MJ/kg 20.7 20.7 

Table 91: Medupi’s coal composition (March 2023)   
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5.16 Tutuka Power Plant 

The newest boiler at Tutuka power plant is 33 years old. Due to insufficient maintenance the 

plant suffers from a high number of losses. In April 2023 approximately 13% (461 MWe) of 

the installed net capacity of 3 510 MWe was not available due to PLL. Another 67% 

(2 340 MWe) were unavailable due to full load losses (FLL) during the visit. 

The main PLL contributors in the last FY was the electrostatic precipitator (ESP), feedwater 

and vacuum of condenser. Also, there were some instances on Unit 3 and 4, which led to a 

shut-down the units due to high ID fan vibrations causing a malfunction of the ESP. It is 

strongly recommended to also inspect and repair all other potential sources of air ingress at 

the boiler. This can be mitigated mainly by tightening the flue gas ducts and air heaters. 

The superheated live steam temperatures at the boiler outlet observed during the visit were 

lower, as per design. This leads to power and efficiency losses. The reasons for this temper-

ature difference are complex and can also occur in a concatenation, such as a limitation of 

coal feeders, air leakages in the preheaters and a faulty turbine and/or coal supply control. 

The power loss is already counteracted by over-firing the boilers, which causes a decreased 

life expectancy. 

One of the main areas of improvement are the condenser vacuum and the cooling towers. In 

order to solve both problems, it is necessary to overhaul scaled condensers, to improve the 

cooling water chemistry and to refurbish existing cooling tower system. 

A lack of mills and spare parts in combination with a high content of rock in the incoming coal 

are another cause of outages. To prevent further power loss due to mill outages, the coal 

quality should be improved, and the mills need to be refurbished. 

To achieve a significant increase in power output of the plant the maintenances and outages 

need to be executed to the full extent. This requires an according investment into necessary 

spare parts (e.g. mills, condensers, HP heaters). Many of the repairs can be done also dur-

ing short stops and could lead to direct improvements.  

The housekeeping in most parts of the power plant was in a poor condition (especially in the 

boiler house). It is recommended to take measures as soon as possible to minimize the risk 

for man and machine. 

There is a massive lack of engineering staff caused by uncertainty regarding the future of the 

site, leading to staff migration and low morale. Despite these challenges, the team is manag-

ing to keep the plant in operation. 

5.16.1 EAF and PLL 

Tutuka power plant consists of six coal fired boilers, which each feed their own turbine. The 

entire power plant has a total nominal net capacity of 3 510 MWe and the installed gross ca-

pacity of the power plant is, as per design, 3 654 MWe. All units are cooled by cooling towers 

and produce up to 585 MWe each. Of the total six units, only two are currently able to pro-

duce electricity because Units 1, 2, 3 and 6 are currently undergoing inspections or repairs. 
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The two units in operation (Unit 4 and Unit 5) can only operate in part load due to technical 

issues (see Table 92). The station and the first unit were commissioned in 1985. The latest 

unit commissioning occurred in 1990. Based on the 50-year plan, the units should continue 

operating until 2041. However, the GX 2035 plan foresees the end-of-life of the entire power 

plant in 2030. 

 Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 

Commissioning 

date 
1985 1986 1986 1987 1988 1990 

Planned decom-

missioning 
2030 2030 2030 2030 2030 2030 

Gross installed 

capacity [MWe] 
609 609 609 609 609 609 

Nominal installed 

capacity [MWe] 
585 585 585 585 585 585 

Table 92: Key figures for Tutuka power plant 

In the period FY2017-2021, the EAF ranged between 73.86% (FY2017) and 40.40% 

(FY2021). The relatively steady decrease in EAF led to a minimal plant availability of merely 

25.78% in FY2023 (see Table 93). 

FY Plant Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 

2017 73.86 58.79 90.94 90.64 72.07 90.34 57.46 

2018 65.41 75.16 56.28 54.95 79.40 69.27 48.25 

2019 57.99 42.22 40.00 47.72 61.88 17.07 65.46 

2020 43.00 34.79 38.50 38.33 44.08 37.90 34.75 

2021 40.40 33.84 32.13 22.93 42.57 25.64 44.55 

2022 30.06       

2023 25.78       

Table 93: EAF of Tutuka power plant (FY2016/2017–YTD) 

The EAF of the units was taken from the vgbe KISSY(Kraftwerk-Informationssystem) data-

base. The data for this is supplied by Eskom on a yearly basis. The data for FY2022 had not 

yet been transferred as of April 2023. The plant EAF values for FY2022 and FY2023 were 

provided by Eskom during the site visit. 
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Figure 182: EAF for Tutuka power plant (FY2003/2004–FY2020/2021) 

Source: KISSY database, vgbe 

The low EAF (see Figure 182) and, as a result, the high unplanned capacity loss factor 

(UCLF) of 65.37% in recent years is mainly the result of full load losses (FLL), which account 

for 77% of the losses. The main contributors to UCLF are the boiler (22.74%), the turbine 

(13.04%), the ash plant (7.51%), the feedwater plant (6.68%), the generator (4.62%) and the 

draught group (4.06%). There was a significant difference between the UCLF breakdown 

structure given by Eskom47 and the power plant48. 

The main sources of PLL are shown in Figure 183 and Table 94. Many different components 

have an influence on PLL – the main ones being the feed water plant (31%), the ash plant 

(22%), the mills (17%), the turbine (15%) and the boiler (8%). While PLL for each of the indi-

vidual components has fluctuated in recent years, overall, it increased steadily between 

FY2018 and FY2021. Cooling water repairs led to a noticeable improvement in FY2022 and 

there was also a slight improvement in the current FY2023. 

 

47 Source: Eskom "UCLF Partials_YTD.pptx" 
48 Source: Tutuka GM presentation "RWE Visit.pptx” 
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Figure 183: PLL contributors at Tutuka power plant (FY2017/2018–FY2022/2023) 

Source: Eskom 
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MWe Loss FY2018 FY2019 FY2020 FY2021 FY2022 
FY2023 

March 

Ancillary System 0.00 0.00 0.00 0.00 0.13 0.00 

Ash Plant 2.60 12.52 9.33 49.43 31.23 114.50 

Auxiliary System 0.16 4.71 0.17 1.38 6.02 0.32 

Boiler 15.96 28.18 80.92 31.77 54.40 42.90 

C&I 0.07 0.48 0.27 0.43 0.56 0.38 

Coal Plant 4.24 9.34 1.02 5.79 3.16 6.98 

Cooling Water 0.05 2.59 260.94 162.78 14.40 1.22 

Draught Plant 22.42 75.82 21.51 45.20 23.72 20.86 

Electrical 0.33 2.90 1.86 3.19 8.48 0.86 

Feed Water 19.62 69.29 143.89 221.34 196.34 162.17 

Fuel Oil 0.09 0.94 0.52 8.57 11.20 0.43 

Gas Cleaning 0.16 1.06 0.18 0.18 0.32 0.20 

Generator 1.32 4.50 0.10 5.69 2.28 4.00 

Mills 16.08 50.33 79.91 102.35 98.85 87.75 

Turbine 63.54 156.16 11.64 32.71 88.62 80.96 

Waterways 0.00 0.13 0.00 0.00 0.16 0.00 

Total 147 419 612 671 540 524 

Table 94: PLL contributors at Tutuka power plant (FY2018−2023) 

Source: Eskom 

5.16.2 Technical Status 

5.16.2.1 Technical Status of the Boiler 

Housekeeping: During the visit, the team walked through the boiler house. Housekeeping 

was not in order (refer to Figure 184): Very high amounts of dust, ash or coal covered the 

floor and machinery. Safety-related issues could occur due to bad housekeeping. 
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Figure 184: Massive dust pollution at Tutuka’s boiler house  

According to staff, the main reason for not cleaning the boiler house is because the dust 

would end up in the waste water, which pollutes the cooling water. Dust particles in the water 

flow of the cooling towers cause problems (see also 5.16.2.2). However, we were unable to 

witness this phenomenon ourselves during the visit, so it needs to be confirmed. 

Steam leakages: Records show that many tube leakages have been reported within the fur-

nace. 

Steam temperatures: During our visit, the superheated steam temperatures at the boiler 

outlet were lower than per design. The desired operational temperature is 535°C but the tem-

perature achieved within the boilers is between 507°C and 517°C (see Figure 185). A down-

ward deviation from the design parameters leads to losses in efficiency and power. The rea-

sons for this difference are complex and can also occur in a concatenation, such as a limita-

tion of coal feeders, air leakages in the preheaters and a faulty turbine and/or coal supply 

control. This has to be assessed in further detailed investigations. The power loss can be 

counteracted by increasing the boiler temperature, but this increases the header tempera-

ture, which leads to a decreased life expectancy.  
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Figure 185: Boiler and steam conditions at Tutuka: air flow and fuel flow  

Boiler tubes: Boiler failures and especially boiler tube failure are the main reasons for FLL. 

Units 2 and 6 were shut down during our visit for boiler tube leak repairs. It was reported that 

the site has a good knowledge of past boiler tube leakages. Four dominant mechanisms 

causing tube leaks have been identified: pitting corrosion, soot blower erosion and long-term 

and short-term overheating of the system, which is visible in the power plant’s thermal index 

(TI). 

Draught plant: There are two induced-draught (ID) fans per boiler that draw the flue gas out 

of the boiler to the chimney. At Tutuka plant, the ID-fans have very high vibration levels and 

are not able to provide sufficient air during full load because of operating with high ash levels 

in the coal and the malfunction of the electrical precipitator (ash hoppers of the ESP). Fur-

thermore, reducing the air leakages will relieve the ID fan but the problem due to high ash 

content will remain. One way to fix this problem would be to overhaul and upgrade the ID 

fans (see Figure 186). 

Air leakages: Another recommendation is to seal the air preheaters and the air ducts on the 

individual units, as these are the main source of leakages. The leakages lead to an increase 

in required air volume, which results in an increase in electricity used by the fans, as well as 

higher wear on the machines. Fixing these problems could bring fan requirements back into 

the design range of the boiler and would reduce the amount of dust that leaks into the boiler 

hall. 
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Figure 186: FD fan at Tutuka power plant 

Electrostatic Precipitators (ESP):  The ESP, which are used to remove ash from the flue 

gas, are performing poorly and are a frequent cause of outage. They are the main reason for 

high particulate emissions. To combat these high emissions, it is necessary to reduce the 

flue gas volume. This leads to a reduction in power and, as a result, to massive PLL. 

Mills: The mills were also reported by the power plant to be a major cause of problems. The 

coal is delivered to the coal storage site by truck and train. After some homogenisation, the 

coal is then transported along a conveyor belt. The coal quality, which is mainly based on the 

lower heating value (LHV), is on average 10% to 15% below the design range, which leads 

to higher coal consumption. In addition to the poor quality of the coal, it also contains high 

amounts of stones/rocks, which increase wear and abrasion on the mills. Since no change in 

coal quality can be expected, it is necessary to adapt the mills and the boiler. 

Thermal Index (TI): Eskom uses a TI to track thermal excursions on boiler outlet headers, 

main steam pipework and hot reheat pipework. The TI is a long-term indicator of plant health 

with regards to the high temperature/high pressure components. The data for the TI can also 

be used to establish the operational stability of the boiler, as the thermocouples indicate time 

spent above normal operating conditions. 
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Tutuka’s TI for FY2023 shows that the header, as well as the main steam temperatures and 

the hot reheat temperatures are way above limits and unacceptable. This is the result of con-

stant over-firing in order to counteract the flue gas filtration problems and increase power 

output. It has significant long-term implications for the creep life of the entire boiler and piping 

system and needs to be resolved. 

 

Table 95: Extract from Tutuka’s TI report FY2022/2023  

 

Boiler at a glance: 

− The housekeeping in the boiler rooms is very poor. 

− The boilers have severe tube leaks and are the main reason for UCLF. 

− The boilers require major overhauls. 

− The excess air ingress is quite high.  

− The draught fans cannot provide air for full load. 

− There are many steam leakages in the boiler house. 

− Coal handling is in order. 

− The mills and the boiler need to be adjusted towards the decreased coal LHV. 

− The temperature range within which the boiler outlet headers, main steam pipework 

and hot reheat pipework operate is too high. 

5.16.2.2 Technical Status of the Machinery 

The general condition of the equipment below the level on which the turbines are located and 

down to the ground level is poor. At the time of the site visit, everything was covered with 

dust and ash and lighting was almost non-existent. There were steam, water and oil leak-

ages visible almost everywhere, impacting the whole plant. Water and/or oil was dripping on 

instrumentation and electrical equipment (Figure 187). With all the dirt, dust and poor light-

ing, it was almost impossible to conduct a visual inspection of the plant and localise the posi-

tions of the leakages. 

Eskom said the poor housekeeping was due to deterioration of the cooling water condition 

after boiler house cleaning activities. The amount of suspended solids is afterwards in-

creased, which enhances the wear in the cooling water equipment like the condensers. In 
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this case, we recommend that a vacuum cleaner be used to remove the dust in the boiler 

house. 

 

Figure 187: Water/oil leaking on instrumentation and electrical equipment at Tutuka 

Cold end: With respect to the cold end, the condenser vacuum is not adequate, which has a 

severe impact on operations. In some instances, the problem has become so serious that 

steam ejectors are permanently in full operation to keep the vacuum on a level that enables 

continued operation due to air ingress in the condenser. 

One issue contributing to the problem is blockages in the condenser tubes. In FY2023, 

maintenance work to remove blockages (acid cleaning) has already been carried out three 

times. Another issue is condenser tube leakages caused by erosive wear of the tube bundles 

from the poor quality of the cooling water carrying suspended solids. There were also leak-

ages in the condensate piping. However, the overall condition of the condensers could not be 

assessed, as 4 out of 6 units were out of service and the remaining two were only operating 

in part load. As such, the extent of the power loss due to the condenser issues is currently 

not precisely quantifiable. 

The condensate extractions pumps are generally working in a reliable manner, with only 

smaller issues on the drive motors. 
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Cooling towers: Another reason for the insufficient condenser vacuum could be the poor 

performance of four of the six cooling towers. These four cooling towers were in a visibly bad 

condition: A high content of biofouling was visible on the structures within the towers. During 

the site visit, only the three cooling towers on the east side were in operation, to support the 

operation of Units 4 and 5. The underperformance of the towers may be caused by missing 

and/or damaged end caps within the cooling towers (Figure 188), which has a massive im-

pact on efficiency. The coarse strainers were in good condition but not adequate to ensure 

good quality of the cooling water, leading to clogged nozzles. The two cooling towers 1 and 6 

have already been refurbished and are well maintained. The spray pattern of the refurbished 

cooling towers was in an excellent condition, in comparison to the other towers. During the 

visit, cooling towers 1, 2 and 3 were out of operation. Cooling towers 4, 5 and 6 were in oper-

ation, with tower 6 accounting for approx. 70% of the cooling performance.  

We recommend the refurbishment of the remaining cooling towers 2, 3, 4 and 5 to overcome 

the problems and reduce PLL. However, the degree to which the refurbishment would impact 

PLL also depends on interaction with other necessary plant upgrades. The vacuum problems 

will continue to impact PLL to the value of about 240MWe. 
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Figure 188: Water distribution and structure of a cooling tower at Tutuka 

Cooling water: The overall quality of the cooling water was poor. It contained a lot of floating 

matter and a high level of suspended solids and was brown in colour (see Figure 189). As al-

ready mentioned at the beginning of the chapter, the cooling water is negatively impacted by 

the high level of suspended solids, which causes clogged nozzles and leads to condenser 

tube leaks, caused by increased erosive wear. The cooling water circuit needs to be checked 

and the entrance point of the solids, suspended in the waste water, should be identified. 

Addressing this problem would not only protect water cooling equipment, it would also make 

it easier to conduct proper housekeeping. As a result, this measure could improve the overall 

plant condition. 
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Figure 189: Condition of the cooling towers and cooling water at Tutuka 

Cooling water pump: The housekeeping of the cooling water pumps and their housing is 

poor. The overall condition could not be fully assessed due to the part load operation of the 

plant. The cooling water pumps often show signs of problems with the valves. A lack of 

spare-parts availability jeopardises possible full load operation.  

Turbine: The turbine hall was not clean, which is a sign of poor housekeeping. Some steam 

leakages were visible within the turbine hall, but there were only 2 out of 6 turbines running 

at the time. The turbines themselves were barely cleaned and the spray insulation of the tur-

bine casing was cracked (Figure 190). 

The turbines have been one of the main contributors to FLL and PLL in recent years, leading 

to repair work on turbine bearings (possibly damaged by vibration) both in March to May 

2022 and January to April 2023. In one case (Unit 3), an electrical fault (loss of 24 V DC sup-

ply to the C&I panels) on the AC pump (supporting lube oil pump) and DC pump (emergency 

lube oil pump) had caused the turbine to run dry without lubrication. 

Another possible root cause for increased vibration behaviour could be the poor housekeep-

ing. The widespread presence of ash and dust in the machinery hall leads to a carbon film on 

shaft bushings, such as the gland seals. High amounts of ash and dust, as well as leakages 

and high temperatures, can all cause the centering guide pedestal of the turbine casings to 
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become blocked. If this pedestal gets blocked, an undisturbed axial thermal expansion isn’t 

possible as required and can lead to a noticeable impact on operating behaviour. Further-

more, we were informed that poor workmanship during outages had resulted in a rotor not 

being properly balanced and aligned, causing a high degree of vibration. 

However, cracked insulation can also cause increased vibration. Cracks are visible in most of 

the units. Cracks in insulation can lead to temperature differences, especially between the 

upper and lower parts of the casing. These can cause the turbine casing to buckle, and it is 

this that can cause vibration. 

During the site visit, we also noticed heavy leaking of the firefighting system on the turbine’s 

drive shaft. It could not be verified that in an emergency case the system will work as in-

tended. As such, this is a potential safety issue. 

 

Figure 190: Poorly-cleaned turbine with cracked spray insulation at Tutuka 

The turbine lube oil system is also a source of damage and often results in FLL. As already 

mentioned above, an electrical malfunction of an AC pump and a DC pump led to the loss of 

Unit 3. During the visit, Unit 4 was operating with a low level of oil in the lube oil tank. The 

drop in the level of oil in the tank was the main cause of damaged pumps (AC), due to the 

pumps running dry without lubrication. Also, the DC pumps often experience problems with 
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the drive motors. Spares are not always available, and their procurement is challenging for 

the plant. For this reason, Tutuka site ordered a completely new set of pumps and spares. 

Signs of poor housekeeping and maintenance were also visible in the turbine lube oil tank 

room. All the equipment was covered with dust. Several leakages of oil and water made the 

floor very slippery (see Figure 191). Given the risk to safety, this needs to be remedied and 

proper maintenance conducted. 

 

Figure 191: Tutuka’s tank room for turbine lube oil – with poor housekeeping 

HP heaters: The HP heaters at Units 1 to 4 are currently unavailable, leading to a power 

loss of approximately 50 MWe per unit, or 200 MWe in total. In order to overcome this prob-

lem, a replacement of the HP heaters is necessary.  

HP Piping: The HP piping was very difficult to assess during the visit, due to the dust and 

ash pollution, especially underneath the turbines located at the ground floor. Steam leakage 

was visible in the HP heater piping and the general steam piping. The spring hangers 

couldn’t be assessed because of the poor lighting and all the ash and dust, which made it dif-

ficult to locate them and impossible to read the indicator scale. 

According to the site staff, metallurgical tests are carried out at regular intervals. The lack of 

header material used for repairing the piping within the power plant is another problem that 
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needs to be addressed. Especially the economiser header material 15NiCuMo causes prob-

lems. 

Machinery at a glance: 

− The cooling towers and condensers should be refurbished to increase the conden-

ser efficiency  

− The cooling water circuit and the waste water path should be checked 

− The housekeeping in general needs to be improved 

− The turbines should be overhauled and the root cause of vibration needs to be 

eliminated (further investigations needed) 

 

5.16.2.3 Technical Status Electrical and C&I 

Generator: The housekeeping around the generators was moderate. According to Eskom, 

the generator was the main cause of unavailability within the turbomachinery in this last fi-

nancial year 2023. There have been two major generator repairs: The first was the repair of 

generator rotors in September to December 2022, and the second repair took place during 

the current outage of Unit 1. This led to a total outage time of over 4 600 hours, which is re-

flected in the UCLF share of 4.62%. Another reason for poor generator performance could be 

the poor quality of the cooling water. 

C&I system: With respect to the C&I system, Units 4 to 6 have been modernised with an 

ABB system and a new control room. Spares are available for these upgraded systems and 

the systems are still supported by the OEM. The control room and control systems of Units 1 

to 3 have not yet been refurbished. As a result, there are still a lot of outdated control ele-

ments (Figure 192) and mosaic panel HMI boards (Figure 193) in use. There are no spares 

available for these old C&I systems. This outdated technology leads to regular unit trips and 

means a slower return to service afterwards. 
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Figure 192: Control room for Units 1 to 3 at Tutuka power plant 

 

Figure 193: Mosaic panel HMI board at Tutuka power plant 

MV & LV Switchgear: The medium voltage switchgear at Unit 6 has been refurbished (Fig-

ure 194), but the remaining Units 1 to 5 have not yet been updated and, as such, do not 

meet international safety standards. The low voltage switchgear has not been refurbished in 

any of the units so far. During the visit, we came across some open MV board equipment 
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while construction work was underway nearby. This should be avoided to prevent contamina-

tion of internal electrical equipment. 

 

Figure 194: Refurb. MV switchgear (left), non-refurb. switchgear (right) at Tutuka 

Electrical and C&I a glance: 

− Several generator incidents caused unit trips, leading to respective decreases 

in EAF. 

− The C&I system for Units 4 to 6 is in order.  

− The C&I system for Units 1 to 3 require refurbishment.  

− The MV switchgear for Unit 6 is in order but all other MV and LV switchgears 

need to be upgraded to meet safety standards. 

 

5.16.2.4 Technical Status of the Water Treatment Plant 

Make-up water plant: The water treatment plant was visited during the site walk. The capac-

ity of the make-up water plant is sufficient to cover the needs of the site and the water quality 

is acceptable. The water treatment plant was refurbished recently and is in good order (see 

Figure 195). The water treatment plant’s Distributed Control System (DCS) is from Yokogawa 

and was also installed recently. 
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Figure 195: Measurements at the Tutuka water treatment plant 

According to the power plant staff, all the water measurement equipment is running properly, 

and in most parts of the power plant the measurements are online (see Table 96). For this 

reason, it is possible to operate the water treatment in a safe and automated manner. 

The raw water source is surface water coming from the Grootdraai Dam and the Usutu-Vaal 

system. 
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Location pH Spec. 

Cond. 

Acid 

Cond. 

Deg. 

Cond. 

O2 Fe Si Na Cu Org. 

Makeup 

water 
Off. Off. --- --- --- --- Both Both --- Off. 

Conden-

sate  
Off. Off. On. --- On. Off. Both Both Off. --- 

Feed 

water  
Off. Off. On. --- On. Off. Both Both Off. --- 

Boiler 

water 
Off. Off. On. --- --- --- Off. Off. --- --- 

(HP) live 

steam 
Off. Off. On. --- --- --- Both Both --- Off. 

Table 96: Types of water measurements at Tutuka power plant 

Water treatment at a glance: 

− Capacity of the make-up water plant is sufficient. 

− The plant is capable of producing water of adequate quality.  

− The water treatment DCS is in order. 

− Automated operation working as intended. 

5.16.2.5 Technical Status of the Auxiliaries and other Systems 

Coal and Ash: The coal is delivered by truck and train to the coal storage site. After some 

homogenisation, the coal is delivered using a 7 km-long conveyor belt. The quality is partially 

inconsistent. The next table shows the coal composition ranges during March 2023. 

Fixed Carbon avg. in % 41.0 

Volatile Matter min. in % 23.0 

Volatile Matter max. in % 24.4 

Total Moisture min. in % 5.8 

Total Moisture max. in % 7.2 

Ash min. in % 26.2 

Ash max. in % 30.5 

Gross Calorific Value min. in MJ/kg 21.88 

Gross Calorific Value max. in MJ/kg 23.64 

Table 97: Coal composition at Tutuka power plant (March 2023) 

Source: Tutuka power plant 
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The coal quality, which is mainly based on LHV, is 10% to 15% below the design range, 

which leads to higher coal consumption. Furthermore, the coal contains a lot of stones/rocks. 

This increases wear and abrasion on the mills and coal ducts to the burners. To reduce the 

impact of these negative coal properties it is necessary to analyse the coal and, if possible, 

mix it. In order to do this, an online automatic coal sampler has been installed but is currently 

not being used, which means that the coal needs to be sampled and analysed manually. This 

takes approximately 48 hours per sample. Pre-specification is done by the mines themselves 

and Eskom’s PDE department carries out the verification on-site. 

There is enough space to store the coal for at least 48 hours on-site, which enables the 

boiler operator to react to the incoming material before needing to burn it. This is only possi-

ble thanks to the well-organised coal stockpile. 

Ash handling area: The ash handling plant is quite unreliable, which is reflected in its 22% 

share of PLL and 7.51% share of UCLF. The main problem is the regular failure of the sub-

merged scraper conveyors, which is caused by inadequate design of the submerged scraper 

conveyor drive, resulting in ash accumulation. To solve the problem, it is necessary to up-

grade the submerged scraper conveyor.  

OEM parts: The spare-parts warehouse was visited. The warehouse was reasonably in or-

der. Nevertheless, there are challenges getting all the spare parts needed. 

Workshop: The maintenance workshop was also visited. It is well-equipped and reasonably 

clean and provides many options to carry out repair work at the site. 

Auxiliaries at a glance: 

− The coal stockpile is in order. 

− The coal quality is 10%−15% below specification and abrasive. 

− The coal analysis is carried out manually. 

− The ash plant is unreliable. 

− The maintenance workshops are adequately equipped. 

− Lack of spare parts is an issue. 

5.16.3 Technical Measures to Improve the Plant Condition 

Boiler and draught group: The potential MW gain is estimated to be around 700 MWe. 

Within the draught group, which includes the ID fan, FD fan, PA fan, preheater and ESP, 

there are several areas requiring repair work. Repairs would lead to immediate improve-

ments and a positive impact on PLL. As discussed in the previous chapters, the draught 

plant is a major contributor to high PLL. Even if operated at maximum load, the ID fan’s ca-

pacity is not great enough to guarantee the necessary pressure in the furnace. This means 

the boiler load has to be reduced. The following measures would improve the situation: 
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− Upgrading the ID fans 

− Tightening or replacing the flue gas ducts  

− Tightening or replacing the air heaters 

Upgrading the design capacity of the ID fan would increase the airflow and may, thus, solve 

the problem. This would lead to an increase of required auxiliary energy and should be com-

bined with the other proposed measures, to reduce this negative aspect. The option of up-

grading ID fans would require upgrading the electrostatic precipitators as they would need to 

match the increased volume flow.  

It is strongly recommended that all potential sources of air ingress be inspected and repaired. 

This work could be carried out during short stoppages and would probably lead to immediate 

improvements. It is also recommended to inspect the wall penetrations of the superheaters, 

reheaters and soot blowers. 

This would enable many water and steam leakages to be identified at many positions across 

the plant. We recommend the systematic repair of leaking valves, pumps, etc., in order to im-

prove plant efficiency and reliability. 

PLL is also impacted by the limits set by dust emission regulations, currently at 300 mg/m3 

but due to be further tightened to 100 mg/m3 in April 2025. To achieve this threshold and 

avoid power loss, the ESPs need to be in order. It is recommended to refurbish the ESPs in 

all units. If the emissions limits cannot be achieved, we recommend checking the possibility 

of suspending or at least temporarily increasing the emission limits for a limited period of 

time. 

Machinery: The potential MW gain of the following measures is approx. in the range of 

440 MWe to 750 MWe. 

The main areas in need of improvement are the condenser vacuum and the cooling towers. 

In order to solve both problems, it is necessary to check the cooling water circuit and identify 

the cause of waste water entrance. An overhaul of the existing condenser by cleaning or re-

placing the condenser pipes would also lead to an increase in capacity. A full replacement 

and refurbishment of cooling towers 2 to 5 is also recommended to stabilise the condenser 

vacuum. Here, we strongly recommend adherence to the vgbe norm S 455 “Cooling Water 

Systems and Cooling Water Treatment”. 

The HP heaters of Units 1 to 4 are currently unavailable, leading to a power loss of approxi-

mately 50 MWe per unit or 200 MWe in total. In order to overcome this problem a replacement 

of the HP heaters is necessary. 

Mills: The maximum potential MW gain of the following measures is approx. 320 MWe. 

The mills have been another cause of outages, accounting for 17% of total PLL in FY2023, 

according to Eskom. A lack of mills and spares, in combination with an abrasive coal, have 

been the main problem here. To prevent further power loss due to mill outages, the mills 

need to be refurbished and mill drum liners replaced. To achieve a redundancy within the 
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units it is necessary to bring all six mills per boiler back into operation. We also recommend 

the storage of additional OEM spares. 

Generator: To ensure proper quality assurance for generator components, inspections and 

tests according to vgbe norm S 166 “Quality Assurance in the Manufacture of Generators” 

should be considered. 

Electrical and C&I: The MV and LV boards at Units 1 to 5 are outdated and a safety risk. As 

a result, they need to be refurbished to meet applicable standards. Also, procurement of rele-

vant spare parts is an issue for those outdated boards. 

The C&I system used for Units 1 to 3 is severely outdated and, as a result, is no longer pro-

vided with spares, which leads to regular trips. The system needs to be refurbished in the 

same manner as for Units 4 to 6. 

Ash handling: The design of the submerged scraper conveyor used at the power plant is in-

adequate and needs to be upgraded to avoid blockage and plant outages.  

5.16.4 Power Plant Management 

Currently, 720 employees and 1 736 contractors are working at the power plant. The staff 

turnover rate has increased over the last few years from 7% up to 12%. There is a massive 

lack of engineering staff caused by uncertainty regarding the future of the site, leading to 

staff migration and low morale. We recommend that a decision is made as soon as possible 

regarding the future of the power plant. 

Despite these challenges, the team is managing to keep the plant in operation. There are 

knowledgeable and experienced staff in the operational areas upon which this assessment 

focused, and there is a comprehensive understanding of the issues at the plant. Further-

more, there is transparency regarding all key performance data for the plant (e.g. PLL). How-

ever, communication in the plant could be improved. There is no workers council and no re-

ward or incentive scheme, due to lack of funding. The employee training is moderate and 

carried out based on a training matrix for each discipline. 

Maintenance: The maintenance team is responsible for fixing the problems reported by the 

operations team. The scope is defined by the engineering department. Moreover, the mainte-

nance team takes care of spare-part planning. Currently, 183 people are working in the 

maintenance department. There are seven maintenance KPIs for FY2023: 

Inspections per year: n.a. 

Annual maintenance budget specific 

costs: (total; per MWe; per MWe/h) 

R829 million.; R236 182 /MWe; 

R984.74 /(MWe/h) 

Intervals between failures: n.a. 

Failures per year: n.a. 

Maintenance FTE/MW: no measurement of maintenance hours 
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Share of outsourced maintenance: Approx. 60% 

Maintenance contracts in place: 21 out of 54 (38.9%) 

Operation: The operations team works in five shifts, 24/7, with 32 people on each shift. The 

operations team is quite badly understaffed, with about 30% of the operator positions and 

critical positions vacant. 

