Annex 1: Overview by Region and Country
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The November 2013 edition of the Integrated Resource Plan for Electricity, which has not been
updated since, concludes:

The nuclear decision can possibly be delayed. The revised demand projections suggest that no new
nuclear base-load capacity is required until after 2025 (and for lower demand not until at earliest 2035)
and that there are alternative options, such as regional hydro, that can fulfil the requirement and allow
further exploration of the shale gas potential before prematurely committing to a technology that may

be redundant if the electricity demand expectations do not materialise.362

However, DOE’s Strategic Plan 2015-2020, released in April 2015, maintains the 2030 objective,
but states that the investment in the 9.6 GWe Nuclear New Build Program “requires an innovative
financing mechanism to provide a firm basis to launch procurement”.363 A Nuclear Cooperation
Agreement (NCA) signed with Russia in September 2014 allows for the delivery of VVER reactors
“with total installed capacity of up to 9.6 GW”, in other words potentially covering the entire
program. This raised some concerns for the overall procurement process364 and in October 2015,
environmental organization Earthlife Africa went to court against the entire new-build decision-
making process, arguing that “the government is not complying with the constitution because
they’re doing this in a very secret, non-transparent, non-cost effective manner”.365

Whatever the political and legal disputes, the main stumbling block remains finances. State utility
Eskom withdrew the 2008 call-for-tender, because credit-rating agencies had “threatened” to
downgrade the company, if it went ahead. In November 2014, Moody’s downgraded Eskom
nevertheless to “junk”.366 In the latest rating action of May 2016, Moody's confirmed the Bal-
rating associated with a negative outlook.367 Eskom remains in critical condition as generating
costs are increasing, consumption is falling, investment requirements are increasing and
competitors are reportedly ferocious.368

The current new-build plan would see the government launching the procurement process. This
in turn could threaten the credit-rating of the country. In its rationale to the latest credit-rating
action in May 2016, Moody’s confirmed South Africa Baa2 rating (outlook negative), just two
notches off “junk”, and stressed:

The authorities have also stated that expensive new projects such as the construction of massive
nuclear power facilities and national health insurance will be developed only at the pace and scale
that the budget allows.369

362 DOE, “Integrated Resource Plan for Electricity (IRP) 2010-2030”, Update Report 2013,

21 November 2013.

363 DOE, “Strategic Plan 2015-2020", April 2015, see http://www.energy.gov.za/files/aboutus/DoE-Strategic-
Plan-2015-2020.pdf, accessed 15 May 2015.

364 NIWW, “Russia Deal Unleashes Fury Over Procurement Process”, 26 September 2014.

365 NIW, “South Africa - Battles Behind the 9.6 GW Newbuild”, 19 February 2016.

366 Moody's, “Moody's downgrades Eskom to Bal; outlook stable”, 7 November 2014.

367 Moody's, “Moody's confirms Eskom's Bal ratings; negative outlook”, 9 May 2016.

368 FF Publishers, “Eskom: from a crisis of capacity, to a crisis of rising prices, declining demand and
funding”, 15 November 2015, see http://www.ee.co.za/article/eskom-crisis-capacity-crisis-rising-prices-
declining-demand-funding.html, accessed 4 June 2016.

369 Moody's, “Rating Action: Moody's confirms South Africa's sovereign rating at Baa2 and assigns a
negative outlook”, 6 May 2016, see https://www.moodys.com/research/Moodys-confirms-South-Africas-
sovereign-rating-at-Baa2-and-assigns--PR_348291, accessed 16 June 2016.
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An overwhelming majority of participants from government, banking sector, academia and
independent expert community concluded during an NGO-convened March 2016 “Technical
Workshop on the Economics of Nuclear Energy” in Johannesburg that there was no viable
financing scheme for newbuild in sight.370 It is therefore difficult to conceive that the nuclear
newbuild program would fit into South Africa’s strained budget for many years to come.

The five-year target as outlined in the Strategic Plan, is to have completed technology and vendor
selection, the procurement process and to have begun construction of the first unit by 2020; with
connection of the first unit to the grid by 2023 and the second one in 2024. This appears to be an
overly ambitious timeline, by any standards.

The Americas

Argentina operates three nuclear reactors that in 2015 provided 6.5 TWh (a 24 percent

increase over 2014, with Atucha-2 reaching 100 percent power in February 2015) or 4.8 percent
of the country’s electricity (down from a maximum of 19.8 percent in 1990).

Historically Argentina was one of the countries that embarked on an ambiguous nuclear program,
officially for civil purposes but backed by a strong military lobby. Nevertheless, the operating
nuclear plants were supplied by foreign reactor builders: Atucha-1, which started operation in
1974, was supplied by Siemens, and the CANDU (CANadian Deuterium Uranium) type reactor at
Embalse was supplied by the Canadian Atomic Energy of Canada Limited (AECL). After close to
30 years of operation, the Embalse plant was shut down at the end of 2015 for major overhaul,
including the replacement of hundreds of pressure tubes, to enable it to operate for up to 30 more
years. Reportedly, contracts worth US$440 million were signed in August 2011 and at the time,
the work was expected to start by November 2013.37!1 According to some reports, the
refurbishment is planned to take about two years, with restart scheduled for March 2018.372
However, Nuclear Engineering International estimated the project could take up to five years and
cost about US$1.5 billion, warning: “It must be noted, however, that the various Candu
refurbishment projects in Canada (Bruce, Pickering and New Brunswick) have tended to overrun
on both time and budget.”373

Atucha-2 had been ordered in 1979 and was officially listed as “under construction” since 1981.
Finally, on 3 June 2014, the first criticality of the reactor was announced and grid connection was
established on 27 June 2014. It took until 19 February 2015 for the unit to reach 100 percent of

370 A summary of the workshop with links to the presentations can be found at Henrich B6ll Foundation,
Southern Africa, “Workshop Report: The Economics of Nuclear Energy in South Africa”, 9 May 2016, see
https://za.boell.org/2016/05/09/workshop-report-economics-nuclear-energy-south-africa, accessed

1 July 2016.

371 Research and Markets, “Nuclear Power Market in Argentina”, May 2012.

372 SCN Lavalin, “Embalse Nuclear Generating Station Life Extension”, Undated, see
http://www.snclavalin.com/en/embalse-nuclear-generating-station-life-extension, accessed 5 June 2016.
373 NEI, “Argentina—a possible return to new nuclear?”, 15 October 2013, see
http://www.neimagazine.com/opinion/opinionargentina-a-possible-return-to-new-nuclear/, accessed

16 June 2016.
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its rated power374 and until 26 May 2016 to enter commercial operation.37> The delays in the
startup procedures echo the 33-year construction time.

In early May 2009, Julio de Vido, then Argentina’s Minister of Planning and Public Works, stated
that planning for a fourth nuclear reactor would begin and that construction could start within a
year.376 Seven years later, work has not started. In February 2015, Argentina and China ratified an
agreement to build an 800 MW CANDU-type reactor at the Atucha site. Construction is to take
eight years, but it has not been announced, when work will start.377 In October 2014, Nuclear
Intelligence Weekly noted that “while it's unclear when construction on Atucha-3 might start, the
goal is to commission the reactor by July 2022”. Atucha-3 is expected to cost US$5.8 billion.378 In
November 2015, a contract was signed between state-controlled Nucleoelectrica and CNNC for
assistance on building Atucha-3. While only supplying about 30 percent of the work, CNNC is
expected to bring along 85 percent of the financing and Nucleoelectrica would act as designer,
architect, engineer, builder and operator of the plant. This is quite a novel arrangement.

A framework agreement was also signed between the two companies for the construction of a
Hualong One reactor, China’s new, and as yet untested, Generation III design.379 A commercial
contract was scheduled to be signed by the end of 2016.380 But in May 2015, as a result of delays
in the Hualong One construction at Fuqing in China, it was reported that signature was likely to
be pushed into 2017.381

After repeated delays, construction of a prototype 27 MWe PWR, the domestically designed
CAREM25 (a type of pressurized-water Small Modular Reactor with the steam generators inside
the pressure vessel) began near the Atucha site in February 2014, with startup planned for 2018.
The reactor is said to cost US$450 million,382 or about US$17,000 per installed kWe, a record for
reactors currently under construction in the world.

!"#$%&perates two nuclear reactors that provided the country with 13.9 TWh or 2.8 percent

of its electricity in 2015 (down from a maximum of 4.3 percent in 2001).

As early as 1970, the first contract for the construction of a nuclear power plant, Angra-1, was
awarded to Westinghouse. The reactor went critical in 1981. In 1975, Brazil signed with Germany

374 WNN, “Atucha 2 reaches 100% rated power”, 19 February 2015, see !""#$%%6&'&()*+ ,-./*01) ,
-0&2'()3%44,5"./'1 ,6,)01/102,788,#0)/0-" )1"0+#(&0),79867:86'!":* , accessed 16 June 2016.

375 WNN, “Atucha 2 receives full operating licence”, 31 May 2016, see ""#$%%&&& '&()*+/*01) ,
-0&2'()3%<55"./11 ,6,)0/0>?020.*#0)1">-3*>/0-/0,A78:7B:"I";* , accessed 4 June 2016.

376 Marketwire.com, “Argentina to Reinforce Nuclear Energy by Adding 700 MW and Building Fourth
Nuclear Plant”, 7 May 2009.

377 WNN, “Argentina and China plan fourth reactor”, 3 February 2015, see ""#$%%&&& '&()*+/*01) ,
-0&2'()3%44,5)30-">-1,1-+,C!>-1.#*1-, @(.)",)01/"() ,8A867:87'!";* , accessed 16 May 2015.

378 WNN, “Argentina-China talks on new nuclear plants”, 8 May 2015, see ""#$%%&&&'&()*+/*01) ,
-0&2'()3%445)30-">-1,C!>-1,"1*D2- ,-0& ,-./*01) #*1-"28E8:7:87'!";* , accessed 16 June 2016.

