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1. Introduction 
Integrated resource planning (IRP) is, in principle simple and identifies the cheapest way, ‘the 
least cost plan’ to meet electricity demand consistent with meeting other policy objectives 
such as environmental impact targets. In practice it requires a complex, data hungry model 
particularly involving costs of the various options. If the data is not accurate the model will 
produce incorrect results. Many of these variables are difficult to forecast particularly over 
the long time frame, several decades, an IRP covers. 

In this paper, we examine the case for nuclear power in South Africa as evaluated in the IRP. 
We identify the key factors determining the cost of a kWh of nuclear electricity and we 
examine the nuclear options available to South Africa. We base the options on those being 
investigated in the most recent attempt to launch a new nuclear programme including vendors 
from the countries that South Africa had signed, or expected to sign, an Intergovernmental 
Agreement. We include only options that are expected to meet the standards required in 
Europe and North America. 

2. The history of IRPs in South Africa 
The IRP has been updated several times since the original version was published in 2010 and 
promulgated 2011, but subsequent versions have not been promulgated and are therefore not 
official policy. The most recently published version of August 2018 was a draft open for 
comments for 60 days from its publication. 

None of the previous versions of the IRP have found nuclear power to be part of the least cost 
plan, at least before 2037 but in each case, the government has overruled the model results 
imposing a 9.6GW (6-8 new reactors) nuclear power programme to be in operation by 2030 
via a ‘ministerial determination’. 

It is legitimate for the government to overrule the model. However, it is important, if the 
process is to be legitimate; for the reasons for this overruling to be made explicit; and the 
additional costs this will place on electricity consumers, which should be proportionate to the 
objective the policy is intended to achieve, to be identified. 

The August 2018 draft does not find that nuclear power is part of the least cost plan and no 
ministerial determination has been made to it to force nuclear in but since this is a draft, the 
government could yet decide, following the consultation, to re-impose a nuclear programme. 
If it does this, in order for the cost of this overruling to be identified accurately, it is important 
that the variables that determine the cost of nuclear power are as accurate as possible. In 
addition, the IRP is described as a ‘living plan’ and many of the values of the variables will 
be passed on for subsequent updates, so it is important that errors are not perpetuated. 

3. The economics of nuclear power 
3.1.Construction costs 

To provide a full forecast of the cost of a kWh of nuclear electricity, many variables are 
required to cover the construction cost, the operating cost, the cost of waste disposal and the 
cost of decommissioning. However, the kWh cost is dominated, perhaps three quarters, by 
the fixed costs associated with construction, primarily the cost of construction (excluding 
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financing charges) and the cost of finance. These costs will be incurred in full regardless of 
how much output the plant produces. 

The ‘overnight’ (excluding finance) construction cost is widely quoted and there are good 
analytical reasons for this examining the overnight cost. The cost of finance will vary widely 
according to the circumstances of the project, such as the country involved, the buyer of the 
plant and the commercial arrangements for sale of the power. The more economically risky 
the project is perceived to be to those providing finance, the higher the cost of finance. For 
example, if the country or the buyer involved has a poor credit rating, finance will be 
expensive and perhaps impossible. If the output is to be sold into a competitive wholesale 
electricity market without protection from the market, it is likely that finance will be 
impossible. 

So while the overnight cost is important for international comparison purposes, the cost of 
finance will add significantly to the overnight cost. For example, the European Commission 
assumed that the cost of finance would add about 50 per cent to the overnight cost of the 
UK’s Hinkley Point project.  Given that it was expected that the loans would be backed by 1

sovereign guarantees provided by the UK government and that all the output produced would 
be bought by the government at a fixed real price for 35 years, this must be seen as a low risk 
project to the financiers, so projects that are riskier to the financiers will have a higher cost of 
capital. 

It is also important to remember when making international comparisons that currency 
exchange rates often fluctuate by up to 20% in a year and that inflation can distort 
comparisons. For example, if the inflation rate is 3% per annum, over only 5 years, nominal 
(rather than real or net of inflation) prices will go up by 16%. So differences of perhaps 
15-20% may not be significant. For international comparisons, it is general practice for 
overnight construction prices to be quoted in dollars per kilowatt of capacity ($/kW). In this 
paper, we assume the dollar/rand exchange rate is $1=R$14.94, the rate that applied on 
October 9, 2018.  It is important to note that if the real exchange rate of the Rand goes down, 2

as it has done over the past 15 years, the cost of importing components and of repaying the 
loans will go up significantly. 

3.2.Sources of construction cost estimates 
Construction costs for nuclear plants have been notoriously difficult to forecast with forecasts 
generally proving to be a significant under-estimate of actual costs. In practice, the best 
indicators of future costs are the most recent outturn costs. However, most countries do not 
publish independently audited costs and, particularly in centrally controlled countries with a 
nuclear reactor export business, there is a strong incentive to publish figures that present he 
competitiveness of their reactors in a good light. Only the USA and France publish reliable 
construction cost data and even in these cases the data needs careful interpretation. In the 

 https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2015.109.01.0044.01.ENG (Accessed 1

October 9, 2018)

 We assume £1=$1.32 and €1=$1.152
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USA, no nuclear orders not subsequently cancelled were placed after 1974 until the four most 
recent orders (see below for discussion of the Summer and Vogtle projects) on which 
construction started in 2013. In France the 5 reactors on which construction started after 1984 
have gone badly wrong. The four completed ones took 11-16 years from start of construction 
to commercial operation while the one still under construction is expected to take 14 years 
(see below for discussion of the Flamanville project) and its cost is more than 3 times the 
expected cost. 