There are 69 trips per year, so about six trips per month, for the whole plant. These trips can 

be categorised as follows: operation caused trips (6); unsuccess full starts and forced downs, 

etc. (60). Due to intensive monitoring of performance data for Units 4 to 6, there is high trans-

parency regarding plant status in these areas. The outdated C&I system of Units 1 to 3 

means that detailed data logging is not possible here. 

There are six operation KPIs for FY2023: 

Efficiency (design @full load): 27.76% 

Coal consumption: 1 830 t/h 

Auxiliary power consumption: 75 MWe 

Startup time for a cold start: 16 h 

Number of damages due to bad opera-

tion: 
6 

Number of trips due to bad operation: 7 

Outage: Tutuka’s outage planning is organised according to Eskom’s outage philosophy and 

to running hours of the low-pressure turbine (in average every six years GO). In theory, the 

planning addresses the scope and timing of the outage activities (see Figure 196). In prac-

tice, the outage philosophy cannot always be adhered to, especially in terms of timing, due to 

the high grid demand and the resulting reduced available times for maintenance. The latest 

outage was conducted at Unit 6. This outage was postponed because spares and contracts 

were not yet ready.  

Most of the outage work is outsourced to OEM (GE, Steinmüller, Kulkoni, PCB, etc.). Eskom 

has enough people, in terms of numbers, but they lack the expertise. The lack of spares and 

material, caused by a lack of funding in some areas of the power plant, is the main reason for 

incomplete or delayed outages. 

Procurement is partially carried out locally and partially organised centrally, depending on the 

total value of the contract, as well as the requirement specified on the tender. 
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Figure 196: Outage sequence at Tutuka power plant 

Source: Eskom 

5.16.5 Technical Profile of Main Plant Areas 

Boiler and related Plant Area:  

All six boilers at Tutuka station have the same design. They are designed as once-through 

Benson type boilers. Each boiler possesses coal bunkers with a total capacity of up to 4 000 

tons, which can supply the boiler for up to 16 hours at full load. This means that even a mal-

function of the conveyor system or of coal production in general would not directly result in 

operational restriction. Six mills are installed per boiler. Using coal of the specified quality, a 

maximum of five mills are needed at full load operation. One mill was therefore designed to 

be spare. The pulverised coal is burned by 24 Steinmüller PF-burners that are positioned 

horizontally opposite each other. 

Firing System 

Manufacturer Africa (Pty) Ltd 

Type PF Burners 

Number of burners 24 

Coal mass flow [t/h] 1 830 

Pressure [bar, absolute] 171 

Temperature [°C] 540 

Mills 

Manufacturer Stein Industries 

Type of mills Tube mill 

Mill capacity [t/h] – per mill 65 t/h per mill, required 305 t/h in total 

per boiler 

Coal supply 

Coal supply Open cast mine with belt transport 

Coal storage capacity on-site [t] 27 000 

Boiler bunker capacity [t] 24 000 

Precipitators/ Flue gas cleaning 

Manufacturer  
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Type Electrostatic Precipitator (ESP) 

 

Machinery and Electrical: 

Turbine 

Manufacturer GEC Turbine Generators Ltd.  

Type Multi-cylinder, impulse reaction 

Casings (HP-IP-LP, double/single flow) 1 HP (single flow), 1 IP (single flow), 2 

LP (double flow) 

Steam volume [kg m/s] 501 

Main steam pressure [bar, absolute] 161 

Main steam temperature [°C] 535 

Reheat steam pressure [bar, absolute] 40 

Reheat steam temperature [°C] 535 

Cold end 

Condenser Barlow Heavy Engineering Ltd 

Cooling tower Hyperbolic natural draught, wet cooling 

Generator 

Manufacturer GEC Turbine Generators Ltd 

Terminal voltage 22 kV (50 Hz) 

Rating 609 MWe 

Cooling system Stator core: Hydrogen 

Stator windings: Demineralized Water 

Transformer 

Manufacturer Siemens 

Terminal voltage primary/ secondary 22 kV/420 kV 

Placement outside 
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6 Transmission Grid Assessment  

This chapter includes the main results of the transmission grid assessment workstream. 

More details of the findings are part of the Appendices (refer to chapters 9.2. to 9.4). 

6.1 Scope of Work 

The main task was to assess South Africa's transmission system in relation to the unsatisfac-

tory performance of the power system with daily load shedding throughout the country. The 

focus was on the assessment of the overall condition of the transmission system, with the 

emphasis on reliability, availability, security, and sufficient capacity. 

The assessment should provide information that could form the basis for the development of 

measures to address network modernisation and the expansion of capacity over the next ten 

years. The client named three areas for analysis, with the focus on improving the connection 

possibilities of IPP and renewable energy power plants (RES): 

− Age-related replacement / upgrading of substations and lines in the transmission grid. 

− Expansion / new construction of substations and lines in the transmission grid, to 

eliminate capacity bottlenecks.  

− Expansion / new construction of substations and lines in the transmission grid, to con-

nect new IPP and RES 

Based on the information gathered during this assessment, it is necessary to establish 

whether the existing planned projects and approved designated budgets already meet the 

required modernisation and network-expansion needs. The planned timelines for network up-

grades are to be assessed in the context of available budget and to be prioritised, based on 

the importance of network expansion and modernisation requirements. 

6.2 Methodology of Assessment 

The methodology of the assessment required special measures and approaches due to the 

project’s very tight time frame. The preparation time spanned only a few weeks and was 

used to intensively prepare for the on-site visit and to gather information in advance (see 

6.3). 

Gathering the necessary information for a high-quality assessment, despite the short prepa-

ration time and the short time on-site, was done via three main sources (see Figure 197): 

− Evaluation of received documents describing the current state and development of 

the company, as well as questionnaires sent in advance. 

− On-site interviews with managers and departments of strategic importance for the op-

eration of the transmission system (Transmission Group Executive, System Planning, 

Asset Management, System Operator, Maintenance, Finance). 
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− On-site visits for first-hand assessment of the network condition and to confirm infor-

mation received orally or in writing. 

All data obtained from the three sources were analysed and evaluated, to obtain a full picture 

of the performance, technical condition and economic situation of the transmission system. 

Due to the restrictions placed on carrying out the assessment (time and personnel), it was 

only possible to examine a limited sample of asset categories, structural units and processes 

relating to the operation of the transmission system. All assessments were checked for plau-

sibility by carrying out cross-comparisons between the areas examined. The interfaces be-

tween cooperating departments were analysed by way of example and provided further indi-

cations for the generalisation of assessments made in individual analyses. 

 

Figure 197: Methodology of assessment of the transmission system 

Several substations and line sections were visited to act as a further building block in creat-

ing the basis for an overall assessment of the transmission system. During these on-site in-

spections, the condition of the sites was recorded using a defined methodology. This enabled 

a systematic analysis of the condition of the plant afterwards, allowing a comparison of the 

components and of the plants as a whole. This enabled an extrapolation on the overall condi-

tion of the transmission system. This exemplary assessment also enabled a review of the as-

sessments made of the process organisation and management as well as the validation of 

the strategic and planning orientation of the transmission system. 

By using several data sources and analysing them in conjunction with extrapolating the re-

sults of selected subareas to the company as a whole, a qualitatively good assessment result 

was achieved for the transmission system business. This made it possible to draw appropri-

ate conclusions and recommend measures for the further development of the transmission 

system and possible improvements. 
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6.3 Provided Information 

Requested information and answers on questionnaires: 

− Data of selected equipment transmission 

o List of transformers 

o List of lines 

o List of substations 

− Organisational structure of Eskom 

o Employees  

o Structure 

− Maps of transmission grid 

− Single line diagrams of visited substations. 

− Economic data of transmission business 

o Budget for investment 

o Budget for maintenance 

o Energy export/import 

− System performance KPIs 

o Failure statistics 

o Grid losses 

− Strategy reports 

o Transmission business plan 

o Transmission development plan 2023 to 2032 

o Investment projects 2013 to 2022 

Additional information received during the interviews. 

− Presentation and additional documents of interviewed department 

o Transmission Grid Planning & Development 

o Asset Management Systems Update 

o Transmission Operations & Maintenance 

o Transmission Plant Performance KPIs – FY2022 

o Questionnaires for the Financial Department 

o Transmission Pricing_CostReflective_response 

− Information about Asset Management and Asset Strategy 

o Organisational structure – roles and responsibilities 

o Asset Management Policy and Strategic Asset Management Plans 

o Asset Strategy Priorities 

o Asset Master Data Assessment 

o Examples of applied asset strategy to selected HV equipment. 

▪ Transformers 

▪ Capacitors 

▪ Protection for feeders 

▪ Voltage transformers 

▪ Disconnectors 

▪ Transmission’s Strategic Spares of Transformers and Reactors 
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6.4 General Description of the Eskom Transmission Grid 

Eskom Transmission network consist of approximately 33.200 km of transmission lines, 171 

substations, 568 transformers with a   total capacity of 160 514 MVA. The voltage levels op-

erated by Eskom are: 

− 88 kV, 

− 110 kV, 

− 132 kV, 

− 220 kV, 

− 275 kV, 

− 400 kV, 

− ±533 kV (DC), 

− 765 kV. 

− The two lowest voltage levels are of minor importance for the transmission grid, which 

is reflected in the length of the lines operated at this voltage, Table 98. Most of the 

transmission lines are operated at 275 kV and 400 kV. 1032 km of DC line connect 

the Apollo HVDC converter station with the supply station in Mozambique. 

 

Rated voltage, 

kV 
88 110 132 220 275 400 ±533 765 

Length, km 17 6 652 1352 7494 19916 1032 2784 

Table 98: Eskom Transmission line length depending on the rated voltage. 

Table 99 presents the number of substations according to their highest voltage level. 275 kV 

and 400 kV are the most common highest voltage levels at Eskom’s substations. 

Rated voltage, kV 88 132 220 275 400 ±533 765 

Number Nil 3 15 59 84 1 9 

Table 99: Number of Eskom Transmission substations  

according to the highest operated voltage level 

According to data presented in Eskom’s Transmission Development Plan (TDP) 2023−2032 

the peak load demand in 2021 was close to 35 GW and for planning purposes it is forecast to 

grow continuously to 43 GW in year 2032. The minimum load demand in the year 2021 was 

18.5 GW and the contracted energy 227 TWh, Figure 198. On the generation side, there was 

close to 56 GW of installed power, most of it – 40 GW contributed by coal power plants. 

Other important technologies were wind, pumped storage hydropower and gas power plants, 

contributing around 10.5 GW together. The installed generation capacity in 2032 is forecast 

to be around 97.5 GW. The increase in the generation capacity will be contributed, in the 

main, by the further development of wind and photovoltaic installations, which should reach 

47 GW. 
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Figure 198: 2022 national demand forecast scenarios  

Actuals, the 2021 forecast, and the Integrated Resource Plan (IRP) 2019 demand forecast as refer-

ence. Scenario 2 is considered for TDP 2023 to 2032 input.49 

There are several challenges that the Eskom transmission grid faces. One stems from geo-

graphic conditions in South Africa. The bulk of the generation capacity, which are currently 

the coal power plants, are in the north-east region, which is historically closest to the largest 

load centre. That, however, does not correspond to the potential of renewable generations in 

South Africa, since their potential, as well as the interests of investors, are spatially towards 

the southwest part of the country see Figure 199. This will require energy from renewables to 

be transported to the historical load centres over long distances. This problem will gain in im-

portance with the decommissioning of the coal power plants and rollout of the IPP projects. 

Plans to tackle this issue are being developed by Eskom Transmission. Another much more 

urgent problem is the low EAF of the operating power plants, which leads to controlled rota-

tional load shedding as a countermeasure to blackout. However, although the availability of 

power generation has a major impact on grid operations, it is outside of Eskom Transmis-

sion’s operating range. 

 

 

49 Source: Eskom, “Transmission Development Plan 2023-2032” (“2 - Transmission Development Plan 
2023-2032.pdf“) 
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Figure 199: Spatial load (left) and generation (right) distribution  

in Eskom’s Transmissions grid.50 

 

6.5 Analysis of Received Data 

6.5.1 Assessment of the Substations 

Eskom has provided a list of all substations currently in operation on the transmission system 

for the assessment of the transmission system substations. Eskom currently operates 

171 extra-high voltage substations on its transmission system. The number of substations 

corresponds to the structure of the grid and the characteristics of the transmission grid which 

transmits energy over a very large area with some densely populated regions, some of which 

are far away from each other. A large part of the country is sparsely populated but must also 

be connected to the transmission system. The age of the substations varies within a rela-

tively wide range. The oldest substation was commissioned as early as 1956. In the last 30 

years, 10 to 18 new substations were built every decade. This is relatively few in relation to 

the 171 existing substations. The usual lifespan of substations is about 50 years, so that 

three to four new substations would have to be built every year to maintain good grid condi-

tion. This is also reflected in the fact that more than 60 substations are over 50 years old and 

would have to be replaced soon (see Figure 200). This illustration shows that there is a high 

need for renewal, which has probably been neglected over the last 30 years due to financial 

reasons.  

 

 

50 Source: Eskom, The Eskom Transmission Development Plan (TDP) 2023 – 2032, 27 October 2022 
(“3-TDP Presentation.pdf”) 
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Figure 200 Distribution of age classes of Eskom transmission substations 

The impression of a modernisation backlog derived from the information obtained from the 

list of substations provided was put into perspective by the observations made in the substa-

tions visited during the on-site visit. In the interviews conducted with network planning and 

asset management, further information about modernisation programmes for all asset clas-

ses - some already implemented, others planned - was presented and discussed (see 6.6). 

Modernisation programmes exist for many components that significantly influence the relia-

bility and availability of the substations. A high percentage of the high-risk circuit breakers 

have already been replaced.  Poor condition instrument transformers, which act as a link to 

the grid protection, have also largely been replaced by new devices. Similarly, for the protec-

tion devices, a modernisation programme is ongoing and, as stated by the maintenance de-

partment, about 70% of installations are microprocessor-based technologies (see 6.6). 

Thanks to the modernisation programmes that have been initiated, old substations are also 

in good condition and have been brought up to the current state of the art through partial 

modernisation. Some modernisations (e.g. substation Apollo DC and AC) have also been ex-

tended to include the replacement of structural components and correspond more to a new 

replacement construction than a partial modernisation. As these modernisations were not 

marked in the substation list, it can be assumed that other older substations have also been 

modernised according to this methodology. This means that a larger number of very old sub-

stations which have been modernized are probably in a condition that corresponds to a new 

building at the time of the ex-tensive upgrading in the respective substation.  

We recommend the continuation of all modernisation programmes that have been started. 

Sufficient budgets need to be provided for this in the annual planning (see 6.5.5). Against the 

background of the planned expansion of large wind and solar power plants, as well as the 

connection of independent power plants to the transmission system, grid expansion needs to 
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take place, to enable the integration and connection of these additional generation capacities 

to the transmission system. 

6.5.2 Assessment of the Transmission Transformers 

For the purpose of the assessment, Eskom Transmission provided a list of the transmission 

transformers owned. According to the list, there are 301 transmission transformers (nominal 

voltages of both sides are not lower than 132 kV) with a total capacity of about 129 GVA and 

156 transmission-to-distribution transformers (nominal voltage of the high side is not lower 

than 132 kV and nominal voltage of the low side is below 132 kV) with a total capacity of 

about 26 GVA. Due to the many voltage levels in Eskom’s transmission grid, see 6.4, there 

are multiple configurations of primary and secondary voltages, further extended by tertiary or 

auxiliary voltages. Within this subsection, the transformers are only classified in terms of volt-

age according to combinations of primary and secondary voltages and the focus is on the 

transmission transformers. 

Figure 201 presents the classification of the transmission transformers according to age. The 

majority of them, 181, are no more than 30 years old. The other 120 have already reached 

the typical lifetime of a power transformer, which is 40 to 50 years, or they will reach it in next 

few years. There are also 8 units that are over 50 years old. Age distribution according to the 

levels of transformed voltage is shown in Figure 202. The worst situation, in terms of age, is 

among the group of 275/132 kV, where most of the units are over 30 years old. Furthermore, 

all the oldest transformers (>50 years old) are in this group. The oldest transformers have ca-

pacities below 350 MVA, see Figure 203. In the capacity categories, it is the 351−600 MVA 

category that has the best selection of transformers, in terms of age. 

 

Figure 201: Age classes of Eskom transmission transformers (sec. voltage ≥ 132 kV) 
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Figure 202: Age classes of Eskom transmission transformers depending on voltage 

 

 

Figure 203: Age classes of Eskom transmission transformers dep. on the capacity 

 

According to Eskom’s Asset Management Policy, described in 6.5.5, Eskom Transmission 

monitors the state of the transformers, so that their age is not a direct indicator of their need 
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for refurbishment. In the case of transformers, the analysis of gas in oil is the basic criterium 

for the condition assessment. Figure 204 shows that a large majority of the transmission 

transformers are in very good condition. Except in the age classes 21–30 years and 51–

60 years, the distribution of the results is comparable. It is important to note that even within 

the youngest class of analysed assets, there are units in very poor condition, and these units 

should be given more attention. In comparison, none of the units in the oldest age classes 

(41 years old and older) had critical values in the gas in oil inspection. Nevertheless, the 

state of the oldest assets can change more rapidly than in the case of younger units, and 

proper countermeasures should be prepared for such instances. Figure 205 and Figure 206 

show that the critical units are distributed almost independently of voltage level and unit ca-

pacity. It should be noted that in the group with the biggest transformers (601–800 MVA in 

Figure 206), the ratio between units rated as “very good” and “fair”, “poor” and “very poor” is 

the lowest. 

 

 

Figure 204: State classes of Eskom trans. transformers (≥132 kV) dep. on the age 
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Figure 205: State classes of Eskom trans. transformers (≥132 kV) dep. on voltage levels 

 

 

Figure 206: State classes of Eskom trans. transformers (≥132 kV) depending on cap. 

Condition-based refurbishment is the state-of-the-art assessment method, and it is recom-

mended to continue with this approach. When preparing for the refurbishments, plans need 

to take into consideration the fact that the degradation of the older units can accelerate and, 

due to the age structure, multiple units could require refurbishment at the same time.  

6.5.3 Assessment of the Transmission Lines 

For the transmission lines system assessment, Eskom provided a list of all lines currently in 

operation on the transmission system. Eskom currently operates 368 extra-high voltage lines 

in the transmission system. All transmission lines are overhead lines (OHL). Cables are not 
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used. Within the substations, short cables are used to connect GIS (Gas Insulated Switch-

gear) and transformers, but these are not relevant to the assessment and are not taken into 

consideration in this report.  

Eskom operates about 32,500 km of overhead lines with voltages from 220 to 765 kV. Ap-

proximately 650 km of overhead lines with 132 kV are operated under the responsibility of 

the Transmission System Operator (TSO) but are classified as distribution voltage level and 

are not taken into consideration in the report. 

The dominant voltage level of the nationwide transmission system is the 400-kV level. 169 

400-kV-OHLs, with a length of almost 20 000 km, are operated by Eskom. These lines form a 

meshed transmission system and are used in all 6 national regional grids. 

The ten lines at the 765 kV level form a high-capacity transmission corridor between the cen-

tral north-east (Johannesburg area) and the south-east (Cape Town region), as well as some 

other connections to distant substations. This backbone is an essential support for power ex-

change and system stability between the Johannesburg and Cape Town load centres. 

In the Central Grid in the Johannesburg/Pretoria region, the transmission system is operated 

at 275 kV. The 400 kV level is of less importance in the area. This particular voltage level is 

mainly operated in this region and stems from the historical development of this load centre. 

In the other parts of the country, the 275 kV voltage level and such OHLs are rarely used. 

Furthermore, a 2-pole DC line with 533 kV is operated to Mozambique, which connects a big 

hydropower plant (1800 MW), 1400 km away, to Eskom's transmission system. The DC line 

runs across approx. 1000 km of South African territory. 

Fifteen OHLs are operated with a voltage of 220 kV, running a total length of approx. 1350 

km. The use of these voltage levels is an exceptional case and is only used locally in some 

places. They are an exception in the transmission system and are not dealt with further in 

this assessment. 
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Figure 207: Age classes of Eskom transmission lines (voltage ≥ 132 kV) 

The line length of approx. 32 500 km corresponds to the structure of the grid and the charac-

teristics of the transmission system, which transmits energy over a very large area. The age 

of the overhead lines ranges from lines erected in 1965 up to the present day. About one 

third of the overhead lines were built more than 40 years ago. In the last ten years, 25% of 

the overhead lines have been newly built or added (see Figure 207). The continuous in-

crease in the construction of new lines is probably due to the need to expand the grid, be-

cause of increased energy demand and the start of grid expansion for the integration of RES. 

The age structure of OHL, despite one third of old OHL, is not critical, as OHL can still be op-

erated safely and reliably after 40 years if they are well maintained. Eskom keeps the OHL in 

good condition with a package of maintenance measures. Monitoring of the overhead line is 

carried out cyclically with inspection flights. Eskom maintains its own helicopter squadron for 

this purpose. Defects that are detected are repaired at short notice by maintenance teams. 

OHL's good maintenance condition was noted during the visit to South Africa during random 

inspections of line sections and connecting lines at substations. 

It is recommended to continue the good maintenance programmes for OHL plus cyclical 

monitoring. Sufficient budgets are to be provided for this in the annual planning (see 6.5.5). 

Against the background of the planned expansion of large wind and solar power plants, as 

well as the connection of independent power plants to the transmission system, further grid 

expansion is required, to enable the integration and connection of these additional genera-

tion capacities to the transmission system. 

6.5.4 KPI 

In order to better assess the performance of Eskom’s transmission grid, a few KPIs delivered 

by Eskom Transmission were compared with similar, publicly available indicators published 

by the German TSOs. The first one was the technical losses in the transmission grid. Eskom 
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reported this value to be 2.31% in the period between April 2021 and March 2022. For similar 

periods, for example in 2021 and 2022, values of 2.1% and 2.6% respectively were reported 

by one of Germany’s TSOs, TransnetBW GmbH51. Considering the long distances spanned 

by Eskom’s grid, the reported value shows good performance. 

Another performance indicator is the line fault per 100 km of overhead lines. Eskom Trans-

mission reported 12-Monthly-Moving-Index (12MMI) for March 2022 at the level of 

2.565/100km, with the target value of 2.2/100km. For the sake of comparison, analogue val-

ues of German TSOs are shown in Figure 208. The average value for all four German TSOs 

was around 1.5/100km between 2018 and 2022. 

 

Figure 208: Line faults per 100km of line length in the German transmission system52 

 

The third performance indicator was system minutes (SM) lost, which reflects the time 

needed for the annual peak power to generate energy which was not supplied due to inter-

ruptions. Performance in the period 2013-2022 is shown in Figure 211. This specific indicator 

 

51 https://www.transnetbw.de/en/transparency/market-data/structure-data 

52 50Hertz Transmission GmbH, “Almanac 2022. Accelerated grid expansion. Successful energy tran-
sition.” 
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is not reported by German TSOs; however, an average interruption time (AIT) is. AIT is the 

time of the year proportional to the rate between estimated energy not supplied and yearly 

energy consumption. For the TSO TransnetBW, there were 2’20’’ in year 2008 and 2’08’’ in 

year 2013. Otherwise between 2007 and 2022, the ATI values were zero51. The different in-

terruption times at Eskom and TransnetBW might, on the one hand, be the result of the 

slightly higher number of line faults per kilometre at Eskom. On the other, it might be be-

cause the German transmission system fulfils the (N-1)-criterium, whereas there are regions 

in Eskom’s transmission grid that do not. It is important for Eskom to seek a compromise be-

tween strengthening the grid towards (N-1) and creating additional capacity for the connec-

tion of new generations. 

 

 

Figure 209: System minutes for the incidents of less than 1 minute 53 

6.5.5 Transmission Development Plan 2023 

The Eskom Transmission Development Plan (TDP) is an annual report published by Eskom 

Transmission, informing stakeholders about the current situation, and giving a 10-year per-

spective on grid planning. The edition 2023-2032 was provided by Eskom for the purpose of 

the assessment. 

 

 

 

53 Source: Eskom, “10. System performance KPIs.xlsx” 
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Grid Expansion and Integration of RES and IPP 

One of the key topics addressed in the TDP is the grid expansion required to enable the con-

nection of renewable energy generated by independent power producers (IPP), who apply 

for the connection within the independent power producer procurement programme 

(REIPPPP).  

The generation capacity connection assessment (GCCA) for the current planning year 2024 

resulted in the numbers presented in Figure 210 , which show free capacities for the transmis-

sion grid. It should be noted that the south-west of the country has lower capacities in com-

parison to the north-west, especially Northern Cape, which has no free capacity. The results 

from Figure 210 should be compared with the diagram showing renewables potential, pre-

sented in Figure 211. It is clear that the transmission grid needs to be expanded in the North-

ern Cape, as well as elsewhere in the southwest. This problem was addressed in the Strate-

gic Grid Study and is presented in Figure 212.  

 

 

Figure 210: Generation connection capacities in the transmission grid for the year 2024 54 

 

 

54 Source: Eskom, “Transmission Generation Connection Capacity Assessment of the 2024 Transmis-
sion Network (GCCA – 2024)”, Reference No.: GP_22/52, March 2022 
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Figure 211: Areas suitable for PV (yellow) and wind power plants (green) 

The environmental impact assessment was considered in the Eskom report 55 . 

 

Figure 212: Planned transmission corridors for renewable power to the load centers50 

 

 

55 Source: Eskom, “Transmission Generation Connection Capacity Assessment of the 2024 Transmis-
sion Network (GCCA – 2024)”, Reference No.: GP_22/52, March 2022 
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Table 100 compares the generation connection capacity prepared for 2024 with the grid ex-

pansion plans for each of South Africa’s provinces, as set out in the TDP, which should also 

be consistent with the development of the transmission backbone and associated regional 

power corridors. The expansion plans are divided into two-time horizons: 2023−2026 and 

2027−2032. In the first period, most of the efforts related to expanding transmission lines are 

focussed on Northern Cape, which is the response to the high potential for renewables in the 

region and to the complete lack of GCC in this region. In the second period, this expansion 

intensifies and in addition to 1 313 km of 400 kV lines, a further 440 km of 765 kV lines are to 

be constructed. In this second period, the focus is clearly on those regions with the lowest 

GCC.  

In terms of transformer capacity, the main focus needs to be on Western Cape in the first 

planning period, 2023-2026. In the second period, there are plans to install around 30 GVA 

of transformer capacity in the south-west of the country. 

For both transmission lines and transformers, and in almost every province (except lines in 

Kwazulu-Natal), the expansion plans for the second period are even more extensive.  
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Generation Connection Capacity 2024* 

GCCA, MW 0 1600 1820 2507 3470 4113 4530 6088 6520 

Overhead lines 

2023-2026 

275 kV, km - - - - - 14 - - - 

400 kV, km 1242 41 39 276 140 - 63 580 136 

765 kV, km - - 40 - - 160 - - - 

Total, km 1242 41 79 276 140 174 63 580 136 

2027-2032 

275 kV, km - - - 150 - - 19 - - 

400 kV, km 1313 1061 464 845 240 144 135 316 593 

765 kV, km 440 1010 510 - - 270 - 188 - 

Total, km 1753 2071 974 995 240 414 154 504 593 

Transformers 

2023-2026 

no. units 3 9 16 7 3 6 9 9 13 

Total capacity, MVA 1315 2284 4925 1115 860 2130 3202 1980 5170 

2027-2032 

no. units 20 16 14 8 6 12 25 4 14 

Total capacity, MVA 11020 10250 9520 4015 2745 9752 10626 2110 7385 

*Hydra Cluster and Pelly not considered 

Table 100: Comparison of gen. connection capacity and provincial grid expansion plans 

Refurbishment and maintenance 

As already mentioned in chapters 6.5.1 to 6.5.3, the transmission grid's key assets are al-

ready relatively old and many are approaching their nominal life span. In such a situation, the 

expansion of the system described in the previous section only makes sense if it is supported 

by a strategy of focussed capital investment and targeted efforts that ensure the continued 

stable and safe operation of the current grid. Eskom Transmissions worked out an asset 

management system, which is graphically summarised in Figure 213, to address this issue. 

Part of the system incorporates the asset management policy (AM Policy), which, together 

with Transmission business plan, provides the basis for the creation of strategic and tactical 

plans, as well as their implementation.  
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Figure 213: Eskom Transmission asset management system56 

One of the outcomes of the AMS is the 10-year refurbishment plan. Refurbishment decisions 

are based not only on the age of the assets but also on an assessment of their actual condi-

tion, along with asset criticality and network risk and prioritisation. This approach is in line 

with current international best practices. An overview of Eskom’s 10-year refurbishment plan 

until 2032, with 10 asset categories, is presented in Table 101. There are 81 transformers 

due to be replaced, which corresponds well with the conclusion drawn from the results pre-

sented in Figure 204 and, therefore, is assessed as plausible. 

 

 

56 Source: Eskom, “Strategic Asset Management Plan (SAMP)”, document identifier: 240-160174092, 
rev.1 
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Table 101: Overview of the assets planned for replacement  

according to Eskom Transmission’s 10-year refurbishment plan.50 

Budget development for grid expansion 

The transmission budget for the period FY2024−2028, as well as the budgets for other divi-

sions, is given in the document “Eskom Holdings Corporate Plan FY2024 to FY2028 Rev. 

13”. For the execution of the expansion, refurbishment and strengthening project, R 74.2 bil-

lion is planned. The annual allocation during this period is presented in Figure 214. In total R 

38 billion is planned for network expansion over the next five years, and R 36 billion for 

maintenance. Within the next three years, this budget will increase from R 5.7 billion to al-

most R 20 billion. While the planned financial resources for FY2024 and FY2025 are pre-

dominantly earmarked for maintenance, network construction will become increasingly im-

portant in FY2026 to FY2028. The defined KPIs for grid expansion in this period are summa-

rised in Table 102. 
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Figure 214: Eskom Transmission’s budget allocation for FY2024-202857 

 

KPI FY24 FY25 FY26 FY27 FY28 Total: 

Transmission lines in-

stalled, km 
166 186 489 896 1 447 3 184 

Transformer capacity 

commissioned, MVA 
1,600 2,630 4,000 2,630 5,975 16,835 

Table 102: KPIs for new assets in the period FY2024−FY202857  

 

The KPIs for new construction of OHL and procurement of new transformers for the next five 

financial years correspond to the planned budget increase (see Table 102). This proves that 

the modernisation measures and grid expansions that have already been started are in-

cluded in the medium-term budget plan. Moreover, the budget has been adjusted to the ex-

pected increase in RES and IPP.  

The defined KPIs should be also compared to the requirements resulted from the network 

planning calculations. These requirements for FY2024−FY2028 were not available for this 

report, but they were available for the previous year and, therefore, for the period 

FY2023−FY2027. Table 103 summarises the network requirements needed to meet growth 

in generation and demand in South Africa. 