379 NIW, “Moving closer to Atucha-3 and HPR1000 Newbuilds”, 6 November 2015.

380 WNN, “Hualong One selected for Argentina”, 5 February 2015, see !""#$%%&&&'&()*+/*01) ,
-0&2'()3%44,F.1*(-3 ,G-0,20*0/"0+@()p)30-">-1,8:867:H'!";* , accessed 16 May 2015.

381 WNN, “Argentina-China talks on new nuclear plants”, 8 May 2015, op.cit.

382 NIW, “Cost Overruns Put Mobile Breeder Project in Quandary”, 7 November 2014.
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what remains probably the largest single contract in the history of the world nuclear industry for
the construction of eight 1.3 GW reactors over a 15-year period. However, due to an ever-
increasing debt burden and obvious interest in nuclear weapons by the Brazilian military,
practically the entire program was abandoned. Only the first reactor, Angra-2, was finally
connected to the grid in July 2000, 24 years after construction started.

The construction of Angra-3 was started in 1984 but abandoned in June 1991. However, in
May 2010, Brazil’s Nuclear Energy Commission issued a construction license and the IAEA noted
that a “new” construction started on 1 June 2010. In early 2011, the Brazilian national
development bank (BNDES) approved a 6.1 billion Reais (US$3.6 billion) loan for work on the
reactor.383 Reportedly, in November 2013, Eletrobras Eletronuclear signed a €1.25 billion
(US$1.425 billion) contract with French builder AREVA for the completion of the plant.384
According to AREVA, in the first quarter of 2015, 13 percent of the “work packages” had been
approved for delivery to Brazil. “Progress on the project is dependent on the securing of project
financing by the customer”, AREVA added.385> Commissioning was previously planned for
July 2016 but has been delayed to May 2018. No reasons were given for the new delays.386

The position on nuclear power of the incoming government under President Mauricio Macri
remains unclear. The issue did not play any role in the December 2015 election.

Canada operates 19 reactors, all of which are CANDU (CANadian Deuterium Uranium),

providing 95.6 TWh or 16.6 percent of the country’s electricity in 2015 (down from a maximum
of 19.1 percent in 1994), but 60 percent of the Province of Ontario’s provincial power supply.
However, in Ontario, the role of wind power is rapidly expanding and already represents
10 percent of the Province's installed capacity—versus 36 percent for nuclear—and has doubled
its share in the generation mix from 3 to 6 percent in just two years.387

The Canadian CANDU reactor design typically requires extensive repair and upgrading work to
operate beyond 25 years. This work—often referred to as re-tubing or refurbishment—involves
the removal and replacement of hundreds of highly radioactive pressure tubes from the reactor
core, as well as the replacement of other life-limiting components, such as steam generators, and
the upgrading of plant systems to meet modern regulatory requirements.

The estimated cost of extending the life of a CANDU reactor has tripled over the past fifteen years.
In 2002, the cost of refurbishing New Brunswick’s single unit Point Lepreau nuclear station was
estimated at CAD840 million (US$533 million).388 In 2012, Hydro-Quebec estimated the cost of

383 However, it is surprising to note that AREVA’s 400-page Reference Document 2012 does not even
contain the word “Angra”.

384 I"#1$% , “Brazil Releases Production Figures For Angra Nuclear Station”, 20 January 2014, see
"#$%%&E&&'()*(+",-. %/ + X +&2%3456%45%34 Y F+HBOR+RE-,:)*"9,( 19.)-+2L,- Y(.-/ 1()*0+/-12"/"9,(;
and &!! , “Areva contracted to complete Angra 3”, 8 November 2013, see !""#$%%&&&'&,-A)*0+/- 1
(+&2',-.%<E=-+>/T,("-/*"+. 1, ¥ ?2#0+"+E(.- /1@IAS5@6'!"?both accessed 16 June 2016.

385 AREVA, Press Release, 29 April 2015.

386 1'% , “Briefs—Brazil”, 9 January 2015.

387 I[ESO (Independent Electricity System Operator), “Supply Overview”, see
""#$%%&&E&'9+2,"*/%B/.+2%B &#7%2)##0D'/2#Eccessed 5 June 2016.

388 NB Power, “Project Execution Plan—Appendix A-4, Table 1-1”, February 2002.
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rebuilding its Gentilly-2 nuclear at over CAD3 billion (US$3 billion). The company estimated the
cost of electricity post life-extension would be 10.8 CAD cents/kWh. As result—also giving in to

political pressure—Hydro-Quebec decided to close the Gentilly-2 reactor instead of rebuilding
1t.389

In 2010, Ontario Power Generation (OPG, formerly Ontario Hydro) announced it would not
rebuild the four Pickering “B” reactors at the end of their design life. OPG estimated the cost of
electricity post rebuilt at approximately 10 CAD cents/kWh.39 Previously, OPG had announced in
2005, it would permanently shut down two reactors at the Pickering “A” nuclear station due to
“the costs and the risks” of restarting them.391

In total, nine of Canada’s 22 CANDU Generation Il reactors have been closed, or are set for closure,
due to the high cost of CANDU life-extension.

The Ontario government’s 2013 Long Term Energy Plan (LTEP) committed to rebuilding and
extending the lives of ten reactors at the Darlington and Bruce nuclear stations. The LTEP also
stated the six operating Pickering units were “expected to be in service until 2020” but with an
earlier shutdown “possible depending on projected demand going forward, the progress of the
fleet refurbishment program, and the timely completion of the Clarington Transformer Station”.392

In December 2015, the Ontario government announced it had reached an agreement with Bruce
Power, a private company that leases the Bruce nuclear site from state-owned OPG, to rebuild and
extend the lives of six reactors at the Bruce Nuclear Generating Station (NGS).393 Commencement
of work on the first reactor was delayed from 2016 to 2020 compared to the 2013 LTEP schedule.
Bruce Power received a five-year licence for the Bruce A and B nuclear stations in 2015, but in
making its decision the Canadian Nuclear Safety Commission (CNSC) noted: “Refurbishment was
not considered in the context of this hearing. The Commission wishes to be clear that, in the event
of an application for refurbishment at the Bruce NGS, this application will be considered at a public
proceeding with public participation.”3%

In January 2016, the Ontario government announced, it would allow OPG to proceed with the
CAD12.8 billion (US$18.5 billion) life-extension plan for the four Darlington units, with work to

389 Hydro-Québec, “Projet de réfection de la centrale nucléaire Gentilly-2”, 2 October 2012, see
http://nouvelles.hydroquebec.com/media/filer private/2012/12/17/etat_de_situation 1.pdf, accessed

9 June 2016.

390 OPG response to questions posed by Shawn-Patrick Stensil after a mediation held on 28 July 2010, in
Freedom of Information request no. 100007, Energy Analyst, Greenpeace Canada. Information quoted in
Pembina Foundation and Greenpeace Canada, “Renewable is Doable”, September 2013, see
http://www.greenpeace.org/canada/Global/canada/report/2013/09/GPC_ENERGY PLAN2013.pdf, accessed

6 July 2016.

391 Ontario Power Generation, “Annual Report 2006”, p.22, see
www.opg.com/about/finance/Documents/2006_Annual_Report.pdf, accessed 6 July 2016.

392 Ministry of Energy, “Achieving Balance—Ontario’s Long-Term Energy Plan”, December 2013.

393 Government of Ontario, “Ontario Commits to Future in Nuclear Energy”, Ministry of Energy,

Press Release, 3 December 2015, see https://news.ontario.ca/mei/en/2015/12/ontario-commits-to-future-in-
nuclear-energy.html, accessed 16 June 2016.

394 CNSC, “Record of Proceedings, Including reasons for Decision in the Matter of Application to Renew the
Power Reactor Operating Licences for Bruce A and Bruce B Nuclear Generating Stations”, 2015, p. 5, see
http://nuclearsafety.gc.ca/eng/the-commission/pdf/2015-04-14-CompleteDecision-BrucePower-e-
edoc4798838.pdf, accessed 9 June 2016.
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start in October 2016.395 According to OPG’s schedule, rebuilding all four Darlington reactors will
take over a decade.

Notably, the government of Ontario has required Bruce Power and OPG to plan “offramps”—a sort
of Plan B—if life-extension work is delayed or goes over-budget. For the life-extension, the
offramp allows “the government to assess Bruce Power's cost estimates for each reactor prior to
its refurbishment and stop the refurbishment, if the estimated cost exceeds a pre-defined
amount.”3%6 The government, however, has not disclosed this “pre-defined amount”.

In 2016, the Ontario government announced, it will allow OPG to “pursue continued operation of
the Pickering Generating Station beyond 2020 up to 2024.”397 In 2013, OPG applied to the CNSC
to operate the Pickering reactors beyond its initial design life in 2014. The CNSC approved the
application and issued a five-year licence to OPG, but put conditions on the licence
including the distribution of information on nuclear emergency response to households
in the Pickering area and a detailed risk improvement plan for the station.3°8

OPG estimates the cost of continuing to operate Pickering to 2024 at approximately
CAD$300 million (UD$235 million), but that there is “a risk the station’s extended operation to
2024 may be determined to be uneconomical to pursue.”399 OPG’s license for the Pickering nuclear
station expires in 2018.

The launch of a nuclear new-build program has not got beyond initial stages. In May 2012, the
Government accepted the Environmental Impact Assessment report for the construction by OPG
of up to four units at the Darlington site. On 17 August 2012, the CNSC issued a “Site Preparation
License” for the Darlington project, “a first in over a quarter century”.400 But before the project
proceeded, in October 2013, the Ontario Government pulled the plug and “decided against
spending upwards of CAD10 billion [US$7.8 billion] to buy two new nuclear reactors”.401 Ontario’s

395 OPG, “OPG investing $122 million into unit 4 Darlington Nuclear”, Press Release, 12 April 2016, see
I""#P%YER' (#)*(+%,-&. /0,1/+-120%,-&./3-4-0.-.%5(*6+-,".%789:8;97<=,2";50342,)"(,>,?-."+-,"#1@ ,
accessed 9 July 2016.