The next best source of data is probably the bids placed in contemporary calls for tenders or 
published contract prices. These will be based on an assumption that there will be no major 
problems during construction and given that this is seldom the case, they are usually 
underestimates. 

Other sources of costs are international organisations such as the Nuclear Energy Agency and 
the World Energy Council, reactor vendors and engineering consultancies. The record of 
international organisations in forecasting is extremely poor and they should be discounted. 
Vendors have a strong self-interest in underestimating costs at least up to the point where they 
have to make firm bids. Even then they may underestimate costs if it is clear that if costs 
overrun, these extra costs can be recovered by the vendor. Engineering consultancies also 
tend to underestimate costs perhaps so that they can win lucrative contracts in nuclear 
projects and to avoid offending nuclear vendors who are their major customers. 

3.3.Turnkey contracts 
One apparent way to avoid the risk of cost escalation during construction would appear to be 
to sign fixed price or ‘turnkey’ contracts. There are practical reasons why these are not 
offered, for example, many contractors are involved in a given nuclear construction project so 
it is difficult to find one willing and able to take overall responsibility for the project. 
However, the main issue is that turnkey contracts represent an unsustainably large risk to the 
vendors and as a result are seldom offered. One exception was the Olkiluoto contract signed 
with the French company Areva in 2004 for an EPR reactor which set the price for the plant 
at €3bn including finance charges. By October 2018, the plant was not complete but it 
appears the total cost will be in excess of €11bn. After a dispute last 8 years, the costs have 
now been settled with Areva agreeing to pay the additional overnight costs and the buyer, 
TVO, having to meet the additional finance charges of about €2.4bn. These costs played an 
important role in the financial collapse of Areva (see below). The contracts with 
Westinghouse for the Summer and Vogtle projects (both two AP1000 reactors) in the USA 
were not initially turnkey but when things went wrong, Westinghouse decided to fix the 
remaining costs. A year later, it was clear these costs were underestimated by about $6bn. 
This costs were the major factor in the bankruptcy of Westinghouse and came close to 
bankrupting Westinghouse’s then owners, Toshiba. 

It is therefore clear that genuine turnkey contracts, under which all cost overruns would be 
met by the vendor will not be offered. Individual components may be bought under turnkey 
terms and vendors sometimes describe contracts as turnkey when all they mean is that they 
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will be responsible for the whole plant. Most nuclear projects are therefore contracted 
essentially on a cost-plus basis. 

4. The IRP assumptions 
The logical starting point for the IRP assumption on the overnight construction cost for a new 
nuclear reactor would be the winning bid in South Africa’s aborted 2008 call for tenders. This 
was placed by Areva for EPRs and was reported to be in excess of $6000/kW.  If we assume 3

that annual inflation since then was only 2.5%, that would equate to $7700/kW (R$115,000/
kW) in 2018 money, somewhat less than the expected cost of the two EPRs planned for 
Hinkley Point now expected to cost £6250/kW or $8200/kW. Given that there is evidence that 
prices have risen in real terms since then, an estimate of about $8000/kW would appear to be 
a minimum. 

However, the bids for the 2008 tender have been totally ignored in the various versions of the 
IRP and estimates supplied by the US consultancy EPRI have been used.  For the latest draft, 4

as in the previous 2016 draft, the overnight construction cost is estimated to be R$55260/kW, 
or about $3700kW, presumably in 2016 prices although this is not specified. Given that this is 
about half the estimated cost for actual contemporary projects where they are known, it is 
hard to know how use of such an unrealistic estimate can be justified. The EPRI data also 
suggests short construction times, as low as 36 months. It appears that EPRI has uncritically 
accepted the claims of the nuclear vendors. 

5. South Africa’s options  5

The two bidders in South Africa’s aborted nuclear call for tenders were Areva and 
Westinghouse. It is almost certain that if there was a new call for tenders, the new owners of 
these companies would express an interest with their EPR and AP1000 designs and so it is 
important to evaluate these as options. However, the financial collapse of both companies in 
2016-17, the appalling construction record of these two designs, their high cost and the 
likelihood that any bid would not come with an offer of low-cost finance means these are 
unlikely to be credible options. 

The more realistic options are the Russian vendor, Rosatom with its AES-2006, the Korean 
vendor KEPCO (APR1400) and the Chinese vendor, SNPTC offering the Westinghouse 
AP1000 under license. The common perception is that these vendors can offer finance, the 
construction cost is lower, and their projects are less prone to delay and cost overrun. The 
South African government signed or was in the process of signing intergovernmental 
agreements with the governments of these five vendors when the agreements with Russia and 
South Korea were declared unlawful. 

 Nucleonics Week ‘Big Cost Hikes Make Vendors Wary of Releasing Reactor Cost Estimates‘ Sept 11, 20083

 http://www.energy.gov.za/IRP/irp-update-draft-report2018/EPRI-Report-2017.pdf (Accessed 4

October 16, 2018)

 Data on construction times and operating performance are taken from the IAEA’s PRIS database. https://5

pris.iaea.org/PRIS/home.aspx (Accessed October 10, 2018)
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If the SNPTC AP1000 is not an option there are two other Chinese vendors, CGN and 
CNNC, both offering a Chinese design reactor, Hualong One that could be considered. 