As one can see, the defined KPI for installed transmission lines, which is 3,184 km, is above 

the requirement of 2 893 km for the period FY2023−FY2027. However, it needs to be noted 

that the TDP 2022 forecast a requirement for the installation of almost 2 500 km of lines in 

FY2028 (see Figure 215), which was not included in the FY2023−FY2027 forecast but 

should now be included in the KPI for FY2024−FY2028. Furthermore, one can see that the 

total required capacity of new transmission transformers in FY2023-FY2027 is 26,970 MVA, 

which is about 1 000 MVA above the KPI for the years FY2024−FY2028. Figure 216  clearly 

shows that the requirement for new installed capacity grows significantly towards the end of 

the analysed period. The increase in the planned funding corresponds to the modernisation 

and expansion measures identified in the TDP. R 2 billion is currently planned for the expan-

sion measures in FY2024. A five-fold increase to R 10.1 billion by FY2026 is an enormous 

increase and challenge and requires corresponding staff resourcing at Eskom Transmission. 

Further annual increases in network expansion are to be aligned with the capacity to imple-

ment the projects through Eskom Transmission's internal resources. At the same time, it 

 

57 Source: Eskom, “Corporate Plan FY24 to FY28: Revision 13” (“2023 March 31 Eskom FY24 Corpo-
rate Plan Rev. 13.pdf”) 
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needs to be noted that Eskom is impacted by the Ministry of Finance's debt relief and is not 

able to increase investments beyond a certain level. 

Furthermore, expansion plans need to consider not only the requirements generated by the 

forecast IPP installations but also the fact that only a limited number of contractors are in a 

position to carry out the construction work to an adequate standard. 

 

Table 103: Network requirements of South Africa50 
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Figure 215: Required transmission lines until 2032  

according to TDP2021 (blue) and TDP2022 (grey)50 
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Figure 216: Required transformer capacity until 2032  

according to TDP2021 (blue) and TDP2022 (grey).50 

Budget development for sustaining the grid 

The planned maintenance budget for the period FY2024−FY2028 is around R 36 billion, Fig-

ure 214, and is perceived by Eskom Transmission to be sufficient to keep the quality of 

maintenance at the current level. During the site visits, see chapter 6.7, the assessment 

team observed a very good quality of maintenance. Based on interviews with Eskom repre-

sentatives and observations made on-site, as well as on the asset management system pre-

sented in previous subsection, it can be concluded that the budget for sustaining the network 

is sufficient for FY2024−FY2028. 

Tariffs for unbundling and transmission 

Eskom Holding is currently undergoing an unbundling process, shifting it away from a vertical 

company towards a horizontal organisation with separated generation, transmission, and dis-

tribution businesses. This process has been successful in many other countries and experi-

ence shows that it has a positive impact on the efficiency of the power system and on the en-

ergy prices. The unbundling is also necessary for establishing a liberalised energy market, 

which is operated by an independent market operator and where Eskom’s generations busi-

ness will not cross-subsidise the transmission business or vice versa. This should increase 

the incentive for the private sector to erect generation units and access the transmission grid 

as IPP. Given the current generation shortages, this would be an important step towards re-

ducing the load shedding. According to Eskom Holding’s corporate plan FY2024 to FY2028 



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  450 

Rev.13, the process of unbundling is already advanced and trading on the independent mar-

ket is planned from 1 November 2023. Those efforts should be continued. 

Given that, after the unbundling, the cross subsidisation between Eskom’s businesses 

should cease, appropriate tariffs need to be developed to ensure sufficient revenues for the 

transmission system business. These tariffs should secure the maintenance of the current 

system but also allow for refurbishment and network expansion to create additional capaci-

ties. Therefore, the tariffs will need to be adjusted on a regular basis, to reflect the prevailing 

situation in the transmission grid. As set out in the Energy Pricing Policy, tariff developments 

should be approved by a regulator whose task is to ensure that the revenues are sufficient 

for sustainable operation and development of the network but do not impose unjustified costs 

on customers. Furthermore, the fact that tariff levels impact the rate of return on IPPs also 

needs to be considered. Such considerations are already made in existing legislation and so 

these should be applied when designing the tariffs. The transmission tariffs of the National 

Transmission Company should be designed with the following objectives in mind: 

− Open access to the transmission services with fair, non-discriminatory prices for all 

customers 

− Pricing levels that recover the approved revenue requirements of service providers 

− Predictable development of prices over time for customers 

− Pricing signals that reflect the cost structure of the services provided 

− Optimal asset utilisation 

− Unbundling of service offerings and cost-reflective pricing of each service component” 

6.6 Interviews 

During the on-site visit to Gauteng, discussions were held with experts from the departments 

responsible for network operation and development. As only one and a half days were avail-

able for these interviews, it was not possible to talk to all relevant departments and a selec-

tion had to be made. The following interviews were conducted: 

− Managing Director Transmission – Mr. Segomoco Scheppers 

− Grid Planning and Development – Mr. Jacob Machinjike 

− Asset Management – Mr. Prince Moyo 

− System Operator – Mrs. Isabel Fick 

− Operation and Maintenance – Mr. Mbulelo Kibido 

− Financial Transmission – Mrs. Ragini Ramkumar 

− One aim of these interviews was to clarify open questions from the questionnaires 

and documents received for the network evaluation. At the same time, further infor-

mation from the interviewed departments was to be gathered through direct ex-

change, and an impression of the management system and the management culture 

was to be gained. Questions and discussion topics were sent to the interviewees in 

advance, for preparation. 
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− All invited persons were excellently prepared for the talks. The discussions were com-

plemented by the participation of further experts from the departments. The discus-

sions provided a lot of additional information and allowed a good insight into the job 

profiles and organisation of the departments. 

 

Conclusions from the Interviews: The interviews provided a great deal of additional infor-

mation and contributed significantly to the understanding of the documents submitted and the 

management of Eskom Transmission. The main conclusions from the six interviews with 

Eskom Transmission experts are listed below. Further details on the content of the interviews 

are included in the Appendix Transmission Interview documentation. 

Interview with Eskom Transmission’s Grid Planning and Development Business  nit  

− Long-term planning transmission development plan (TDP) 

o The TDP is an expedient and useful tool to carry out network planning accord-

ing to demand. 

o The annual update of the TDP allows for a quick readjustment of the network 

development to changing requirements. 

o The TDP sets out the guidelines for action for the medium and long-term ex-

pansion of the network and indicates the financial resources required. 

o In practical implementation, there is a discrepancy between the planned 

measures and their timely implementation. 

− Securing the necessary land has a high strategic value. 

− Relationships with customers are managed through network planning. 

− Network calculation is carried out according to the state of the art and is an integral 

part of network development planning. 

− The future connection of planned renewable energy generation projects has been 

identified as a major challenge. Grid expansion planning is being oriented towards 

these requirements, even though little has currently happened in grid expansion and 

RES project development. 

− Project development: Network expansion projects are developed in the department, 

prepared for implementation, and monitored during realisation so that planned 

measures are also implemented as expected. 

Interview with Eskom Transmission’s Asset Management Business  nit 

− Asset strategy ensures maximum utilisation of the possible operating time of the equip-

ment used. 

− Regardless of the asset strategy currently in use, modernisation should be pushed for-

ward, and corresponding financial resources planned in the next few years in order to 

avoid critical conditions: 

o Old equipment in use can fail in large quantities once it reaches a certain age. 

o Spare parts are no longer available in sufficient quantities or are no longer procur-

able. 
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o Maintenance costs for obsolete technology increase exorbitantly and can no 

longer be implemented economically. 

− The strategy of replacing equipment after the end of life should be combined with useful 

life indicators. 

− The permanent switching for load shedding led to increased wear of the circuit breakers 

used for this purpose. Circuit breaker failure will thus become more likely in the future 

and can lead to critical situations in the grid. 

o Upstream switches must become active - large-scale shutdowns in the event of 

grid faults. 

o N-1 criterion can be endangered. 

o Grid stability can be endangered. 

 

Interview with Eskom Transmission’s Group Executive 

− Budgets for modernisation are required in the next few years, otherwise there is a risk 

that critical network infrastructure will not meet the requirements for system stability and 

supply reliability (see asset management). 

− The unsatisfactory situation of permanent load shedding results from the unavailability of 

sufficient generation capacities and is necessary for stable grid operation.  

− The transmission system is responsible for stable grid operation, not for providing suffi-

cient power plant capacities. 

− The change process in the energy industry requires a clear regulatory framework: 

o unbundling process – tariffs for the services of the TSO 

o increasing number of renewables – budgets for grid extension, infeed tariffs for 

the RES and financing model of the tariffs 

o aging of the asset – budgets for modernisation 

− Securing highly qualified staff through  

o competitive salary 

o recruitment of young good skilled employees 

o transfer of knowledge to new employees 

 

Interview with Eskom Transmission’s System Operator Business Unit 

− Grid control is stressed by permanent load management. 

− Grid control is well organised. 

− All staff at the network control centre receive ongoing training in operation and trouble-

shooting / trouble management. 

− Remote control is possible for almost all switching devices. The switching operations are 

instructed by the Control Centre but carried out by the staff on-site. Potential for efficiency 

improvement with transition to remote control by the Control Centre in the future. 
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Interview with Eskom Transmission’s Grids Operation and Maintenance Business  nit 

− Maintenance is well organised and, except for special tasks (protective relays, circuit 

breakers, etc.), is largely carried out by substation staff. Special tasks are executed by 

skilled internal maintenance teams per region. 

− The strategic guidelines for maintenance are set by asset management. Compliance with 

these guidelines is monitored by asset management (see asset management). 

− The unsatisfactory situation of permanent load shedding has a negative impact on the ex-

ecution of maintenance. 

− Securing highly qualified staff is important for the quality of maintenance and should be 

supported by 

o competitive salary 

o recruitment of young good skilled employees 

o transfer of knowledge to new employees 

 

Interview with Eskom Transmission’s Finance Department 

− The transmission system is currently financially managed as a cost centre. 

− Until the transmission system is established as an independent company, a tariff struc-

ture must be created. The tariff structure is currently being prepared. 

6.7 Site Visits 

During the site visits, six substations, five lines and the National Control Centre were visited. 

The list and locations of visited sites are presented in Figure 217. The substations were of 

different voltage levels, 400 kV and 275 kV on the primary side and 275 kV, 132 kV, and 

88 kV on the secondary side. One substation, Craighall, was of GIS type. In Apollo, a HVDC 

converter station was visited. The commissioning year of the visited substations ranges from 

around 1970 to 2014; however, the older ones dominated.  

In terms of transmission lines, the site visit was conducted in the neighbourhood of tower 

number 13 of the Apollo-Thuso (400 kV) line. Eskom’s National Control Centre in Simmerpan 

was visited and an interview conducted with the national operations chief engineer. There is 

no photographic documentation of the control room due to restrictions, as the national control 

centre is one of South Africa’s National Key Points (key national assets of critical infrastruc-

ture). 
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Figure 217: Location of visited substations, lines and control centre 

6.7.1 Methodology of Assessment 

A detailed analysis of the condition of all technical components was carried out in the se-

lected substations and on the selected overhead lines sections. The analysis of the substa-

tion condition is based on a visual on-site assessment of it, a comprehensive questionnaire 

about each of the substations and an evaluation of past maintenance and documents 

handed over from the specification as well as the life cycle records of the equipment (if avail-

able). The following process steps are carried out for each assessment of the selected asset 

examples:  

− Basic evaluation 

− Determination of the condition 

− Condition assessment 

− Development of recommended measures 

The first objective of the baseline assessment was to identify the type and technical design of 

the substations selected for the assessment and to adapt the assessment matrix according 

to the existing components. The basis for this was the single line diagram of the switchgear. 

Furthermore, information was collected about essential modernisation and repair work under-

taken in the past. The focus was on assessing existing and prior damage, maintenance and 

modification measures. 

Based on the first assessment step, the current condition as well as individual damages of 

substation components were recorded by registration of the observed results in the assess-

ment matrix and underlined by photographically documentation. The primary, secondary, and 

civil engineering components were evaluated based on four classifications: 

− Wear and Tear Classification (WTC) 
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− Compliance with Standards Classification (CSC) 

− Safety and Environment Classification (SEC) 

− Operating Age Classification (OAC) 

A detailed description of the classifications and evaluation criteria is given below. 

As part of the condition assessment, the documented conditions were evaluated for their im-

pact on usability and stability of the assessed component. For evaluation, a grade of one to 

four was awarded for each classification. 

If necessary, additional detailed investigation of individual constructions or components will 

be proposed in respect to the description of required measures. Required measures will be 

proposed in conclusion of the condition assessment. The intensity or the priority of the 

measures is represented by the activity classification (AC). This assessment method used 

here was originally developed to assess the condition of civil engineering construction work 

(in German: BAW-Merkblätter Bauwerksinspektion und Schadenklassifizierung an 

Verkehrswasserbauwerke) and transferred and adapted to the complex topic of condition as-

sessment of substations. It has been successfully used in several assessments of substa-

tions already. 

6.7.2 Classification 

The classification is designed to ensure that the same content and criteria for each of the 

components to be evaluated are evaluated according to a uniform grading. As a result, the 

comparability of the selected substations and line sections is given later, but also overall 

within the classifications or for components. 

For the assessment will be introduced the following four classifications: 

− Wear and Tear Classification (WTC) 

− Compliance with Standards Classification (CSC) 

− Safety and Environment Classification (SEC) 

− Operating Age Classification (OAC) 

The average of these four classifications results in the activity classification (AC). All compo-

nents will be assessed by a rating score between 1 and 4. The awarding of the assessments 

classification by rating score is only in whole numbers. Thus, it is possible to reduce subjec-

tive valuation uncertainty by clearly selection of the ranking score to each other and to in-

crease the objectivity of the evaluation results. Only the average determination in each clas-

sification and for the whole substation is made with one decimal place. 

Only ranking scores of 1, 2 and 4 will be awarded for safety and environment classification 

(SEC) as an exception to the scores of other classifications. The scores 2 and 3 are com-

bined as score 2 to clearly define the score of the safety and environment criteria within the 

class. 
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Table 104 shows examples of rating groups and associated classifications with the available 

rating ranges. 

Assessment group WTC CSC SEC OAC AC 

High voltage switchgear 1 – 4 1 – 4 1, 2, 4 1 – 4 1 – 4 

Power transformers      

Operation building 1 – 4 1 – 4 1, 2, 4 1 – 4 1 – 4 

Secondary Technology 1 – 4 1 – 4 1, 2, 4 1 – 4 1 – 4 

AC/DC systems 1 – 4 1 – 4 1, 2, 4 1 – 4 1 – 4 

Battery systems 1 – 4 1 – 4 1, 2, 4 1 – 4 1 – 4 

Streets/Footpaths/Fences 1 – 4 1 – 4 1, 2, 4 1 – 4 1 – 4 

Cable ducts 1 – 4 1 – 4 1, 2, 4 1 – 4 1 – 4 

Table 104: Ranking score structure 

6.7.3 Wear and Tear Classification (WTC) 

Visually assessed wear and tear is assessed for its impact on the serviceability and/or viabil-

ity of the relevant part of the installation. This affects the rating subjectively. However, since a 

large number of individual components assessed from different viewing directions leads to 

the overall result, the subjective reservation related to a single object is relativized and an ob-

jective overall rating is achieved. For known wear and damage, existing life cycle file infor-

mation will be included. However, the current state of the components must always be con-

sidered. 

The ranking scores for tear and wear classification will be defined as follows: 

WTC 1: No noticeable wear and tear or damages detectable, respectively wear and tear or 

damage currently does not affect the usability and / or operation capacity and will probably 

not affect it in the future. These can be e.g. wear and tear or damage that exist since the 

start of operation and have not changed since then. 

WTC 2: Wear and tear or damage that currently does not or only slightly affects the usability 

and / or operation capacity but will be a negative effect on suspected development. Another 

observation within the intended test cycle is sufficient. 

WTC 3: Wear and tear or damage that currently affect the usability and / or operation capac-

ity, but both are still provided. The wear and tear limit have been reached, but not exceeded. 

There are restrictions in the operation, or it is to be expected on a frequent damage and dis-

turbance. In the event of faults, there is a risk of consecutive fault. It is necessary to check if 

further observation within the intended test cycle is sufficient or if a shortening of the interval 

is necessary. 
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WTC 4: The usability and / or operation capacity of the component is no longer given, or the 

wear and tear limit are exceeded. Wear and tear, which represents an acute danger to the 

safety of people or the environment and / or make the use of this component no longer possi-

ble. In case of faults, a consecutive fault is very probable. Immediate measures are required 

that exclude or prevent the hazard of injury or death of human. 

6.7.4 Compliance with Standards Classification (CSC) 

Another evaluation criterion is the visually discoverable component status. For this purpose, 

the individual substation components are compared with the current regulations or the gener-

ally recognized rules of technology. Discrepancies are included in the valuation and are de-

scribed in the report. The resulting differences between the current situation and valid regula-

tions / rules of technology are also evaluated in respect of their impact on usability and limita-

tion of operation capacity as well as of the impact of probable damage. The ranking scores 

for compliance with standards classification will be defined as follows: 

CSC 1: The current situation at least meets the requirements of valid regulations / rules of 

technology. 

CSC 2: The current situation does not meet the requirements of valid regulations / rules of 

technology. However, the discrepancy is to be classified as safe in terms of usability and op-

eration capacity or in terms of possible damage events. 

CSC 3: The current situation does not meet the requirements of valid regulations / rules of 

technology. The discrepancy can influence the usability or lead to local damage events. 

There is a significant risk of losing the tolerable discrepancy of compliance to the standard. 

CSC 4: The current situation does not meet the requirements of valid regulations or the rules 

of technology. The discrepancies are significant or constitute a violation of legal foundations. 

The effects on the usability or operation capacity are of great relevance or can lead to major 

damage events. 

6.7.5 Safety and Environment Classification (SEC) 

Furthermore, all substation components were assessed in respect to safety at work, opera-

tion safety and environmental safety. In particular, the following standards and regulations 

are considered: 

− IEC 61936 – Power Installation Exceeding 1 kV. 

− EN 50110-1 Operation of Electrical Installation 

− IEC 61508 Functional Safety 

The ranking scores for safety and environment classification will be defined as follows: 

SEC 1: Operational safety and safety at work as well, as the fulfilment of environmental pro-

tection requirements, are in place or can be achieved through organisational measures (e. g. 

switch off and disconnection of live parts). 
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SEC 2/3: Operational safety and safety at work, as well as the fulfilment of environmental 

protection requirements, are only partly in place. Technical or organisational measures are 

required to meet safety and accident prevention regulations or environmental standards. 

SEC 4: Operational safety and safety at work, as well as the fulfilment of environmental pro-

tection requirements, are not in place (e.g. damage of insulation with risk of a breakdown and 

arc). Immediate technical and organisational measures must be taken. 

6.7.6 Operating Age Classification (OAC) 

The age of the components is classified at four age levels for evaluation to consider aging 

processes. The usual normative technical service life of the respective components is set for 

the evaluation as 100% value. The percentage classification according to Table 105 is in-

tended to consider the increasing likelihood of failure of technical equipment and systems at 

the end of life due to aging and wear and tear. 

 

Operating Age Classification Service life 

OAC 1 ≤ 70% 

OAC 2 ≤ 80% 

OAC 3 ≤ 95% 

OAC 4 > 95% 

Table 105: Operating age classification independent of service life 

6.7.7 Activity Classification (AC) 

The activity classification is determined by the average of the scores from each of the classi-

fications: wear and tear; compliance with standards; safety and environment; operating age. 

The activity classification is made for each category of components (sorted by functional 

components). The following definitions shall be applied to the interpretation of the activity 

classification: 

AC 1: There are to be planned, respectively to be expected, no or only long-term measures. 

Measures will be required only for standard maintenance or in case of unexpected failures 

due to poor quality of product. The classification of the component or the part of substation is 

rated as very good. Future discrepancies from the normal state cannot be predicted now. 

AC 2: Measures are to be expected for the component in the medium term, as minor wear 

and tear weaknesses were indicated in the components. The condition is good and can be 

kept by regular maintenance. The continuously inspection and documentation of the condi-

tion is recommended. 
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AC 3: Short-term measures beyond the regular maintenance effort are necessary to secure 

the operation of the component or to maintain the operational safety of the substation. Limita-

tions in operation can occur. It must be evaluated what measures are to be initiated for im-

provement the condition to achieve activity classification 1 or 2. Sufficient spare parts shall 

be available for the respective components. An economic evaluation of the increased tech-

nical and economic maintenance effort is required taking into account the supply contract 

and given operational limitations. 

AC 4: Immediate measures are required to restore safety of personal or environment.  The 

respective part of the substation is to be taken out of operation immediately. The condition of 

a (sub-) component is insufficient and minimum requirements are gone below or the tech-

nical service life is significantly exceeded. Safe operation cannot be achieved by organiza-

tional measures alone. There is an acute risk of personal injury or environmental damages. 

6.7.8 Assessment Matrix 

The scores for the classifications for each category of component in the assessment matrix 

will be collected during the on-site assessments. The activity classification is calculated auto-

matically for each category of components by forming the mean value from the scores of the 

classifications. An exception is the case in which one of the classifications is rated to a score 

of 4. In this case, the activity classification always receives the value 4 - regardless of the 

scores of the other classifications. This ensures that significant deficiencies that constitute a 

hazard can be immediately recognized and eliminated. 

Summarised scores are also calculated in the assessment matrix for parts of the substation 

as well as for the whole substation. Such summarised scores are calculated as average of all 

directly subordinate components. An exception is the evaluation of a component with the 

score 4. If a component that is included in a substation part is rated 4, the substation part as 

a whole and, ultimately, the entire substation in the corresponding classification is rated 4. 

A clear overview of the overall state of the substation parts and the whole substation is pro-

vided in a graphic as spider web diagram. The aggregated scores of each classification are 

drawn for each substation part. 
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Figure 218: Example of classification diagram 

The diagram is a pentagon. Each diagram axis represents a classification. The diagram is 

placed over a circle. The centre of the circle represents the score 1 and the outer edge of the 

circle the score 4. Thus, the further one angle of the pentagon is from the centre of the circle, 

the worse the substation performance in the corresponding classification. This is under-

scored by the colour of the circle from green inside the circle (score 1) to red in the outer ring 

(score 4). Figure 218 shows an example of the diagram. 

6.7.9 Substation Minerva 

Brief description of the substation 

− Air insulated switchgear 400 kV double busbar (4x overhead line bays; 4x transformer 

bays, 2x cross coupling bays and 1x lengthwise coupling bay in busbar 2, all bays 

equipped with circuit breakers, see Figure 219) 

− Air insulated 275 kV switchgear double busbar (6x overhead line bays; 4x transformer 

bays, 2x cross coupling bays and 1x lengthwise coupling bay in busbar 1, 2x capaci-

tor banks, all bays equipped with circuit breakers, see Figure 219) 

− 4 power transformers (TRFR) 400/275 kV,  

o TRFR 1 720 MVA 

o TRFR 2 800 MVA 

o TRFR 3 800 MVA 

o TRFR 4 720 MVA 

− Year of commissioning 1977 
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− 4 auxiliary transformers 22/0,4 kV connected to the tertiary winding of the two power 

transformers. 

o TRFR 1 300 kVA 

o TRFR 2 315 kVA 

o TRFR 3 500 kVA 

o TRFR 4 315 kVA 

− On-site inspection on 12 April 2023 

The summarised assessment extract is attached in the appendix Assessment Matrix of Eval-

uated Transmission Assets. The substation condition details are described below. 

 

Figure 219: Single line diagram substation Minerva 

 

Switchgears 

Activity class of switchgears classification 1,86: Age-related wear and tear, slight signs of rust 

on steel structures, equipment has been partially replaced by new equipment, no urgent 

measures required, modernisation must be continued in the medium term (see Figure 220). 

− Large part of circuit breakers is replaced by SF6-circuit-breakers. AC classification 2 – 

Old low-oil circuit breakers should also be replaced. 

− Large part of the disconnectors is replaced by new ones. AC classification 2 – Old 

disconnectors should also be replaced in medium term. 

− Large part of instrument transformers is replaced by new ones. AC classification 2 – 

Old instrument transformers should also be replaced in medium term. 

− Conductor ropes are slightly corroded due to age. AC classification 1 – Age-related 

wear and tear, refurbishment measures are not necessary. 

− Steel construction slight signs of rust. AC classification 2 – Age-related wear and tear, 

refurbishment measures are not necessary. 
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− Basements with some tear and wear. AC classification 2 – Age-related wear and tear, 

refurbishment measures are not necessary. 

− Groundings visually inspected at random, slight visual signs of wear. AC classification 

2 – Age-related wear and tear, refurbishment measures are not necessary. 

Due to its age, the switchgear shows wear and tear. Major components have been replaced 

with new equipment. Due to the excellent maintenance of the switchgear, it is fully functional 

despite its high operating age. Further modernisation measures are to be carried out in the 

medium term (see Figure 221). 

 

Figure 220: 400 kV switchgear substation Minerva 

 

Figure 221: Evaluation graphic of 400 and 275 kV switchgear substation Minerva 
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Power Transformers 

Activity class of Power Transformers (in operation between 1982 and 2009) classification 

1,44: Age-related wear and tear. The oil leakage of transformer 4, which has been in opera-

tion since 1982, must be monitored. In the case of the relatively new transformers 1 and 2, 

the comparatively poor values of the gas-in-oil analysis can still be observed. If the values 

continue to deteriorate, replacement/repair may have to be considered. Condition without 

findings, no measures necessary (see Figure 222). 

− General impression of inspection: AC classification 2 – Age-related wear and tear, re-

furbishment measures are not necessary. 

− Gas in oil analysis (all four transformers last test of 09.12.2022, TRFR1 and 2 D poor, 

TRFR 3 C fair, TRFR 4 A very good). AC classification 2 – Age-related wear and tear, 

monitoring of Gas in oil analysis results. 

− Bushings, AC classification 1 – Age-related wear and tear, refurbishment measures 

are not necessary. 

− Tank, AC classification 2 – Age-related wear and tear, refurbishment measures are 

not necessary. 

− Oil leakage, AC classification 2 – Age-related wear and tear, refurbishment measures 

are not necessary. 

− Fire protection walls, AC classification 1 – Age-related wear and tear, refurbishment 

measures are not necessary. 

− Groundings randomly inspected. AC classification 1 – Age-related wear and tear, re-

furbishment measures are not necessary. 

− Steel construction, radiators etc., AC classification 1 – Age-related wear and tear, re-

furbishment measures are not necessary. 

− Basement, oil leakage sump. AC classification 1 – Age-related wear and tear, refur-

bishment measures are not necessary. 

No refurbishment measures are currently required for the transformers. The poor gas-in-oil 

analysis results of the relatively new transformers 1 and 2 must be monitored. Cleanliness 

and maintenance conditions are excellent (see Figure 223). 
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Figure 222: Power Transformer in substation Minerva 

 

 

Figure 223: Evaluation graphic Power Transformers substation Minerva 

 

Operation Building 

Activity class of the operation building, classification 1,21 – Slight wear due to age, condition 

without findings, no measures necessary (see Figure 224). 

− Outside general impression of inspection, AC classification 2 – Slight wear due to 

age, condition without findings. 

− Roof visual inspection from the ground, AC classification 1 – condition without find-

ings. 
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− Walls, AC classification 1 – condition without findings. 

− Basement, AC classification 1 – condition without findings. 

− Surface, AC classification 2 – Slight wear due to age (dusty), condition without find-

ings. 

− Waterproofing visual inspection, AC classification 1 – condition without findings. 

− Lightning protection visual inspection from the ground, AC classification 1 – condition 

without findings. 

− Inside general impression of inspection, AC classification 1 – condition without find-

ings. 

− Emergency exits, place for exit, AC classification 1 – condition without findings. 

− Ventilation, AC classification 1 – condition without findings. 

− Illumination, AC classification 1 – condition without findings. 

− Cleanness, AC classification 1 – condition without findings. 

Despite its many years of use, the operation building is in excellent condition. Cleanliness 

and maintenance condition are excellent (see Figure 225). 

 

 

Figure 224: Operation building substation Minerva 
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Figure 225: Evaluation graphic for the operation building substation Minerva 

 

Secondary Technology 

Activity class of Secondary Technology, classification 1,5: Some switch panels have already 

been renovated in terms of secondary technology. The majority are still equipped with old 

electromechanical protection technology. This is no longer state of the art and should be re-

placed in the medium term (see Figure 226). 

− SCADA Connection to Control Centre available, AC classification 1 – Partly modern-

ised, further modernisation required in the medium term. 

− Protection relays are partly digital, AC classification 2 – further modernisation re-

quired in the medium term. 

A high percentage of the secondary technology is still electromechanical. With further mod-

ernisation around primary technology, the devices of the secondary equipment are also to be 

replaced by modern digital technology. Cleanliness and maintenance condition are excellent 

(see Figure 227). 
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Figure 226: Example of protection/control cabinet substation Minerva 

 

 

Figure 227: Evaluation graphic of secondary technology substation Minerva 
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AC/DC systems 

Activity class of AC/DC systems, classification 1,33: Age-related wear and tear, partly re-

newed (see Figure 228). 

− AC system including auxiliary transformers and AC-distribution, AC classification 1 – 

Age-related wear and tear, partly renewed, no measures required. 

− DC-distribution, AC classification 1 – Age-related wear and tear, partly renewed, no 

measures required. 

− AC/DC converters, AC classification 1 – Age-related wear and tear, partly renewed, 

no measures required. 

The AC/DC systems are in very good condition for their operation age. Cleanliness and 

maintenance condition are excellent (see Figure 229). 

 

 

Figure 228: Auxiliary transformer substation Minerva 
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Figure 229: Evaluation graphic AC/DC systems 

 

Battery Systems 

Activity class of battery systems, classification 1 – condition without findings, no measures 

necessary (see Figure 230). 

− 220 V Batteries AC classification 1 – condition without findings 

− 50 V Batteries AC classification 1 – condition without findings 

The battery systems were renewed cyclically during operation. The current status corre-

sponds to the state of the art. Cleanliness and maintenance condition are excellent (see Fig-

ure 231). 
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Figure 230: 220 V Battery substation Minerva 

 

 

Figure 231: Evaluation graphic battery systems substation Minerva 

Streets/Footpaths/Fences 

Activity class of streets, footpaths and fences, classification 1,33: Age-related wear and tear 

but in a very good state of maintenance (see Figure 232). 

− General condition, AC classification 2 – Age-related wear and tear, no measures re-

quired. 

− Fences and security, AC classification 1 – Age-related wear and tear, no measures 

required. 
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− Dimensioning, AC classification 1 – Age-related wear and tear, no measures re-

quired. 

The streets, footpaths and fences are in good condition. No measures are required. Cleanli-

ness and maintenance condition are excellent (see Figure 233). 

 

Figure 232: Transportation street and fences substation Minerva 

 

 

Figure 233: Evaluation graphic streets/footpaths/fences substation Minerva 

Cable Ducts 

Activity class of cable ducts, classification 2: Age-related wear and tear but in a very good 

state of maintenance (see Figure 234). 
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− Ducts, AC classification 2 – Age-related wear and tear, no measures required. 

− Covers, AC classification 2 – Age-related wear and tear, no measures required. 

− General condition, weathering, AC classification 2 – Age-related wear and tear, no 

measures required. 

The cable ducts are in good condition. No measures are required. Cleanliness and mainte-

nance condition are excellent (see Figure 235). 