396 Government of Ontario, “Ontario Commits to Future in Nuclear Energy”, Press Release, 3 December
2015, see ""#.$%%,-&.'(,"032("*0%+-2%-,%789A%97%(*34". /"(/@6"682/,6%*4-03-,-3)B'I"+4 |
accessed 16 June 2016.

397 Government of Ontario, “Ontario Moving Forward with Nuclear Refurbishment at Darlington and

Pursuing Continued Operations at Pickering to 2024”, Press Release, 11 January 2016, see
"'#.$%%,-&.'(,"032("*0%+-2%-,%789:%89%(,I'08Z,) /@(3&03&2"/,6*4-033-@63C2.!+-/0"710342,)"(/

398 CNSC, “Record of Decision, Application to Request a Removal of the Hold Point for the Pickering
Nuclear Generating Station”, 2015, see !""#.$%%&&&"™,.F*.,)**0%-,)%"!- [*(++2..2(,%#1@%IFB8A8D
5-*2.2(,E6++03B/FGHG2*1-32,)J(41G(2/+/ K2,04.1(*.;;;MODM'#1 @accessed 9 June 2016.

399 QP Briefing, “Pickering nuke plant extension to cost $307M, may prove ‘uneconomical’: OPG”, Queen'’s
Park Briefing, 20 May 2016, see. !""#$%%&&&'N#C32-@2,)*(+%789:%8A%78%A*320,7-0"-,.2(, /["(/
*(." /P8DH+0B/#3(?-/6,-*(,(+2*04 /(#)% accessed 16 June 2016.

400 OPG, “Joint Review Panel issues Licence to Prepare Site”, 17 August 2012.

401 Globe and Mail, “Ontario backs away from plans to buy new nuclear reactors”, 10 October 2013, see
""#$%%&&&"1-)4(C-0,1+024"*(+%,-&.%#(42"2*.%(,"032f]./0&0B@3(##40,./"(/C6B,-& /,6%4-03
3-0*"(3.9%03"2*4-9;DOPMABRPAVNISR, “The End of New Build in Canada?”, 11 October 2013, see
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LTEP, released in December 2013, confirmed the decision: “Ontario will not proceed at this time
with the construction of two new nuclear reactors at the Darlington Generating Station.”402

In MeXico, two General Electric (GE) reactors operate at the Laguna Verde power plant,

located in Alto Lucero, Veracruz. The first unit was connected to the grid in 1989 and the second
unit in 1994. In 2015, nuclear power produced 11.2 TWh (up 20 percent), providing a record 6.8
percent of the country’s electricity, exceeding the 20-year old record of 6.5 percent in 1995. An
uprating project boosted the nameplate capacity of both units by 20 percent to 765 MW each.
The power plant is owned and operated by the Federal Electricity Commission (Comision
Federal de Electricidad).

In September 2015, Cesar Hernandez, deputy energy minister for electricity, said in a Reuters
interview that his ministry was reviewing “the potential to add a pair of reactors” to the Laguna
Verde site. “It is a decision that is being considered. Our planning shows it is efficient for the
country.” 403 However, he did not indicate anything on timelines, technologies or costs involved.

Energy Minister Pedro Joaquin Coldwell had confirmed in May 2014 the country’s aim to double
the share of renewable energy in the electricity generating capacity from 17 percent to 33 percent
by 2018.404 In March 2016, the Ministry organized the first power auction—inviting 15-year
“clean energy” supply contracts and 20-year “clean energy” certificates—which had an
unexpectedly large turnout with 103 preselected participants and more than 460 technical offers,
of which 69 companies finally introduced 227 offers. Projects were mainly in the 10-100 MW
range. Solar PV represented almost three quarters of the proposals. 405

402 Ministry of Energy, “Achieving Balance—Ontario’s Long-Term Energy Plan”, December 2013, see
http://www.energy.gov.on.ca/en/Itep/achieving-balance-ontarios-long-term-energy-plan/,

accessed16 June 2016.

403 Reuters, “UPDATE 1-Mexico eyes construction of two new nuclear reactors -official”,

24 September 2015, see http://www.reuters.com/article/mexico-nuclear-idUSLIN11U2WA20150924,
accessed 20 June 2016.

404 Solar Server, “Mexico sets goal for renewables to grow to 33% of installed capacity”, 21 May 2014, see
http://www.solarserver.com/solar-magazine/solar-news/archive-2014/2014/kw21/mexico-sets-goal-for-
renewables-to-grow-to-33-of-installed-capacity.html, accessed 16 June 2016.

405 Argus, “Solar looms large in Mexico's debut power auction”, 29 March 2016, see
https://www.argusmedia.com/news/article/?id=1212773, accessed 6 June 2016.
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United States Focus

U.S. nuclear power plant operators are fighting a war on two fronts: Crashing prices for
natural gas and accelerating market penetration of renewable energy have both
contributed to dramatic drops in wholesale power price levels—in some states, they’ve fallen

by more than two-thirds over the past decade. This has left nucle ar power, whose operating
costs are pretty much fixed, with few options other than surrender.

Peter Fairley, IEEE Spectrum, March 2016406

With a hundred commercial reactors officially currently operating, the United States possesses
the largest nuclear fleet in the world. Four more reactors are under construction, but a number of
reactors are due to be shutdown. The Nuclear Energy Institute, the advocacy organization for the
U.S. nuclear industry, projects “15-to-20 plants at risk of shutdown over the next five-to-10
years”.407 Independent analysts think many more plants are at risk of being shut down.408
Therefore, the size of the U.S. nuclear fleet will decline in the foreseeable future.

Figure 41: Age of U.S. Nuclear Fleet

Age of US Nuclear Fleet
as of 1 July 2016

T2 100 reactors

L5 - MeanAge:
1%:;8?%. . 36.2years

Sources: IAEA-PRIS, MSC, 2016

406 Peter Fairley, “Has U.S. Nuclear Power’s Death Spiral Begun?” IEEE Spectrum, 26 March 2016, see
http://spectrum.ieee.org/energy/nuclear/has-us-nuclear-powers-death-spiral-begun, accessed 16 June 2016.
407 Wayne Barber, “NEI warns more nuclear power plant retirements on the way”, Electric Light & Power,
23 May 2016, see http://www.elp.com/articles/2016/05/nei-warns-more-nuclear-power-plant-retirements-
on-the-way.html, accessed 16 June 2016.

408 Mark Cooper, “Renaissance In Reverse: Competition Pushes Aging U.S. Nuclear Reactors To The Brink
Of Economic Abandonment”, Institute for Energy and the Environment, Vermont Law School,

18 July 2013, see http://will.illinois.edu/nfs/RenaissanceinReverse7.18.2013.pdf, accessed 16 June 2016.
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The U.S. reactor fleet provided 798 TWh in 2015, essentially the same as in 2014,409 but still below
record year 2010 when it generated 807.1 TWh. Nuclear plants provided 19.5 percent of U.S.
electricity in 2015, the same as 2014 and 3 percentage points below the highest nuclear share of
22.5 percent that was reached in 1995.

With only four reactors under construction and only one new reactor started up in 20 years, the
U.S. reactor fleet continues to age, with a mid-2016 average of 36.2 years, amongst the oldest in
the world: 37 units have operated for more than 40 years (see Figure 41).

In the past year, one new nuclear reactor was connected to the electric grid: Tennessee Valley
Authority's (TVA) 1150 MW Watts Bar-2. The reactor went critical on 23 May 2016,41% and was
connected to the electric grid on 3 June 2016 (see box hereunder).41! But just a couple of days
after, on 5 June, the unit shut down because of problems with its turbine system.42 On 21 June,
the unit shut down a second time because of problems in its auxiliary feedwater system.413

Watts Bar-2: Grid Connection 43 Years After Construction Start—Shutdown 2 Days Later

More than four decades after construction began, the Watts Bar-2 reactor was finally connected to the grid on
3 June 2016414 However, two days later, while operating at 12.5 percent power, the reactor automatically shut
down. According to the U.S. Nuclear Regulatory Commission (NRC), the reactor tripped when a high pressure
turbine valve failed to open. On grid connection TVA reported that “it is rewarding to see TVA taking the lead on
delivering the first new nuclear unit of the 21st century and providing safe, affordable and reliable electricity to
those we serve.”415

TVA filed the construction license application for Watts Bar on 18 May 1971. On 18 September 1972, TVA applied
for the exceptional authorization of certain site preparation activities, although it had not transmitted the final
environmental impact statement and the construction license was still pending.416 TVA argued that startup of
unit 1 by May 1977 “is vital in order to permit-TVA to meet its summer 1977 peak loads” and beyond:

409 JAEA, “Nuclear Power Reactors in the World—2016 Edition”, Vienna, May 2016, see www-
pub.iaea.org/MTCD/Publications/PDF/RDS _2-36_web.pdf, accessed 16 June 2016.

410 Nashville Public Radio, “After Decades Under Construction, Watts Bar Unit 2 Finally Fires Up Its Nuclear
Reactor”, 23 May 2016, see http://nashvillepublicradio.org/post/after-decades-under-construction-watts-bar-
unit-2-finally-fires-its-nuclear-reactor, accessed 16 June 2016.

411 JAEA, “Power Reactor Information System (PRIS) Database”, 2016, see
http://www.iaea.org/programmes/a2/, accessed 18 June 2016.

412 William Freebairn, “TVA’s Watts Bar-2 nuclear unit shuts soon after connecting to grid”, Platts,

6 June 2016, see http://www.platts.com/latest-news/electric-power/washington/tvas-watts-bar-2-nuclear-
unit-shuts-soon-after-21634906, accessed 16 June 2016.

