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ABSTRACT 

The argument for nuclear power generation grows stronger internationally. Its increasing 
acceptance is attributable to scarcity of fossil fuel resources and environmental concerns. However, the 
potential implementation of nuclear power plants to solve our energy need has become an economic 
issue. The relatively high capital costs, the need to internalise all waste disposal and decommissioning 
costs are perceived barriers to the expansion of the nuclear industry. South Africa has embarked on an 
ambitious plan to provide 20 GW of electricity through the use of nuclear power by 2025. The success of 
the governments drive to stabilise electricity supply shall depend on the socio-economic conditions 
prevalent in the country over the stipulated period, but more specifically on the execution of a sustainable 
nuclear business model beyond the initial nuclear plant construction phases. This paper shall examine 
briefly, the key elements of a nuclear business case within the South African context. 

1 INTRODUCTION 

The socio-economic landscape of South Africa has witnessed a dramatic transformation since the change 
in the domestic political scene over a decade ago. The growth of an affluent middle class has led to an 
increased dependence on technology and manufactured products. Government programmes to eliminate 
widespread poverty has contributed to an unprecedented demand for an inexpensive supply of electricity. 
Poor planning and the success of the post-apartheid economy has translated into an almost complete 
depletion of the prevailing generating reserve margin culminating in the most significant crisis to strike the 
country – electricity power shortages. 

2 BACKGROUND 

The South African utility (ESKOM) has a current installed generating capacity of 38 000 MW, which is 
primarily based on coal-fired, gas-fired and nuclear generating technology (refer: Figure 1). The major 
issue facing the utility is the growth in the domestic demand for electricity and its inability to meet it. The 
utility reported a decreasing reserve margin from 25% (2001) to 8% (2008) [2]. Further, the utility is under 
pressure to reduce its dependence on coal-fired technology in the interest of environmental and health 
issues e.g. climate change. The government has declared that responsibility for the new capacity shall 
rest primarily with ESKOM (70%) with the balance being supplied by Independent Power Producers 
(30%). Subsequently, the utility has approved capital expenditure totalling ZAR 100Bn over the next five 
(5) years. Their business model is based on three principle drivers: market re-structuring; an integrated 
approach to growth and maximisation of synergies and operational experience [3]. Their challenge is 
deciding on the best construction option from an array of available technologies that differ in terms of 
construction and operational time costs, environmental impacts and base-load operating characteristics. It 
is accepted that nuclear power generation offers a unique opportunity for a sustainable, low carbon 
energy portfolio. Subsequently, ESKOM has proposed the implementation of 20 000 MW of new nuclear 
capacity by 2025. The utility has indicated that their selection criteria is the construction of a Pressurised 
Water Reactor Design i.e. EPR (Areva) or AP1000 (Westinghouse) and the standardisation of this 
technology with global trends.  
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Figure 1: Electricity Generation Capacity. [Adapted: DME (Ms P Molefe) – South Africa Energy 
Infrastructure Development, Energy Summit, 25 Sep 2007] 

 
Currently, regulatory approvals have been initiated for the initial NPP (Nuclear-1, 3250 MW) scheduled for 
construction and commercial operation by 2010 and 2016 respectively. The critical issue for 
implementation of this programme is finance. Traditionally, the consumer has had to subsidise the cost of 
similar expansion projects. Although, it is agreed that a similar process shall be pursued for the proposed 
new build projects, the government has been adamant that a realistic cap must be reached on the 
financial commitment from the consumer.  
 
ESKOM had requested that the National Energy Regulator (NERSA) approve an 18.7% tariff hike in 2007, 
which was rejected – instead the Regulator approved a 14.5% increase for the 2008/2009 financial year. 
The major argument against the tariff adjustment is the potential impact on lower income groups. The 
argument is not without merit since access to inexpensive electricity is a driver for the elimination of 
poverty; but a higher tariff structure would also have the benefit of promoting more efficient use of 
electricity among all societal groups.  
 
Nevertheless, the Government Treasury extended a ZAR 60Bn loan to ESKOM to assist the company 
meet cash-flow requirements [4]. This investment by the Treasury is integral to ensuring that the power 
utility can maintain its credit rating – since a downgrade of its credit rating would have seriously prevented 
the company from raising the ZAR 200Bn it needs from private investors for its capital expenditure 
programme [5]. Despite these initiatives, ESKOM has requested that the regulator review an increase in 
excess of its original proposal of 18.7% citing escalating coal prices [4]. In this context, it is useful to 
consider the economic feasibility of foreign and/or private sector investment in nuclear generation capacity 
beyond the initial NPP Nuclear-1 construction phase.  
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3 PURPOSE 

A business case should address the economic reasons for a project as opposed to the technical issues 
justifying the project’s existence. Therefore, the purpose of the proposed nuclear business case is to 
critically examine those essential elements, which could decide the economic success of the South 
African Nuclear Programme. However, the author intends to also identify how those key elements could 
ensure financial and technical independence of the South African Nuclear Programme.  