 

Figure 234: Example of cable duct substation Minerva 

 

 

Figure 235: Evaluation graphic cable ducts substation Minerva 

Summary Substation Minerva 

The Minerva substation was commissioned in 1977. During the years of operation, essential 

components such as power transformers, circuit breakers, instrument transformers and dis-

connectors were gradually replaced. The last modernisation measure was carried out in 

2010 as part of an expansion of the switchgear for the connection of new overhead lines. De-
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spite 46 years of operation, the substation is in a very good condition (see, for example, Fig-

ure 236). This is due to the permanent renewal of worn components and excellent mainte-

nance of all substation components. Accordingly, the substation can continue to operate 

safely for several years if the current strategy is continued by replacing worn parts and inten-

sively maintaining all components. The total evaluation results in an AC 1,45 (see Figure 

237).  

 

 

Figure 236: 275 kV switchgear substation Minerva 

 

 

Figure 237: Evaluation graphic total substation Minerva 
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6.7.10 Assessment of other Inspected Substations 

The five other substations inspected: 

− Substation Craighall, 

− Substation Eiger, 

− Substation Apollo HVDC, 

− Substation Apollo and 

− Substation Thuso 

were assessed using the same procedure as the Minerva substation. A detailed summary of 

the assessment is attached to the report in the appendix Assessment of other Inspected 

Substations. The findings and assessment results obtained during the site visits to the sub-

stations have been integrated into Eskom Transmission's assessment. 

6.7.11 Overhead Lines 

Assessment methodology 

− On-site inspection and assessment of an overhead line section in detail. 

− Use of an adapted assessment matrix of the substation assessment for a quantified 

assessment of the overhead line section.  

− Parallel line sections were assessed with visual observation. The general impressions 

of the parallel line sections were compared with results of details assessed line sec-

tions for summarised assessment of all lines. 

− To further check the plausibility of the assessments made, based on the example of 

the one-line section, other overhead line sections connected to substations were in-

spected and visually assessed. 

Brief description of overhead line section 

− 400 kV overhead line Thuso - Apollo 

− Tower 1APO/THU013 and connected line sections. 

− Additional 4 parallel OHL visual inspected 

The summarised assessment extract is attached in the appendix Assessment Matrix. The as-

sessment condition details are described below. 

Tower 1APO/THU013 of overhead line section 

Activity class of tower 1APO/THU013, classification 2: Age-related wear and tear, no 

measures required (see Figure 238). 

− Basements, AC classification 2 – Age-related wear and tear, no measures required. 

− Steel construction, AC classification 2 – Age-related wear and tear, no measures re-

quired. 

− Coating, AC classification 2 – Age-related wear and tear, no measures required. 

− Groundings, AC classification 2 – Age-related wear and tear, no measures required. 
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The mast is in good condition. Age-related wear and tear are visible but does not impair the 

function. Damage caused by vandalism has been professionally repaired and preventive 

measures taken to avoid further damage (see Figure 239). 

 

Figure 238: Tower 1APO/THU013 
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Figure 239: Evaluation graphic tower 1APO/THU013 

Security 

Activity class of security tower 1APO/THU013, classification 2 – Age-related wear and tear, 

no measures required (see Figure 240). 

− Prevention of unauthorised climb up, AC classification 2 – Age-related wear and tear, 

no measures required. 

− Prevention of vandalism, AC classification 2 – Age-related wear and tear, no 

measures required. 

Climbing prevention measures are installed to prevent unauthorised climbing. Self-locking 

nuts used for bolting at the base of the towers to prevent steel theft. These measures should 

provide sufficient protection against further damage caused by vandalism (see Figure 241). 
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Figure 240: Self-locking nuts to avoid steel theft tower 1APO/THU013. 

 

Figure 241: Evaluation graphic security tower 1APO/THU013 

 

Insulation Chains 

Activity class of insulation chains tower 1APO/THU013, classification 1 – condition without 

findings (see Figure 242). 
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− General condition, AC classification 1 – condition without findings 

− Cleanness, AC classification 1 – condition without findings 

− Glass cups condition, AC classification 1 – condition without findings 

The glass cap insulating chains were visually inspected from the ground for the inspected 

OHL and the parallel OHL. The condition was perfect (see Figure 243). 

 

Figure 242: Insulation chains of 400 kV OHL 

 

 

Figure 243: Evaluation graphic insulation chains tower 1APO/THU013 
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Labelling of OHL 

Activity class of marking OHL tower 1APO/THU013, classification 1 – condition without find-

ings (see Figure 244). 

− Label condition, AC classification 1 – condition without findings 

− Name of line, AC classification 1 – condition without findings 

− Number of towers, AC classification 1 – condition without findings 

The marking of the tower was visually inspected. The condition was perfect (see Figure 245). 

 

Figure 244: Marking of tower 1APO/THU013. 
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Figure 245: Evaluation graphic of marking tower 1APO/THU013 
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Summary Inspection of OHL 

Both the inspected line section with 5 parallel 400 kV OHL (see Figure 246) and the OHL 

connected to the inspected substations (see Figure 247) were in a very good state of mainte-

nance. The wear and tear of the steel structures was mostly age-related, but the insulating 

chains were in very good condition everywhere. Defective glass caps were not found on any 

overhead line. This good condition was also visible on other OHLs in the transmission sys-

tem during trips. This is the result of good maintenance. All lines are flown over on a regular 

basis for inspection. Any defects found are eliminated at short notice. Eskom has its own 

team and helicopters for flying the lines. This ensures that access to that team is always 

available and that the inspections are carried out to a high standard. Although a large num-

ber of the overhead lines have been in operation for many years, the good maintenance of 

the overhead lines ensures that they are in good condition, which in turn ensures a high level 

of reliability and availability of the OHL. Currently, several OHLs from the 1960s – with a total 

length of about 1300 km - are still in operation. The overall condition of the inspected OHL is 

rated very good, AC 1.5 (see Figure 248). 

 

Figure 246: Inspected OHL section tower 1APO/THU013 

 

Figure 247: 400 kV OHLs connected to substation Minerva. 
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Figure 248: Evaluation graphic total of inspected OHL section tower 1APO/THU013 

 

6.7.12 Summary site visit 

The 6 substations visited were all in very good technical condition. Although 5 of the 6 sub-

stations were built in the 1970s, the activity classification for all substations was rated below 

2 (see Figure 249). This means that no urgent upgrading measures are required in any of the 

substations. The operational capability is fully given and there is a high level of reliability and 

availability. 

 

Figure 249: Activity Classification of inspected substations 
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This good condition of the plant, despite its high operating age, is mainly the result of excel-

lent maintenance. The staff in all inspected substations were very committed and highly moti-

vated. Questions about the condition of the plant and its maintenance were answered very 

competently, which is evidence of the very good level of training of the staff. The substations 

are operated according to clear regulations, which are strictly followed. In addition to the 

maintenance measures, upgrading measures were carried out in all transformer stations. Es-

sential components were replaced by new ones, so that the measures correspond to a partial 

replacement. For example, almost all old circuit breakers were replaced, instrument trans-

formers were renewed, and disconnectors were replaced. 

Substation Commissioning year  AC Remark 

Minerva 1977 1,45 
 

Craighall 1978 1,52 Extension of Block B in 2008 

Eiger 1973 1,95 
 

Apollo DC 1977 - 1979 1,50 Last intensive refurbishment activity 2013/14 

Apollo AC 1970 1,31 Last intensive refurbishment activity 2017 

Thuso 2014 1,00 
 

Table 106: List of inspected substations 

A modernisation programme was launched for secondary technology equipment, of which 

about 70% of installations are now microprocessor-based technologies. This also corre-

sponds to the inspection results in the 6 transformer stations. In some substations, not only 

equipment was replaced, but also the structural installations were renewed or comprehen-

sively refurbished (e.g. Apollo DC). The substation parts upgraded in this way can be classi-

fied as new replacements (Table 106). 

The overhead lines are also very well maintained. No defects were found during the on-site 

inspection of a line section. 

The good condition of the transmission system found on-site confirmed the analysis results 

obtained from the condition assessment based on the documents provided by Eskom and 

the information from the interviews carried out with Eskom experts. 

6.8 Conclusions and Recommendations 

The technical condition and the status of the grid development planning were analysed 

based on the extensive information and documents provided by Eskom Transmission. The 

results of the analysis were used to derive an initial status assessment of the transmission 

system and the network expansion planning and associated measures. The assessment re-

sults were further strengthened by additional information from the on-site interviews with 
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Eskom Transmission management and technical experts. The overall result of Eskom Trans-

mission's condition assessment obtained in this way was verified and plausibility checked by 

on-site inspections in 6 substations and on some line sections. 

Through this approach, a consistent assessment of the entire transmission system was 

achieved. On this basis, conclusions, and recommendations for the further development of 

the transmission system were derived. 

1. The unsatisfactory situation in the South African power system, with multiple load shed-

ding every day, is not the result of a poor condition of the transmission system. The per-

manent load disconnections result from insufficient available power plant capacity, alt-

hough sufficient power plant capacity has been installed. The lack of required power 

plant capacity is not the responsibility of the transmission system operator (TSO). The 

power shortage is managed by the TSO with the planned load shedding in an excellent 

way and thus ensures secure and available grid operation within the scope of the possi-

bilities. The danger of a blackout is largely excluded by this network operation method. 

2. A high portion of the transmission system's facilities are relatively old, and an above-av-

erage proportion have reached the end of their operating life compared to European 

transmission systems, for example. Despite the high proportion of old equipment, the 

overall condition is excellent due to intensive maintenance measures. Nevertheless, it is 

essential to continue the modernisation process of these outdated plant components, 

which has been underway for several years. If this modernisation is neglected, an accu-

mulation of equipment failures in a short period of time can be expected in the near fu-

ture, which can lead to a critical situation in the operation of the transmission system. 

Sufficient financial resources must be made available for these modernisation measures, 

in order to ensure the safe and reliable operation of the transmission system in the fu-

ture. The urgent need for these measures has already been recognised by management. 

This has led to an increase in approved investment budgets in recent years and has 

been included in the Transmission System Development Plan. 

3. The good overall condition of all parts of the transmission system is mainly due to the ex-

cellent maintenance that was observed in all areas visited. This is based on well-trained 

and highly motivated personnel. The management of the transmission system is very 

well organised and the cooperation between top and middle management down to the 

working staff is very good. All relevant processes are laid down in work instructions and 

are stringently applied. This efficient working environment should be secured through 

sufficient qualification measures, competitive wages, recruitment of young staff and 

knowledge transfer to the newly hired employees. 

4. The transmission system development plan is a very good tool for planning the develop-

ment of the transmission system. It is updated annually for the following ten years and 

thus ensures permanent updating and adaptation to changing conditions. Modernisa-

tions are planned with reference to the condition and age. Necessary grid expansion 

measures resulting from additional demand or new power plant connections in RES and 
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IPP are taken into account in the grid development, with corresponding grid expansions. 

TSO stakeholders should use the measures described in the TDP as a guide for their 

decisions on how to control the company. 

5. The Integrated Resource Plan (IRP) provides essential input data for the annual update 

of the TDP. The current TDP is based on the status of the IRP as of 2019. It is recom-

mended to use more up-to-date sources of information for the update of the TDP in addi-

tion to the IRP, in order to be able to react more quickly to new requirements for network 

expansion. 

6. It is recommended that the process of spinning off the transmission system from Eskom 

into an independent company be continued and completed quickly. This will strengthen 

the position of the transmission system operator and prepare for the development of a 

free electricity market. For the transmission system to operate as an independent com-

pany, cost-based tariffs for the use of the transmission system and the services to be 

provided with it must be approved. A regulatory framework must be developed that regu-

lates the provision of balancing power from the power plants for the stable operation of 

the transmission system and describes a corresponding remuneration for this power. 

The increasing generation of electrical energy by RES and IPP requires a significant grid ex-

pansion to be able to connect the additional generation capacities to the grid. This energy 

turnaround initiated by the government has been incorporated into TSO's medium- and long-

term grid planning and supported by numerous grid expansion projects (see TDP). The grid 

expansion projects are included in the budget planning. By FY2028, R 74.2 billion of financial 

resources are planned for upgrading and expanding the network. The network expansion 

budget increases from R 2 billion in FY2024 to R 10.1 billion in 2026. Implementing the asso-

ciated expansion measures is a major challenge for Eskom transmission and requires suffi-

cient internal human resources. 
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7 Skills Assessment  

For the successful operation of a coal-fired power plant, it is essential to have well-qualified 

personnel. Only well-qualified and skilled personnel have the knowledge required to under-

stand the technical aspects of power plant operation, as well as the specific requirements of 

the plants. Human resources play a central role in the optimisation of operations at the plants 

and in ensuring maximum efficiency and performance. Qualified staff are essential for effec-

tive monitoring of equipment, quality maintenance, optimisation of processes and trouble-

shooting technical problems. Skilled personnel can reduce downtime, lower operating costs 

and guarantee better overall power plant performance. 

With the right knowledge, the team is in a position to identify and carry out preventive mainte-

nance, thus avoiding potential technical failures, as well as detect early signs of malfunction 

and respond quickly to problems when they arise. Hence, qualification is key to reducing PLL 

and improving the EAF. 

Overall, well-qualified personnel help ensure the safe, efficient and environmentally sound 

operation of power plants. They play an essential role in optimising performance, complying 

with regulations, and minimising risks associated with power plant operations. 

Due to the importance of highly qualified staff, the vgbe consortium was asked to carry out a 

skills assessment of the personnel working in Eskom’s coal-fired power plants. The point of 

the evaluation was to establish the skill levels, in order to identify potential areas for improve-

ment which would have a direct positive impact on plant performance.   

For this assessment, two groups were looked at individually: 

1. Managers 

2. Non-Managers 

The managers were interviewed on site. In addition, they were asked to participate in an 

online test which focussed on general knowledge, as well as on leadership skills.  

The assessment concept for non-management was different. They were asked to participate 

in three tests. The first test was a “logic test” looking at the mental abilities of individuals – 

that is, their ability to think logically. The second test assessed their general knowledge of the 

different disciplines required in a power plant, such as electrical, C&I or chemical. The third 

and final test was specific to the participants’ jobs and contained job-specific questions.    

Here, it should be pointed out that, in the course of the evaluation, it became clear that the 

current situation has many negative consequences for the workforce. A heavy workload with 

long working hours, in a demanding environment where good performance is not rewarded, 

results in a poor working atmosphere. In many power plants, blame shifting and a lack of per-

sonal responsibility were found to be widespread. This mentality leads to low morale and lack 

of team spirit. However, there are also power plants in the fleet where motivation is high due 

to good management.   
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7.1 General Situation: Skills at the Power Plants 

The skills assessment focused on assessing the competencies of the managers, shift super-

visors, operators and technicians. The review also considered implemented training, as well 

as staff development and various other factors affecting staff performance. European job de-

scriptions and job requirements for the same positions were used as a benchmark for pur-

poses of comparison. 

7.1.1 Procedure of the Assessment  

As mentioned before, the staff were divided into two different groups for the assessment: 

− manager level, which included the assessment of the manager team at the sites. 

− non-manager level, which covered the following jobs and positions: 

maintenance C&I technician; maintenance electrical technician, operating technician, 

technician for performance and testing, senior shift supervisor, shift supervisor, con-

trol room operator, plant operator, site simulator trainer. 

Manager level: 

At management level, the focus was on technical competencies and leadership skills. Due to 

the limited time available, the procedure for reviewing the levels of competency was based 

on somewhat subjective opinions. These were gained by asking managers about personnel 

issues, such as motivation and fluctuation of employees. The KWS team, which was review-

ing the technical performance and status of the plant, also listened carefully to how confi-

dently and knowledgeably managers responded to the questions about these matters. 

Non-manager level: 

The assessment of the non-management staff was strongly resisted by the unions right from 

the start. It was not really accepted by the plants and was not communicated correctly. The 

poor uptake of the assessment also reflects and reflects the unwillingness to cooperate with 

central HR. 

KWS had planned to conduct both a written and an oral examination of performance, but this 

was, in fact, not feasible.  

The result of the pushback was that the assessment of non-management has now been 

based on the results of just a few written tests submitted by a small number of participants, 

together with observations made during the site visits.  

7.1.2 Participation and Results 

Manager level: 

Within the scope of the evaluations, the majority of management showed a high degree of 

theoretical knowledge. This was also reflected in the results of the written assessment, with 

an average score of 78% (pass mark 50%). With regards to practical knowledge, however, 

the picture was very different. With regards to implementation of projects and measures, 



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  488 

opinions and knowledge varied considerably. Differences in opinions were particularly visible 

between plant management and management at headquarters. This lack of agreement 

makes the implementation process even harder than it already is. 

Legend: 

GM – General Manager 

OM – Operation Manager 

MM – Maintenance Manager 

EM – Engineering Manager 

TM – Training Manager 

Ave – Average of the Power 

           Plant 

 

 

 

 

 

 

 

Figure 250: Test result at Manager level 

Figure 250 shows and compares the results of the individual mangers at each of the power 

plants. A score of zero (0) represents a very poor result, whereas a score of 10 stands for top 

performance. All in all, the results are quite homogeneous.  

Non-manager level: 

Test participation: 

Figure 251 gives an overview and breakdown of the participation and completion of the three 

tests at the various stations. As can be seen, not once was overall participation of even 50% 

achieved. However, there were significant differences between stations. Whereas 92% of the 

anticipated participants at Camden decided to take the tests, at Hendrina it was only 13%. 

Overall, 63% of non-management participants reacted to the assessment by at least starting 

the tests. However, only 34% actually completed them fully. The plants with more than a 

60% completion rate are highlighted in green. 

The reasons for the poor participation/completion and the below average results in the writ-

ten assessment are unclear but there are several possible explanations: 

− poor communication. 

− a lack of motivation. 
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− fear of underperformance. (This would be a logical explanation as to why many partic-

ipants turned up for the tests but either broke off very quickly or did not start working 

on them at all). 

 

 

Figure 251: Participation and completion of tests in the written assessment 

Results of the Written Assessment: 

All tests were reviewed and authorised by Eskom HR (non-management: three tests com-

prising a logic test, a general technical test and a test of job-related competencies; manager 

level: one assessment looking at job-related competencies).  

The diagram below shows the average of the test results across all power plants. Only those 

participants who answered at least one question were included in these results. 

An assessment only works if the participants take part in the complete exam which, unfortu-

nately, was very often not the case here. Those who completed all the tests achieved a score 

of 65% or more, which indicates very solid level of basic know-how. However, the poor  

participation at many plants made it difficult to draw the right conclusions from these test re-

sults.  

As already mentioned above, the low scores are mainly due to a lack of motivation and com-

munication. Some of the participants answered only a few questions, but they were still in-

cluded in the assessment. 

No Site all Tests 2 Tests 1 Test 0 Tests
Participants

 incl. Managers

percentage

total 

completion

percentage 

participation
tests made

1 Arnot 7 1 3 12 23 30% 48% 36%

2 Camden 9 9 4 2 24 38% 92% 67%

3 Duvha 7 5 2 8 22 32% 64% 53%

4 Grootvlei 11 3 1 6 21 52% 71% 62%

5 Hendrina 3 0 0 20 23 13% 13% 11%

6 Kendal 5 2 5 10 22 23% 55% 31%

7 Kriel 10 6 2 3 21 48% 86% 65%

8 Kusile 8 2 3 7 20 40% 65% 48%

9 Lethabo 8 3 3 7 21 38% 67% 53%

10 Majuba 5 4 3 11 23 22% 52% 36%

11 Matimba 7 2 2 11 22 32% 50% 40%

12 Matla 7 4 7 3 21 33% 86% 51%

13 Medupi 11 6 3 2 22 50% 91% 69%

14 Tutuka 6 3 3 13 25 24% 48% 40%
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Figure 252: Average results of written assessment across all plants 

(job-related tests in red) 
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7.2 Special Findings and Recommendations at the Power Plant Sites 

7.2.1 Arnot Power Plant 

Results of written assessment: 

At the Arnot plant, 23 participants (4 managers and 19 technical staff members) had been 

preselected to take a total of 61 tests.  

Altogether, 22 of the 61 tests were completed, representing 36%. Seven participants (30% of 

the planned participants) completed the tests. One participant opened a test but did not con-

clude it. A total 12 participants (52%) did not even start the tests. 

 

Figure 253: Participation of Arnot power plant staff 

 

Arnot

all Tests 2 Tests 1 Test 0 Tests



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  492 

 

Figure 254: Average results of fully completed tests at Arnot power plant 

The results of the fully completed tests are summed up the Figure 254. All results are above 

60%, indicating a good basic level of know-how among participants who submitted their 

tests. However, due to the low participation rate, these results cannot be considered repre-

sentative for the whole plant. 

General observations from the interviews on site: 

Findings: 

There seem to be no clear plans for the systematic implementation of operator training. 

Recommendations: 

Responsibility for operator training should be assigned to the operating department in order 

to be more effective and for it to become an integral part of the work programme. 

7.2.2 Camden Power Plant 

Results of written assessment: 

At the Camden plant, 24 participants (4 managers and 20 technical staff members) had been 

preselected to take a total of 52 tests.  

In all, 43 tests (67% of the total) were completed, with nine members of staff (38% of the an-

ticipated participants) completing all the tests and a further nine completing two tests. One 

participant opened a test but did not conclude it. Two participants (8%) did not even start the 

tests. 
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Figure 255: Participation of Camden power plant staff 

 

 

Figure 256: Average results of fully completed tests at Camden power plant 

The evaluation of the fully completed tests for Camden is shown in Figure 256. Logical and 

general test scores were slightly above 60%, whereas there was an average score of 57.4% 

on the competence tests. In general, participants who submitted their tests showed a good 

basic level of know-how. However, due to low participation, these results cannot be consid-

ered representative for the whole plant. 
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General observations from the interviews on site: 

Findings: 

Low staff morale is visible. 

The simulator on site has a maintenance contract but there is no service agreement in place – 

the utilisation rate is approximately 42%, while the availability rate is about 72%. 

Course attendance is a problem and line managers need to take responsibility for this. Finding 

new training providers poses another challenge, as any new contractors need to undergo the-

oretical and practical training, as well as a competency assessment, before they can be ac-

credited. This can take some time if new contractors are not familiar with the site requirements.  

Recommendations: 

A service agreement should be put in place for simulator maintenance. 

Operator trainee intake should be reviewed. 

Accreditation of all training providers should be ensured. 

7.2.3 Duvha Power Plant 

Results of written assessment: 

At the Duvha plant, 22 participants (4 managers and 18 technical staff members) had been 

preselected to take a total of 58 tests.  

In all, 31 of the 58 tests were completed (representing 53%). Of the participants, seven 

(32%) completed all the tests, while three participants started a test but did not conclude it. 

Eight participants (36%) did not even start the tests. 

 

Figure 257: Participation of Duvha power plant staff 
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Figure 258: Average results of fully completed tests at Duvha power plant 

The summary of the fully completed tests can be found in Figure 258. An average score of 

over 70% was achieved in the general test and of just over 75% in the competence test. The 

logic test score was a little lower than 60%. All in all, these participants showed a good basic 

level of know-how. The results of the competence test are particularly encouraging. How-

ever, due to the low participation, these results cannot be considered representative for the 

whole plant. 

General observations from the interviews on site: 

Findings: 

The simulator training is carried out by two instructors. One is seconded from the shift, the 

other is a pensioner, who is engaged on a contractual basis. The simulator is being kept up 

to date with plant modifications. 

There have been at least six major incidents at Duvha over the last 12 to 15 years, including 

turbine overspeed, fuel oil fire, cable fire, H2 fire and a boiler explosion. This indicates a seri-

ous lack of competencies and discipline in various areas. 

Recommendations: 

A proactive operation philosophy should be implemented with regards to simulator training. 

7.2.4 Grootvlei Power Plant 

Results of written assessment: 

At the Grootvlei plant, 21 participants (4 managers and 17 technical staff members) had 

been preselected to take 55 tests in total.  
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In all, 34 tests were completed (62% of all tests) and 11 participants (52% of those planned 

to take part) completed all the tests, while seven staff members (33%) did not even start the 

tests. 

 

Figure 259: Participation of Grootvlei power plant staff 

 

 

Figure 260: Average results of fully completed tests at Grootvlei power plant 

The results of the fully completed tests are shown in Figure 260. It is encouraging that the 

average competence test score was above 70%. The general test score was in the range of 

60%, whereas the average score for the logic test was 56%. These results indicate a good 
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basic level of know-how among those participants who submitted their tests, especially look-

ing at the competence tests. However, due to the low participation, these results cannot be 

considered representative for the whole plant. 

General observations from the interviews on site: 

Findings: 

The simulator has not been operational for the last five years. However, the facility condition 

is very good. 

Recommendations: 

The EAL simulator needs to be used, or the Komati simulator needs to be relocated to the 

site for on-site training. 

7.2.5 Hendrina Power Plant 

Results of written assessment: 

At Hendrina, 23 participants (4 managers and 19 technical staff members) had been prese-

lected to take a total 61 tests.  

However, in the end just 7 tests (11% of the total) were completed by a total of just three par-

ticipants (13%). Twenty staff members (87%) did not even start the tests. 

 

Figure 261: Participation of Hendrina power plant staff 
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Figure 262: Average results of fully completed tests of Hendrina power plant 

The results of the fully completed tests are summed up in Figure 262. Good scores were 

achieved in the logical test (68%) and general test (75%). This proves that the participants 

who did the tests had a good basic level of know-how. However, the results of the compe-

tence test were quite poor. The reasons for this are not clear. Due to the very low participa-

tion (only three completed tests), these results cannot be considered representative for the 

whole plant. If, at a later stage, these results are found to be representative of the whole 

plant, then staff will need training tailored to the needs of their individual jobs. 

General observations from the interviews on site: 

Findings: 

In general, staff members appear to be reasonably competent but very demotivated. They 

seem not to see any value added by their work. As with every successful organisation, they 

really do need a strong leader (PSGM) to inspire and guide them, in order to bring the plant 

back to an acceptable level of performance. 

Recommendations: 

The general micro-managing interference from Megawatt Park has to stop. The numbers of 

staff and contractors should be seriously redefined and adjusted. 

7.2.6 Kendal Power Plant 

Results of written assessment: 

At the Kendal plant, 22 participants (4 managers and 18 technical staff members) had been 

preselected to take a total of 58 tests.  
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In the end, just 18 tests out of 58 were completed (31%). Five participants completed the 

tests in full (23% of the total), while one participant opened a test but did not conclude it. Ten 

participants (45%) did not even start the tests. 

 

Figure 263: Participation of Kendal power plant staff 

 

 

Figure 264: Average results of fully completed tests at Kendal power plant 

The results of the fully completed tests are presented in Figure 264Figure 262. They show a 

fairly basic level of know-how among those who completed the tests. The results of the com-

petence test, in particular, were not good - an average score of just 40%. The logic test, too, 

produced an average score of less than 50%, also quite poor. Due to the very low participa-

tion (only five fully completed tests), these results cannot be considered representative for 

Kendal

all Tests 2 Tests 1 Test 0 Tests

0

10

20

30

40

50

60

70

80

90

100

logical general competence

Average test results of fully-completed tests 
(5 participants)



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  500 

the whole plant. If, at a later stage, the results of the competence test are found to be repre-

sentative of the entire plant, then staff will need training that is better tailored to their individ-

ual jobs. 

General observations from the interviews on site: 

Findings: 

The fact that the operator-training section reports to the training manager in the central HR 

department, rather than to plant management, is a huge drawback. This is also an issue at 

other plants. They are unable to entice staff members with excellent - or even good - operating 

experience to become instructors because they would thereby lose their shift allowance and 

promotional prospects.  

The PSGM is attempting to solve this problem by contracting retired operators. However, the 

operator-training section currently has only one person who knows how to operate the excel-

lent simulator. 

Recommendations: 

We recommended that responsibility for training is assigned to the operating department. The 

manager can then second the best operators as instructors and thereby ensure better training 

quality. 

7.2.7 Kriel Power Plant 

Results of written assessment: 

At Kriel, 21 participants (4 managers and 17 technical staff members) had been preselected 

to take 55 tests.  

In total, 36 of the 55 tests were completed (65%). Ten (48%) of the 21 planned participants 

completed all the tests, while three participants (14%) did not even start the tests. 

 

Figure 265: Participation of Kriel power plant staff 
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Figure 266: Average results of fully completed tests at Kriel power plant 

The summary of the results of the fully completed tests is shown in Figure 266. Those who 

completed the tests showed a good level of basic know-how, with the scores of the general 

knowledge and competence tests slightly above 60% and the logic score slightly below 60%. 

However, due to the low participation, these results cannot be considered representative for 

the whole plant. 

General observations from the interviews on site: 

Findings: 

There is absolutely no hand-over for new appointees to jobs because the previous incum-

bents have already left their posts. 

Awareness of training needs is inadequate and, therefore, individual development plans are 

a bit of a paper exercise. 

It is very difficult to recruit trainers for the training department from within the organisation 

due to overtime payment and shift allowance which is offered in the operation department. 

Refresher training for operators is not going very well, as not enough staff are taking part: 

Due to a high number of vacancies, many staff members are working overtime and cannot 

find the time for training. There has been a drive to recruit more staff for operating and 

maintenance over the past year, but the situation is not yet resolved. This difficult situation 

needs to be resolved so that employees can get the refresher training they urgently need. 

Recommendations: 

Managers need to engage in leadership training and take responsibility for their teams. 
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HR should implement retention strategies and curb high turnover, especially at top-manage-

ment level. Training policies need to be enforced to ensure that employees take part in train-

ings. 

7.2.8 Kusile Power Plant 

Results of written assessment: 

At the Kusile plant, 20 participants (4 managers and 16 technical staff members) had been 

preselected to take a total of 52 tests.  

In all, 25 of the 52 were completed, representing 48%. Ten participants (48% of the planned 

participants) completed all the tests, and six participants (30%) did not even start the tests. 

 

Figure 267: Participation of Kusile power plant staff 

 

 

Figure 268: Average results of fully completed tests at Kusile power plant 

Kusile

all Tests 2 Tests 1 Test 0 Tests

0

10

20

30

40

50

60

70

80

90

100

logical general competence

Average test results of fully-completed tests 
(10 participants)



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  503 

The results of the fully completed tests are shown as a summary in Figure 268. The average 

score for the general test was nearly 70%, and for the competence test it was 65%, which 

are good results that reflect a good basic level of know-how among those participants who 

submitted their tests. The scores for the logic test, however, averaged 50%, which was a little 

disappointing. Due to the low participation, these results cannot be considered representative 

for the whole plant. 

General observations from the interviews on site: 

Findings: The staff seems to lack incident investigation skills and are not as competent as 

they ideally need to be at analysing root causes or at developing and implementing correc-

tive actions.  

Also, operating department staff have not been trained adequately on how to operate the 

new technology, which has not been introduced at any of the other Eskom plants yet. 

Recommendations: 

Kusile’s Unit 4 achieves an EAF of > 90 %. This unit is currently operated by the boiler OEM. 

This team has successfully demonstrated that it is possible to achieve a high EAF in the 

newer plant units. It is a perfect opportunity for knowledge and best practice transfer to 

Eskom’s future O&M team. This learning opportunity should be seized immediately. 

Training with respect to FGD technology should be provided for the whole Kusile team. This 

should be complemented by simulator training courses for the FGD operators. 