A seventh option is the Pebble Bed Modular Reactor (PBMR). While this was abandoned in 
2010 after 12 years of development funded by South African public money, the technology 
still has its supporters who would like the development programme to be revived. 

5.1.Rosatom AES-2006  6

The AES-2006 was widely seen as the front-runner in the most recent attempts by South 
Africa to launch a new nuclear programme and, of the options available, it has as much 
construction experience, more operating experience (albeit minimal), a large order book and 
its exports have generally been connected with offers of finance facilitated by the Russian 
government.  Its orders are exclusively in countries where there has been no open tender 7

process and generally have followed intergovernmental negotiations. Most of its orders are in 
countries with limited or no experience of nuclear power plant operation. Including orders for 
reactors of earlier designs on which work has yet to start, Rosatom appears to have firm 
export orders for about 30 reactors, nearly all of which depend on the availability of Russian 
finance and all of which would be ahead of South Africa in the queue for resources. If we 
assume each reactor requires Russian loans of about $5bn, this will require Russian financial 
institutions to lend about $150bn over the next decade. 

5.1.1. Background 
The AES-2006 was announced by Rosatom in 2006 and was said to meet all the requirements 
of European regulators. There are two distinct versions, one designed by the Moscow design 
office of Rosatom and the other by the Leningrad design office. There are significant design 
differences between the two but it is not clear yet whether one version is superior to the other 
in terms of safety, price, buildability and reliability. It has not been announced which version 
would be offered to South Africa. Four orders were promptly placed for the home market 
(two using the Moscow and two the Leningrad version) with an expectation that ordering 
would continue at a rate of about three reactors per year for Russia. However, by 2018, only 
one more order for an AES-2006 had been placed, for the Kaliningrad enclave and 
construction was suspended in 2013 after only a year of work and is not expected to restart. 
There are projections of eight orders being placed by 2025, but there must be doubts whether 
many of these will materialise. 

Export orders were won in large numbers from 2010 onwards and by 2017, about 25 orders 
for AES-2006 reactors – for Belarus, India, Turkey, Bangladesh, Vietnam, Finland, Hungary 
and Egypt – had been placed along with six for older designs – India (AES-92), China 
(AES-91), Iran (AES-92), and Jordan (AES-92). The orders for Jordan and Vietnam have 
been abandoned. Of the exports, by October 2018, there was substantial construction 

 S D Thomas (2018) ‘Russia’s nuclear export programme’ Energy Policy, 121, p 236-247.6

 In 2010, Rosatom announced a new design, VVER-TOI produced by the Moscow office, which would 7

supersede the AES-2006 with 20 per cent lower costs and a construction time of only 40 months and this would 
be ready to order within two years. But it was not till 2018 that construction on the first reactor was started and 
it appears unlikely it will be offered for export until it has been proven in operation in Russia.
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experience with AES-2006 only in Belarus. Construction finally started on reactors in Turkey 
and Bangladesh from late 2017 onwards, up to six years later than expected when the 
contracts were signed. For all the export orders, start of construction will be several years 
later than forecast at the time the contracts were signed. A key factor in winning these orders 
appears to have been promises that local content would be high.  It is not clear whether these 8

promises of local content have been fulfilled. While a high level of local content is usually 
seen as beneficial to the importing country, there are risks. For example, if the importing 
country sets up production facilities for components, if the volume of orders is low and not 
sustained, it could be left with an expensive, but underutilised facility. 

5.1.2. Costs 
The reported cost of Russian nuclear exports suggests the reactors will cost about the same 
(per unit of capacity) as an EPR or AP1000 (see Table 1). It appears the current pre-
construction estimate of cost is about $7000/kW, although the estimate for the export to the 
country with the longest history of independent safety regulation, Finland, is significantly 
higher. 

Table 1   Cost estimates for AES-2006 exports 

Source: S D Thomas (2018) ‘Russia’s nuclear export programme’ Energy Policy, 121, p 236-247. 
Vietnam: http://www.dw.com/en/vietnam-ditches-nuclear-power-plans/a-36338419 
Finland: http://www.fennovoima.fi/uutiset/uutiset/vastaus-greenpeacen-avoimeen-kirjeeseen 
Bangladesh: Nucleonics Week ‘Bangladesh, Russia initial contract for construction of Rooppur’ December 17, 
2015 
Turkey: http://www.hurriyetdailynews.com/construction-of-first-turkeys-nuclear-plant-to-begin-next-spring-in-
akkuyu.aspx?PageID=238&NID=72824&NewsCatID=348  
Egypt: Rusdata ‘Moscow, Cairo to ink $26bn nuclear plant construction deal in Q1 2016’ December 30, 2015 
Hungary: Nucleonics Week ‘Hungary approves Eur10 billion Russian funding for new Paks units’ June 26, 2014 
Notes:  

1. All internet sources accessed October 10, 2018. 
2. Based on exchange rates on November 15, 2016. 

5.1.3. Construction and operating experience 
Experience with the AES-2006 is almost exclusively in Russia and Belarus. Talking about 
Belarus, Rosatom CEO, Alexei Likhachev stated: ‘We decide everything ourselves, this 
reduces the amount of time greatly and lays the mechanisms that insure us against higher 

Country Site Cost estimate US$ per reactor Date

Turkey Akkuyu 1-4 5.5bn 10/14

Egypt Dabaa 6.5bn 5/16

Bangladesh Rooppur 1, 2 6.6bn 12/15

Hungary Paks 6.7bn (€6.25) 6/14

Finland Hanhikivi 7-7.5bn (€6.5-7bn) 8/15

Vietnam Ninh Thuan 1, 2 9bn 10/16

 https://www.bloomberg.com/news/articles/2014-09-22/russia-south-africa-sign-agreement-for-nuclear-power-8

plants (Accessed May 11, 2017)
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costs.’  This suggests that experience in Belarus has limited relevance to other export 9

markets. 