413 Times Free Press, “Watts Bar nuclear plant shuts down for second time in three weeks”, 21 June 2016,
see http://www.timesfreepress.com/news/business/aroundregion/story/2016/jun/21/watts-bar-nuclear-
plant-shuts-down-second-time-three-weeks/372227/, accessed 22 June 2016.

414 TVA, “Watts Bar Unit 2 Produces Electricity for the First Time”, 3 June 2016, see
https://www.tva.gov/Newsroom/Press-Releases/Watts-Bar-Unit-2-Produces-Electricity-for-the-First-Time,
accessed 22 June 2016.

415 TVA, “Watts Bar Unit 2 Produces Electricity for the First Time”, 3 June 2016, see
https://www.tva.gov/Newsroom/Press-Releases/Watts-Bar-Unit-2-Produces-Electricity-for-the-First-Time,
accessed 22 June 2016.

416 TVA, “Units 1 and 2, Watts Bar Nuclear Plant, Rhea County, Tennessee”, 18 September 1972, see
http://pbadupws.nrc.gov/docs/ML0734/ML073440321.pdf, accessed 22 June 2016.
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The present schedule for constructing the Watts Bar Nuclear Plant is predicated on beginning
construction in October 1972. This schedule is extremely tight and failure to begin construction in
October casts serious doubts on TVA'’s ability to meet its load commitments in the 1977-78 period.

TVA also insisted on costs to the ratepayer and environmental pollution of any delay:

6-month Delay: The total estimated monetary cost to the consumers of TVA power would be about $58
million for a 6-month delay in operation of the Watts Bar Nuclear Plant. In addition to the monetary effects,
TVA would be required to burn about 3.4 million additional tons of coal and about 36 million gallons of
fuel oil in its plants with attendant atmospheric emissions which would  not otherwise be required.

The construction license for the two 1,150-MW Pressurized Water Reactors (PWR) was issued in January 1973.
The exact date of the pouring of the base slabs and thus the official constructions starts remains unclear. TVA does
not provide a specific date on its website. The [AEA recently modified in its online Power Reactor Information System

(PRIS)#417 the construction-start date for Watts Bar-2 from 1 December 1972 to 1 September 1973.

The Watts Bar site is located in Rhea County, southeastern Tennessee approximately 50 miles northeast of
Chattanooga. Construction delays and cost overruns plagued the reactor from the start. Construction was
suspended in 1985 in part due to a decrease in electricity demand for TVA. In 2007, and based upon its projected
increased energy demand, the TVA board approved a 5-year plan to complete the reactor. The completion cost
also escalated from US$2.5 billion in 2007 to US$4.5 billion in 2013, to the final cost of the US$4.7 billion assigned
by TVA’s board in February 2016. TVA is a corporate agency of the United States that provides electricity for
business customers and local power distributors serving more than nine million people in parts of seven
southeastern states.

Watts Bar units 1 and 2 are ice condenser designs, which makes them vulnerable to hydrogen buildup and
containment failure. The Nuclear Regulatory Commission’s (NRC) Near-Term Task Force on the Fukushima
Daiichi March 2011 accident included requests for assessment of flood risk at U.S. nuclear power plants. In
February 2013, the NRC censured TVA for using outdated and inaccurate calculations in estimating the maximum
potential flood threat should upriver dams be breached, the end result of which could be loss of cooling function
and reactor meltdown. In February 2016, the TVA board announced that flood prevention measures built at the
plant to meet post Fukushima requirements, had risen to US$300 million, compared to the US$120 million
estimated four years ago.418

Watts Bar-2 is the first commercial reactor to be connected to the grid in the United States since 1996, when Watts
Bar-1 started up, 23 years after its construction started.

Four nuclear plants were issued license renewals by the NRC in 2015: Sequoyah 1 & 2 (on
24 September 2015), Byron 1 & 2 (on 19 November 2015), Davis-Besse 1 (on 8 December 2015),
and Braidwood 1 & 2 (on 27 January 2016).419 Only one nuclear power plant applied for a license
renewal (Waterford 3, on 23 March 2016). At the end of April 2016, 81 of the 100 operating U.S.

417 JAEA, Power Reactor Information System (PRIS), see
https://www.iaea.org/PRIS/CountryStatistics/ReactorDetails.aspx?current=700, accessed 22 June 2016.

418 Times Free Press, “Cost of Watts Bar nuclear reactor rises by $200 million to $4.7 billion”,

3 February 2016, see http://www.timesfreepress.com/news/business/aroundregion/story/2016/feb/03/cost-
watts-bar-reactor-rises-200-million-47-billion/348218/, accessed 1 July 2016.

419 NRC, “Status of License Renewal Applications and Industry Activities”, Updated 14 April 2016, see
http://www.nrc.gov/reactors/operating/licensing/renewal/applications.html, accessed 16 June 2016.
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units had received a license extension with a further eight applications under review. In
December 2015, the NRC put out a draft document entitled “Generic Aging Lessons Learned for
Subsequent License Renewal and Standard Review Plan for Subsequent License Renewal
Applications for Nuclear Power Plants”, which describes “aging management programs” that
might allow the NRC to allow old nuclear power plants to operate to “up to 80 years”.420

Struggling Reactors

The NRC’s exploration of a path to keeping nuclear reactors operating till 80 years and the license
renewals for operations up to 60 years are in direct contradiction to the signals that the electricity
market is sending to nuclear reactor operators, which has been to accelerate shutting down old
reactors. For a long time now, the nuclear industry has argued that reactors might be expensive,
but once built and paid for, the operating costs are low and thus nuclear plants will generate
electricity cheaply. Thus, for example, U.S. Secretary of Energy, Ernest Moniz, wrote in 2011:
“Nuclear power enjoys low operating costs, which can make it competitive on the basis of the
electricity price needed to recover the capital investment over a plant's lifetime”.42! In recent
years, that claim has been continuously undermined as electric utility after electric utility has
decided to close operational nuclear reactors even though their licenses would allow them to
operate for a decade or more beyond the newly planned shutdown date. In essence, the costs
associated with maintaining aged reactors and generating electricity have been rising. In addition,
falling gas prices from hydraulic fracturing (fracking) have resulted in gas-fired generating
stations producing cheaper electricity. The result is clear: nuclear power has great difficulties to
compete in the current U.S. electricity marketplace.

In its “Annual Briefing for the Financial Community” delivered on 11 February 2016, the Nuclear
Energy Institute (NEI), the most important lobbying organization for nuclear power in the U.S.,
reported that in 2014, evidently the last year for which it had data, annual expenditures at the
average nuclear reactor (i.e., the various annual expenditures associated with running a nuclear
reactor in the United States, averaged for the whole fleet) came to US$36.27/MWh, with single
unit plants averaging US$44.14.422 Note that these are for reactors whose construction costs have
been paid off. These figures should also be seen in the context of recent bids for new solar
photovoltaic projects (i.e., including the cost of recouping initial construction expenditures) of
around US$50/MWh, and even US$40/MWHh in some parts of the country.423

420 WNN, “NRC drafts guidance for 80-year lives”, 21 December 2015, see http://www.world-nuclear-
news.org/RS-NRC-drafts-guidance-for-80-year-lives-2112157.html, accessed 16 June 2016.

421 Ernest Moniz, “Why We Still Need Nuclear Power”, Energy Initiative, Massachusetts Institute of
Technology, Foreign Affairs, November-December 2011 Issue, pp.83-94, see
https://www.foreignaffairs.com/articles/2011-10-17/why-we-still-need-nuclear-power, accessed

16 June 2016.

422 NEI, “Nuclear Energy 2016: Status and Outlook”, as presented at the Annual Briefing for the Financial
Community, 2016, Slide 4, see http://www.nei.org/Master-Document-
Folder/Backgrounders/Presentations/Wall-Street-Briefing-2016-Slides, accessed 10 June 2016.

423 Stephen Lacey, “Cheapest Solar Ever: Austin Energy Gets 1.2 Gigawatts of Solar Bids for Less Than 4
Cents”, Greentech Media, 30 June 2015, see http://www.greentechmedia.com/articles/read/cheapest-solar-
ever-austin-energy-gets-1.2-gigawatts-of-solar-bids-for-less; and Mark Bolinger, Samantha Weaver, Jarett
Zuboy, “Is $50/MWh solar for real? Falling project prices and rising capacity factors drive utility-scale PV
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NEI reports that “average generating costs have decreased from peak of US$39.70/MWh in 2012
to US$36.27/MWh in 2014”424 but it is uncertain, if this slight decline is going to continue into the
future. The decline so far is largely due to two reasons. The first is that fuel costs have declined, in
turn due to the fall in natural uranium and enrichment prices. As reported in Nuclear Intelligence
Weekly, the spot market price of uranium in June 2012 was about US$51 per pound of UsOs,
whereas in June 2014, it was around US$28 per pound of Us0s. Likewise, the spot price for
uranium enrichment fell from around US$140/SWU425 in early 2012 to around US$95/SWU in
early 2014. The other reason for the decrease in operational costs is that utilities have cut down
on capital expenditures, but this cannot continue for long, as the age of the fleet is increasing. In
the future, there may be a slight downward trend in the average operating cost because some of
the older reactors, with highest operating costs, have been shut down or will be shut down soon.
But this will be, partly or fully, counteracted by the increase in operating costs due to age.