7.2.9 Lethabo Power Plant 

Results of written assessment: 

At Lethabo, 21 participants (4 managers and 17 technical staff members) had been prese-

lected to take a total of 55 tests.  

Altogether, 29 of the 55 tests were completed, representing 53% of the total. Eight partici-

pants (38%) completed all the tests, while seven participants (33%) did not even start the 

tests. 
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Figure 269: Participation of Lethabo power plant staff 

 

 

Figure 270: Average results of fully completed tests at Lethabo power plant 

The results of the fully completed tests are summed up in Figure 270. In the logic and gen-

eral tests, an average score of approximately 70% was achieved, which is a good result and 

proves that these participants have good basic know-how. The average score for the compe-

tence test was, however, very poor at just 35%. The reasons for this low score are unknown. 

However, due to the low participation, these results cannot be considered representative for 

the whole plant. If, at a later stage, these results are found to be representative of the whole 

plant, it will be important to give the staff more focussed training for their individual jobs.  
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General observations from the interviews on site: 

Findings: 

The average age at Lethabo is relatively low but, in the operating team in particular, there are 

quite a few employees nearing retirement age. If these older employees are excluded from 

calculations, then the average age of operating staff is quite low. The plant stated that Eskom 

is now permitting 19 learners per plant, which is not adequate. 

Recommendations: 

Individual training programmes need attention, to address competency gaps properly. Execu-

tion then needs to be managed properly with regular reviews and updates. 

Staffing of the training department, including simulator instructors, and the maintenance of 

the ex-Matla simulator need special attention. 

7.2.10 Majuba Power Plant 

Results of written assessment: 

At the Majuba plant, 23 participants (4 managers and 19 technical staff members) had been 

preselected to take a total of 61 tests.  

In all, 22 of the 61 tests were completed (36%). Five participants (22% of the planned partici-

pants) completed the test, while 11 participants (48%) did not even start the tests. 

 

Figure 271: Participation of Majuba power plant staff 
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Figure 272: Average results of fully completed tests at Majuba power plant 

The results of the fully completed tests are summed up in Figure 272. Scores for all three 

tests were slightly below 60%, indicating a fair level of basic know-how among those partici-

pants who submitted their tests. However, due to the low participation, these results cannot 

be considered representative for the whole plant. 

General observations from the interviews on site: 

Findings: 

The operating simulator upgrade has not yet been conducted. 

Recommendations: 

The existing competency training matrices for all functions should be implemented. 

Investment in workshop development is necessary, so that internal staff can be trained to en-

able own maintenance of resources.  

7.2.11 Matimba Power Plant 

Results of written assessment: 

At the Matimba plant, 22 participants (4 managers and 18 technical staff members) had 

been preselected to take a total of 58 tests.  

In all, 23 (40%) of 58 tests were completed. Seven participants (32% of the participants) 

completed all the tests, while 11 participants (50%) did not even start the tests. 
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Figure 273: Participation of Matimba power plant staff 

 

 

Figure 274: Average results of fully completed tests at Matimba power plant 

A summary of the results of the fully completed tests can be found in Figure 274. The scores 

of the logical and general tests came in slightly below 60%, whereas the competence test 

score was slightly above 60%. These results show a fair level of basic know-how among 

those participants who submitted their tests. However, due to the low participation, these re-

sults cannot be considered representative for the whole plant. 
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General observations from the interviews on site: 

Findings: 

The operator training has only been conducted to full extent.  

No training activities were taking place at the maintenance training centre. 

The current instructors will all be retiring from their jobs within the next three years. 

An upgrade of the operator training simulator has not been applied. 

Recommendations: 

Competency training matrices for all functions should be implemented. 

Investment in workshop development is necessary, so that internal staff can be trained to en-

able inhouse-maintenance of resources. 

 

New trainers should be recruited as soon as possible. 

7.2.12 Matla Power Plant 

Results of written assessment: 

At Matla, 21 participants (4 managers and 17 technical staff members) had been preselected 

to take a total of 55 tests.  

In all, 28 of the 55 tests were completed, representing 51% of the total. Seven participants 

(33% of the planned participants) completed the tests in full. Two participants opened a test 

but did not conclude it, while 3 participants (14%) did not even start the tests. 

 

Figure 275: Participation of Matla power plant staff 
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Figure 276: Average results of fully completed tests at Matla power plant 

The results of the fully completed tests are summed up in Figure 276. Scores for all the tests 

were slightly above 60%, indicating a good level of basic know-how among those participants 

who submitted their tests. However, due to the low participation, these results cannot be con-

sidered representative for the whole plant. 

General observations from the interviews on site: 

Findings: 

There are not enough learners in the pipeline. 

There is a lack of simulator trainers and simulator maintenance. 

Recommendations: 

Operating training is not satisfactory and needs serious attention. The pipeline needs to be 

extended and instructors need to be recruited, in particular simulator instructors. 

The training building and offices need refurbishing. It can be expected that on-the-job re-

fresher training become a normality, as long as the learner pipeline is sustained. 
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7.2.13 Medupi Power Plant 

Results of written assessment: 

At the Medupi plant, 22 participants (4 managers and 18 technical staff members) had been 

preselected to take a total of 58 tests.  

At Medupi, 40 of the 58 tests were completed, which represents a total of 69%. Eleven par-

ticipants (50% of the planned participants) completed all the tests, while three participants 

(14%) did not even start the tests. 

 

Figure 277: Participation of Medupi power plant staff 

 

 

Figure 278: Average results of fully completed tests at Medupi power plant 
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The results of the fully completed tests are shown in Figure 278. In the logic test, the average 

score was 65%, while it exceeded 70% in the general and competency tests. This indicates a 

good level of basic know-how among those participants who submitted their tests. However, 

due to the low participation, these results cannot be considered representative for the whole 

plant. 

General observations from the interviews on site: 

Findings: 

Both the simulators - Siemens and GE Alstom – are problematic. As of yet, there are no 

maintenance service agreements in place with the suppliers. 

Although the operating and training managers are both very confident that their staff are well 

trained, it cannot be ignored that the explosion of generator 4, in 2021, was a direct result of 

operating errors. 

A great deal of effort is being put into managing the supplier contracts. However, contract 

management competencies do not seem to be as strong as they should be. This is a serious 

issue, as most of the maintenance work is outsourced. 

Recommendations: 

A skills matrix, plant training plan and individual development plans need to be implemented. 

Competency enhancement should include not just technical staff but also all non-technical 

staff as well. 

The competencies of contracted staff also need to be improved. A robust methodology to as-

sess contractor competencies is required. 

7.2.14 Tutuka Power Plant 

Results of written assessment: 

At Tutuka, 25 participants (4 managers and 21 technical staff members) had been prese-

lected to take a total of 67 tests.  

Only 27 of the 67 tests were completed, representing 40% of the planned total. Six partici-

pants (24% of the total) completed all the tests, while 13 participants (52%) did not even start 

the tests. 
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Figure 279: Participation of Tutuka power plant staff 

 

 

Figure 280: Average results of fully completed tests at Tutuka power plant 

The results of the fully completed tests are shown in Figure 279. The scores for the logic and 

general tests were at about 70%, which is good, while an average of 52% in the competence 

test represents only a fair result. All in all, the participants who submitted their tests possess 

a good level of basic know-how. However, due to the low participation, these results cannot 

be considered representative for the whole plant. 
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General observations from the interviews on site: 

Findings: 

There is high staff turnover: People take a job just to get into Eskom and then look for a 

transfer. 

No one wants to be associated with the “worst performing plant”, which leads to low morale. 

It was reported that training has been in shambles. There has not been a full-time technical 

training manager for a long time and there are no training plans in place, even though skills 

matrices are available. As a result, intake of learner operators has been low for some years. 

Recommendations: 

Skilled and motivated simulator instructors have to be recruited. The current simulator in-

structor is due to retire soon. 

We recommend that management staff attend leadership development programmes, to 

strengthen their skill sets. 

7.3 Summary of Findings for the Written Tests 

As already mentioned, several times, the number of participants who actually completed the 

tests was disappointingly low. Therefore, the significance of the results is only representative 

to a limited extent. Nevertheless, the available results were evaluated and assessed by the 

KWS team. In principle, the following can be said: 

Manager level: 

− The results basically fall within a good range. 

− Significant differences or conspicuous deviations in the competency levels of the 

managers at the different power plants could not be established. 

Non-manager level: 

− The results ranged from acceptable to good. 

− With the exception of a few power plants, the results indicated a reasonable level of 

know-how. 

However, because these results are not necessarily representative, we recommend taking a 

closer look at staff competence, especially at those power plants where the results were only 

fair, rather than good. To this end, we recommend that this study be repeated in more detail 

and with a larger group of personnel. These results could then be used to develop a detailed, 

tailor-made training programme with the aim of improving specialist skills among the power 

plant teams. 
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7.4 Training and Development  

In general, the surveys showed that there is a skills deficit among the staff in operation, 

maintenance and engineering of between 15% and 25%. In general, learner pipelines are in 

urgent need of more learners. Operation training, in particular, needs more learner plant op-

erators in order to maintain a healthy pipeline. The simulators in several power plants are not 

in a good working order. There are too many open positions for simulator instructors. One to 

two trainers per unit are recommended. 

Operator training at all plants is accredited with the South African National Qualification 

Framework (NQF). Medupi is accredited up to NQF6, other plants NQF5. 

In general, the training centres at all plants are sufficiently equipped with classrooms, labora-

tories and simulators (international benchmark). Especially in the area of operator training. 

The Eskom Academy of Learning (EAL) is potentially one of the best training facilities in the 

world, but it requires much better resourcing. 

Lack of funding over the last 10 years has meant that only a few learner plant operators have 

been recruited. This has resulted in operating structures being understaffed and non-exist-

ence of a fifth shift, which would enable operators to be relieved of shift duties and undergo 

regular refresher training. The situation here is critical and needs to be addressed after plant 

modifications and major incidents. 

Manager level: 

Generally, there is a need for leadership development. Development programmes (see EAL 

training programmes for managers) which used to be conducted centrally, are no longer 

taken advantage of by the Generation Division, even though they are still available at EAL. 

Specific areas of training, such as legislative training and New Engineering Contract (NEC) 

training, are not covered.  

Suitable training management systems and templates are in place, such as a training matrix, 

a training plan and individual development plans. However, this tends to be a bit of a paper 

exercise, as there is no formal recognition of training that has been undertaken. Furthermore, 

plant issues require constant attention.  

Non-manager level: 

Training is not provided as often as necessary or possible. Usually, training should be con-

ducted once or twice a year. Depending on the subject, some training, like HSE, is manda-

tory on, for example, a yearly basis. Further training should be coordinated across all plants 

in cooperation with EAL.  
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Figure 281: Operating training courses and number of attendees 58 

  

 

58 Eskom – file ”VGB Operating Training Questions.pptx” 
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7.5 General Findings and Way Forward  

This section sums up the general findings of the KWS team, based on the meetings attended 

and the interviews conducted at the individual power plants.  

Manager level: 

Leadership development: Development of leaders at power plants needs to be reviewed. 

There is a lack of strong leadership at numerous power plants. Leadership reviews needs to 

be carried out in all areas of the plants, in order to gain a clear picture and to identify the 

most appropriate solutions and decide the best way forward. 

Individual Development Plans are in many cases seen as a paper exercise. In general, 

older employees do not take these plans seriously. Work pressure, caused by plant issues, 

means that little or no time is available for training and development and that training is often 

interrupted by the need to address urgent plant issues. Performance contracts are often not 

taken seriously. Bonuses used to be available as an incentive for managers but, for some 

years now, no bonuses have been paid due to shortage of funds.  

Outsourcing: The fact that Eskom currently outsources most of the maintenance work 

needs to be reviewed. Contractor competencies are compromised due to the frequent chang-

ing of contractors on expiry of contracts.  

Procurement: The purchasing process and requirements are very bureaucratic and are ex-

tremely long-winded. The Eskom process addresses government legislation in terms of equi-

table purchasing. It is also an area that is prone to misuse and corruption. The red tape and 

long lead times lead to huge frustration and certainly have a negative impact on motivation 

and morale among the staff, as well as on the performance of the plant. This probably leads 

to an acceptance of the status quo. Staff just accept that purchases take an excessively long 

time and just live with it. This whole process negatively affects the productivity and efficiency 

of the staff. It also leads to extended outages.  

Work attitude: Another factor affecting the performance of staff is the lack of accountability 

and consequences.  

Staff performance interviews: Due to the constant stream of operational issues at the 

plants, managers and supervisors tend not to hold formal performance review meetings with 

team members. Also, the fact that no performance bonuses have been paid in recent years, 

due to shortage of funds, means that performance contracts have become little more than a 

formality. Therefore, some managers feel that employees lack the motivation to perform well. 

Competencies: Overall, staff competencies are deemed to be reasonable. However, it 

should be borne in mind that knowledge and competency are one thing, but their application 

in practice is another matter completely. Clear objectives, appropriate performance agree-

ments or contracts, feedback, strong managerial guidance and leadership, a good work life 

balance and suitable real development are all essential competencies. However, they are not 

given adequate attention at present.  
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HR processes: The procedures and systems for addressing various matters seem to be 

very good. They comprise many plant-related matters, human resources and commercial as-

pects. However, in some areas, the processes overrule common sense. The risk is that some 

of the processes become a paper exercise and that reliance on them is too heavy.  

Moral: At several plants, the operating and commissioning managers said that the mainte-

nance and repairs carried out during planned and forced outages were all too often insuffi-

cient, leading to delays in returning the plants to service. Some of the reasons for this situa-

tion include insufficient competencies, insufficient motivation and care, low morale, insuffi-

cient quality control, lack of guidance and monitoring and, also, inadequate availability of 

spares. Poor coal quality at many plants is also a major cause of poor performance. The im-

pact of this on staff morale and staff attitudes needs to be further investigated and remedial 

action taken.  

Local communities: A very significant human resource challenge exists at various plants 

because of the demands placed on them by the local communities. The communities expect 

the plants to offer maximum employment to local workforce.  

The outage department operates as an independent department parallel to operations and 

maintenance. Hence, responsibilities for the core tasks of the power plant are not concen-

trated in one accountable department – this set-up paves the way for inefficiencies and 

blame shifting. 

Non-manager level: 

Work attitude: Control room operators (unit controllers)/shift supervisors often tend to not be 

particularly involved in the process and tend to wait for instructions. For example, the unit 

controller and shift supervisor often wait for decisions or observations from the remote moni-

toring and diagnostic centre before acting themselves. 

Theoretical basic knowledge is available, but a proper understanding of the procedures is 

missing. As a result, it is difficult for some employees to react appropriately to malfunctioning 

or to critical operating situations.  

New C&I systems, in particular, offer a multitude of options for process analysis, but they are 

hardly used at all in the power plants. During the site visits, it was noticeable that the overall 

attitude with regards to managing power plant processes is reactive rather than proactive. 

This is also the case in the control rooms, where very few trends are available or predefined 

on the DCS. 

Work culture: Overall, identification of staff members with the task in hand and their under-

standing of the importance of these tasks for the overall power plant process is underdevel-

oped.  

Many operational decisions are thus left to management, blocking resources there and slow-

ing down processes.  
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7.5.1 Recommendations  

General: 

Detailed assessment at each power plant: A detailed internal assessment on the job 

should be conducted in each power plant to monitor and evaluate the potential of each posi-

tion. Individual support, possible promotion (e.g. unit controller to shift supervisor) and indi-

vidually-tailored training plans can be developed subsequently. 

Implementation of new operating philosophy: The operating staff should use all tools the 

DCS system offers (e.g. trends, plant displays, alarm sequence display) to be able to react 

preventively before a trip occurs. This can easily be trained in simulator trainings, as can the 

handling of the DCS system. 

Recruitment of trainers and train-the-trainer courses: Based on the detailed assessment 

mentioned above, possible candidates to be a trainer or instructor, who have shown their po-

tential, can easily be identified and encouraged to join a train-the-trainer course. This course 

content should cover basic training for trainers up to high level technical, operational and 

simulator training. 

Role of Eskom Academy of Learning (EAL): An independent examination committee, 

which conducts examinations for standardised trainings (e.g. operator / shift supervisor / 

maintenance technician) should be formed at EAL. EAL should also act as a certifier for the 

standardised contents of these training courses. Furthermore, EAL can also conduct train-

ings at headquarters, with the benefit that the trainees can concentrate on the training ses-

sions instead of being called back to their work. These centralised trainings have the ad-

vantage that every power plant can send one or two participants. 

Manger level: 

Leadership: There is a broad need, across many of the plants, for training to develop 

stronger and more effective leadership skills. This needs to include the practical day-to-day 

requirements of leadership, as well as actions focussed on the longer term. The same ap-

plies to managerial competencies.  

Structures generally seem to be top-heavy with very low reporting ratios. Communication be-

tween managers and subordinates should be optimised to improve the exchange of infor-

mation and to enable better performance of the plant.  

Eskom has developed a work ethic model detailing the expected work ethic, integrity and 

clear accountability. Perhaps individuals need to be trained on such requirements and to indi-

vidually commit to the required behaviour. For this purpose, head office created a cultural 

transformation model: 1:1:6:10 Desired Culture Model (DCM). It is currently little known in the 

plants and is therefore not applied. It possibly needs to be simplified and/or made a common 

goal. 
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Organisational culture: 1:1:6:10 is the cultural transformation model.  

1:1:6:10 ratio: 

1 Purpose: powering growth sustainably 

1 "To be" culture: high performance culture 

6 cornerstones. accountability, operational excellence, people prioritisation,  

financial prudency, value driven culture, customer centricity 

10 key levers of organisational culture: 

Empowerment, governance and ethics, teamwork, engagement, wellness, technol-

ogy, change agility, celebration, leadership 

 

Morale: Personal performance contract management and recognition, regular performance 

reviews and feedback need to be carried out to a high standard. Performance bonuses 

should be implemented for employees who performing well. The results of such a process 

include more motivated employees and more encouragement. It should also result in clearer 

objectives and expectations.  

Moral support for over-worked staff is needed.  

Competencies: In general, the competencies at the plants seem to be at a reasonable level. 

As mentioned above (see 7.1.2), regular training that is suited to the needs of the various de-

partments is needed to improve performance. A sound plan needs to be developed.  

Training assets: Some of the corporate training departments should be dedicated to sup-

porting the development and enhancement of competencies of power plant employees. In 

addition to this, a contract could be put in place to carry out a detailed assessment and re-

view of plant training plans, individual training plans and training courses and interventions 

that are currently available. The training departments then need to ensure that suitable inter-

ventions and programmes are available to address all the training gaps and needs. The 

Eskom Academy of Learning (EAL) is the obvious choice to do this, so they should be sup-

ported to take on this task, as they are very ready and willing to be re-empowered. 

External staff: The competencies of contracted staff probably also need improvement, but 

this is going to be challenging. A robust methodology to assess contractor competencies is 

required. It is not good enough to check if the contractors comply with the formal qualification 

requirements. A more robust way of ensuring contractors have the required competencies 

and quality control of these is required.  

However, the practice of outsourcing most of the maintenance should be critically reviewed. 

There are numerous factors to consider, but this is worth a thorough review.  

Dwell time: Many of Eskom’s power plants are located in rural areas. The cost of living can 

be significantly higher than in urban regions. In addition to this, there are other challenges 

such as unrest which result in a migration of skilled workers. A concept that outlines 
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measures to attract qualified personnel to work in the power plants needs to be developed – 

some ideas for incentives are already presented in this report. 

Operator pipeline: A suitable operator pipeline needs to be in place at all plants.  

Competencies: Leadership competencies are, in general, not at the required level. There 

used to be suitable leadership development programmes in place and something similar 

needs to be established again. Possibly, some extra staff will have to be appointed, as an in-

terim measure while training and development take place. The poor performance of the 

plants and the extremely heavy workload caused by the many plant issues have a negative 

impact on various human resource aspects. These include:  

− Low morale and motivation  

− Long working hours, poor work-life balance  

− Managers needing to be too hands-on.  

− Too much overtime required.  

− Interruption of training due to staff being required to attend to plant issues.  

− Inadequate refresher training for operation staff 

Non-manager level: 

Operator training by means of simulator instruction needs to be improved. There are insuffi-

cient experienced instructors for a start. Most of the operating training simulators are not in 

good condition and many are not maintained adequately. Adequate funding should be made 

available for upgrading, maintaining or, where necessary, replacement. The simulators need 

to reflect all plant modifications so that accurate simulation can be provided. 

Furthermore, the following actions should be taken: 

- Introduce new operator philosophies  

- Implement operation philosophies in simulator training 

- Introduce anticipatory action as an operation philosophy 

- Strengthen willingness to make decisions (acceptance etc.) 

- Promote a sense of responsibility (assign tasks and areas of responsibility based on 

results) 

- Involve trade unions in technical/organisational processes to prevent blocking of im-

provement measures. 

- Implement a new way of working to motivate the staff and use the technical back-

ground of level of staff (more Bottom Up Culture) 

- Increase the priority given to operator training in coal-fired plants, so that it is at the 

same level as Koeberg nuclear power plant.  
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7.5.2 Outlook 

As shown in Figure 2, Eskom HR has outlined the necessary measures for further develop-

ment. 

 

Figure 282: Training concepts of Eskom’s HR  

Source: Eskom59 

The next step is to implement and monitor these measures. Since coal-fired power plants are 

a key source of South Africa’s electricity supply, there needs to be more emphasis on provid-

ing targeted training to address skills shortages at the plants.  

The measures should also be accepted and implemented at plant level. During the interviews 

at the plants, it became clear that the actual situation on site is at odds with HR’s perception. 

In a next step, this discrepancy needs to be addressed because the plants already know 

what they want to happen and what they need in order to become more effective. 

 
 
  

 

59 Source: Eskom: “HUMAN RESOURCES PRIORITIES FEB 2023.pptx 
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8 Proposal for Follow-up Actions 

Follow-up activities are mentioned at various places in the report. This chapter provides an 

overview of the proposed activities at a glance: 

A) Installation of an Expert Team outside Eskom: The vgbe team recommends en-

gaging an interim team of external experts which reports directly to National Treasury 

(NT). This expert team should support the power plants in managing the turnaround. 

Member(s) of the expert team should be permanently based at each site, to follow up 

key risk areas and intervene if required. The assignment should be limited to a de-

fined period, e.g. 1.5 to 2 years.  

B) Review of Eskom’s investment plans for the coal fleet: In order to improve the 

technical status of the power plants and in order to ensure their environmental com-

patibility, several Capex projects will be needed. The vgbe team recommends that the 

existing Eskom plans for further investment in the coal fleet be reviewed by an inde-

pendent third party. This review could also be placed within the remit of the external 

expert team (A).  

C) Development of a new organisational structure for the coal fleet: The vgbe team 

recommends separating the coal fleet from the rest of the Generation Division. This is 

to ensure sole focus on the revitalisation of the power plants and to facilitate the appli-

cation of fast-track decision procedures. A new managerial and organisational struc-

ture is needed, as well as the development of a new business model that also consid-

ers concessions and privatisation as options.  

D) Analysis and forensic review of accounting methods and the way money is 

used: The assessment of the maintenance budgets for the period 2013 to 2027 

showed that they are well above the international benchmark. Hence, the money 

spent by Eskom should have been sufficient to execute proper maintenance and to 

keep the power plants in a good condition. In view of the low EAF, this has obviously 

not been the case. Therefore, further investigation is needed, to assess the gap be-

tween the budget, the money spent and the actual technical status of the power 

plants. 

E) Lifetime-extension study for Arnot, Camden, Grootvlei, Hendrina and Matla 

power plants: In view of the electricity crisis, a further extension of power plant life-

times is an option. The Arnot, Camden, Grootvlei and Hendrina power plants are all 

approaching their planned shut-down dates, starting in 2024. Matla is due to be re-

tired in 2034 but may have to run for longer, as well. In order to assess whether 

longer lifespans are an option, a feasibility study needs to be carried out. This study 

should comprise a detailed assessment of all critical power plant components. The 

operational profile and inspection report, as well as documentation about refurbish-

ment and repair measures, need to be investigated for each component. There may 

even be a need for specific material tests. All this information is essential, in order to 
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be able to make qualified decisions about the remaining lifespans of the stations. 

Based on these results, it will be possible to estimate the potential costs associated 

with extending their lifespans. It should be noted that Eskom has carried out such 

studies in the past, to extend the life of these power stations and to grant concessions 

to operate beyond normal inspection intervals. This historical data should be provided 

for the assessment. 

F) Continuous improvement through international exchange of best practices: In 

order to ensure the continuous improvement of operational and maintenance prac-

tices in the Generation fleet, the engagement of Eskom expert staff and management 

on platforms which promote the exchange of international best practices needs to be 

intensified, e.g. through regular participation in the activities of international technical 

associations like vgbe energy. 

G) Know-how transfer in unbundling electricity markets: The spin-off of Eskom’s 

Transmission Division is an essential step and a major challenge. The assessment 

and evaluation of experiences and lesson learnt in electricity markets that have al-

ready been unbundled could add value to the process – especially in view of the de-

sign of the regulatory framework. This framework should facilitate stable operation of 

the grid system and outline an appropriate remuneration scheme. Furthermore, the 

introduction of tariffs for the operation of the transmission system and related services 

should be considered in such a study. 
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9 Appendices 

9.1 Useful vgbe Standards 

Standard No. Title Abstract 

S-008-00-2020-11-

EN 

ISBN 978-3-96284-

232-1 (eBook) 

Recommendations 

for managing func-

tional safety in 

steam boiler plants 

and systems of the 

water/steam cycle 

The standard addresses both operators of thermal 

power plants and manufacturers and is intended as 

an aid in applying the standards on functional 

safety. standards on functional safety. It was devel-

oped on the basis of EN 61508. 

S-010-T-00;2011-

12.EN 

ISBN 978-3-86875-

671-5 (eBook) 

Feed Water, Boiler 

Water and Steam 

Quality for Power 

Plants/Industrial 

Plants 

This standard supports operators of water-steam 

cycles in power plants in selecting and judging suit-

able water regimes with respect to a safe and eco-

nomically sound operation for a long period of time. 

It describes requirements for feed water, boiler wa-

ter and steam of water-steam cycles in once-

through and drum boilers and all pressure ranges.  

S-015-2011-EN 

ISBN 978-3-86875-

660-9 (eBook) 

 

Type, Operation and 

Maintenance of Flue 

Gas Desulphurisa-

tion Plants (FGD) 

This standard provides detailed information for the 

O&M of FGD in large combustion plants. The rec-

ommendations and technical information is based 

on decades of operational experience.  

S-036-00-2017-04-

EN 

ISBN 978-3-86875-

996-9 (eBook) 

Preservation of 

Steam and Gas 

Turbo-Generator 

Sets 

The standard covers all aspects of preservation: it 

provides operators, manufacturers and planners 

with a basic framework on how and to what extent 

the steam turbines, gas turbines and generators are 

to be treated.  

S-042-00-2018-01-

EN 

ISBN 978-3-96284-

029-7 (eBook) 

Chemical Feeding 

and Feed Systems 

for Water/Steam Cir-

cuits 

This standards supplements the standards S-010-T-

00;2011-12.EN and S-006-00-2012-09-EN and con-

tains recommendations for the correct location, de-

sign and instrumentation as well as operation and 

maintenance of chemical feed equipment in the wa-

ter/steam cycle. 

S-103-00-2020-02-

EN 

ISBN 978-3-96284-

198-0 (eBook, Eng-

lish) 

Monitoring, limiting 

and protection de-

vices on steam tur-

bine plants 

This standard is addressed to manufacturers, ser-

vice providers and operators of steam turbine plants 

and is intended in particular to assist operators in 

equipping their steam turbine plants. 

S-115-00-2016-01-

EN 

Recommendations 

for the Inspection 

The standard outlines strategies and criteria used 

for optimal scheduling of turbine inspections and for 
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Standard No. Title Abstract 

ISBN 978-3-86875-

909-9 (eBook) 

and Overhaul of 

Steam Turbines 

minimizing the time required for the implementation 

of inspections and overhauls.  

S-116-00-2016-04-

EN 

ISBN 978-3-86875-

913-6 (eBook)  

Preservation of 

Power Plants 

The standard describes proven concepts for the 

preservation of power plants in order to avoid of 

damage caused during standstills. 

S-130-00-2017-07-

EN 

ISBN 978-3-96284-

004-5 (eBook) 

 

Acceptance test 

measurements and 

operational monitor-

ing of water-cooled 

surface condensers 

The standard explains the physical parameters and 

conditional equations of a water-cooled turbine con-

denser. How to perform condenser performance 

test measurements and operational monitoring of 

condenser condition during normal operation is de-

scribed. The standard includes a programme for the 

determination and assessment of the heat transfer 

coefficient under actual operating conditions.  

S-131-00-2017-07-

EN 

ISBN 978-3-96284-

008-2 (eBook) 

 

Acceptance Test 

Measurements and 

Operation Monitor-

ing of Air-Cooled 

Condensers under 

Vacuum 

The standard explains the physical parameters and 

conditional equations of air-cooled condensers. 

How to perform condenser performance test meas-

urements and operational monitoring of condenser 

performance during normal operation is described. 

S-165-00-2014-07-

EN 

ISBN 978-3-86875-

825-2 (eBook) 

Recommendations 

for the improvement 

of H2 safety at hydro-

gen-cooled genera-

tors 

The standard provides information for designing, 

constructing, modernising/refurbishing and operat-

ing hydrogen-cooled generators in power plants. 

 

S-166-00-2014-02-

EN 

ISBN 978-3-86875-

779-8 (eBook)  

Quality Assurance in 

the Manufacture of 

Generators 

This standard supports operators of generators to 

assure the quality of the generator and its auxiliary 

systems and components during the manufacturing 

phase.  

S-455-00-2022-12-

EN 

978-3-96284-299-4 

(eBook) 

Cooling Water Sys-

tems and Cooling 

Water Treatment  

This new standard explains the essential aspects of 

cooling water chemistry and cooling water treat-

ment, describes operational problems like fouling, 

scaling and corrosion and how to solve them. 

VGB-R 106e 
(Copper Alloys) 

VGB-R 113e 
(Stainless steels) 

VGB-R 114e 
(Titanium) 

Tubes for Conden-

sers and other Heat 

Exchangers for the 

Operation of Steam 

Turbine Plants  

These guidelines are intended to provide detailed 

information for the selection of the right tube mate-

rial, for the contract with the tube manufacturer and 

for the quality assurance for the manufacturing and 

delivering process. Guidelines for the installation 
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Standard No. Title Abstract 

 and for operation are given to prevent faults, dam-

age and corrosion including photos illustrating typi-

cal problems. 

VGB-S-609-00-2016-
03-EN  

Application, design 

and quality assur-

ance criteria for the 

use of fibre-rein-

forced plastics in 

power plant con-

struction 

The standard reflects the current European stand-

ardisation especially to vessels and piping. It should 

be regarded as a complementary recommendation 

specifically for power plants. Accordingly, typical 

components, actions/stresses, material require-

ments and tests are presented along with design 

and calculation information. 

VGB-S-610-00-2019-
10-EN 

Structural Design of 

Cooling Towers 

This standard includes information on the structural 

design, calculation, engineering and construction of 

cooling towers. 
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9.2 Transmission Interview Documentation 

A lot of information and data was analysed in the course of the Opera project. There are 

some – more detailed – findings that are not included in the main part of the report. However, 

the vgbe team considers these aspects as important too. Therefore, the interview documen-

tation is presented in this chapter. 