The first AES-2006, Novovoronezh 2-1, entered commercial operation in 2017 after 9 years 
of construction. Initial operation of the plant resulted in two major equipment failures 
requiring expensive repairs.  Leningrad 2-1 entered the testing phase in March 2018 after 10 10

years of construction but was not in commercial operation by October 2018, suggesting that 
problems have been encountered. In February 2018, Rosatom announced it was delaying 
completion of the second units at Novovoronezh and Leningrad overtly to diminish the 
financial burden on industrial energy users. The 2016 launch of the first unit of 
Novovoronezh-2 and the BN-800 fast reactor led to a 30 per cent increase in the price of the 
nuclear power component that users paid.  This is strong evidence that claims of low costs 11

are not being realised. 

The two reactors in Belarus started construction in 2013/14. In July 2016, one of the reactor 
vessels was dropped while being manoeuvred. Belarus has demanded that Rosatom replace 
the vessel despite Rosatom’s claims the vessel was still serviceable. This will delay 
completion of the plant but it is not clear by how long and completion is still expected in 
2019/20. 

5.1.4. Finance 
There are two major issues with finance: is the Russian government able to provide finance 
from Russian sources it controls on the scale required to fulfil its order book; and are the 
terms offered affordable and prudent? 

The financing model varies according to the country and in some cases, Rosatom has taken a 
substantial equity stake in the project, for example, Finland and Turkey. Where this is not the 
case and Russia is offering to provide loans for the majority of the cost, for example, 
Bangladesh, Hungary and Egypt, the terms seem similar. For example, for Bangladesh, the 
2016 agreement allowed Bangladesh to borrow US$11.385bn, 90 per cent of the expected 
construction cost. The loan cost would be six month Libor plus 1.75 per cent per annum with 
a cap of 4 per cent, to be repaid in 28 years, starting in 2026. The terms of the loans to 
Hungary, Egypt and Bangladesh, requiring that repayment of these loans must start 10 years 
after the agreement, have caused concern in Hungary because of the risk to the Hungarian 
economy if Hungary has to start repaying loans on a facility that was not yet generating 
income. Nearly all the local utilities buying Russian plants are state-owned and responsibility 
for repaying the debt will ultimately fall on the government, i.e., taxpayers, if the utility fails. 

The impact of international economic sanctions on Russia and the low oil price mean that the 
strain of providing finance is already apparent. Banks that have recently required multi-

 Russia & CIS Energy Newswire ‘Russia reaffirms interest in building nuclear plant in Uzbekistan, suggests 9

Belarusian partnership model (Part 2)’  May 30, 2018

 Nuclear Intelligence Weekly ‘Russia’s newest PWR grapples with large equipment failures’ July 14, 2017, p 710

 Nuclear Intelligence Weekly ‘Newbuild Rollout Impacts Large Energy Users’ March 2, 2018, p 4-511
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billion dollar bail-outs are involved and for Finland, a Russian pension fund will be used to 
provide finance, a use that a Russian minister has said was not rational and would not be 
repeated. 

5.1.5. Supply chain and skills 
The capability of Rosatom’s supply chain to fulfil such a large order book is difficult to 
assess. Given that Rosatom started construction on only ten reactors in the decade up to 2018 
and that to fulfil its order book would probably require five construction starts per year, it 
must be in doubt. However, some useful insights on quality can be gained from the 
preparations in Finland to build the Hanhikivi reactor (using the St Petersburg design). 
Construction is expected to start in 2019 and the Finnish nuclear regulator, STUK, a well-
respected open and transparent regulatory body, has begun to inspect Rosatom’s facilities to 
determine whether they meet the required standard. 

In 2015, STUK inspected Rosatom’s OKB Gidropress facility (designer of the primary 
circuit), its RAOS Project facility (supplier of the reactor) facility and its Atomproekt (main 
designer of the reactor). STUK’s report  found shortcomings at all three facilities 12

particularly in staffing and shortage of experts. It stated RAOS Project still has problems in 
their management system and their organisation despite promises made a year before to 
rectify these problems. In 2017, STUK stated that a “slower than expected build-up” of 
organizational and project management teams has delayed the original document submission 
timetable for Hanhikivi by about 9 months.  A lack of resources in Rosatom was blamed. 13

By 2018, construction at Hanhikivi was expected to start in 2019 with completion in 2024. In 
January 2017, the Finnish safety regulator warned of a delay of about nine months in it 
completing its safety assessment due to lack of skills in the project management team . In 14

April 2018, delays in issuing the construction license and additional regulatory requirements 
for the manufacture of the reactor vessel meant that construction start would not be before 
2020 and the 2024 target completion date was implausible.  15