The response from the nuclear industry and nuclear utilities has been to either shut down several
nuclear reactors and/or to call for government intervention into the market in some fashion to
support continued operations of nuclear plants. Indeed in February 2016, the American Nuclear
Society (ANS) felt compelled to publish a toolkit of various ways by which states can intervene to
ensure that utilities can keep struggling nuclear plants operating without losing money.426

The best example of how utilities have tried to obtain extra revenues to maintain profitability of
their nuclear fleet has been in the state of Illinois. As far back as in November 2013, the utility
Exelon, the largest nuclear operator in the U.S., had revealed that it was considering shutting down
its twin-reactor Quad Cities power plant and single unit Clinton plant in [llinois because electricity
prices had fallen so low that these reactors were proving unprofitable.42? Both of these units had
been identified by independent analysts as being “at risk” even earlier.428

In the past few years, some of Exelon’s plants have failed to clear the capacity market auctions,
especially in the PJM interconnection, a regional transmission organization that coordinates the
movement of wholesale electricity in 13 States on the East coast, South East and Midwest plus the
District of Columbia. Other nuclear plants within the PJM Control Area have also failed to clear the
capacity market auctions. The story is similar in the Midcontinent Independent System Operator
(MISO) interconnection, which covers a part of Illinois and 14 other states.

The capacity market involves power plants committing to having a certain amount of generating
capacity ready for delivering power upon demand and receiving a payment for that capacity. In

toward economic competitiveness”, Progress in Photovoltaics: Research and Applications, see
http://onlinelibrary.wiley.com/doi/10.1002/pip.2630/abstract, both accessed 16 June 2016.

424 NEI, “Nuclear Energy 2016: Status and Outlook”op.cit.

425 SWU=Separative Work Unit

426 Special Committee on Nuclear in the States, “Nuclear in the States Toolkit Version 1.0: Policy Options
for States Considering the Role of Nuclear Power in Their Energy Mix”, ANS, February 2016, see
http://nuclearconnect.org/issues-policy/nuclear-policy-in-the-states, accessed 18 June 2016.

427 Steve Daniels, “What’s stronger than nuclear power? Falling electricity prices”, Crain’s Chicago
Business, 16 November 2013, see
http://www.chicagobusiness.com/article/20131116/ISSUE01/311169983/whats-stronger-than-nuclear-power-
falling-electricity-prices, accessed 16 June 2016.

428 Mark Cooper, “Renaissance In Reverse: Competition Pushes Aging U.S. Nuclear Reactors To The Brink
Of Economic Abandonment”, Institute for Energy and the Environment, Vermont Law School,

18 July 2013, see http://will.illinois.edu/nfs/RenaissanceinReverse7.18.2013.pdf, accessed 16 June 2016.
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the capacity market auctions, the plants that are ready to commit reliable power at the lowest cost
are chosen first. Once the projected demand for the future has been met, the plants that are
offering to supply power at higher costs are said to have not cleared the market. The structure of
capacity markets has often been manipulated by utilities to ensure greater profits.429

The response of utilities with nuclear plants to their inability to clear auctions has been to blame
the structure of the markets rather than their own high costs. Joseph Dominguez, Exelon’s senior
vice president for governmental and regulatory affairs and public policy, told the NEI that “the
market does not sufficiently recognize the significant value that nuclear plants provide in terms
of reliability and environmental benefits”.430 Subsequently, Exelon, along with PSE&G, another
utility that operates nuclear plants, submitted comments to PJM arguing that the capacity market
should be “redesigned to value high-availability capacity” and the failure of “over 4 GW of highly
reliable nuclear capacity” to clear the markets only means that the “market signal (...) is clearly
wrong and further demonstrates a need for changes to PJM’s market design”.43! Likewise, Exelon
also put forward proposals to MISO to allow it to get higher prices for their nuclear plants.432

In July 2015, the Federal Energy Regulatory Commission (FERC) approved PJM’s restructuring
proposals that would allow it to increase payments to utilities that can more reliably deliver
power. The nuclear industry commended these changes, and NEI's Vice President for Policy
Development and Planning Richard Myers announced: “This proposal should improve the
economic advantage for the 33 nuclear power plants in PJM’s operating area”.433 The result of the
changes was that there were “higher auction clearing prices” and the capacity cost was “almost
40 percent higher” than in 2014.43¢ Despite the higher prices, in August 2015, Exelon announced
that three of its nuclear plants, “Oyster Creek, Quad Cities and Three Mile Island (...) did not clear
in the PJM capacity auction for the 2018-19 planning year”.435 The company also announced that
“a portion of the Byron nuclear plant’s capacity did not clear the auction”.436

429 David Cay Johnston, “How electricity auctions are rigged to favor industry”, Al Jazeera America,

29 May 2014, see http://america.aljazeera.com/opinions/2014/5/electricity-
auctionpricespowerbillsconsumers.html, accessed 12 June 2016.

430 NEI, “Exelon on the 2014 PJM Capacity Market Auction”, 12 June 2014, see http://www.nei.org/News-
Media/News/News-Archives/Exelon-on-the-2014-PJM-Capacity-Market-Auction, accessed 16 June 2016.

431 PJM, “Supporting Comments of Calpine, Exelon, And PSEG Regarding PJM’s Capacity Performance
Proposal”, 11 December 2014, see http://www.pjm.com/~/media/committees-groups/committees/elc/coalition-
briefing-papers/coalition-paper-generation-coalition-3.ashx, accessed 16 June 2016.

432 Energy Wire, “Dynegy, Exelon propose capacity auction reforms in Illinois”, Midwest Energy News,

24 February 2016, see http://midwestenergynews.com/2016/02/24/dynegy-exelon-propose-capacity-
auction-reforms-in-illinois/, accessed 16 June 2016.

433 NEI, “FERC Approves PJM Plan to Keep Power On When Electricity Demand Peaks”, 18 June 2015, see
http://www.nei.org/News-Media/News/News-Archives/FERC-Approves-PJM-Plan-to-Keep-Power-On-When-Elect,
accessed 16 June 2016.

434 Jeffrey Tomich, “PJM auction sees power prices soar under new reliability rules”, Environment & Energy
Publishing, 24 August 2015, see http://www.eenews.net/stories/1060023802, accessed 16 June 2016.

435 Exelon Corporation, “Exelon Announces Outcome of 2018-19 PJM Capacity Auction”, Business Wire,

24 August 2015, see http://www.businesswire.com/news/home/20150824005330/en/Exelon-Announces-
Outcome-2018-19-PJM-Capacity-Auction, accessed 1 July 2016.

436 Sonal Patel, “Two Exelon Nuclear Plants Fail to Clear PJM Auction”, POWER Magazine, 25 May 2016, see
http://www.powermag.com/two-exelon-nuclear-plants-fail-to-clear-pjm-auction/, accessed 1 July 2016.
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On 2 June 2016, Exelon announced that it would begin taking steps to permanently shut down its
Quad Cities and Clinton nuclear power plants. Clinton is to close on 1 June 2017, and Quad Cities
is to follow exactly one year later.437 Two weeks later, the company formally notified the Nuclear
Regulatory Commission (NRC) of plans to retire the Clinton and Quad Cities nuclear stations in
2017 and 2018, respectively.438 The two stations are said to have lost a combined US$800 million
during the past seven years, despite being two of Exelon’s best-performing plants.

Over the past two years, as Exelon’s nuclear plants failed to clear capacity markets, the
Corporation has been engaged in an effort to get the state of [llinois to offer it subsidies to continue
operating its reactors.439 One approach was to push for a bill in the Illinois legislature that would
have established a requirement that retail electric utilities procure 70 percent of their electricity
from sources that do not emit carbon dioxide, specifically including nuclear power.440 The twist
that would have allowed nuclear utilities to corner most of the profit was that renewables were
allowed to participate only if they were not already participating in earlier state programs that
offered incentives. The bill effectively would have funneled close to US$300 million a year to
Exelon’s nuclear plants by imposing a surcharge on electric bills statewide.#4! But the bill did not
clear the legislature.

In 2016, Exelon teamed up with subsidiary ComEd and proposed “a larger bill that would make
sweeping changes to the state's energy system” and add “a surcharge onto electricity bills that
would make the nuclear plants profitable”.442 Analysts estimate that the proposed “changes would
amount to a total rate hike of US$7.7 billion over 10 years that would be paid by government,
businesses and consumers... [and] that Exelon and ComEd would reap US$1 billion in guaranteed
profits from the plan over a decade”, including “a subsidy of as much as US$2.6 billion over that
time”. 443

One of the critics of the Exelon bill, Illinois Attorney General Lisa Madigan, explained clearly what
is involved in the proposal: “Exelon’s nuclear plants have benefitted from two rounds of Illinois

437 Aaron Larson, “Exelon Makes Good on Threat—Quad Cities and Clinton Nuclear Plants to Close”,
POWER Magazine, 2 June 2016, see http://www.powermag.com/exelon-makes-good-on-threat-quad-cities-
and-clinton-nuclear-plants-to-close/, accessed 1 July 2016.

438 Exelon Corporation, “Exelon Notifies Nuclear Energy Regulator of Plans to Close Clinton and Quad Cities,”
22 June 2016, see http://www.exeloncorp.com/newsroom/nrc-retirement-notification-of-quad-cities-and-clinton,
accessed 1 July 2016.

439 Steve Daniels, “How Exelon lost its spark”, Crain’s Chicago Business, 21 June 2014, see
http://www.chicagobusiness.com/article/20140621/ISSUE01/306219983/how-exelon-lost-its-spark; and Steve
Daniels, “Exelon sees little hope of saving Quad Cities nuke”, Crain’s Chicago Business, 29 July 2015, see
http://www.chicagobusiness.com/article/20150729/NEWS11/150729783/exelon-sees-little-hope-of-saving-
quad-cities-nuke; both accessed 1 July 2016.

440 Special Committee on Nuclear in the States, “Nuclear in the States Toolkit Version 2.0—Policy Options for
States Considering the Role of Nuclear Power in Their Energy Mix”, American Nuclear Society, June 2016, see
www.nuclearconnect.org/wp-content/uploads/2016/02/ANS-NIS-Toolkit-V2.pdf, accessed 22 June 2016.