9.2.1 Interview with Grid Planning and Development Business Unit  

Date:    11 April 2023 

Place:    Eskom Megawatt Park 

Participants:  

1. Manswet Banka Dornier 

2. Pieter Janse van Rensburg Dornier 

3. Thomas von Schieszl Dornier 

4. Jacob Machinijke Eskom 

5. Ronald Marais Eskom 

6. Prince Moyo Eskom 

7. Leslie Naidoo Eskom 

 

Agenda: 

1. Opening and introduction 

2. Presentation on the structure of the Grid Planning and Development Business Unit of 

Eskom Transmission 

3. Comments on the Development Plan for Eskom Transmission’s Grid 

Results: 

1. Opening and introduction: 

The teams introduced themselves to their counterparts. 

2. Presentation on the structure of the Grid Planning and Development Business Unit of 

Eskom Transmission: 

− About 110 people work at the department. 

− There is one transmission grid and many distribution grids. 

− The transmission voltage levels are: 

o 220 kV 

o 275 kV 

o 400 kV 
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o 533 kV (DC) 

o 765 kV 

o Exceptionally 132 kV 

− Within the Business Unit the following main areas are defined and dealt with: 

o Customer services, grid connection and access 

o Long-term load forecast and research 

o Long-term strategic grid plans studies 

o 10 years grid planning (TDP) 

o Land development (Land and Rights) 

o Project development (PDD) 

− Eskom Transmission’s customers are distributors, large industry customers, IPPs, 

Eskom Generation. 

− The Land Development is important for lines development since acquiring the land or 

land servitude is a long-time process, 6 – 10 years. 

3. Presentation on the Development Plan for Eskom Transmission’s Grid (TDP): 

− 10 years moving window is used for the process: 

o 3 years in the future – review of the projects under constructions 

o 3–6 years in the future – business cases for the projects 

o 7–10 years in the future – speculations about the projects 

− Integrated Resource Plan (IRP) is the basis for planning, but it ends in 2030 and be-

side that not all projects are progressing according to the plan. 

− The integration of the growing number of renewables creates the urgent need for the 

grid development and it is the biggest driver for that. 

− The demand does not change significantly over time. The observed changes relate to 

building new data centres, they are however geographically located close to the old 

load centres. Additionally, an increase of power consumption for Green Hydrogen is 

anticipated but it is uncertain. 

− In the IRP 70% of power consist of wind and photovoltaic energy. 

− The Generation Connection Capacity Assessment (GCCA) is done regularly. 

− For the modelling of the system several software is used: 

o PowerFactory 

o PSSE 

o Python 

− In the grid models, the voltage levels below 132 kV are not modelled in detail (only 

mapped as grid equivalent). 

− The operation department uses planned models with real operation points to test the 

planning. 

− There is good correlation between potential of renewables and interests. 

− Load is forecast to increase by 10 GW, but ca. 50 GW need to be connected. 

− Only 20% of load is located in the south but most of the renewables will be there. 
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− 765 kV lines should be expanded because the renewables should be connected 

along these lines. The 400 kV network should become a collective network for the re-

newables to connect them to the 765 kV level. 

− Current tariffs for transmission are not cost reflective. It is not a drawback for Eskom 

Transmission as long as it stays bundled but after unbundling it will not be sufficient 

for secure operation. 

− If the transmission does not receive a proper budget for investments, it is not possible 

to connect 90% of potential for the renewables. 

− 40 to 45% of the transmission network was built in last 15 years. 

− It should be noted that the grid must be ready before the renewables in order to en-

courage the renewables investments. The risk of the investment in renewables is ra-

ther low since the weather patterns are rather constant and favouring renewables. 

− Transmission system is crucial for the development of the economy of South Africa. 

Conclusions 

− Long term planning transmission development plan (TDP) 

o The TDP is an expedient and useful tool to carry out network planning accord-

ing to demand. 

o The annual update of the TDP allows for a quick readjustment of the network 

development to changing requirements. 

o The TDP sets out the guidelines for action for the medium and long-term ex-

pansion of the network and indicates the financial resources required. 

o In practical implementation, there is a discrepancy between the planned 

measures and their timely implementation. 

− Securing the necessary servitudes could provide a strategic advantage to expedite 

the Transmission build programme. 

− Relationships with customers are managed through network planning. 

− Network planning is carried out using state of the art power system planning tools 

(PSSE / Power Factory). 

− The future connection of planned renewable energy generation projects has been 

identified as a major challenge. Grid expansion planning is being oriented towards 

these requirements, even though little has currently happened in grid expansion and 

RES project development. 

− Project development: Network expansion projects are developed in the department, 

prepared for implementation and monitored during realization so that planned 

measures are also implemented as expected. 
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9.2.2 Interview with Asset Management Business Unit 

Date:    11 April 2023 

Place:    Eskom Megawatt Park 

Participants:  

1. Manswet Banka Dornier 

2. Pieter Janse van Rensburg Dornier 

3. Thomas von Schieszl Dornier 

4. Prince Moyo Eskom 

5. Atha Scott Eskom 

6. Victor Shikoana Eskom 

 

Agenda: 

1. Opening and introduction 

2. Presentation on the structure of the Asset Management Business Unit of Eskom 

Transmission 

3. Presentation of the strategy for the asset management 

Results: 

1. Opening and introduction: 

The teams introduced themselves to their s. 

2. Presentation on the structure of the Asset Management Business Unit of Eskom 

Transmission: 

− The department was established in 2020. 126 people work at the department, it is 

planned to increase this number to about 300 by 2025. 

− Within the department the following main areas are defined and dealt with: 

o Substation Equipment and Diagnostics 

o Asset Strategy 

o Asset Investment Planning 

o Contracts, Resources & Performance 

o Servitude and Land Management 

o Grid Modernisation 

o Program Management 

− Contracts, Resources and Performance is a new department of high importance be-

cause increasing number of issues will be outsourced. 
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− In the Grid Modernization the development and research roadmap is prepared. 

− Program Management deals with the coordination of the implementation of TDP and 

acts as a Project Management Office. 

− The Business Unit is working towards ISO 55000 certification. 

− Eskom Transmission as a whole is working on unbundling, the regulatory authority is 

involved in this process. 

− CAPEX consideration: 

o CAPEX is planned in a 15-year period but there are also 30-year projections. 

The 5-year plan is very similar to TDP. Further years differentiate much more 

because Eskom as a whole, cuts the budget for Transmission, Distribution, 

Generation. 

o The budget for financial year 2024 (started April 2023) was R 74 billion. 

− OPEX consideration: 

o Overall OPEX is about R 900 – 1000 million. 

o The OPEX budget was never exceeded, but mostly only used up to approxi-

mately 90%. 

3. Presentation of the strategy for the asset management: 

− The age of the asset spans over a wide range of years. Some of the equip-

ment is not manufactured any more. Spare parts are taken from the decom-

missioned equipment. It is one of the tasks to secure the spare parts. 

− The maintenance is based on the assessment of the actual condition of the 

asset. The condition of the devices is assessed before exchange. The im-

portance of the asset is taken as an additional criterium. 

− Ca. 30 classes of asset are defined, for which Asset Health Reports are gen-

erated. 

− The results of the health reports define the asset’s “End of Life”. 

− It is assessed if conditions are reversable or not. 

− The asset management is compliant with ISO 55001. 

− This Business Unit developed Asset Management Policy. 

− Normal Useful Life indicator was developed for financial auditors, but no asset 

is replaced due to age only. 

− The load shedding has impact on the circuit breakers because of the mechani-

cal stress. Distribution operators use the transmission breakers not the distri-

bution breakers. 

Conclusions 

− Asset strategy ensures maximum utilisation of the possible operating time of the equip-

ment used. 

− Regardless of the asset strategy currently in use, modernisation should be pushed for-

ward and corresponding financial resources planned in the next few years in order to 

avoid critical conditions: 

o Old equipment in use can fail in large quantities once it reaches a certain age 
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o Spare parts are no longer available in sufficient quantities or are no longer procur-

able 

o Maintenance costs for obsolete technology increase exorbitantly and can no 

longer be implemented economically. 

− The strategy of replacing equipment after the end of life should be combined with useful 

life indicators. 

− The permanent switching for load shedding led to increased wear of the circuit breakers 

used for this purpose. Circuit breaker failure will thus become more likely in the future 

and can lead to critical situations in the grid. 

o Upstream switches must become active - large-scale shutdowns in the event of 

grid faults 

o N-1 criterion can be endangered 

o Grid stability can be endangered 

9.2.3 Interview with Group Executive 

Date:    11 April 2023 

Place:    Eskom Megawatt Park 

Participants:  

1. Manswet Banka Dornier 

2. Pieter Janse van Rensburg Dornier 

3. Thomas von Schieszl Dornier 

4. Segomoco Scheepers Eskom 

 

Agenda: 

1. Opening and introduction 

2. Introduction of Dornier Group 

3. Discussion 

Results: 

1. Opening and introduction: 

The teams introduced themselves to their counterparts. 

2. Introduction of Dornier Group: 

− Dornier Group company profile was introduced. 

− Goal of the audit was explained. 

3. Discussion: 
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− Power plants and generation are causing most of the problems of the power sys-

tem nowadays. 

− Generation tends to dominate Eskom. Attention of National Treasury and other 

stakeholders should be attracted to transmission as well. 

− The investments in transmission will need to increase, the costs reduction will be 

counterproductive. 

− There were not enough investments but since about three years a positive change 

has been observed. The investments must be made for expansion but also for re-

newing of the equipment. 

− There are several urgent issues at the same time: 

o unbundling process, 

o increasing number of renewables, 

o aging of the asset. 

− The grid stability becomes a problem due to lack of ancillary services from the 

power plants. In the future it may become even worse when the coal power plants 

will be decommissioned. 

− Salaries have not been adjusted for five years. It should be improved as soon as 

possible. 

Conclusions 

− Budgets for modernization are required, in the next few years, otherwise there is a risk 

that critical network infrastructure will not meet the requirements for system stability and 

supply reliability (see asset management). 

− The unsatisfactory situation of permanent load shedding results from the unavailability of 

sufficient generation capacities which is necessary for stable grid operation.  

− The transmission system is responsible for stable grid operation, not for providing suffi-

cient power plant capacities. 

− The change process in the energy industry requires a clear regulatory framework: 

o unbundling process – tariffs for the services of the TSO 

o increasing number of renewables – budgets for grid extension, infeed tariffs for 

the RES and financing model of the tariffs 

o aging of the asset – budgets for modernization 

− Securing highly qualified staff through  

o competitive salary 

o recruitment of young good skilled employees 

o transfer of knowledge to new employees 

9.2.4 Interview with System Operator Business Unit 

Date:    13 April 2023 

Place:    Eskom Simmerpan 

Participants:  
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1. Manswet Banka Dornier 

2. Pieter Janse van Rensburg Dornier 

3. Thomas von Schieszl Dornier 

4. Paul Davel Eskom 

5. Isabel Fick Eskom 

6. Nico Kleynhans Eskom 

 

Agenda: 

1. Opening and introduction 

2. Presentation of the structure and tasks of the Grid Control Business Unit of Eskom 

Transmission 

3. Visit in the National Control Centre 

Results: 

1. Opening and introduction: 

The teams introduced themselves to their counterparts. 

2. Presentation on the structure of the Grid Control Business Unit of Eskom Transmis-

sion: 

− The root cause of the current state is the bad state of power plants. 

− Grid code compliance office for South Africa recertificates power plants every six years. 

− There is a grid code in South Africa which is issued by NERSA. 

− Recently a grid code for battery storage was developed. 

− The operating reserves are not enough. 

− Until now the highest load shedding stage was 6, each stage represents 5% of load 

which equates to approximately 1 000 MW. 

− This business unit performs system studies and also stress studies. 

− They are responsible for metering from transmission perspective. 

− They own an isolated telecommunication network only for power system purposes. The 

network is built of a combination of different technologies. 

− Asset ownership is split between Generation, Transmission and Distribution. 

− There is a back-up for the National Control Centre, which takes care of local control dur-

ing normal operation. 

− There are six local control centres, performing mainly local control but some parts of 

transmission as well. 

− There are only main and back-up telecommunication control centres. There are no local 

control centres for telecommunication. 

− Grid Control Business Units identify as most important in the current situation: 
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o Availability of power plants. 

o Ancillary services and reserves. 

o Appropriate tariffs are required for demand response and other ancillary services. 

It should be addressed by NERSA. It will be costlier to buy Ancillary Services on 

the market. 

o SCADA and telecommunication system should be renewed and is already budg-

eted for 2024. It should be guaranteed that this money is available. 

− New lines are all built with fibre optics. 

− The telecommunication network is exclusive for Eskom use and the operational system 

(OT). 

− Transmission established its own facilities management area that has to be properly re-

sourced since most of the existing resources were allocated to Distribution during the de-

centralization of this function. 

− It is important to be able to perform small projects regarding facility management locally. 

Nowadays this is challenging due to lack of staff and parts locally. 

− A national blackout is a low probability due to controlled load shedding as well as a num-

ber of built in barriers. Emergency plans are in place and regular testing and certification 

is done. 

− Diesel consumption is constrained due to budget constraints and logistics. 

− Because of logistics the dispatch is not always done according to merit order but consid-

ering current fuel availability at the power plants. 

− For the grid restoration after black-out a bottom-up approach is planned. Regular train-

ings are scheduled and performed. 

− The black-out would be not only Eskom’s but the country’s event. Eskom’s plans say that 

the system should be restored within 6 to 14 days. 

− For the purpose of training a grid simulator is available. 

− (N-1)-Criterium is not fulfilled everywhere nowadays but they are working on that. This is 

not proceeding according to the original plan because of budget shortage and other prior-

ities like connection of renewables. 

− Forecast department for loads: 

o Start 18 months ahead 

o Generator bids come automatically, every hour for a day 

o About 1 000 MW reserve 

o Intraday but 7-days window, they decide about load shedding, 

o Load shedding is treated as the last measure, 

o Generation have to update their capacities if they changed, 

− There is no balancing market, the market is simulated, 

− Frequency control: Automatic Generator Control is running but most of the generators are 

running 100% anyway. 

− The primary and secondary power is paid but it does not reflect the real costs. 

− In the next two years about 400 MW battery storage should be connected to the grid but 

there should be market created for their usage. 
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− SCADA records are kept of all system events. Documentation of switching is done manu-

ally (book-logs) at substation sites. 

− Switching is done manually on-site because of the regulatory requirements of visual in-

spections of disconnection. 

− SCADA: 

o Status of 98% of asset in available in National Control Centre. 

o In the local control centres and below the status is lower. 

o There is a combination of different technologies in SCADA and substations: 

▪ Very dependent on the situation of a substation. 

▪ There are RTUs at each substation, which concentrate information and ex-

change it with SCADA. 

− PMUs are being rolled out in the transmission system. 

− Fault statistics: 

o 40–50 interruptions/year 

o 1–2 system minutes was rather maximal values 

o There is a field fire risk indicator/prediction. 

o Every fault occurred on the system is analysed. 

− Import/Export: 

o Eskom Transmission is a member of South Africa Power Pool 

o Some market for primary energy 

− The maintenance programs of power plants were scheduled for summer but now all other 

maintenance is cancelled. 

− Last night there was 18 GW of unplanned unavailable power (in comparison to 44 GW 

system). It is unacceptable but in winter the load shedding will most probably exceed 

stage 6. 

− The employee age profile is very unfavourable at Eskom. The recruitment was stopped 

several years ago because of the budget cuts and until today there is no new young staff. 

− The external recruitment is very cumbersome, it takes at least one year between the va-

cancy is stated and the external advertisement, and it is only on the Eskom’s website. 

− People are being trained at Eskom but due to HR policy it is very difficult to hire them af-

ter the training is completed. 
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3. Visit in the National Control Centre: 

− No photos allowed because it is a national key point. 

− Control room standard of nineties but a little bit outdated nevertheless in good condition. 

− 4 shifts per week each 12 hours. 

o 2 actives 

o 1 stand by 

o 1 training 

Conclusions 

− Grid control is stressed by permanent load management. 

− Grid control is well organized. 

− All staff in grid control are permanently in training for operation and troubleshooting / trou-

ble management. 

− Remote control is possible for almost all switching devices. The switching operations are 

instructed by the Control Centre, but carried out by the staff on-site. Potential for effi-

ciency improvement with transition to remote control by the Control Centre in the future. 

9.2.5 Interview with Grids Operation and Maintenance Business Unit 

Date:    13 April 2023 

Place:    Eskom Simmerpan 

Participants:  

1. Manswet Banka Dornier 

2. Pieter Janse van Rensburg Dornier 

3. Thomas von Schieszl Dornier 

4. Mbulelo Kibido Eskom 

5. Regional Grid Managers Eskom 

 

Agenda: 

1. Opening and introduction 

2. Presentation of the structure and tasks of the Grids Business Unit of Eskom Trans-

mission 

3. Discussion 

Results: 

1. Opening and introduction: 

The teams introduced themselves to their counterparts. 
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2. Presentation on the structure of the Grids Business Unit of Eskom Transmission: 

− About 1 330 employees. 

− 7 regional grids: 6 AC grids cover provinces and 1 HVDC grid. 

− HVDC connection to Mozambique. 

− South Africa used to export energy to neighbouring countries. 

− Target of the line fault is ≤ 2,1/100 km. 

− Maintenance is constrained by system operation, load shedding. Normal maintenance 

schedule cannot be held because of power shortage and need of 100% system availabil-

ity for supply. 

− There is an index for monitoring “happiness” of the employees at work. 

− There is a risk management system. 

− The Business Unit hires ten helicopter pilots to inspect the lines and schedule the mainte-

nance. 

− Sufficient budget is always secured for this Business Unit. 

− Emerging issues: 

o System constraints and load shedding impact the availability for maintenance. 

o Spares non-availability – there are some older protection schemes with limited 

availability of spare parts. 

o Local power transformer manufacturers – local manufacturers of especially 

400/132 kV Transformers have problems with delivering spare parts of required 

quality. 

o Procurement delays – very long process of establishing new contracts, mainly 

due to policy of local inclusivity and local content. 

o Vegetation management – changed weather pattern in last few years causes 

faster growth of plants and therefore difficulties with trimming. 

o Security – there are many problems with theft of steel from the overhead lines 

tower and with break-ins to the substations. 

− It is difficult to retain the staff. Many trained personnel leaves Eskom to work in other 

western countries. 

− From the human resources perspective, continuation of leadership is important in the cur-

rent situation, so that staff can see that the leaders are not running away, when problems 

arise. 

3. Discussion: 

− Condition of the buildings is not good because Eskom has centralized property 

management, and Eskom’s real estate workers were far away from some of the 

locations. Now it is being changed, regional grids get budgets for this type of ac-

tivities. It also goes along with the localization of contracts. 

− There is a refurbishment program for mechanical relays going on. In Gauteng the 

ration of mechanical relays is the highest. 
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Conclusions 

− Maintenance is well organized and, with the exception of special tasks (protective relays, 

circuit breakers, etc.), is largely carried out by substation staff. Special tasks are exe-

cuted by skilled internal maintenance teams per region. 

− The strategic guidelines for maintenance are set by asset management. Compliance with 

these guidelines is monitored by asset management. (see asset management). 

− The unsatisfactory situation of permanent load shedding has a negative impact on the ex-

ecution of maintenance. 

− Securing highly qualified staff important for the quality of maintenance and should be 

supported by 

o competitive salary 

o recruitment of young good skilled employees 

o transfer of knowledge to new employees 

9.2.6 Interview with Finance Department 

Date:    13 April 2023 

Place:    Eskom Simmerpan 

Participants:  

1. Manswet Banka Dornier 

2. Pieter Janse van Rensburg Dornier 

3. Thomas von Schieszl Dornier 

4. Ragini Ramkumar Eskom 

 

Agenda: 

1. Opening and introduction 

2. Presentation of the structure and tasks of the Finance Department of Eskom Trans-

mission and discussion 

Results: 

1. Opening and introduction: 

The teams introduced themselves to their counterparts. 

2. Presentation on the structure and tasks of the Finance Department of Eskom Trans-

mission and discussion: 

− About 139 employees, including 10 managers. 

− Head finance department is above the transmission finance department. 

− The main tasks of the finance department are: 
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o Financial Reporting and Compliance 

o Process Control and Assurance 

o Management Accounting 

o Project Accounting 

− The payments and salaries are done centrally. 

− There are regional teams dedicated to reporting of provincial grids. 

− The finance department supports all the transmission departments but also distri-

bution and corporate when necessary. 

− Real estate, human resources are centralized to great extent, but the finance de-

partment has also employees dedicated for these topics. 

− Southern African Development Community (SADC) cooperate for import and ex-

port. 

− Most of the revenue is collected by Distribution, Transmission does not do any 

billing. It will be changed after unbundling. The tariffs for transmission are under 

development and are discussed with NESRA. 

Conclusions 

− The transmission system is currently financially managed as a cost centre. 

− Until the transmission system is established as an independent company, a tariff struc-

ture must be created. The tariff structure is currently being prepared. 

9.2.7 Conclusion Meeting with Management 

Date:    18 April 2023 

Place:    online meeting 

Participants:  

1. Manswet Banka Dornier 

2. Thomas von Schieszl Dornier 

3. Isabel Fick Eskom 

4. Jacob Machinijke Eskom 

5. Leonardo Pittorino Eskom 

6. Nico Kleynhans Eskom 

7. Prince Moyo Eskom 

8. Ragini Ramkumar Eskom 

9. Segomoco Scheppers Eskom 

10. Jeffrey Quvane National Treasury 
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Agenda: 

1. Opening 

2. Dornier’s presentation of the first observations and results after on-site activities 

3. Discussion  

Results: 

1. Opening: 

Thomas von Schieszl welcomed the participants and shortly explained the meeting agenda. 

2. Dornier’s presentation of the first observations and results after site visits: 

Thomas von Schieszl presented the first summary of the on-site activities. He explained the 

methodology that Dornier followed. The data required for the assessment comes from the 

sources including questionnaires, interviews with Eskom Transmission management and site 

visits. The first findings are based on the consideration of them all. 

First observations made based on the received information focused on the age structure of 

the equipment as well as the structure of the transmission grid itself and installed capacities 

in comparison to the load. 

The topics and the most important messages of the following interviews with the Eskom 

Transmission managers were summarized: 

− Managing Director Transmission – Mr. Segomoco Scheppers 

− Asset Management Manager – Mr. Prince Moyo 

− Financial Transmission Manager – Mrs. Ragini Ramkumar 

− Grid Planning and Development – Mr. Jacob Machinijke 

− National Control Centre – Mrs. Isabel Fick 

− Operation and Maintenance – Mr. Mbulelo Kibido 

The overview of the site visits in the following plants was given: 

− Substation Minerva 

− Substation Craighall 

− Substation Eiger 

− HVDC Substation Apollo 

− HVAC Substation Apollo 

− Substation Thuso 

− Section of the line of Apollo-Thuso (tower 13) 

− National Control Centre 

The observations made during visiting the plants concentrated around aging but well-main-

tained equipment. 

The presentation was concluded. Among other things it was indicated that although the 

equipment is partially very old it is well-maintained. The current unsatisfactory situation in the 
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energy sector results from the insufficient availability of the power plants, the way of opera-

tion the transmission system is not a reason for this. 

Among other things it was recommended to intensify the modernization programs, while the 

budgets must be available. The process of unbundling and separating Eskom Transmission 

as independent TSO should be continued. The grid will require further expansions and after 

unbundling the budget should be guaranteed based on proper cost-based tariffs. 

Thomas von Schieszl thanked the Eskom Transmission team for the excellent cooperation 

during the on-site activities. 

3. Discussion: 

− Jeffrey Quvane expressed satisfaction that the first findings of the audit are in line 

with the work currently ongoing by Eskom Transmission. 

− Prince Moyo claimed that the tariffs which are currently being designed could be 

provided to Dornier. 

− Jacob Machinijke supported the idea of provision of the tariffs design to Dornier. 

He added that the transporting of the power from the south to the load centres has 

to be reflected in the prices. He also indicated that Eskom Transmission teams 

were often afraid to start the construction works without having gathered all the 

permissions from respective offices and landowners, which could lead to very long 

times of implementation of the construction projects. The idea would be that the 

National Treasury should support the risks of starting earlier. 

− Isabell Fick indicated that there were six Local Control Centres. 

− Ragini Ramkumar had no further comments. 

− Segomoco Scheppers corrected that the ISO 55000 standard is not awarded yet, 

but Eskom Transmission is working towards it (Prince Moyo confirmed this state-

ment). He also corrected the statement that only during the last three years were 

enough budget for the maintenance. According to Mr. Scheppers, the budget for 

the maintenance was always sufficient, but in the last three years the investment 

budget was the one which also increased to the sufficient size. He also empha-

sized that the tariffs were very important. 

− Jeffrey Quvane had no more comments to the presented content but anticipated 

possible contacting Dornier for assistance in the implementation of the recom-

mendations after the report is done. 

− Nico Kleynhans closed the meeting. 
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9.2.8 Interview with CSIR Representatives  

Date:    13 June 2023 

Place:    online meeting 

Participants:  

1. Monique Le Roux CSIR 

2. Manswet Banka Dornier 

3. Pieter Janse van Rensburg Dornier 

4. Thomas von Schieszl Dornier 

5. Jeffrey Quvane National Treasury 

6. Mark Newby vgbe 

CSIR = Council of Scientific and Industrial Research 

Agenda: 

1. Opening 

2. Dornier’s presentation of the first observations and recommendations for Eskom 

3. Discussion  

Results: 

1. Opening: 

Pieter Janse van Rensburg welcomed the participants and shortly explained the meeting 

agenda. The purpose of the meeting was to ask for opinion of a local expert. 

2. Dornier’s presentation of the observations and recommendations for Eskom: 

Thomas von Schieszl presented the first summary and recommendations for Eskom after 

analysis done until date. 

3. Discussion: 

− Monique Le Roux stated that the Integrated Resource Plan (IRP) which was 

used for preparation of the TDP was still the version from 2019 and the as-

sumptions made there were questionable in terms of not considering the grid 

constraints. 

− Participants agreed that for the proper planning Eskom Transmission needs a 

validated basis, which is up to date. 

− Monique Le Roux expects wider studies on selection of the best generation 

mix for South Africa. 

− Participants agreed that the training and proper wages are crucial to keep the 

qualified staff and that the situation in this regard might be in Distribution 

worse than in Transmission. 
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Pieter Janse van Rensburg closed the meeting. 

9.3 Assessment of other Inspected Substations 

The assessment results of the various grid facilities are presented in this chapter. 

9.3.1 Substation Craighall 

Brief description of the substation 

− GIS 275 kV double busbar (2x overhead line bays; 6x transformer bays (3 of Eskom, 

3 of local DSO), 2x cross coupling bays and 2x lengthwise coupling bay in both bus-

bars, all bays equipped with circuit breakers, see Figure 9-1). 

− GIS 88 kV double busbar (13x overhead line bays; 3x transformer bays, 2x cross cou-

pling bays and 2x lengthwise coupling bay in both busbars, all bays equipped with cir-

cuit breakers, see Figure 9-1). 

− 3 power transformers 275/88 kV 315 MVA. 

− Year of commissioning 1978, extension of section B in 2008. 

− 3 auxiliary transformers 22/0,4 kV connected to the tertiary winding of each power 

transformer. 

− On-site inspection on 12 April 2023. 

The summarised assessment extract is attached in the appendix Assessment Matrix of Eval-

uated Transmission Assets. The substation condition details are described below. 

 

 

Figure 9-1: Single line diagram substation Craighall 
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Switchgears 

Activity class of GIS classification 1,4 – Age-related wear and tear outside especially in sec-

tion A 275 and 88 kV due to the operation age, only visual inspection from outside and ran-

dom inspection of the displays for monitoring the switching devices, no urgent measures re-

quired (see Figure 9-2). 

− 275 kV SF6 GIS general condition section A AC classification 2 – Age-related wear 

and tear, refurbishment measures are not necessary. 

− 275 kV SF6 GIS general condition section B AC classification 1 – Age-related wear 

and tear, refurbishment measures are not necessary. 

− 88 kV SF6 GIS general condition section A AC classification 2 – Age-related wear and 

tear, refurbishment measures are not necessary. 

− 88 kV SF6 GIS general condition section B AC classification 1 – Age-related wear and 

tear, refurbishment measures are not necessary. 

− Steel constructions AC classification 1 – Age-related wear and tear, refurbishment 

measures are not necessary. 

Due to its age, the GIS of section A in 275 and 88 kV has small wear and tear on the outside. 

According to information from the substation's operating staff, all switchgear bays are well 

maintained and fully functional despite its high operating age. Modernisation measures can 

be required for the older parts of the GIS may be in the medium term (see Figure 9-3). 

 

Figure 9-2: 275 kV GIS substation Craighall 
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Figure 9-3: Evaluation graphic 275 and 88 kV GIS substation Craighall  
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Power Transformers 

Activity class of Power Transformers (in operation since 1977 TRFR 1 and 2, since 2010 

TRFR 3) classification 1,78 – Age-related wear and tear. Transformer 1 has poor value of 

gas-in-oil analysis and must be observed. If the value continues to deteriorate, replace-

ment/repair may have to be considered (see Figure 9-4) 

− General impression of inspection AC classification 2 – Age-related wear and tear, re-

furbishment measures are not necessary. 

− Gas in oil analysis (all three transformers last test of 30.12.2022, TRFR1 D poor, 

TRFR 2 B good, TRFR 3 A very good) AC classification 2 – Age-related wear and 

tear, monitoring of Gas in oil analysis results of TRFR 1. 

− Bushings AC classification 1 – Age-related wear and tear, refurbishment measures 

are not necessary. 

− Tank AC classification 2 – Age-related wear and tear, refurbishment measures are 

not necessary. 

− Oil leakage AC classification 2 – Age-related wear and tear, refurbishment measures 

are not necessary. 

− Fire protection walls AC classification 1 – Age-related wear and tear, refurbishment 

measures are not necessary. 

− Groundings randomly inspected AC classification 2 – Age-related wear and tear, re-

furbishment measures are not necessary. 

− Steel construction, radiators etc. AC classification 2 – Age-related wear and tear, re-

furbishment measures are not necessary. 

− Basement, oil leakage sump AC classification 2 – Age-related wear and tear, refur-

bishment measures are not necessary. 

No refurbishment measures are currently required for the transformers. The poor gas-in-oil 

analysis results of the transformer 1 must be monitored. Cleanliness and maintenance condi-

tion are excellent (see Figure 9-5). 
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Figure 9-4: Power Transformer substation Craighall 

 

Figure 9-5: Evaluation graphic Power Transformer substation Craighall 
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Operation Building 

Activity class of the operation building classification 1,43 – Wear and tear due to age, no im-

mediate measures necessary but the weathering below the roof should be investigated and 

could result in refurbishment measures (see Figure 9-6). 

− Outside general impression of inspection AC classification 2 – Wear and tear due to 

age, no immediate measures necessary. 

− Roof visual inspection from the ground AC classification 2 – Wear and tear due to 

age, no immediate measures necessary. 