5.2.Areva/Framatome EPR 
The EPR (1600MW) has been reviewed in detail by the UK, French and Finnish authorities. 
The UK system of generic design assessment aims to resolve all design issues for a particular 
design before construction on the first unit starts. This process was completed in 2012, the 
approval is valid for 10 years and is valid for any project using an EPR. The French and 
Finnish systems resolve issues during the construction phase and the design will only be 
given final approval when the plant is complete. 

 http://www.stuk.fi/stuk-valvoo/ydinturvallisuus/stukin-kolmannesvuosiraportointi/uusien-hankkeiden-12

valvonta (Accessed October 17, 2016)

 Nuclear Intelligence Weekly ‘Finland: Dearth of Qualified Personnel Stalls Hanhikivi’ February 24, 2017, p 613

 Nuclear Intelligence Weekly ‘Dearth of Qualified Personnel Stalls Hanhikivi’ February 24, 2017, p 614

 Nuclear Intelligence Weekly ‘Hanhikivi Faces Licensing and RPV Delays’ April 20, 2018, p 415
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Areva/Framatome  has won six orders for its EPR reactor design. The Olkiluoto reactor 16

(Finland) has been continually delayed from its forecast completion date of 2009 and in 
October 2018, further delays were announced so that completion will not now be before 
2020.  The contract for the plant was a turnkey one for €3bn. This cost included finance but 17

since the money borrowed was at 1.7% and the expected construction period was 4 years, the 
interest during construction was expected to be small. However, when costs began to escalate 
Areva refused to honour the turnkey contract in 2009 and it was not till March 2018 that the 
extra costs were allocated after a lengthy arbitration process. Essentially Areva agreed to pay 
the additional overnight costs, about €5.1bn and the buyer, TVO, paid the additional finance 
costs, €3.3bn. The total cost including finance was expected to be €11.4bn making the 
overnight cost about €8bn ($5800/kW).  18

The Flamanville reactor has also been continually delayed with the latest delay also 
announced in October 2018.  It will now not be completed before 2021, 9 years late and the 19

original cost of €3.2bn has escalated to €10.9bn ($7800/kW).  The site has been plagued by 20

quality problems. For example, in 2015, it was discovered that the steel in the reactor vessel 
base and lid were not of the appropriate quality and the lid will have to be replaced in an 
expensive repair in 2024. In 2018, it was found that 53 safety critical repairs were not up to 
specification and will have to be repaired causing yet more delays. On top of revelations that  
a large volume of quality control documentation at Areva’s Creusot forge had been falsified 
for up to 50 years, this leaves the quality control credentials of Areva/Framatome badly 
damaged. 

Two EPRs were ordered for China for the Taishan site. The first of these was in the testing 
phase in October 2018 after 9 years of construction. The second was still under construction 
after more than 8 year’s work. This compares to the typical construction time for reactors in 
China of 4-5 years. No reliable cost data is available. 

Two EPRs were ordered for the Hinkley site in the UK in 2016 but construction start is not 
expected before 2019 and the owner, EDF, has admitted it might not be till 2021. In 2010, 
EDF forecast the plant would be complete by Christmas 2017 and in 2012, it estimated the 

 The Areva reactor sales and servicing business was sold to EDF in 2018 and renamed Framatome.16

 https://af.reuters.com/article/commoditiesNews/idAFL8N1WJ5OS (Accessed October 10, 2018)17

 Nuclear Intelligence Weekly ‘End In Sight After Settlement on €11.4 billion-Plus OL3’ March 2016, p 4-5 18

and https://www.tvo.fi/news/1966 (Accessed October 10, 2018).

 https://www.reuters.com/article/edf-flamanville/update-1-edfs-flamanville-nuclear-plant-may-require-further-19

repairs-asn-idUSL8N1WJ1VF (Accessed October 10, 2018)

 https://www.nucnet.org/all-the-news/2018/07/25/edf-confirms-cost-increase-and-delays-flamanville-3-fuel-20

loading-by-one-year (Accessed October 10, 2018)
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https://www.nucnet.org/all-the-news/2018/07/25/edf-confirms-cost-increase-and-delays-flamanville-3-fuel-loading-by-one-year
https://www.tvo.fi/news/1966


cost for the two reactors as £12bn. This has been revised up in several steps and in July 2017, 
EDF estimated the cost at £19.6-20.3bn ($8000-8400/kW).  21

The costs associated with the Olkiluoto overruns were a major factor in the financial collapse 
of Areva, which was majority owned by the French government. The French government 
brokered a rescue that required Areva to be split into two parts with a majority stake in the 
reactor sales and servicing division being sold to the French utility, EDF (also majority state-
owned). It has been renamed Framatome. 

It is not clear whether the French government would be willing to support a Framatome bid 
with the offer of loan guarantees. But, given the appalling record of the EPR in construction, 
its high cost and its poor quality control record, it is hard to see it as a credible option for 
South Africa. 

5.3.Westinghouse AP1000 
The AP1000 design (1180MW) has been reviewed in detail by the US and UK authorities, 
both of whom aim to resolve all design issues before construction starts. These processes 
were completed in 2011 and 2017 respectively. 