441 Steve Daniels, “Exelon Sees Little Hope of Saving Quad Cities Nuke”, Crain’s Chicago Business,

29 July 2015, see http://www.chicagobusiness.com/article/20150729/NEWS11/150729783/exelon-sees-little-
hope-of-saving-quad-cities-nuke, accessed 1 July 2016.

442 Kim Geiger, “Exelon makes another try for energy changes that critics call bailout”, Chicago Tribune,

27 May 2016, see http://www.chicagotribune.com/news/local/politics/ct-illinois-com-ed-exelon-bill-
20160527-story.html, accessed 16 June 2016.
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subsidies already. First, Illinois electricity ratepayers paid all of the construction costs for the
[llinois nuclear plants. Illinois consumers then paid again when Exelon and others convinced
[llinois lawmakers to create a competitive market for electricity and consumers were charged for
additional costs associated with the transition to a deregulated supply market. Exelon’s current
bailout demand would amount to a third round of subsidies for these plants”.444 Thus far, Exelon
has been denied the further subsidies it is seeking from Illinois. One of the ironies involved is that
while on the one hand, Exelon has been seeking subsidies from the government and the rate
payers, on the other hand, it has been presenting itself as profitable to Wall Street companies.445

One state where the legislative approach seems to have nearly worked is Connecticut, where
Dominion Energy instigated a special hearing by the state legislature’s Energy and Technology
Committee.#46 At the hearing, officials from Dominion, as well as former Indiana Senator Evan
Bayh, who has now become an active advocate for nuclear energy (partly through his position as
the co-chairman of the nuclear lobby group Nuclear Matters), informed listeners that “the
company’s Millstone plant faces financial challenges and urged the state to consider measures to
help avoid additional nuclear unit retirements”.447 As a result, the Connecticut Senate passed
legislation that changed the market structure in the state and would protect Dominion’s Millstone
plant. The legislation was widely criticized because it did not go through a public hearing, nor was
it available for review until shortly before debate.#48 However, the bill never came to the vote in
Connecticut's House of Representatives.#¥ The nature of the Connecticut legislation was
highlighted by the state’s Consumer Counsel Elin Katz, who represents utility customers in the
state, who noted that “in a deregulated market, the industry retains the benefits of the upswings
and the risks of market downturns. If Connecticut consumers are going to be asked to backstop
some of that risk, there should be a corresponding consideration of shared benefits”.450

In October 2015, Entergy Corporation announced that it would close down the Pilgrim nuclear
plant in Massachusetts because the 43-year-old plant was “simply no longer financially viable”
and that it had already informed ISO New England, the regional transmission organization that

444 Rich Miller, “Environmental group rails at AG Madigan, environmentalists”, Capitol Fax, 10 June 2016,
see http://capitolfax.com/2016/06/10/environmental-group-rails-at-ag-madigan-environmentalists/, accessed
16 June 2016.

445 Steve Daniels, “Exelon tells Wall St. one thing about profits while peddling a different tale in
Springfield”, Crain’s Chicago Business, 30 April 2016, see
http://www.chicagobusiness.com/article/20160430/ISSUE01/304309995/exelon-tells-wall-st-one-thing-about-
profits-while-peddling-a-different-tale-in-springfield, accessed 16 June 2016.

446 Mark Pazniokas, “Nuclear power’s future in Connecticut is on the table”, The CT Mirror, 23 March 2016,
see http://ctmirror.org/2016/03/23/nuclear-powers-future-in-connecticut-is-on-the-table/, accessed

16 June 2016.

447 NW, “Dominion urges Connecticut to support Millstone”,Platts, Volume 57, Number 13, 31 March 2016
448 Mark Pazniokas, “CT Senate passes bill to stabilize revenues in nuclear industry”, The CT Mirror,

30 April 2016, see http://ctmirror.org/2016/04/30/ct-senate-passes-bill-to-stabilize-revenues-in-nuclear-
industry/, accessed 16 June 2016.

449 Judy Benson, “Bill that would have protected Millstone from energy market dips dies in House”,

The Day, 5 May 2016, see http://www.theday.com/article/20160505/NWS01/160509539, accessed

16 June 2016.
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31 March 2016.

MYCLE SCHNEIDER, ANTONY FROGGATT ET AL. 132 WORLD NUCLEAR INDUSTRY STATUS REPORT 2016



Pilgrim would not be part of the next electricity auction.45! Subsequently, in April 2016, Entergy
announced the closing date of the plant as 31 May 2019.452

The inability of nuclear power to compete on the electricity marketplace was apparent in New
York state too, where Entergy announced in November 2015 that “market conditions require us
to... close the FitzPatrick nuclear plant.453 Even New York Governor Andrew Cuomo’s order in
December 2015 calling on “the State Department of Public Service to design and enact a new Clean
Energy Standard mandating that 50 percent of all electricity consumed in New York by 2030 result
from clean and renewable energy sources”, which also included an order “to develop a process to
prevent the premature retirement of safe, upstate nuclear power plants during this transition”,454
did not change Entergy’s decision. In February 2016, Entergy announced that the plant will be
closed on 27 January 2017.455 Exelon, which also operates nuclear plants in New York, has taken
a page out of Entergy’s book and threatened to shut the Ginna and Nine Mile Point-1 reactors
unless the state approves “a compensation plan for nuclear generators” that would “require all
companies that sell electricity in the state to buy power from upstate nuclear plants at potentially
above-market rates”.456

Entergy’s other nuclear plant in New York State is the Indian Point nuclear power plant, which
has been more profitable because of the higher power costs in nearby New York City. However,
operations at Indian Point are being challenged on two crucial environmental requirements, a
coastal zone management certification and a water permit application.45? While Entergy has
declared thatitis exempt from needing the coastal zone management certification, New York state
has asserted that it does and the two are battling it out in the Court of Appeals.458 On the clean
water permit, Entergy is appealing “a decision by the New York Department of Environmental

451 David Abel, “Pilgrim Nuclear Power Station in Plymouth to shut down by 2019”, Boston Globe,

13 October 2015, see https://www.bostonglobe.com/metro/2015/10/13/entergy-close-pilgrim-nuclear-

power-station-nuclear-power-plant-that-opened/fNeR4RT1BowMrFApb7DgQO/story.html, accessed

16 June 2016.

452 David Abel, John R. Ellement, “Pilgrim nuclear power plant now has a closing date”, Boston Globe,

14 April 2016, see https://www.bostonglobe.com/2016/04/14/pilgrim-nuclear-power-plant-close-

may/FRXGHcfMrk3nSngdYueMML/story.html, accessed 16 June 2016.

453 Entergy, “Entergy to Close James A. FitzPatrick Nuclear Power Plant in Central New York”, Press

Release, 2 November 2015, see http://www.entergynewsroom.com/latest-news/entergy-close-

jamesfitzpatrick-nuclear-power-plant-central-new-york/, accessed 16 June 2016.

454 Andrew Cuomo, “Governor Cuomo Directs Department of Public Service to Begin Process to Enact

Clean Energy Standard”, New York State Governor, 2 December 2015, see

https://www.governor.ny.gov/news/governor-cuomo-directs-department-public-service-begin-process-enact-

clean-energy-standard, accessed 16 June 2016.

455 Tim Knauss, “Entergy announces date when FitzPatrick nuclear plant will close”, syracuse.com,

18 February 2016, see

http://www.syracuse.com/news/index.ssf/2016/02/entergy announces date when_fitzpatrick_nuclear _plant
will _close.html, accessed 16 June 2016.

456 Jim Ostroff, “Exelon to shut Nine Mile Point-1, Ginna reactors if New York fails to OK compensation

plan,” Platts, 14 June 2016, see http://www.platts.com/latest-news/electric-power/washington/exelon-to-

shut-nine-mile-point-1-ginna-reactors-21708658, accessed 15 June 2016.

457 Frans Koster, “Could Indian Point Fall Victim to Economics?”, NIW, 10 June 2016.

458 Michael Randall, “Entergy faces new obstacle to renewing licenses at Indian Point nuclear plant”, Times

Herald-Record, 12 November 2015, see http://www.recordonline.com/article/20151112/NEWS/151119779,
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Conservation (DEC) to deny the plant a clean water permit” and a decision is expected in the fall
of 2016.459 These environmental problems add to the outages of the plant, likely due to aging,
making Indian Point less profitable to Entergy. Indeed, Moody’s vice president and senior analyst,
Ryan Wobbrock argued that “Indian Point is becoming increasingly expensive to operate; not only
are there declining prices for power but the costs of the actual facility are increasing because of
the extended outages and various problems the plant had over the past years,” leading to the
possibility that the reactor might ultimately be shut down for economic rather than
environmental or legal reasons.

In neighboring New Jersey, the state Department of Environmental Protection has allowed PSE&G
Power, the operator and, along with Exelon, owner of the two units at Salem, to continue operating
the reactors without building cooling towers, a step environmentalists had long advocated as a
way to avoid decimating the estuary’s fish population, by issuing permits allowing the units to
withdraw billions of gallons of water from the Delaware Bay.460

Another nuclear plant thatjust became the latest victim of eroded competitiveness is Fort Calhoun
Station. Fort Calhoun had struggled since the 2014 debut of the day-ahead market in the
Southwest Power Pool (SPP) and in May 2016 the President of Omaha Public Power District
(OPPD)—the plant’s owner—told its Board that its continued operation was not financially
sustainable.461 The reason offered for its shutdown reveal the problems confronting nuclear
power plants in the United States. In April 2016, the Chairman of Board of OPPD called for
potential scenarios regarding future power resources; it turned out that in all scenarios, Fort
Calhoun did not meet the requirements of the lowest cost portfolio and that “other carbon-free
options are more economic”.462 Separately, Moody's Investors Service’s evaluation suggested that
the price for electricity in the SPP has been “well below the operating cost of Fort Calhoun”
because of low natural gas prices and expanding wind generation in SPP; Moody's calculated Fort
Calhoun's 2015 operating and maintenance expenses at US$32.39/MWh, 65 percent above SPP
South's average price of US$19.59/MWh.463 On 17 June 2016, the OPPD Board voted unanimously
to shut down the reactor by the end of the year; the decision was, in the words on one board
member, “simply an economic decision”.464

459 Frank Koster, “Could Indian Point Fall Victim to Economics?”, NIW, 10 June 2016.

460 Tom Johnson, “DEP Says Salem Nuclear Good to Go Without Cooling Towers”, NJ Spotlight, 13 June
2016, see http://www.njspotlight.com/stories/16/06/12/dep-says-salem-nuclear-good-to-go-without-cooling-
towers/, accessed 13 June 2016.