− Walls AC classification 2 – Wear and tear due to age, no immediate measures neces-

sary. 

− Basement AC classification 1 – condition without findings. 

− Surface AC classification 2 – Wear and tear due to age, no immediate measures nec-

essary. 

− Waterproofing visual inspection AC classification 1 – condition without findings. 

− Lightning protection visual inspection from the ground AC classification 1 – condition 

without findings. 

− Inside general impression of inspection AC classification 2 – Wear and tear due to 

age, no immediate measures necessary. 

− Emergency exits, place for exit AC classification 1 – condition without findings. 

− Ventilation AC classification 1 – condition without findings. 

− Illumination AC classification 1 – condition without findings. 

− Cleanness AC classification 1 – condition without findings. 

Despite its many years of use, the operation building is good condition. Cleanliness and 

maintenance condition are excellent (see Figure 9-7). 

 

Figure 9-6: Operation Building substation Craighall 
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Figure 9-7: Evaluation graphic Operation Building substation Craighall 

Secondary Technology 

Activity class of Secondary Technology classification 2,0 – only a few switch panels have al-

ready been renovated in terms of secondary technology. The majority is still equipped with 

old electromechanical protection technology. This is no longer state of the art and should be 

replaced in the medium term (see Figure 9-8). 

− SCADA Connection to Control Centre available AC classification 2 – Partly modern-

ised, further modernisation required in short or medium term. 

− Protection relays are only a few digital AC classification 2 – Only a few relays re-

placed, further modernisation required in the short or medium term. 

A high percentage of the secondary technology is still electromechanical. The devices of the 

secondary technology are to be replaced by modern digital equipment in short or medium 

term. Cleanliness and maintenance condition are excellent (see Figure 9-9). 
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Figure 9-8: Example protection panel substation Craighall 

 

Figure 9-9: Evaluation graphic Secondary Technology substation Craighall 

AC/DC systems 

Activity class of AC/DC systems classification 2,0 – Age-related wear and tear (see Figure 

9-10). 

− AC system including auxiliary transformers and AC-distribution AC classification 2 – 

Age-related wear and tear, no immediate measures required. 

− DC-distribution AC classification 2 – Age-related wear and tear, no immediate 

measures required. 
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− AC/DC converters AC classification 2 – Age-related wear and tear, no immediate 

measures required. 

The AC/DC systems are old but in good condition for their operation age. Cleanliness and 

maintenance condition are excellent (see Figure 9-11). 

 

Figure 9-10: AC/DC converter substation Craighall 

 

Figure 9-11: Evaluation graphic AC/DC systems substation Craighall 
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Battery systems 

Activity class of Battery systems classification 1 – condition without findings, no measures 

necessary (see Figure 9-12). 

− 220 V Batteries AC classification 1 – condition without findings. 

− 50 V Batteries AC classification 1 – condition without findings. 

The battery systems were renewed cyclically during operation. The current status corre-

sponds to the state of the art. Cleanliness and maintenance condition are excellent (see Fig-

ure 9-13). 

 

Figure 9-12: Battery systems substation Craighall 
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Figure 9-13: Evaluation graphic Battery systems substation Craighall 

Streets/Footpaths/Fences 

Activity class of streets, footpaths and fences classification 1,0 – Age-related wear and tear, 

but in a very good state of maintenance (see Figure 9-14). 

− General condition AC classification 1 – Age-related wear and tear, no measures re-

quired. 

− Fences and security AC classification 1 – Age-related wear and tear, no measures 

required. 

− Dimensioning AC classification 1 – Age-related wear and tear, no measures required. 

The streets, footpaths and fences are in good condition. No measures are required. Cleanli-

ness and maintenance condition are excellent (see Figure 9-15). 
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Figure 9-14: Street and fences substation Craighall 

 

Figure 9-15: Evaluation graphic Streets/Footpaths/Fences substation Craighall 

Summary substation Craighall 

The Craighall substation was commissioned in 1978 (see Figure 9-16). The GIS of the sub-

station was extended by several switchgear bays in 2008. With this expansion, several mod-

ernization measures were implemented. However, the majority of the secondary technology 

is at the level of the 1978 commissioning. Due to the excellent maintenance condition of all 

components of the substation, it is fully functional and available with a high degree of reliabil-

ity despite its high operating age. In line with the general modernization strategy for the 

transmission system, the Craighall substation should also be modernized in the medium 

term. The activity class was assessed at 1.52 (see Figure 9-17). 
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Figure 9-16: 88 kV GIS substation Craighall 

 

Figure 9-17: Evaluation graphic total substation Craighall 
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9.3.2 Substation Eiger 

Brief description of the substation 

− Air insulated switchgear 275 kV double busbar (5x overhead line bays; 3x transformer 

bays, 1x cross coupling bays, all bays equipped with circuit breakers, see Figure 

9-18). 

− Air insulated switchgear 88 kV switchgear double busbar (8x overhead line bays; 3x 

transformer bays, 3x transformer bays 88/33 kV for direct connection of costumer, 2x 

cross coupling bays and 1x lengthwise coupling bay in busbar 1, 3x capacitor banks, 

all bays equipped with circuit breakers, Figure 9-18). 

− 4 power transformers 275/88 kV 315 MVA. 

− 3 auxiliary transformers 22/0,4 kV 315 kVA connected to the tertiary winding of the 

power transformers 1, 2 and 3. 

− Year of commissioning 1973. 

− On-site inspection on 12th of April 2023. 

The summarised assessment extract is attached in the appendix Assessment Matrix of Eval-

uated Transmission Assets. The substation condition details are described below. 

 

Figure 9-18: Single line diagram substation Eiger 
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Switchgears 

Activity class of switchgears classification 2.43 – Age-related wear and tear, little rust on 

steel structures, a few equipment items have been partially replaced by new equipment, no 

urgent measures required at the moment, but failures of equipment are to be expected due 

to age, a plan for modernisation should be developed and implemented in the near future 

(see Figure 9-19) 

− Most circuit breakers are old, only few are replaced by SF6-circuit-breakers AC classi-

fication 3 – Old low-oil circuit breakers should be replaced in the near future. 

− Most disconnectors are old, only few are replaced by new one’s AC classification 3 – 

Old disconnectors should be replaced in the near future. 

− Most instrument transformers are old, only few are replaced AC classification 3 – Old 

instrument transformers should be replaced in the near future. 

− Conductor ropes are corroded due to age. AC classification 2 – Age-related wear and 

tear, refurbishment measures are not necessary. 

− Steel construction slight signs of rust AC classification 2 – Age-related wear and tear, 

refurbishment measures are not necessary. 

− Basements with some wear and tear AC classification 2 – Age-related wear and tear, 

refurbishment measures are not necessary. 

− Groundings visually inspected at random, visual signs of wear AC classification 2 – 

Age-related wear and tear, refurbishment measures are not necessary. 

Due to operation age of 50 years, the switchgear shows wear and tear. Few major compo-

nents of the switchgear were replaced by new equipment. Due to the good maintenance of 

the switchgear, it is fully functional despite its high operating age. Further modernisation 

measures are to be carried out in the near future. Much of the equipment appears to have 

reached the end of its service life and should be replaced as part of a basic modernisation 

plan for the substation (see Figure 9-20). 

 

Figure 9-19: 88 kV switchgear substation Eiger 



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  559 

 

Figure 9-20: Evaluation graphic 275 and 88 kV switchgear substation Eiger 

 

Power Transformers 

Activity class of Power Transformers (in operation between 1986 and 2013) classification 

1,56 – Age-related wear and tear. The power transformers were replaced in the past (1986, 

1997 and 2013). The last gas in oil analysis results were very good for all three transformers 

(see Figure 9-21) 

− General impression of inspection AC classification 2 – Age-related wear and tear, re-

furbishment measures are not necessary. 

− Gas in oil analysis (all three transformers last test of 07.09.2022, all results A very 

good) AC classification 1 – condition without findings. 

− Bushings AC classification 1 – Age-related wear and tear, refurbishment measures 

are not necessary. 

− Tank AC classification 2 – Age-related wear and tear, refurbishment measures are 

not necessary. 

− Oil leakage AC classification 2 – Age-related wear and tear, refurbishment measures 

are not necessary. 

− Fire protection walls AC classification 2 – Age-related wear and tear, refurbishment 

measures are not necessary. 

− Groundings randomly inspected AC classification 1 – Age-related wear and tear, re-

furbishment measures are not necessary. 

− Steel construction, radiators etc. AC classification 2 – Age-related wear and tear, re-

furbishment measures are not necessary. 

− Basement, oil leakage sump AC classification 1 – Age-related wear and tear, refur-

bishment measures are not necessary. 



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  560 

No refurbishment measures are currently required for the transformers. Cleanliness and 

maintenance condition are excellent (see Figure 9-22). 

 

Figure 9-21: Power Transformer 3 substation Eiger 

 

Figure 9-22: Evaluation graphic Power Transformers substation Eiger 

Operation Building 

Activity class of the operation building classification 1,93 – Wear and tear due to age, no im-

mediate measures necessary but the defective gutter should be repaired quickly.  It should 

be assessed if further rehabilitation measures are required (see Figure 9-23). 

− Outside general impression of inspection AC classification 3 – Wear and tear due to 

age, defect rain gutter shall be repaired quickly. 
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− Roof visual inspection from the ground AC classification 3 – Wear and tear due to 

age, Wear and tear due to age, defect rain gutter shall be repaired quickly. 

− Walls AC classification 2 – Wear and tear due to age, no immediate measures neces-

sary. 

− Basement AC classification 2 – condition without findings. 

− Surface AC classification 2 – Wear and tear due to age, no immediate measures nec-

essary. 

− Waterproofing visual inspection AC classification 3 – Wear and tear due to age, de-

fect rain gutter shall be repaired quickly. 

− Lightning protection visual inspection from the ground AC classification 2 – condition 

without findings. 

− Inside general impression of inspection AC classification 2 – Wear and tear due to 

age, no immediate measures necessary. 

− Emergency exits, place for exit AC classification 1 – condition without findings. 

− Ventilation AC classification 1 – condition without findings. 

− Illumination AC classification 1 – condition without findings. 

− Cleanness AC classification 1 – condition without findings. 

Despite its many years of use, the operation building is general in good condition. The repair 

of the gutter should be done in the short term. At the same time, the water tightness of the 

roof should be checked and, if necessary, further renovation work should be carried out. 

Cleanliness and maintenance condition are excellent (see Figure 9-24). 

 

Figure 9-23: Operation Building substation Eiger, small defects of the roof observed 
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Figure 9-24: Evaluation graphic of Operation Building substation Eiger 

Secondary Technology 

Activity class of Secondary Technology classification 3,0 – only few switch panels have al-

ready been renovated in terms of secondary technology. The majority is still equipped with 

old electromechanical protection technology. This is no longer state of the art and should be 

replaced in the medium term (see Figure 9-25). 

− SCADA Connection to Control Centre available AC classification 3 – Only a few are 

modernised, further modernisation required in short or medium term. 

− Protection relays are only a few digital AC classification 3 – Only a few relays are re-

placed, further modernisation required in the short or medium term. 

A high percentage of the secondary technology is still electromechanical. Only the busbar 

protection of 275 and 88 kV switchgear is digital technology. The electromechanical devices 

of the secondary technology are to be replaced by modern digital equipment in short or me-

dium term. Cleanliness and maintenance condition are excellent (see Figure 9-26). 
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Figure 9-25: Example of control and protection panel substation Eiger 

 

Figure 9-26: Evaluation graphic Secondary Technology substation Eiger 
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AC/DC systems 

Activity class of AC/DC systems classification 2,0 – Age-related wear and tear (see Figure 

9-27). 

− AC system including auxiliary transformers and AC-distribution AC classification 2 – 

Age-related wear and tear, no immediate measures required. 

− DC-distribution AC classification 2 – Age-related wear and tear, no immediate 

measures required. 

− AC/DC converters AC classification 2 – Age-related wear and tear, no immediate 

measures required. 

The AC/DC systems are old but in good condition for their operation age. Cleanliness and 

maintenance condition are excellent (see Figure 9-28). 

 

Figure 9-27: AC/DC converter substation Eiger 
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Figure 9-28: Evaluation graphic AC/DC systems substation Eiger 

Battery systems 

Activity class of Battery systems classification 1 – condition without findings, no measures 

necessary (see Figure 9-29). 

− 220 V Batteries AC classification 1 – condition without findings. 

− 50 V Batteries AC classification 1 – condition without findings. 

The battery systems were renewed cyclically during operation. The current status corre-

sponds to the state of the art. Cleanliness and maintenance condition are excellent (see Fig-

ure 9-30). 
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Figure 9-29: 50 V Battery substation Eiger 

 

Figure 9-30: Evaluation graphic Battery systems substation Eiger 
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Streets/Footpaths/Fences 

Activity class of streets, footpaths and fences classification 1,67 – Age-related wear and tear, 

but in a very good state of maintenance (see Figure 9-31). 

− General condition AC classification 2 – Age-related wear and tear, no measures re-

quired. 

− Fences and security AC classification 2 – Age-related wear and tear, no measures 

required. 

− Dimensioning AC classification 1 – Age-related wear and tear, no measures required. 

The streets, footpaths and fences are in good condition. No measures are required. Cleanli-

ness and maintenance condition are excellent (see Figure 9-32). 

 

Figure 9-31: Street and fences substation Eiger 

 

Figure 9-32: Evaluation graphic Streets/Footpaths/Fences substation Eiger 
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Cable ducts 

Activity class of cable ducts classification 2 – Age-related wear and tear, but in a very good 

state of maintenance (see Figure 9-33). 

− Ducts AC classification 2 – Age-related wear and tear, no measures required. 

− Covers AC classification 2 – Age-related wear and tear, no measures required. 

− General condition, weathering AC classification 2 – Age-related wear and tear, no 

measures required. 

The cable ducts are in good condition. No measures are required. Cleanliness and mainte-

nance condition are excellent (see Figure 9-34). 

 

Figure 9-33: Example of Cable duct substation Eiger 

 

Figure 9-34: Evaluation graphic Cable ducts substation Eiger 



 
in co-operation with 

 

 

  

 

 

 

 

Opera Assessment Report – Revision 2  569 

Summary substation Eiger 

The Eiger substation was commissioned in 1973. During the years of operation, essential 

components such as all 3 power transformers, some circuit breakers, a few instrument trans-

formers and disconnectors were gradually replaced. A general modernization measure was 

not carried out until now. A refurbishment project for the substation has been announced for 

the near future. Despite 50 years of operation, the substation is in relatively good condition 

(see for example Figure 9-35). This is due to the permanent renewal of worn components 

and excellent maintenance of all substation components. Accordingly, the substation can 

continue to operate safely for few years if the current strategy is continued by replacing worn 

parts and intensively maintaining all components. However, the already planned fundamental 

modernization measure for the substation should be carried out in the near future, as many 

of the components in operation have reached the end of their service life due to wear and 

tear and age. 

The total evaluation results in an AC 1,95 for substation Eiger (see Figure 9-36).  

 

Figure 9-35: 88 kV switchgear substation Eiger 
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Figure 9-36: Evaluation graphic total substation Eiger 

9.3.3 Apollo Converter Station 530 kV DC/275 kV AC 

Brief description of the Converter Station 

− 2 AC/DC converter 533 kV 

o Operation mode +533 kV to ground one pole and one pole -533 kV to ground 

o 4 converter per pole in line (converter cascade), each converter 133 kV 

o Connection of each converter via transformer bank – 3x 107/275 kV 90,8 

MVA. 

− Air insulated switchgear 275 kV double busbar (2x connection bays to Apollo AC; 8x 

transformer bays (connection to converter), 1x cross coupling bay, 2x filter bays 2 ca-

pacitor bays, all bays equipped with circuit breakers, see Figure 9-37). 

− 2x capacitor bank 275 kV 150 Mvar. 

− 2x filter bank (harmonic 5, 7, 11, 13 and high pass) 275 kV 200 Mvar. 

− Year of commissioning 1977 – 1979. 

− Last intensive refurbishment activity 2013 – 2014. 

− On-site inspection on 14th of April 2023. 

The summarised assessment extract is attached in the appendix Assessment Matrix of Eval-

uated Transmission Assets. The substation condition details are described below. 
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Figure 9-37: Single line diagram Apollo Converter Station 

Switchgear 

Activity class of converter bank and 275 kV switchgear classification 1,47 – small Wear and 

tear, no measures required (see Figure 9-38 and Figure 9-39). 

Converter bank 

− Converter AC classification 1 – condition without findings. 

− Insulators AC classification 1 – condition without findings. 

− Bushings AC classification 1 – condition without findings. 

− Conductor ropes AC classification 1 – condition without findings. 

− Steel constructions AC classification 1 – condition without findings. 

− Basements AC classification 1 – condition without findings. 

− Groundings randomly inspected AC classification 1 – condition without findings. 

275 kV switchgear 

− Circuit breakers – small wear and tear, no measures required. 

− Disconnectors – small wear and tear, no measures required. 

− Instrument transformers – small wear and tear, no measures required. 

− Conductor ropes – small wear and tear, no measures required. 

− Harmonic filters and capacitors – small wear and tear, no measures required. 

− Steel constructions – small wear and tear, no measures required. 

− Basements – small wear and tear, no measures required. 

− Grounding – small wear and tear, no measures required. 

All major components were replaced with new ones and the structural infrastructure was ren-

ovated from the ground up during the upgrading of the converter bank and the 275 kV 
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switchgear, which was carried out in 2013 to 2014. Cleanliness and maintenance condition 

are excellent (see Figure 9-40). 

 

Figure 9-38: Converter Bank Apollo Converter station 530 kV DC/275 kV AC 

 

Figure 9-39: 275 kV switchgear Apollo Converter station 530 kV DC/275 kV AC 
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Figure 9-40: Evaluation graphic Converter bank and 275 kV switchgear Apollo Converter Station 530 kV 

DC/275 kV AC 

Power Transformers 

Activity class of Power Transformers classification 2 – The commissioning years of the 24 

transformers used vary from 1977 to 2023. The tests of the gas-in-oil analyses also range 

from A very good, to E very poor. These results tend to deteriorate with the age of the trans-

formers, but there are also some newer transformers with very poor test results. The trans-

formers with class E test results must be monitored and replaced at short notice if possible 

(see Table 1). The majority of the transformers are in good overall condition (see Figure 

9-41). 

− General impression of inspection AC classification 2 – small wear and tear, no 

measures required. 

− Gas in oil analysis (both transformers last test of 19.12.2022, A very good) AC 

classification 2 – small wear and tear, transformers in Bridge 1, 2 and 3 with clas-

sification E shall be monitored intensively. 

− Bushings AC classification 2 – small wear and tear, no measures required. 

− Tank AC classification 2 – small wear and tear, no measures required. 

− Oil leakage AC classification 2 – small wear and tear, no measures required. 

− Fire protection walls AC classification 2 – small wear and tear, no measures re-

quired. 

− Groundings randomly inspected AC classification 2 – small wear and tear, no 

measures required. 

− Steel construction, radiators etc. AC classification 2 – small wear and tear, no 

measures required. 
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− Basement, oil leakage sump AC classification 2 – small wear and tear, no 

measures required. 

 

Table 1: List of transformers with last oil test result Apollo Converter Station 530 kV DC/275 kV AC 

 

The majority of the transformers are in good overall condition. The maintenance condition is 

very good. The 4 transformers with very poor oil analysis values are to be monitored (see 

Figure 9-42).  

Transformer Year last Test

classification 

oil test

Apollo CS DC Pole No1 Bridge No1 107kV - 275kV Trfr B-Ph 2008 25.10.2022 B

Apollo CS DC Pole No1 Bridge No1 107kV - 275kV Trfr R-Ph 2008 25.10.2022 C

Apollo CS DC Pole No1 Bridge No1 107kV - 275kV Trfr W-Ph 2006 25.10.2022 E

Apollo CS DC Pole No1 Bridge No3 107kV - 275kV Trfr B-Ph 2015 25.10.2022 B

Apollo CS DC Pole No1 Bridge No3 107kV - 275kV Trfr R-Ph 1977 25.10.2022 E

Apollo CS DC Pole No1 Bridge No3 107kV - 275kV Trfr W-Ph 1977 25.10.2022 E

Apollo CS DC Pole No1 Bridge No5 107kV - 275kV Trfr B-Ph 2023 13.03.2023 A

Apollo CS DC Pole No1 Bridge No5 107kV - 275kV Trfr R-Ph 2023 13.03.2023 A

Apollo CS DC Pole No1 Bridge No5 107kV - 275kV Trfr W-Ph 2023 13.03.2023 A

Apollo CS DC Pole No1 Bridge No7 107kV - 275kV Trfr B-Ph 1979 19.12.2022 B

Apollo CS DC Pole No1 Bridge No7 107kV - 275kV Trfr R-Ph 1998 19.12.2022 C

Apollo CS DC Pole No1 Bridge No7 107kV - 275kV Trfr W-Ph 1979 19.12.2022 B

Apollo CS DC Pole No2 Bridge No2 107kV - 275kV Trfr B-Ph 2008 19.12.2022 E

Apollo CS DC Pole No2 Bridge No2 107kV - 275kV Trfr R-Ph 2008 19.12.2022 C

Apollo CS DC Pole No2 Bridge No2 107kV - 275kV Trfr W-Ph 1977 19.12.2022 B

Apollo CS DC Pole No2 Bridge No4 107kV - 275kV Trfr B-Ph 1977 11.10.2022 B

Apollo CS DC Pole No2 Bridge No4 107kV - 275kV Trfr R-Ph 2000 11.10.2022 A

Apollo CS DC Pole No2 Bridge No4 107kV - 275kV Trfr W-Ph 1977 11.10.2022 C

Apollo CS DC Pole No2 Bridge No6 107kV - 275kV Trfr B-Ph 2014 30.11.2022 A

Apollo CS DC Pole No2 Bridge No6 107kV - 275kV Trfr R-Ph 2014 30.11.2022 A

Apollo CS DC Pole No2 Bridge No6 107kV - 275kV Trfr W-Ph 2014 30.11.2022 A

Apollo CS DC Pole No2 Bridge No8 107kV - 275kV Trfr B-Ph 2017 30.11.2022 A

Apollo CS DC Pole No2 Bridge No8 107kV - 275kV Trfr R-Ph 2017 30.11.2022 A

Apollo CS DC Pole No2 Bridge No8 107kV - 275kV Trfr W-Ph 2017 30.11.2022 A
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Figure 9-41 Transformers Apollo Converter Station 530 kV DC/275 kV AC 

 

Figure 9-42: Evaluation graphic transformers Apollo Converter Station 530 kV DC/275 kV AC 

 

Operation Building 

Activity class of the operation building classification 1,36 – Slight wear due to age, condition 

without findings, no measures necessary. 

− Outside general impression of inspection AC classification 2 – Slight wear due to age, 

condition without findings. 
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− Roof visual inspection from the ground AC classification 2 – Slight wear due to age, 

condition without findings. 

− Walls AC classification 2 – Slight wear due to age, condition without findings. 

− Basement AC classification 1 – condition without findings. 

− Surface AC classification 2 – Slight wear due to age, condition without findings. 

− Waterproofing visual inspection AC classification 1 – condition without findings. 

− Lightning protection visual inspection from the ground AC classification 1 – condition 

without findings. 

− Inside general impression of inspection AC classification 1 – condition without find-

ings. 

− Emergency exits, place for exit AC classification 1 – condition without findings. 

− Ventilation AC classification 1 – condition without findings. 

− Illumination AC classification 1 – condition without findings. 

− Cleanness AC classification 1 – condition without findings. 

Despite its many years of use, the operation building is in excellent condition. Cleanliness 

and maintenance condition are excellent (see Figure 9-43). 

 

Figure 9-43: Evaluation graphic Operation Building Apollo Converter Station 530 kV DC/275 kV AC 

 

Secondary Technology 

Activity class of Secondary Technology classification 1,5 – The equipment and software used 

to control and monitor the converter bank are outdated but fulfil all functions. Most of the pro-

tection technology has been modernised, no measures necessary (see Figure 9-44). 

− SCADA outdated equipment and software AC classification 2 – modernization recom-

mended, no immediate measures required. 
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− Protection relays are modernized AC classification 1 – condition without findings. 

The outdated equipment and software for the control and monitoring of the converter bank 

should be replaced in the medium term with state-of-the-art technology. (see Figure 9-45). 

 

Figure 9-44: Control desk Apollo Converter Station 530 kV DC/275 kV AC 

 

 

Figure 9-45: Evaluation graphic Secondary Technology Apollo Converter Station 530 kV DC/275 kV 

AC 

 

AC/DC systems 

Activity class of AC/DC systems classification 1 – condition without findings, no measures 

necessary. 
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− AC system including auxiliary transformers and AC-distribution AC classification 1 – 

condition without findings. 

− DC-distribution AC classification 1 – condition without findings. 

− AC/DC converters AC classification 1 – condition without findings. 

The AC/DC system was modernized in the past. Cleanliness and maintenance condition are 

excellent (see Figure 9-46). 

 

Figure 9-46: Evaluation graphic of AC/DC systems Apollo Converter Station 530 kV DC/275 kV AC 

 

Battery systems 

Activity class of Battery systems classification 1 – condition without findings, no measures 

necessary. 

− 220 V Batteries AC classification 1 – condition without findings. 

− 50 V AC classification 1 – condition without findings. 

The Battery systems are in good condition. Cleanliness and maintenance condition are ex-

cellent (see Figure 9-47). 
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Figure 9-47: Evaluation graphic Battery systems Apollo Converter Station 530 kV DC/275 kV AC 

Streets/Footpaths/Fences 

Activity class of streets, footpaths and fences classification 1,67 – small wear and tear, no 

measures required (see Figure 9-48). 

− General condition AC classification 2 – small wear and tear, no measures required. 

− Fences and security AC classification 2 – small wear and tear, no measures required. 

− Dimensioning AC classification 1 – small wear and tear, no measures required. 

The streets, footpaths and fences have small wear and tear due to age, no measures re-

quired. Cleanliness and maintenance condition are excellent (see Figure 9-49). 

 

Figure 9-48: Street and fences Apollo Converter Station 530 kV DC/275 kV AC 
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Figure 9-49: Evaluation graphic Streets/Footpaths/Fences Apollo Converter Station 530 kV DC/275 kV 

AC 

Cable ducts 

Activity class of cable ducts classification 2 – Age-related wear and tear, but in a very good 

state of maintenance (see Figure 9-50). 

− Ducts AC classification 2 – Age-related wear and tear, no measures required. 

− Covers AC classification 2 – Age-related wear and tear, no measures required. 

− General condition, weathering AC classification 2 – Age-related wear and tear, no 

measures required. 

The cable ducts are in good condition. No measures are required. Cleanliness and mainte-

nance condition are excellent (see Figure 9-51). 
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Figure 9-50: Cable ducts Apollo Converter Station 530 kV DC/275 kV AC 

 

Figure 9-51: Evaluation graphic Cable ducts Apollo Converter Station 530 kV DC/275 kV AC 

Summary substation Apollo Converter Station 530 kV DC/275 kV AC 

The Apollo Converter Station 530 kV DC/275 kV AC was modernized between 2013 and 

2014 (see Figure 9-52). The essential devices (circuit breakers, instrument transformers, dis-

connectors) were renewed during the modernization. Due to the excellent maintenance the 

condition of all components of the converter station, it is fully functional and available with a 

high degree of reliability despite its high operating age. The activity class was assessed at 

1.5 (see Figure 9-53). 
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Figure 9-52: 275 kV switchgear Apollo Converter Station 530 kV DC/275 kV AC 

 

Figure 9-53: Evaluation graphic total Apollo Converter Station 530 kV DC/275 kV AC 
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9.3.4 Substation Apollo AC  

Brief description of the substation 

− Air insulated switchgear 400 kV double busbar plus bypass per section not connected 

(5x line bays, 3x transformer bays, 2x cross coupling bays and 1x lengthwise coupling 

bay in busbar 1, all bays equipped with circuit breakers, see Figure 9-54). 

− Air insulated switchgear 275 kV double busbar (2x connections to Apollo DC – de-

scribed in Apollo DC, 5x line bays, 3x transformer bays, 1x cross coupling bay and 1x 

lengthwise coupling bay in busbar 2, all bays equipped with circuit breakers, see Fig-

ure 9-54). 

− Year of commissioning 1970. 

− Last intensive refurbishment activity 2017. 

− On-site inspection on 14th of April 2023. 

The summarised assessment extract is attached in the appendix Assessment Matrix of Eval-

uated Transmission Assets. The substation condition details are described below. 

 

Figure 9-54: Single line diagram substation Apollo 400/275 kV 

Switchgear 

Activity class of switchgears classification 1,5 – The main devices (circuit breakers, instru-

ment transformers, disconnectors) were renewed during the modernisation in 2013, with a 

few exceptions in the 275 kV switchgear. Age-related wear and tear, no measures required 

(see Figure 9-55) 

− New 6 SF6-circuit-breakers AC classification 400 kV 1, 275 kV 2 – few low oil circuit 

breakers in 275 kV still in operation, replacement recommended in medium term. 
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− All disconnectors AC classification 1 – condition without findings. 

− All instrument transformers AC classification 1 – condition without findings. 

− Conductor ropes AC classification 1 – Age-related wear and tear, no measures re-

quired. 

− Steel construction AC classification 2 – Age-related wear and tear, no measures re-

quired. 

− Basements AC classification 2 – Age-related wear and tear, no measures required. 

− Groundings randomly inspected AC classification 2 – Age-related wear and tear, no 

measures required. 

The 400 and 275 kV switchgears are in very good condition, as many devices were renewed 

in 2013. Both switchgears have been thoroughly overhauled and very good maintenance and 

servicing has been carried out to date. Cleanliness and maintenance condition are excellent 

(see Figure 9-56). 

 

Figure 9-55: Modernized 400 kV switchgear substation Apollo 400/275 kV 
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Figure 9-56: Evaluation graphic switchgears substation Apollo 400/275 kV 

Power Transformers 

Activity class of Power Transformers (in operation since TRFR 1 2017, TRFR 2 2015, TRFR 

3 1989) classification 1,11 – The two newer transformer banks have a classification A very 

good of the last gas to oil analysis test values except for pole 1 of transformer 1. This has 

only a classification C fair test value, as does transformer 3, which has been in operation for 

over 30 years. No immediate action is required, but the gas in oil analysis test values should 

be monitored for deterioration (see Figure 9-57). 

− General impression of inspection AC classification 1 – condition without findings. 

− Gas in oil analysis (all transformers last test of 19.12.2022, A very good) AC classifi-

cation 1 – condition without findings. 

− Bushings AC classification 1 – condition without findings. 

− Tank AC classification 1 – condition without findings. 

− Oil leakage AC classification 1 – condition without findings. 

− Fire protection walls AC classification 1 – condition without findings. 

− Groundings randomly inspected AC classification 1 – condition without findings. 

− Steel construction, radiators etc. AC classification 1 – condition without findings. 

− Basement, oil leakage sump AC classification 1 – condition without findings. 