Westinghouse has won 8 orders for the AP1000, four for the USA and four for China. The 
latter are examined in section 5.5. The Summer and Vogtle orders were both for two AP1000s 
and construction work on these started in 2013 with completion expected in 2016-18. 
Construction cost per reactor was expected to be $5.2bn and $6.65bn respectively ($4600/kW 
and $5600/kW). Problems arose immediately and by 2015, the plant purchasers were suing 
Toshiba/Westinghouse and its suppliers for the cost and time overruns. In October 2015, 
Toshiba/Westinghouse attempted to settle these disputes by signing new contracts to 
complete the plants for, effectively, a fixed cost.  Little more than a year later Toshiba/22

Westinghouse acknowledged it would lose at least US$6.1bn on these contracts and it was 
these losses that effectively bankrupted Westinghouse in 2017 also putting Toshiba in severe 
financial difficulties. In 2017, the Summer project was abandoned and there appears a serious 
risk that the Vogtle project will also be abandoned. When it was abandoned in August 2017, 
the estimated cost for Summer had risen to $25bn ($10,600/kW) and completion was not 
expected before 2022 and 2024 for the second unit, 6 years late. In October 2018, the 
estimated cost of Vogtle had risen to $19.2bn ($8100/kW) and the project was also at least 6 
years late.  23

The Westinghouse nuclear business was bought by a Canadian company Brookfield in 2018 
but it is not clear what its intentions for the company are, particularly whether it will continue 
to market the AP1000 or whether it will rely on the more stable and less risky reactor service 
and maintenance business. 

 https://www.edf.fr/en/the-edf-group/dedicated-sections/journalists/all-press-releases/clarifications-on-21

hinkley-point-c-project (Accessed October 10, 2018)

 Nuclear Intelligence Weekly ‘Analysis: Behind the US AP1000 Cost Escalations’ February 24, 2017, p 3.22

 Nuclear Intelligence Weekly March 16, 2018, p 9.23
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There seems little prospect that any Westinghouse bid would be supported by sovereign loan 
guarantees and, as with the EPR, given the appalling record of the AP1000 in construction 
and its high cost, it is hard to see it as a credible option for South Africa 

5.4.KEPCO APR1400 
One reactor of the APR1400 (1340MW) design, in Korea is complete and four more are 
under construction in Korea. In 2010, KEPCO won its first reactor export order for four 
reactors to be supplied to the UAE. The winning bid was spectacularly low, equating to about 
US$3600/kW, about 30 per cent lower than the next cheapest bid (for EPRs). At the time the 
order was placed, there was no nuclear safety regulatory body in the UAE so it must be 
assumed that the UAE accepted Korea’s safety case uncritically. The Areva CEO, Anne 
Lauvergeon was highly critical of the safety features in the APR1400 claiming it was ‘like a 
car without airbags and seatbelts’.  KEPCO acknowledged the design did not contain 24

expensive features such as a double containment to protect against aircraft impact and a core-
catcher that would be required in Europe. Construction of the first two units of this design in 
Korea was delayed due to the discovery of large scale falsification of quality control 
documents for more than 2000 components.  The complete plant, which took 9 years to 25

build, has only one complete year of operation in which its performance was outstanding. The 
two reactors with substantial construction are likely to take up to 12 years to build  and 26

EPRI’s claim that the APR1400 can be built in 36 months appears fanciful. It is difficult to 
evaluate the APR1400, which in the form it has been built does not meet the criteria for Gen 
III+ because of lack of construction experience and regulatory evaluation with a design that 
would satisfy European or US regulators. 

Construction on the four reactors bought by UAE (Barakah) started at annual intervals from 
2012 onwards. In 2018, the first reactor was reported to be complete after 6 years of 
construction , but there were insufficient trained operators to run it. However, by October 27

2018, it was clear the problems were much more extensive than a shortage of trained 
personnel and involved major quality issues. For example, significant cracks had been found 
in the reactor containments of all four reactors requiring repair.  As a result fuel loading was 28

not expected till 2019/20 at the earliest with commercial operation unlikely before 2021, 

24

 http://www.world-nuclear-news.org/RS-Indictments_for_South_Korea_forgery_scandal-1010137.html 25

(Accessed April 5, 2017)

 Nucleonics Week ‘Startup ofShin-Kori-4 in South Korea delayed until summer 2019’ September 13, 26

2018, p 3.

 UAE Government News ‘UAE National Defense College Delegation Witnesses the Steady Progress at 27

the Barakah Nuclear Energy Plant’ May 1, 2018

 Nuclear Intelligence Weekly ‘Weekly Round-up’ October 19, 2018, p 1.28
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making the construction time 9 years.  KEPCO is likely to face significant penalty charges 29

as a result of the four-year delay. 

It appeared KEPCO was hoping to sell reactors to the UK when in January 2018, it was 
named as preferred bidder for a UK site approved for new reactors. This would have required 
it to submit the design with the required upgrades to the UK regulator for comprehensive 
evaluation. However, KEPCO has let this option lapse and it no longer appears interested in 
the UK market. It submitted its design to the US regulator in 2014 but as it has no sales 
prospects in the USA, it appears little progress has been made in its evaluation. 

In May 2017, a government was elected in Korea committed to phasing out nuclear power in 
Korea by 2025. It would seem unlikely that such a government would offer strong support to 
export reactors. 

5.5.SNPTC AP1000  30

In 2007, China placed orders for four AP1000s (two each for the Haiyang and Sanmen sites) 
with Westinghouse, with the expectation that the AP1000 would progressively take over new 
orders for China. A new company, the State Nuclear Power Technology Corporation was set 
up to be the Chinese partner in the construction and to import and indigenise the technology 
under license to Westinghouse. 