461 Argus, “Fort Calhoun reactor may shut by year-end”, 31 May 2016, see
http://www.argusmedia.com/pages/NewsBody.aspx?id=1249396&menu=yes, accessed 16 June 2016.

462 Aaron Larson, “Fort Calhoun May Close by Year End, Joining List of Premature Nuclear Power Plant
Retirements”, POWER Magazine, 12 May 2016, see http://www.powermag.com/fort-calhoun-may-close-by-
year-end-joining-list-of-premature-nuclear-power-plant-retirements/, accessed 16 June 2016.

463 Argus, “Fort Calhoun reactor may shut by year-end”, 31 May 2016, see
http://www.argusmedia.com/pages/NewsBody.aspx?id=1249396&menu=yes, accessed 16 June 2016.

464 Cole Epley, “‘Simply an Economic Decision’: OPPD to Close Fort Calhoun Nuclear Plant by End of 2016,”
Omaha.com, 17 June 2016, see http://www.omaha.com/money/simply-an-economic-decision-oppd-to-close-
fort-calhoun-nuclear/article_3fe6ce02-3352-11e6-a426-a7596287dd59.html, accessed 1 July 2016.
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Another plant that is reportedly under financial stress is the Davis Besse nuclear plant in Ohio. It
had been identified as being at risk of shutdown due to economic factors.465 Its operator
FirstEnergy proposed a power-purchase agreement with the Public Utilities Commission of Ohio,
which approved a special eight-year arrangement in March 2016.466 The arrangement would have
required FirstEnergy's Ohio customers to subsidize the continued operations of Davis-Besse and
the Sammis coal-based thermal plant. However, in April 2016, the Federal Energy Regulatory
Commission (FERC) blocked the power purchase agreement.467 FirstEnergy is now trying to put
together a revised power purchase plan.#68 In the meanwhile, FirstEnergy has not publicly
announced what happened to Davis Besse and the coal power plants in the Pacific Gas &
Electric Co (PG&E) capacity auction.469

Perhaps the most dramatic decision to shut down a nuclear power plant has been that of PG&E in
June 2016 to close the two units of Diablo Canyon, the last nuclear power plant in California, by
2024 and 2025, and replace the lost electrical capacity with “investment in a greenhouse-gas-free
portfolio of energy efficiency, renewables and energy storage”.47 The deliberate and well-planned
way in which the plant is being replaced is due to extensive negotiations between PG&E and the
International Brotherhood of Electrical Workers Local 1245, the Coalition of California Utility
Employees, the Natural Resources Defense Council, Environment California, Friends of the Earth
and the Alliance for Nuclear Responsibility. What is also noteworthy is PG&E Chief Executive Tony
Earley’s acknowledgment that as California makes the transition towards a grid based on energy
efficiency, renewables and storage, “Diablo Canyon’s full output will no longer be required” and
that would eventually make the nuclear plant too expensive to operate. As other U.S. states, and
indeed other countries, move to electrical power systems that use renewables and energy
efficiency more extensively, it is quite likely that they will come to the same realization.

In all, therefore, over the last three years, electrical utilities have decided to shut down 14 nuclear
reactors because of their lack of economic competitiveness. As of now, the list of reactors includes
Crystal River 3 in Florida, San Onofre 2 and 3 in California, Kewaunee in Wisconsin, Vermont
Yankee in Vermont, Fort Calhoun in Nebraska, Fitzpatrick in New York, Clinton and Quad Cities 1

465 Mark Cooper, “Power Shift: The Deployment of a 21st Century Electricity Sector and the Nuclear War
To Stop It”, Institute for Energy and the Environment, Vermont Law School, see http://www-
assets.vermontlaw.edu/Assets/iee/Power_Shift Mark Cooper June 2015.PDF, accessed 16 June 2016.

466 John Funk, “FirstEnergy’s Davis-Besse, Sammis power plants make money after all: FirstEnergy profits
show”, Cleveland.com, 27 April 2016, see
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16 June 2016.
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firstenergy/418297/, accessed 16 June 2016.
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http://www.toledoblade.com/Energy/2016/05/22/Controversial-rate-plan-gets-retooled.html, accessed

16 June 2016.

469 John Funk, “FirstEnergy mum on fate of two old Ohio power plants in regional auction”, Cleveland.com,
25 May 2016 see

http://www.cleveland.com/business/index.ssf/2016/05/firstenergy mum_on_fate of two.html, accessed

13 June 2016.
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Los Angeles Times, 21 June 2016, see http://www.latimes.com/business/la-fi-diablo-canyon-nuclear-
20160621-snap-story.html, accessed 24 June 2016.
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& 2 in Illinois, Pilgrim in Massachusetts, Oyster Creek in New Jersey, and Diablo Canyon 1 & 2 in
California. The number is likely to grow further. A June 2016 report from UBS Securities warns
that even nuclear plants with long-term power purchase agreements might be at risk of early
closure, and listed Xcel Energy Inc.'s Prairie Island plant in Minnesota and Entergy Corp.'s
Palisades plant in Michigan as two examples of nuclear facilities that could close early.471

New Reactor Projects—Delayed, Suspended, Cancelled

Construction of four AP1000 reactors, Vogtle-3 and -4 in Georgia and VC Summer-2 and -3 in
South Carolina has continued. In an effort to speed up construction of these already delayed
reactors, Westinghouse settled ongoing legal cases with the owners of these plants and purchased
the nuclear construction unit Stone & Webster from Chicago Bridge & Iron.472 Westinghouse Chief
Executive Danny Roderick was confident that the acquisition would lead to shorter construction
times, claiming: “We’re the largest nuclear company in the world that’s privately owned, and we're
going to show why that’s a good thing, and get these plants done”.473 So far, there has been no
significant change in the pace of construction of these four units.

An illustration of the continuing construction problems is at the Vogtle site where units-3 and -4
are falling further behind schedule. According to-testimony before the Georgia Public Service
Commission (GPSC) in December 2015, efforts to catch up haven’t been successful and delays have
become worse.474 The Vogtle units are now officially delayed by 39 months, and if a US$1.1 billion
tax bill is added, the current cost for Georgia Power, which owns 45.7 percent of the project, is
US$9.5 billion, much higher than the US$6.1 billion the GPSC originally certified for Georgia
Power; assuming that the other share of the project has experienced similar cost increases, the
total costs for the project are estimated to be approximately US$21 billion.475 A June 2016
assessment by the GPSC concluded that current scheduled commercial operation dates of
June 2019 for unit 3 and June 2020 for unit 4 are unlikely to be met: “It is our opinion that there
exists a strong likelihood of further delayed operation dates for both units”.476

The latest cost increase at the time of writing was South California Electric & Gas (SCE&G), which
sought and received approval from state regulators for a US$852 million increase in the projected
cost of VC Summer-2 and -3.477 The company terms its contract a fixed one; according to a
spokesperson: “The fixed-price option provides substantial value to our customers, investors and
our company by limiting the risk of future cost increases”. Others did not agree with this

471 Matthew Bandyk, “UBS Analysts: Longterm Contracted Nuclear Plants Also at Risk of Shutdown.” SNL
Financial, 24 June 2016.

472 Westinghouse, “Westinghouse Acquires CB&I Stone & Webster, Inc.”, Westinghouse Electric Company,
27 October 2015, see http://www.westinghousenuclear.com/About/News/View/Westinghouse-Acquires-CB-I-
Stone-Webster-Inc, accessed 16 June 2016.

473 Phil Chaffee, “Westinghouse’s Strategy in CB&I Stone & Webster Acquisition”, NIW, 2015,3.

474 Walter C. Jones, “More delays for Plant Vogtle”, Savannah Morning News, 11 December 2015, see
http://savannahnow.com/news-latest-news/2015-12-11/more-delays-plant-vogtle, accessed 15 June 2016.
475 NIW, “Vogtle Costs May Have Reached $21 Billion”, 11 Decemer 2015.
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characterization; even the South Carolina Office of Regulatory Staff, which represents the public’s
interest in utility regulation, was openly skeptical, with the agency’s executive director putting it
bluntly: “This is not a fixed-price contract (...). [This proposal’s] got some aspects of a fixed price,
but there’s stuff in there that’s not fixed and we are going through that now”.478 Including this cost
increase, according to the filing made by SCE&G, “the capital cost estimate (...) is US$6.8 billion in
2007 dollars and US$7.7 billion with escalation.” SCE&G is currently a 55 percent owner of the
project, with Santee Cooper owning the other 45 percent (set to go down to 40 percent), which
means that the overall cost of the project is now around US$14 billion.47 In June 2016, SCE&G
filed a request with the Public Service Commission of South Carolina and the South Carolina Office
of Regulatory Staff to increase to its approved electric rates under provisions of a state law known
as the Base Load Review Act, which allows the state’s regulated utilities to adjust rates annually
during construction of nuclear power plants to recover related financing costs.480 At this point,
over 18 percent of the electricity bill of residential consumers is estimated to be attributable to
the construction of the two nuclear reactors.