The two new power transformers 1 and 2 are in good condition. The older power transformer 

3 has age-related wear and tear but no immediate measures are required. The gas in oil 

analysis test values of the transformers with last test classification C should be monitored for 

deterioration. Cleanliness and maintenance condition are excellent (see Figure 9-58). 
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Figure 9-57 Power Transformer pole substation Apollo 400/275 kV 

 

Figure 9-58: Evaluation graphic Power Transformer substation Apollo 400/275 kV 

Operation Building 

Activity class of the operation building classification 1,07 – Age-related wear and tear, no 

measures required (see Figure 9-59). 

− Outside general impression of inspection AC classification 2 – Age-related wear and 

tear, no measures required. 

− Roof visual inspection from the ground AC classification 1 – Age-related wear and 

tear, no measures required. 
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− Walls AC classification 1 – Age-related wear and tear, no measures required. 

− Basement AC classification 1 – Age-related wear and tear, no measures required. 

− Surface AC classification 1 – Age-related wear and tear, no measures required. 

− Waterproofing visual inspection AC classification 1 – Age-related wear and tear, no 

measures required. 

− Lightning protection visual inspection from the ground AC classification 1 – Age-re-

lated wear and tear, no measures required Inside general impression of inspection 

AC classification 1 – Age-related wear and tear, no measures required. 

− Emergency exits, place for exit AC classification 1 – Age-related wear and tear, no 

measures required. 

− Ventilation AC classification 1 – Age-related wear and tear, no measures required. 

− Illumination AC classification 1 – Age-related wear and tear, no measures required. 

− Cleanness AC classification 1 – Age-related wear and tear, no measures required. 

Despite its many years of use, the operation building is in excellent condition. Cleanliness 

and maintenance condition are excellent (see Figure 9-60). 

 

Figure 9-59: Operation Building substation Apollo 400/275 kV 
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Figure 9-60: Evaluation graphic Operation Building substation Apollo 400/275 kV 

 

Secondary Technology 

Activity class of Secondary Technology classification 1,5 – Most of the SCADA components 

were renewed. The protection technology has been partially modernised but a high percent-

age are still electromechanical technology, nevertheless no immediate measures are neces-

sary (see Figure 9-61). 

− SCADA connection is available AC classification 1 – modernization activities imple-

mented, no immediate measures required. 

− Protection relays are modernized only partly AC classification 2 – further moderniza-

tion activities recommended at least in medium time, no immediate measures are 

necessary. 

Further modernization activities for secondary technology is recommended in the medium 

term to keep the substation available for remote control (see Figure 9-62). 
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Figure 9-61: Outdated secondary technology substation Apollo 400/275 kV 

 

Figure 9-62: Evaluation graphic secondary technology substation Apollo 400/275 kV 

 

AC/DC systems 

Activity class of AC/DC systems classification 1,33 – Age-related wear and tear, no 

measures required, auxiliary transformers were replaced in 2016, 2021 and 2022 (see Figure 

9-63). 
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− AC system including auxiliary transformers and AC-distribution AC classification 1 

– condition without findings. 

− DC-distribution AC classification 2 – Age-related wear and tear, no measures re-

quired. 

− AC/DC converters AC classification 1 – Age-related wear and tear, no measures 

required. 

The AC/DC systems were partly modernized. The auxiliary transformers were renewed in the 

last years. Cleanliness and maintenance condition are excellent (see Figure 9-64). 

 

 

Figure 9-63: Part of auxiliary system substation Apollo 400/275 kV 

 

Figure 9-64: Evaluation graphic AC/DC systems substation Apollo 400/275 kV 
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Battery systems 

Activity class of Battery systems classification 1 – condition without findings, no measures 

necessary (see Figure 9-65). 

− 220 V Batteries AC classification 1 – condition without findings. 

− 50 V AC classification 1 – condition without findings. 

The Battery systems correspond to the condition that it was commissioned less than 10 

years ago and is according to the current state of technology. Cleanliness and maintenance 

condition are excellent (see Figure 9-66). 

 

Figure 9-65: Battery system substation Apollo 400/275 kV 
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Figure 9-66: Evaluation graphic Battery systems substation Apollo 400/275 kV 

Streets/Footpaths/Fences 

Activity class of streets, footpaths and fences classification 1 – small wear and tear, no 

measures required (see Figure 9-67). 

− General condition AC classification 1 – small wear and tear, no measures required. 

− Fences and security AC classification 1 – small wear and tear, no measures required. 

− Dimensioning AC classification 1 – small wear and tear, no measures required. 

The streets, footpaths and fences have small wear and tear due to age, no measures re-

quired. Cleanliness and maintenance condition are excellent (see Figure 9-68). 

 

Figure 9-67: Street and fences substation Apollo 400/275 kV 
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Figure 9-68: Evaluation graphic Streets/Footpaths/Fences substation Apollo 400/245 kV 

Cable ducts 

Activity class of cable ducts classification 2 – Age-related wear and tear, but in a very good 

state of maintenance (see Figure 9-69). 

− Ducts AC classification 2 – Age-related wear and tear, no measures required. 

− Covers AC classification 2 – Age-related wear and tear, no measures required. 

− General condition, weathering AC classification 2 – Age-related wear and tear, no 

measures required. 

The cable ducts are in good condition. No measures are required. Cleanliness and mainte-

nance condition are excellent (see Figure 9-70). 
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Figure 9-69: Cable duct substation Apollo 400/275 kV 

 

Figure 9-70: Evaluation graphic substation Apollo 400/275 kV 

Summary substation Apollo 400/275 kV  

The Apollo 400/275 kV AC substation was modernized in 2017 (see Figure 9-71). The es-

sential devices (circuit breakers, instrument transformers, disconnectors) were renewed dur-

ing the modernization. Due to the excellent maintenance condition of all components of the 
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converter station, it is fully functional and available with a high degree of reliability despite its 

high operating age. The activity class was assessed at 1.31 (see Figure 9-72). 

 

 

Figure 9-71: Modernized 275 kV switchgear substation Apollo 400/275 kV 

 

Figure 9-72: Evaluation graphic total substation Apollo 400/275 kV 

9.3.5 Substation Thuso 

Brief description of the substation 

− Air insulated switchgear 400 kV double busbar plus bypass busbar (2x overhead line 

bays; 2x transformer bays, 1x coupling bay, all bays equipped with circuit breakers, 

see Figure 9-73). 

− 2 power transformers 400/132 kV, 250 MVA each. 
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− 132 kV transformer circuit breaker owned by Eskom, feeding into 132 kV switchgear 

of the local distribution network. 

− Year of commissioning 2014. 

− 2 auxiliary transformers 22/0,4 kV, 315 kVA connected to the tertiary winding of the 

two power transformers. 

− On-site inspection on 14th of April 2023. 

The summarised assessment extract is attached in the appendix Assessment Matrix of Eval-

uated Transmission Assets. The substation condition details are described below. 

 

Figure 9-73: Single line diagram substation Thuso 

 

Switchgear 

Activity class of 400-kV-switchgear classification 1 – condition without findings, no measures 

necessary (see Figure 9-74) 

− All 6 SF6-circuit-breakers AC classification 1 – condition without findings. 

− All disconnectors AC classification 1 – condition without findings. 

− All instrument transformers AC classification 1 – condition without findings. 

− Conductor ropes are only used for short connections, mainly tubular rails are used for 

the busbars and equipment connections. AC classification 1 – condition without find-

ings. 

− Steel construction AC classification 1 – condition without findings. 

− Basements AC classification 1 – condition without findings. 

− Groundings randomly inspected AC classification 1 – condition without findings. 

The entire switchgear corresponds to the condition that it was commissioned less than 10 

years ago. Cleanliness and maintenance condition are excellent (see Figure 9-75). 
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Figure 9-74: 400-kV-switchgear of substation Thuso 

 

Figure 9-75: Evaluation graphic 400-kV-switchgear substation Thuso 

Power Transformers 

Activity class of Power Transformers (in operation since 2015) classification 1 – condition 

without findings, no measures necessary (see Figure 9-76). 

− General impression of inspection AC classification 1 – condition without findings. 

− Gas in oil analysis (both transformers last test of 19.12.2022, A very good) AC classi-

fication 1 – condition without findings. 

− Bushings AC classification 1 – condition without findings. 

− Tank AC classification 1 – condition without findings. 

− Oil leakage AC classification 1 – condition without findings. 

− Fire protection walls AC classification 1 – condition without findings. 

− Groundings randomly inspected AC classification 1 – condition without findings. 
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− Steel construction, radiators etc. AC classification 1 – condition without findings. 

− Basement, oil leakage sump AC classification 1 – condition without findings. 

The two power transformers correspond to the condition that it was commissioned less than 

ten years ago. Cleanliness and maintenance condition are excellent (see Figure 9-77). 

 

Figure 9-76: Power Transformer 4 of substation Thuso 

 

 

Figure 9-77: Evaluation graphic of Power Transformers of substation Thuso 

Operation Building 

Activity class of the operation building classification 1 – condition without findings, no 

measures necessary (see Figure 9-78) 
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− Outside general impression of inspection AC classification 1 – condition without find-

ings. 

− Roof visual inspection from the ground AC classification 1 – condition without findings 

− Walls AC classification 1 – condition without findings. 

− Basement AC classification 1 – condition without findings. 

− Surface AC classification 1 – condition without findings. 

− Waterproofing visual inspection AC classification 1 – condition without findings. 

− Lightning protection visual inspection from the ground AC classification 1 – condition 

without findings. 

− Inside general impression of inspection AC classification 1 – condition without find-

ings. 

− Emergency exits, place for exit AC classification 1 – condition without findings. 

− Ventilation AC classification 1 – condition without findings. 

− Illumination AC classification 1 – condition without findings. 

− Cleanness AC classification 1 – condition without findings. 

The operation building corresponds to the condition that it was commissioned less than ten 

years ago. Cleanliness and maintenance condition are excellent (see Figure 9-79). 

 

 

Figure 9-78: Operation Building of substation Thuso 
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Figure 9-79: Evaluation graphic of Operation Building of substation Thuso 

Secondary Technology 

Activity class of Secondary Technology classification 1 – condition without findings, no 

measures necessary (see Figure 9-80) 

− SCADA according to the current state of the art AC classification 1 – condition without 

findings. 

− Protection relays are all digital, according to the current state of technology AC classi-

fication 1 – condition without findings. 

− Control room and equipment AC classification 1 – condition without findings. 

The secondary technology corresponds to the condition that it was commissioned less than 

ten years ago, and is according to the current state of technology. Cleanliness and mainte-

nance condition are excellent (see Figure 9-81). 
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Figure 9-80 Example of a protection cabinet in substation Thuso 

 

 

Figure 9-81: Evaluation graphic of Secondary Technology in substation Thuso 

AC/DC systems 

Activity class of AC/DC systems classification 1 – condition without findings, no measures 

necessary (see Figure 9-82). 
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− AC system including auxiliary transformers and AC-distribution AC classification 1 – 

condition without findings. 

− DC-distribution AC classification 1 – condition without findings. 

− AC/DC converters AC classification 1 – condition without findings. 

The AC/DC systems correspond to the condition that it was commissioned less than ten 

years ago and is according to the current state of technology. Cleanliness and maintenance 

condition are excellent (see Figure 9-83). 

 

Figure 9-82: Auxiliary transformer as example of one component of the AC/DC system 

 

Figure 9-83: Evaluation graphic of AC/DC systems of substation Thuso 
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Battery systems 

Activity class of Battery systems classification 1 – condition without findings, no measures 

necessary (see Figure 9-84). 

− 220 V Batteries AC classification 1 – condition without findings. 

− 50 V AC classification 1 – condition without findings. 

The Battery systems correspond to the condition that it was commissioned less than ten 

years ago and is according to the current state of technology. Cleanliness and maintenance 

condition are excellent (see Figure 9-85). 

 

Figure 9-84: Battery room of substation Thuso 

 

 

Figure 9-85: Evaluation graphic of Battery systems 
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Streets/Footpaths/Fences 

Activity class of streets, footpaths and fences classification 1 – condition without findings, no 

measures necessary (see Figure 9-86). 

− General condition AC classification 1 – condition without findings. 

− Fences and security AC classification 1 – condition without findings. 

− Dimensioning AC classification 1 – condition without findings. 

The streets, footpaths and fences correspond to the condition that it was commissioned less 

than ten years ago and is according to the current state of technology. Cleanliness and 

maintenance condition are excellent (see Figure 9-87). 

 

Figure 9-86: Transportation street and fence of substation Thuso 

 

 

Figure 9-87: Evaluation graphic of streets, footpaths and fences in substation Thuso 
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Cable ducts 

Activity class of cable ducts classification 1 – condition without findings, no measures neces-

sary (see Figure 9-88). 

− Ducts AC classification 1 – condition without findings. 

− Covers AC classification 1 – condition without findings. 

− General condition, weathering AC classification 1 – condition without findings. 

The cable ducts correspond to the condition that it was commissioned less than ten years 

ago and is according to the current state of technology. Cleanliness and maintenance condi-

tion are excellent (see Figure 9-89). 

 

Figure 9-88: Cable duct in substation Thuso 
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Figure 9-89: Evaluation graphic of cable ducts in substation Thuso 

 

Summary substation Thuso 

The Thuso substation was commissioned in 2014. No noticeable wear and tear have been 

observed on any of the plant components as a result of operation to date (see Figure 9-90). 

This corresponds to the relatively short period of operation of the substation, but also results 

from the good maintenance and servicing by the substation staff. Accordingly, no activities 

are necessary to improve the condition and all assessment classes were classified as 1 (see 

Figure 9-91, AC 1). 

 

Figure 9-90: Substation Thuso 
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Figure 9-91: Evaluation graphic total substation Thuso 
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9.4 Assessment Matrices of Evaluated Transmission Assets 

The assessment matrices of the various grid facilities are presented in this chapter. 

Assessment Matrix Substation Minerva 

 

Activity 

classification

WTC CSC SEC OAC AC

Grade 1,47 1,06 1 1,65 1,45

range of values 1-4 1-4 1 - 2 - 4 1-4 1-4

Main equipment (incl. Basement & steel construction

1 High voltage switchgear 400 and 275 kV 1,86 1 1 1,86 1,86

400 kV switchgear

Circuit breakers 2 1 1 2 2

Disconnectors 2 1 1 2 2

Instrument transformers 2 1 1 2 2

Conductor ropes 1 1 1 1 1

Steel constructions 2 1 1 2 2

Basements 2 1 1 2 2

Grounding 2 1 1 2 2

275 kV switchgear

Circuit breakers 2 1 1 2 2

Disconnectors 2 1 1 2 2

Instrument transformers 2 1 1 2 2

Conductor ropes 1 1 1 1 1

Steel constructions 2 1 1 2 2

Basements 2 1 1 2 2

Grounding 2 1 1 2 2

2 Power Transformers 1,56 1 1 1,44 1,44

1 General 2 1 1 2 2

Gas in oil analysis last result 3 1 1 2 2

Bushings 1 1 1 1 1

Tank 2 1 1 2 2

Oil leakage 2 1 1 2 2

Fire protection walls 1 1 1 1 1

Grounding 1 1 1 1 1

Steel construction, radiators etc. 1 1 1 1 1

Basement, oil leakage sump 1 1 1 1 1

3 Operation building 1,15 1 1 1,21 1,14

1 Outside general 1 1 2 1

Roof 1 1 1 1 1

Walls 1 1 1 1 1

Basement 1 1 1 1 1

Surface 2 1 1 2 2

Waterproofing 1 1 1 1 1

Lightning protection 1 1 1 1 1

Optical impression 2 1 1 2 2

2 Inside general 1 1 1 1 1

Water, wetness 1 1 1 1 1

Emergency exits, place for exit 1 1 1 1 1

Ventilation 1 1 1 1 1

Illumination 1 1 1 1 1

Cleanness 1 1 1 1 1

Additional components

4 Secondary Technology 1,5 1,5 1 2 1,5

1 SCADA, Control equipment 1 1 1 2 1

2 Protection 2 2 1 2 2

5 AC/DC systems 1,33 1 1 2 1,33

1 AC system 1 1 1 2 1

2 DC system 2 1 1 2 2

3 AC/DC converters 1 1 1 2 1

6 Battery systems 1 1 1 1 1

1 Batteries 220 V 1 1 1 1 1

2 Batteries 50 V 1 1 1 1 1

8 Streets/Footpaths 1,33 1 1 1,67 1,33

1 General condition 2 1 1 2 2

2 Fences/Security 1 1 1 1 1

3 Dimensioning 1 1 1 2 1

9 Cable ducts 2 1 1 2 2

1 Ducts 2 1 1 2 2

Covers 2 1 1 2 2

General condition, weathering 2 1 1 2 2

Classifications

Substation Minerva 400/275 kV
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Assessment Matrix Substation Craighall 

 

 

  

Activity 

classification

WTC CSC SEC OAC AC

Grade 1,52 1,43 1 1,56 1,52

range of values 1-4 1-4 1 - 2 - 4 1-4 1-4

Main equipment (incl. Basement & steel construction

1 High voltage 275 kV and 88 kV switchgear - double busbar (SF6 GIS) 1,40 1 1 1,60 1,40

275 kV SF6 GIS general condition section A 2 1 1 2 2

275 kV SF6 GIS general condition section B 1 1 1 1 1

88 kV SF6 GIS general condition section A 2 1 1 2 2

88 kV SF6 GIS general condition section B 1 1 1 1 1

Steel constructions 1 1 1 2 1

2 Power Transformers 1,78 1 1 1,89 1,78

1 General 2 1 1 2 2

Gas in oil analysis last result 2 1 1 2 2

Bushings 1 1 1 1 1

Tank 2 1 1 2 2

Oil leakage 2 1 1 2 2

Fire protection walls 1 1 1 2 1

Grounding 2 1 1 2 2

Steel construction, radiators etc. 2 1 1 2 2

Basement, oil leakage sump 2 1 1 2 2

3 Operation Building 1,43 1 1 1,43 1,43

1 Outside general 2 1 1 2 2

Roof 2 1 1 2 2

Walls 2 1 1 2 2

Basement 1 1 1 1 1

Surface 2 1 1 2 2

Waterproofing 1 1 1 1 1

Lightning protection 1 1 1 1 1

Optical impression 2 1 1 2 2

2 Inside general 2 1 1 2 2

Water, wetness 1 1 1 1 1

Emergency exits, place for exit 1 1 1 1 1

Ventilation 1 1 1 1 1

Illumination 1 1 1 1 1

Cleanness 1 1 1 1 1

Additional components

4 Secondary Technology 2 3 1 2 2

1 SCADA, Protection, Control equipment 2 3 1 2 2

2 Protection 2 3 1 2 2

5 AC-/DC systems 2 2 1 2 2

1 AC system 2 2 1 2 2

2 DC system 2 2 1 2 2

3 AC/DC converters 2 2 1 2 2

6 Battery systems 1 1 1 1 1

1 Batteries 220 V 1 1 1 1 1

2 Batteries 50 V 1 1 1 1 1

8 Streets/Footpaths 1 1 1 1 1

1 General condition 1 1 1 1 1

2 Fences/Security 1 1 1 1 1

3 Dimensioning 1 1 1 1 1

Classifications

Substation Graighall 275/88 kV
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Assessment Matrix Substation Eiger 

 

  

Activity 

classification

WTC CSC SEC OAC AC

Grade 1,96 1,5 1 2,03 1,95

range of values 1-4 1-4 1 - 2 - 4 1-4 1-4

Main equipment (incl. Basement & steel construction

1 High voltage switchgear 275 and 88 kV 2,43 2,43 1 2,43 2,43

275 kV switchgear

Circuit breakers 3 3 1 3 3

Disconnectors 3 3 1 3 3

Instrument transformers 3 3 1 3 3

Conductor ropes 2 2 1 2 2

Steel constructions 2 2 1 2 2

Basements 2 2 1 2 2

Grounding 2 2 1 2 2

88 kV switchgear

Circuit breakers 3 3 1 3 3

Disconnectors 3 3 1 3 3

Instrument transformers 3 3 1 3 3

Conductor ropes 2 2 1 2 2

Steel constructions 2 2 1 2 2

Basements 2 2 1 2 2

Grounding 2 2 1 2 2

2 Power Transformers 1,67 1 1 1,78 1,56

1 General 2 1 1 2 2

Gas in oil analysis last result 1 1 1 1 1

Bushings 1 1 1 2 1

Tank 2 1 1 2 2

Oil leakage 2 1 1 2 2

Fire protection walls 2 1 1 2 2

Grounding 1 1 1 2 1

Steel construction, radiators etc. 2 1 1 2 2

Basement, oil leakage sump 2 1 1 1 1

3 Operation building 1,93 1,57 1 2 1,93

1 Outside general 3 3 1 3 3

Roof 3 3 1 3 3

Walls 2 1 1 2 2

Basement 2 1 1 2 2

Surface 2 1 1 2 2

Waterproofing 3 3 1 3 3

Lightning protection 2 1 1 2 2

Optical impression 3 3 1 3 3

2 Inside general 2 1 1 2 2

Water, wetness 1 1 1 2 1

Emergency exits, place for exit 1 1 1 1 1

Ventilation 1 1 1 1 1

Illumination 1 1 1 1 1

Cleanness 1 1 1 1 1

Additional components

4 Secondary Technology 3 3 1 3 3

1 SCADA, Protection, Control equipment 3 3 1 3 3

2 Protection 3 3 1 3 3

5 AC-/DC systems 2 1 1 2 2

1 AC system 2 1 1 2 2

2 DC system 2 1 1 2 2

3 AC/DC converters 2 1 1 2 2

6 Battery systems 1 1 1 1 1

1 Batteries 220 V 1 1 1 1 1

2 Batteries 50 V 1 1 1 1 1

8 Streets/Footpaths/Fences 1,67 1 1 2 1,67

1 General condition 2 1 1 2 2

2 Fences/Security 2 1 1 2 2

3 Dimensioning 1 1 1 2 1

9 Cable ducts 2 1 1 2 2

1 Ducts 2 1 1 2 2

Covers 2 1 1 2 2

General condition, weathering 2 1 1 2 2

Classifications

Substation Eiger 275/88 kV
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Assessment Matrix Substation Apollo DC 

 

  

Activity 

classification

WTC CSC SEC OAC AC

Grade 1,51 1 1 1,6 1,5

range of values 1-4 1-4 1 - 2 - 4 1-4 1-4

Main equipment (incl. Basement & steel construction

1 High voltage converter bank and 275 kV switchgear 1,47 1 1 1,47 1,47

Converter bank

Converter 1 1 1 1 1

Insulators 1 1 1 1 1

Bushings 1 1 1 1 1

Conductor ropes 1 1 1 1 1

Steel constructions 1 1 1 1 1

Basements 1 1 1 1 1

Grounding 1 1 1 1 1

275 kV AC switchgear

Circuit breakers 2 1 1 2 2

Disconnectors 2 1 1 2 2

Instrument transformers 2 1 1 2 2

Conductor ropes 1 1 1 1 1

Harmonic filters and capacitors 2 1 1 2 2

Steel constructions 2 1 1 2 2

Basements 2 1 1 2 2

Grounding 2 1 1 2 2

2 Power Transformers 2,11 1 1 2 2

1 General 2 1 1 2 2

Gas in oil analysis last result 3 1 1 2 2

Bushings 2 1 1 2 2

Tank 2 1 1 2 2

Oil leakage 2 1 1 2 2

Fire protection walls 2 1 1 2 2

Grounding 2 1 1 2 2

Steel construction, radiators etc. 2 1 1 2 2

Basement, oil leakage sump 2 1 1 2 2

3 Operation Building 1,36 1 1 1,36 1,36

1 Outside general 2 1 1 2 2

Roof 2 1 1 2 2

Walls 2 1 1 2 2

Basement 1 1 1 1 1

Surface 2 1 1 2 2

Waterproofing 1 1 1 1 1

Lightning protection 1 1 1 1 1

Optical impression 2 1 1 2 2

2 Inside general 1 1 1 1 1

Water, wetness 1 1 1 1 1

Emergency exits, place for exit 1 1 1 1 1

Ventilation 1 1 1 1 1

Illumination 1 1 1 1 1

Cleanness 1 1 1 1 1

Additional components

4 Secondary Technology 1,5 1 1 2 1,5

1 SCADA, Protection, Control equipment 2 1 1 2 2

2 Protection 1 1 1 2 1

5 AC/DC systems 1 1 1 1 1

1 AC system 1 1 1 1 1

2 DC system 1 1 1 1 1

3 AC/DC concerters 1 1 1 1 1

6 Battery systems 1 1 1 1 1

1 Batteries 220 V 1 1 1 1 1

2 Batteries 50 V 1 1 1 1 1

8 Streets/Footpaths 1,67 1 1 2 1,67

1 General condition 2 1 1 2 2

2 Fences/security 2 1 1 2 2

2 Dimensioning 1 1 1 2 1

9 Cable ducts 2 1 1 2 2

1 Ducts 2 1 1 2 2

Covers 2 1 1 2 2

General condition, weathering 2 1 1 2 2

Classifications

Apollo converter station 530 kV DC/275 kV AC
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Assessment Matrix Substation Apollo AC 

 

 

  

Activity 

classification

WTC CSC SEC OAC AC

Grade 1,31 1,08 1 1,61 1,31

range of values 1-4 1-4 1 - 2 - 4 1-4 1-4

Main equipment (incl. Basement & steel construction

1 High voltage switchgear 400 and 275 kV 1,5 1 1 1,5 1,5

400 kV switchgear

Circuit breakers 1 1 1 1 1

Disconnectors 1 1 1 1 1

Instrument transformers 1 1 1 1 1

Conductor ropes 1 1 1 1 1

Steel constructions 2 1 1 2 2

Basements 2 1 1 2 2

Groundings 2 1 1 2 2

275 kV switchgear

Circuit breakers 2 1 1 2 2

Disconnectors 1 1 1 1 1

Instrument transformers 1 1 1 1 1

Conductor ropes 1 1 1 1 1

Steel constructions 2 1 1 2 2

Basements 2 1 1 2 2

Groundings 2 1 1 2 2

2 Power Transformers 1,11 1,11 1 1 1,11

1 General 1 1 1 1 1

Gas in oil analysis last result 2 2 1 1 2

Bushings 1 1 1 1 1

Tank 1 1 1 1 1

Oil leakage 1 1 1 1 1

Fire protection walls 1 1 1 1 1

Groundings 1 1 1 1 1

Steel construction, radiators etc. 1 1 1 1 1

Basement, oil leakage sump 1 1 1 1 1

3 Operation Building 1,07 1 1 1,36 1,07

1 Outside general 2 1 1 2 2

Roof 1 1 1 2 1

Walls 1 1 1 2 1

Basement 1 1 1 1 1

Surface 1 1 1 2 1

Waterproofing 1 1 1 1 1

Lightning protection 1 1 1 1 1

Optical impression 1 1 1 2 1

2 Inside general 1 1 1 1 1

Water, wetness 1 1 1 1 1

Emergency exits, place for exit 1 1 1 1 1

Ventilation 1 1 1 1 1

Illumination 1 1 1 1 1

Cleanness 1 1 1 1 1

Additional components

4 Secondary Technology 1,5 1,5 1 2 1,5

1 SCADA, Protection, Control equipment 1 1 1 2 1

2 Protection 2 2 1 2 2

5 AC-/DC systems 1,33 1 1 2 1,33

1 AC system 1 1 1 2 1

2 DC system 2 1 1 2 2

3 AC/DC concerters 1 1 1 2 1

6 Battery systems 1 1 1 1 1

1 Batteries 220 V 1 1 1 1 1

2 Batteries 50 V 1 1 1 1 1

8 Streets/Footpaths/Fences 1 1 1 2 1

1 General condition 1 1 1 2 1

Fences/Security 1 1 1 2 1

2 Dimensioning 1 1 1 2 1

9 Cable ducts 2 1 1 2 2

1 Ducts 2 1 1 2 2

Covers 2 1 1 2 2

General condition, weathering 2 1 1 2 2

Classifications

Substation Apollo 400/275 kV
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Assessment Matrix Substation Thuso 

 

  

Activity 

classification

WTC CSC SEC OAC AC

Grade 1 1 1 1 1

range of values 1-4 1-4 1 - 2 - 4 1-4 1-4

Main equipment (incl. Basement & steel construction

1 High voltage 400 kV switchgear - double busbar + bypass 1 1 1 1 1

Circuit breakers 1 1 1 1 1

Disconnectors 1 1 1 1 1

Instrument transformers 1 1 1 1 1

Conductor ropes 1 1 1 1 1

Steel constructions 1 1 1 1 1

Basements 1 1 1 1 1

Grounding 1 1 1 1 1

2 Power Transformers 1 1 1 1 1

1 General 1 1 1 1 1

Gas in oil analysis last result 1 1 1 1 1

Bushings 1 1 1 1 1

Tank 1 1 1 1 1

Oil leakage 1 1 1 1 1

Fire protection walls 1 1 1 1 1

Grounding 1 1 1 1 1

Steel construction, radiators etc. 1 1 1 1 1

Basement, oil leakage sump 1 1 1 1 1

3 Operation building 1 1 1 1 1

1 Outside general 1 1 1 1 1

Roof 1 1 1 1 1

Walls 1 1 1 1 1

Basement 1 1 1 1 1

Surface 1 1 1 1 1

Waterproofing 1 1 1 1 1

Lightning protection 1 1 1 1 1

Optical impression 1 1 1 1 1

2 Inside general 1 1 1 1 1

Water, wetness 1 1 1 1 1

Emergency exits, place for exit 1 1 1 1 1

Ventilation 1 1 1 1 1

Illumination 1 1 1 1 1

Cleanness 1 1 1 1 1

Additional components

4 Secondary Technology 1 1 1 1 1

1 SCADA, Control equipment 1 1 1 1 1

2 Protection 1 1 1 1 1

5 AC/DC system 1 1 1 1 1

1 AC system 1 1 1 1 1

2 DC system 1 1 1 1 1

3 AC/DC converters 1 1 1 1 1

6 Battery systems 1 1 1 1 1

1 Batteries 220 V 1 1 1 1 1

2 Batteries 50 V 1 1 1 1 1

8 Streets/Footpaths/Fences 1 1 1 1 1

1 General condition 1 1 1 1 1

2 Fences/Security 1 1 1 1 1

3 Dimensioning 1 1 1 1 1

9 Cable ducts 1 1 1 1 1

1 Ducts 1 1 1 1 1

Covers 1 1 1 1 1

General condition, weathering 1 1 1 1 1

Classifications

Substation Thuso 400/132 kV
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Assessment Matrix OHL Section 

 

 

Activity 

classification

WTC CSC SEC OAC AC

Grade 1,5 1 1 1,5 1,5

range of values 1-4 1-4 1 - 2 - 4 1-4 1-4

Main equipment (incl. Basement & steel construction

1 Tower 2,00 1 1 2,00 2,00

Basements 2 1 1 2 2

Steel construction 2 1 1 2 2

Coating 2 1 1 2 2

Groundings 2 1 1 2 2

2 Security 2 1 1 2 2

1 Prevention of unauthorised climb up 2 1 1 2 2

Prevention of vandalism 2 1 1 2 2

3 Insulation chains 1 1 1 1 1

1 General condition 1 1 1 1 1

Cleanness 1 1 1 1 1

Glass cups condition 1 1 1 1 1

Additional components

4 Marking 1 1 1 1 1

1 Label condition 1 1 1 1 1

2 Name of line 1 1 1 1 1

3 Number of tower 1 1 1 1 1

Classifications

Overhead Line Tower 1APO/THU013
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