Three reactors started construction in 2009 and one of these entered commercial service in 
September 2018 and the other three were in testing period. The construction time of 9 years is 
shorter than the US AP1000s were expected to take but significantly more than the majority 
of reactors in China. China’s plans suggest it still expects the AP1000 to take over ordering in 
China but the first orders supplied by SNPTC have been continually postponed in the past 5 
years apparently waiting for the first AP1000 to be completed and shown to be able to 
operate reliably before orders are placed. As a result, SNPTC has yet to supply a reactor and 
its only experience is as the Chinese partner for reactors imported from Westinghouse. 

There are also concerns that the cost of the AP1000 has proved higher than expected and that 
cost reductions achieved by indigenisation will not be as large as hoped. Concerns about 
costs led SNPTC to develop a scaled-up version of the AP1000, CAP1400, presumably in the 
belief that scale economies would be significant. This design, which SNPTC claims is its 
own intellectual property and can thus be sold without reference to Westinghouse has been 
said to be ready to order since 2014 but by October 2018, construction on the first unit had 
not started. 

Cost estimates from China must be treated with caution but in 2016, a Chinese government 
agency estimated the costs as $7.61bn per two reactor plant ($3200/kW), 30% higher than the 
2010 estimates. These estimates are almost certainly lower than the current estimates 
reflecting the problems encountered in the past two years but are well below the US costs. If 
China decides to switch to the indigenously developed design, Hualong One, developed 

 Nuclear Intelligence Weekly ‘Persistent Headwinds at Barakah’ October 12, 2018, p 5.29

 S D Thomas (2016) ‘China's nuclear power industry and Europe’ Energy Policy, 101, p 683-69130
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jointly by CGN and CNNC it would seem unlikely that SNPTC could credibly offer the 
AP1000 or the CAP1400 for export. An offer of the AP1000 would be dependent on the 
owner of the intellectual property of the AP1000, Westinghouse, being willing to allow 
SNPTC to export the design. While SNPTC claims the CAP1400 is its own intellectual 
property, the fact that construction of the first unit has not even started in China makes this a 
highly speculative option. 

Measures imposed by the US government in October 2018 placing restrictions on exports of 
US-sourced nuclear equipment to China may mean that SNPTC will, at least until supply 
capability is built up in China, not be able to supply AP1000 or CAP1400 reactors.  31

The Chinese government allocates potential export markets to one of the three Chinese 
vendors and South Africa was allocated to SNPTC. If the AP1000 is not pursued in China, it 
may be that the Chinese government will allocate SNPTC’s markets (South Africa and 
Turkey) to either CGN or CNNC offering the Hualong One (see below). 

5.6.CGN/CNNC Hualong One  32

CGN and CNNC both began to produce their own advanced designs from 2008 onwards, 
ACPR-1000 and ACP-1000 respectively, building on the M310 rather than the EPR. Four of 
the ACPR-1000 design have started construction in China and two of the ACP-1000 are 
under construction in Pakistan.  However, in 2013, the Chinese government required CGN 33

and CNNC to merge their advanced designs to form a unified one, Hualong One. Since then 
four reactors designated Hualong One have started construction in China from 2015 onwards 
and construction is reported to be going well although in the past, delays have not been 
acknowledged in China until it was impossible to ignore them. For example, the delays with 
China’s AP1000s and its EPRs were only acknowledged in 2013 when the reactors had been 
under construction for 4 years. By 2017, it was clear the designs had not been merged and 
these were CGN’s and CNNC’s distinct versions of the Hualong One.  

The CGN version of the Hualong One (1000MW) has been proposed for construction in the 
UK at the Bradwell site. The process of gaining approval from the UK safety regulator started 
in January 2017  and it seems unlikely it will be complete before 2022 so a UK Hualong 34

One is highly unlikely to be in service before 2030. It is not clear whether the design offered 
to UK is really unified.  35

 Nuclear Intelligence Weekly ‘US Government Clamps Down on Nuclear Supplies to China’ October 12, 31

2018, p 3.

 S D Thomas (2016) ‘China's nuclear power industry and Europe’ Energy Policy, 101, p 683-69132

 Pakistan has ordered 6 reactors from CNNC dating back to 1993, four using a Chinese 300MW PWR design 33

and two using the ACP-1000 design

 http://www.onr.org.uk/new-reactors/uk-hpr1000/index.htm (Accessed May 11, 2017)34

 Nuclear Intelligence Weekly ‘China: The Impact of Hualong-One Standardization’ April 28, 2017, p 5.35
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5.7.PBMR  36

Work on the Pebble Bed Modular Reactor was started in South Africa in 1992 and made 
public in 1998 when it was forecast that commercial reactors would be available to buy form 
2004 onwards. Development was abandoned in 2010 after expenditure of more than R$10bn 
of public money when no orders were in sight. The design was not sufficiently developed to 
submit it to the South African safety regulator, the NNR, a daunting task as the NNR would 
be the first regulator to review a new and innovative design. Eskom estimated commercial 
units would not be available before about 2030 and forecast costs per reactor had escalated 
many-fold. The capability built up was broken up and appears to have gone to other countries 
developing high temperature reactors such as USA and China. 