4 PROMOTING INVESTMENT 

South Africa’s electricity tariffs are the lowest in the world [6] (refer: Figure 2). The low electricity tariffs and 
the current market structure reduce the potential for foreign and/or private investment in the energy sector. 
ESKOM proposes that NERSA approve a 20% per year increase in electricity tariffs over the next four 
years. This would attract private sector and/or foreign investors, but the current market structure which is 
heavily regulated and dominated by ESKOM would still prove a limiting factor. It has been suggested that 
government should encourage ESKOM to consider the sale of some of its existing power stations to 
private sector investors [6]. The author believes that such a move in the nuclear industry could encourage 
the rapid rise in nuclear power plant construction; especially if the ownership of the plants were to be 
offered to foreign power utilities with a track record of constructing safe and reliable conventional nuclear 
power plants. The return on investment for the foreign power utility could be the re-sale of electricity to 
ESKOM and/or to other major electricity consumers at a pre-determined electricity tariff, adjusted annually 
to accommodate for interest on capital expenditure during the plant construction, rising operating costs 
and maintenance issues. This would be different from the proposed offer from Electricite de France (EDF) 
to part-finance ESKOM’s capex plan in return for equity in the country’s nuclear generation capacity. The 
author supports the idea that the investor should own the plant and seek to acquire a share in the 
electricity market. The author contends that such an interest from investors would create more incentive 
for the government to negotiate a viable long-term tariff setting policy.  
 

 
Figure 2: Electricity Pricing. [Adapted: NUS Consulting Group – International Electricity Survey and 
Cost Comparison, April 2007] 
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The other option available to the utility and one which is being seriously considered is co-generating 
plants. Several of the country’s top industrial electricity consumers have proposed constructing their own 
power stations to support their manufacturing plants e.g. SASOL and ArcelorMittal. The surplus energy 
generated could be sold back into the grid. However, the tariff expectation of the co-generator could prove 
limiting especially if a high premium is expected for the electricity produced. Nevertheless, the author 
believes this idea is feasible, but not for conventional nuclear power plants - since most of the heavy 
industry is located in the interior of the country where cooling water requirements for these reactors 
cannot be satisfied.  
 
However, this does present an opportunity for the implementation of gas cooled nuclear reactors e.g. 
Pebble Bed Modular Reactor (PBMR). The Department of Public Enterprises has tried to sell the idea of 
the PBMR to the private sector but with little success. The author believes that the primary obstacles to 
success are the potential investment risk in a first-of-a-kind technology and scepticism around the 
commercial business case with regard to local manufacture of key components for the PBMR.  
 
The preceding discussion suggests that localisation of manufacturing capability should be a key element 
in any sustainable nuclear business case. 

5 PROMOTING LOCALISATION 

The author contends that the issue of localisation is a key parameter in ensuring sustainability of the 
nuclear programme beyond the construction of Nuclear-1. The reason is a matter of finance and the 
development of economies of scale that would impact not only on the nuclear industry, but on the 
socio-economic condition of the country as a whole. It has been revealed that the cost of initiating the 
nuclear programme envisaged by ESKOM is incredible, but with government and/or private sector 
financial support it is feasible.  
 
However, without the development of a reliable domestic manufacturing and construction capability the 
financial needs of the programme would be unsustainable. Therefore, the author suggests that the nuclear 
business case should also establish the needs of the domestic manufacturing and construction industry 
and propose ways in which this industry’s growth could be promoted.  
 
South Africa cannot escape the need for more electricity nor its reliance on foreign vendor support for the 
implementation of the initial nuclear power plants, but it can ensure long-term independence with each 
new nuclear reactor that is brought on-line. It has been reported that the primary characteristic of the 
French NPP Construction Program, as opposed to other industrial government projects was its economic 
success [7]. However, it was an achievement built on a solid localisation drive that resulted in 
Westinghouse (USA) technology being gradually mastered by the French. A significant contributor to the 
successful localisation effort was the standardisation of the technology used. The author believes that a 
standardised design and regulatory approach would provide domestic manufacturers and constructors the 
opportunity to lower costs and deliver products that can meet the strict safety requirements imposed by 
the nuclear industry. However, a major result would be the development of economies of scale that could 
effectively reduce implementation costs and shorten the period for return on investment on these power 
plants.  
 
ESKOM has identified the deep localisation areas within the nuclear energy sector (refer: Table 1). 
However, the utility has proposed little with regard to how opportunities for localisation could be exercised 
by the domestic manufacturing, construction and technical service industries. The author believes that key 
to their nuclear business case should be a strategic business plan, which would mobilize local industry in 
the direction needed.  
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Table 1: Localisation Opportunities  

DEEP LOCALISATION AREAS SHALLOW LOCALISATION AREAS 

Uranium Mining, Conversion + Enrichment Roads 
Fuel Fabrication Earthworks 
Spent Fuel Reprocessing Foundations 
High Level Waste Storage Substations 
Turbine Manufacture Transmission Lines 
Heavy Electrical Manufacture Intake + Outfall Infrastructure 
Reactor Pressure Vessel + Steam Generator Manufacture  

 

6 ENSURING FUEL PRICE STABILITY 

The fundamental attraction of nuclear energy has been its low fuel costs in comparison with fossil fired 
plants. However, uranium needs to be mined, processed, enriched and fabricated into fuel elements – 
approximately 50% of the cost of the fuel can be attributed to the enrichment and fabrication processes [8]. 
Nevertheless, fuel cost is one area of steadily increasing efficiency and cost reduction. This was proven in 
Spain where nuclear electricity cost was reduced by 25 % through increased enrichment and burn-up 
levels to achieve a 40% fuel cost reduction over the period 1995 to 2001.  
 
Further, it can be shown that any rise in uranium prices would only have a minor impact on the cost of 
producing nuclear electricity because the spot price of uranium only represents ~5 to 10 % of the overall 
cost of generation [9]. A detailed study of the energy economics of nuclear power quantified the sensitivity 
of electricity generating costs to fuel price changes (refer: Figure 3). The study suggested that doubling of 
the uranium market price would typically increase the fuel cost for a light water reactor e.g. PWR, by 26% 
and the overall electricity cost by 7% [8].  
 

 
Figure 3: Sensitivity of Electricity Generation Cost to Fuel Price. [Adapted: Uranium Institute,  
Nuclear Power - Least Cost Option for Baseload Electricity in Finland , 2000] 
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These premises suggest that fluctuations in uranium price will not significantly influence the profitability of 
nuclear power plants and is a key element supporting a nuclear business case. However, it also 
strengthens the argument for securing the supply of uranium resources. South Africa has a large reserve 
of uranium (refer: Figure 4), which if exploited to its full potential and used in conjunction with closed fuel 
cycle technology would mean long-term sustainability of the nuclear power programme.  
 

 
Figure 4: Global Uranium Reserves. The percentage contribution is based on mining costs amounting 
to USD 80/kg Uranium. [Adapted: European Nuclear Society, Website Access, 24 April 2008] 

 

7 ENSURING RESOURCE CAPACITY 

The prospect of a nuclear business model without planning for technical skills development as well as 
research and development is unimaginable. The strategic programme proposed by the utility has identified 
the resource requirement for the duration of the nuclear new build programme (refer: Table 2).  
 

Table 2: Assessment of Required Resource Capacity  

NUMBER OF PERSONNEL 
PLACEMENT AREA 

Nuclear-1 Fleet (4 x NPP) Localised Support 
Nuclear Power Plants 1000 3200 3200 
Nuclear Programmes 300 900 3500 
TOTAL 1300 4100 6700 

 
The author believes that this programme could work, but that the associated business case should also 
model and/or mitigate against the risks arising from resource insufficiency during the roll-out phase. The 
cost of this risk, if not properly mitigated, could seriously delay operation of plants being brought on-line.  

8 WASTE MANAGEMENT, DECOMMISIONING AND REGULATION  

Finally, the business case should examine the cost of waste management and regulation within the 
prevailing and proposed market environment. There are many examples of how poor planning for the cost 
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of waste disposal and decommissioning has contributed to a decline in support for nuclear power. South 
Africa is in a unique position to learn from the combined experience of many developed nuclear power 
industries in this area and the author is confident that the ESKOM business case would adequately meet 
this challenge. Nevertheless, a typical estimate of decommissioning and waste management cost should 
be approximately 9-15% and 10% respectively [8].  
 
However, the author suggests that the cost of regulation and licensing is an area that could prove difficult 
to predict/model. The highly regulated energy market within South Africa would need to mobilise quickly to 
ensure a smooth nuclear programme roll-out and the author believes that this could incur a significant 
financial cost. This cost to the market could indirectly impact upon ESKOM in delays to its construction 
and plant operational schedules. However, more seriously it could mean excessive cost overruns on the 
proposed budget, especially for first-of-a-kind design e.g. PBMR. Therefore, provisions have to be made 
for such cost overruns over contractors’ estimates. A comparative cost estimate for South Africa is difficult 
to source, but if the assumed cost of licensing and the public inquiry in the United Kingdom (GBP 100 M) 
is anything to trend against [10] – then it can be assumed that a poor business model of this development 
cost could pose a significant risk factor for any investment decision pertaining to new build.  

9 CONCLUSIONS 

The preceding paper suggests that the nuclear programme cannot be sustained without clear economic 
objectives. It has identified a broad based industry investment from private and/or foreign sector 
participants as well as a proactive localisation effort by government as the key elements for the nuclear 
business case. However, it has also been shown that strategic planning for skilled resource capacity, 
mitigation of plant licensing risks and control of the uranium fuel cycle are essential to sustain industry 
growth. The author believes that the government has supported the Utility appropriately, but stresses that 
the nuclear programme cannot be sustained without measures to amend the existing tariff structure. The 
proposed increases in tariffs are inevitable and necessary. The argument that lower income earners 
should be protected from the tariff adjustment is valid, but should not prevent NERSA approving the 
required changes to the overall electricity pricing structure. South Africa is in a unique position to develop 
a stable and profitable nuclear industry. The lessons learned from the development of the French and 
Korean nuclear programmes are easily transferrable to the local conditions, but decisive action is needed 
to execute the objectives of the business case. 
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