Despite this experience, there is still support amongst some in South Africa for reviving the 
programme despite the evident cost and time of rebuilding the design capability and the risk 
that further development work would not result in a commercially viable reactor with a 
significant market. 

The main development work on this basic design outside South Africa has been carried on in 
China, which, like South Africa, licensed the technology from a German company. A 
demonstration plant, Shidao Bay, has been under construction in China since 2012 and in 
2016 was reported to be due online in 2017. Latest reports suggest completion late in 2018, 
but past experience suggests this may slip.  As with other Chinese reactors, no reliable cost 37

data is available. It remains to be seen whether operation will be reliable. The record of the 
prototype and demonstration pebble bed reactors in Germany is poor. 

The Chinese version is much less technologically ambitious than the South African version. 
While the Chinese version is often said to be the first Generation IV reactor  (new advanced 38

designs very different to those in existence now) it is designed to operate at only 650C 
compared to 850C for the South African version and 1000C for the Very High Temperature 
Reactors foreseen in the Generation IV literature. The operating temperature is important for 
two reasons: first there may be a safety issue if the fuel pebbles overheat and disintegrate but 
this is much less likely if the temperature is designed to be only 650C ; second, at 1000+C, 39

the heat could be used to catalytically break up water into hydrogen and oxygen much more 
efficiently than the normal electrolytic process. Hydrogen could be a useful fuel.  

China has plans for more pebble bed reactors but these are far from finalised and not certain 
to go ahead. Any PBMR programme for South Africa could not benefit from finance by a 
foreign vendor’s government. Given the experience of 12 years of effort on the PBMR not 

 S D Thomas (2011) ‘The Pebble Bed Modular Reactor: An obituary’ Energy Policy, vol 39, 5, 2431-244036

 http://www.world-nuclear-news.org/Articles/HTR-PM-steam-generator-passes-pressure-tests  (Accessed 37

October 10, 2018)

 https://www.gen-4.org/gif/jcms/c_59461/generation-iv-systems (Accessed October 10, 2018)38

 https://www.theengineer.co.uk/nuclear-safety-pebble-bed-reactors/ (Accessed October 10, 39

2018)
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resulting in a complete design, reviving the PBMR programme must be seen as a long-term, 
highly risky option that would be too speculative for inclusion in the IRP. 

6. Conclusions 
In spite of the use of grossly unrealistically low nuclear construction cost estimates, none of 
the versions of the IRP published have found a case for inclusion of new nuclear plants. 
Nuclear has been forced into the plan by ‘ministerial determinations’. There has never been a 
clear case for these interventions that specifies the policy objectives the nuclear programme 
will achieve or the cost to electricity consumers of not choosing the ‘least cost’ option. 
Ministerial interventions are legitimate but must always be justified answering the questions 
why and at what cost. 

As the IRP is a ‘living plan’, it is important that a realistic cost estimate for nuclear is 
included. This will ensure that if the real cost of alternatives does rise - this appears unlikely 
on current trends – nuclear does not appear in the least cost plan based on inaccurate data. A 
realistic cost estimate will also mean that the cost of choosing nuclear through a ministerial 
determination is not underestimated. 

There appears to be a tendency, when the economics of nuclear power are shown to be 
unattractive, to assume that the problem is that the wrong option has been chosen. This paper 
has reviewed the options available to South Africa and there is no evidence that attractive 
options have been overlooked. We take as our criteria: electricity cost (using construction 
cost as a proxy), provenness in construction and operation, licensability by highly 
experienced, transparent, independent and well-resourced safety regulators and availability of 
finance. 

While the EPR and the AP1000 (supplied either by Westinghouse or SNPTC) meet the 
criterion of licensability, in all other respects they fail. There is no significant operating 
experience with these designs, the construction experience is uniformly appalling, the costs 
are prohibitively high and it seems unlikely that governmental finance will be available at 
least if supplied by Westinghouse. It would appear a highly risky option to spend the large 
amount of time and public money needed to resuscitate the PBMR option given that after 12 
years of intensive effort and large amounts of public money, a commercially viable design 
was not in sight. 

The Hualong One and the APR1400 options have yet to complete review by a strong and 
independent regulator, there is little or no operating experience and there is no strong 
evidence that costs would be low. The quality control problems in Korea and UAE seriously 
damage the credibility of the APR1400. It always seemed likely that the price offered to UAE 
was a loss-leader designed to establish them in the world reactor export market and while it 
may have done this, the cost to KEPCO is likely to have been high and the terms offered to 
UAE will not be repeated. 

If the SNPTC AP1000 option is replaced in South Africa by CGN or CNNC, China may well 
be willing to support a bid by CGN or CNNC with finance. Support by the Korean 
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government would appear to be inconsistent with Korea’s policy to phase out nuclear power 
in Korea. 

The most credible option is probably Russia. Orders from Russia are typically accompanied 
with offers of finance. The AES-2006 design has yet to complete assessment by a strong 
independent regulator. Finland does provide some information, but the reactor there will not 
be complete before 2025 when the authorities will give final approval. Costs do not appear to 
be much lower than those offered for the EPR and AP1000 and are nearly double those 
assumed in the IRP. There is no significant construction experience outside Russia and 
experience in Russia is poor. The minimal operating experience is not good. If South Africa 
was to choose Rosatom, it would be at the end of a long queue of existing orders all with a 
prior claim on the financial and supply chain resources needed.
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