In February 2016, Tennessee Valley Authority (TVA) abandoned plans “to build two AP1000
pressurized water reactors at the Bellefonte site in Alabama and notified federal authorities it is
withdrawing its application for two combined construction permits and operating licenses at the
site”.481 Explaining the decision, a TVA spokesperson said: “It doesn't make sense to keep the
licenses since it will be decades before we need the new generation”. TVA already has two partially
constructed nuclear plants at the Bellefonte site and it has decided to leave them “in preservation
status and continue to spend a minimum yearly amount for their maintenance and security”.482

The poor experience with the construction of the AP1000s at Vogtle and VC Summer has been
hard for Toshiba, the owner of Westinghouse. As one commentator put it, the “design changes and
construction delays at both Vogtle and Summer added hundreds of millions of dollars in additional
costs, turning the promise of newbuild into something of a nightmare for Toshiba”.483 No one
expects any new AP1000s to be ordered in the United States—a significant drop from the
expectation in the mid-2000s when Toshiba acquired Westinghouse in the expectation that there
would be atleast 14 AP1000s constructed in the United States.*84
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Pending Combined Operating License Applications (COLA)

As of May 2016, the NRC had received 18 Combined Operating License Applications (COLA) for a
total of 28 reactors. All were submitted between July 2007 and June 2009. Ten of the 18 COLAs
were subsequently withdrawn or the application has been suspended.

In February 2016, NRC issued a combined license to the South Texas Project Nuclear Operating
Company to construct two Advanced Boiling Water Reactors.485 However, at that time, the CEO of
the company stated: “Having these licenses puts us in a position to move the project forward when
economic conditions support construction [emphasis added] (...) current sustained low natural gas
prices and Texas electric market conditions do not support starting construction at this time”.486

The United States operates the world’s largest nuclear fleet. Including the most recent unit
Watts Bar-2, there are 100 operating reactors, but the future seems to be only downhill. In the
long run, 2016 might not be remembered as the year that Watts Bar-2 came online, but as the last
year that the country’s nuclear fleet numbered three digits. The rate of decline in the number of
operating reactors might be reduced through bailouts or other government interventions, but it
looks like governmental and other officials are quickly becoming aware of the unsustainable
nature of most nuclear plants.

Asia

China Focus

Although China embarked on nuclear power relatively late in comparison with other countries
with large nuclear generation capacities, it has been constructing reactors at a rapid pace. As of
mid-2016, there are 34 operating reactors with a total net capacity of 29.4 GW. Eight new units
were connected to the grid in 2015, 80 percent of the world total of 10 startups. A further
21 reactors, with a total capacity of 21.5 GW, are under construction. Nuclear power contributed
161.2 TWh—a 30 percent increase over 2014—which constituted 3 percent of all electricity
generated in China in 2015, up from 2.4 percent in 2014.487 In comparison, wind energy
contributed 186.3 TWh in 2015, an increase of 22 percent.488 Solar energy’s output went up even
more, by 55.6 percent over the previous year, to contribute 39.2 TWh in 2015.48% Although the
share of nuclear power in overall electricity generation has increased, the average utilization

485 NRC, “Combined License Holders for New Reactors”, U.S. Nuclear Regulatory Commission, Updated
24 February 2016, see http://www.nrc.gov/reactors/new-reactors/col-holder.html, accessed 16 June 2016.
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accessed 16 June 2016.
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content/uploads/vip/GWEC-Global-Wind-2015-Report_April-2016 22 04.pdf, accessed 16 June 2016.
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factor of nuclear plants (their operating hours per year) has declined; in 2015, it was 84 percent,
down from 89 percent in 2014.490

China has also long made ambitious plans for nuclear expansion. According to the 13t Five Year
Plan announced earlier this year, the target for nuclear power in 2020 remains 58 GW, with
another 30 GW under construction. To meet this target, nuclear capacity would have to double
within the next four years, which appears now technically impossible, even given China’s rapid
pace of construction. The average construction time of the 25 units brought online over the past
decade was 5.7 years, which also corresponds to the construction time of the latest unit to come
online, Changjiang-2, connected to the grid on 20 June 2016. At the most, the 21 units currently
under construction and scheduled for startup before 2021 could be added to the operating
capacity, which would bring the total to a maximum of just under 51 GW rather than 58 GW by
2020.

The target of 58 GW by 2020 was first set in 2012.491 This constancy is in distinct contrast to the
pre-Fukushima period when targets grew rapidly. The increases started in 2002 when the draft
short- and medium-term plan for nuclear expansion was released, which called for China to build
20 GW nuclear power generation capacity by 2010 and 40 GW by 2020.492 By the end of the
decade, that target figure had increased to 70 GW by 2020.493 The expectation then was that the
target would be easily met and even more ambitious targets could be set; for example, the director
of science and technology at the China National Nuclear Corporation (CNNC)—one of the major
state-owned enterprises involved in constructing and operating nuclear power plants— stating
in 2009, “reaching 70GW before 2020 will not be a big problem”.494 The current target of 58 GW
by 2020 evidently represents a significant decline in the 2020 target.

Even the slower expansion plans have raised widespread concerns about nuclear safety.495 There
is some evidence that this concern extends to Chinese policy makers, one reason for their refusal
so far to allow construction of reactors in inland areas. Prior to the Fukushima accident, China had
plans constructing nuclear power stations, not only at coastal sites where reactors had
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http://www.scmp.com/news/china/policies-politics/article/1906287/china-admits-nuclear-emergency-
response-inadequate, all accessed 16 June 2016.
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traditionally been sited, but also at new inland sites.496 But this was suspended after Fukushima.
In 2014, a State Council circular discussing the State Council’s Energy Development Strategy
Action Plan (2014-2020) indicated that inland nuclear power still required further research and
proof of safety.497 The safety rationale for the restriction of construction in inland areas relates to
two different aspects of safety: prevention of severe accidents, and mitigation of the consequences
of a severe accident, should one occur. The public, naturally, is concerned about the potential for
accidents, especially in the areas close to sites selected for reactor construction.498 There is also
concern about China’s growing water stress and increasing water demand from the power sector.
The resulting debate over the siting of reactors away from the coast has pushed back plans; the
current expectation is that inland nuclear construction will not start before at least 2020.49°

The other significant decision made by policy makers in the aftermath of Fukushima was that
China would build only Generation III or IlI+ reactors. The initial assumption was that this
stipulation would lead to the adoption of AP1000 technology. In 2011, a general manager in the
China Power Investment Corporation pointed out that the “reactors in the Japanese nuclear power
plants, which have been affected by the massive quake, are Generation Il reactors and have to rely
on back-up electricity to power their cooling system in times of emergency”, whereas the “AP1000
nuclear power reactors, currently under construction in China’s coastal areas and set to be
promoted in its vast hinterland, are Generation III reactors and have built in safety features to
overcome such a problem”.500

However, China’s experience in building the imported AP1000 and EPR designs has been fairly
troubled, with significant delays and cost escalations.501 The EPR units being built at Taishan were
originally scheduled to “be commissioned at the end of 2013 and in autumn 2014 respectively,
and France’s AREVA had hoped “to have started work on more reactors” by then.592 None of that

496 Fenglei Du, “Site Selection for Nuclear Power Plants in China”, IAEA, as presented at the Technical
Meeting on Common Challenges On Site Selection For Nuclear Power Plants, Vienna (Austria), 6-

9 July 2010.

497 CNEA, “Guowuyuan bangongting guanyu yinfa nengyuan fazhan zhanlue xingdong jihua (2014nian-
2020nian) de tongzhi, State Council General Office Circular concerning the publication of the Energy
Development Strategy Action Plan (2014-2020)”, China National Energy Administration, 2014, see
http://www.nea.gov.cn/2014-12/03/c _133830458.htm, accessed 2 March 2015.

498 Chris Buckley, “China’s Nuclear Vision Collides With Villagers’ Fears”, New York Times,

21 November 2015, see http://www.nytimes.com/2015/11/22/world/asia/chinas-nuclear-vision-collides-with-
villagers-fears.html, accessed 16 June 2016.

499 C. F. Yu, “Construction on Inland Plants Unlikely Before 2020”, NIW, 1 April 2016..

500 WantChinaTimes.com, “China to promote nuclear power despite explosion in Japan”, 13 March 2011,
see http://www.wantchinatimes.com/news-subclass-cnt.aspx?id=20110313000104&cid=1102, accessed

24 March 2015.

501 Chuin-Wei Yap, Brian Spegele, “China’s First Advanced Nuclear Reactor Faces More Delays”, Wall Street
Journal, 15 January 2015, see http://www.wsj.com/articles/chinas-first-advanced-nuclear-reactor-faces-more-
delays-1421297393, accessed 23 March 2015; David Stanway, Kathy Chen, “China’s debut Westinghouse
reactor delayed until June 2017: exec”, Reuters, 9 March 2016, see http://www.reuters.com/article/us-
china-parliament-nuclear-idUSKCNOWBO9F; and Wong Lok-to, “Safety Fears Cause Concern Amid Delays to
China’s Taishan Nuclear Plant”, Radio Free Asia, 7 March 2016, see
http://www.rfa.org/english/news/china/safety-03072016114147.html, both accessed 1 July 2016.

502 Harold Thibault, “Construction schedule on Chinese third-generation nuclear plants races ahead of
European models”, The Guardian, 28 December 2010, see
https://www.theguardian.com/environment/2010/dec/28/china-areva-taishan-nuclear-thibault, accessed

16 June 2016.

MYCLE SCHNEIDER, ANTONY FROGGATT ET AL. 140 WORLD NUCLEAR INDUSTRY STATUS REPORT 2016



has happened. In January 2016, Taishan-1 underwent its cold functional test,503 a pre-operational
stage that is carried out before any fuel is loaded on the reactor. As of March of this year, China
General Nuclear (CGN) officials were projecting that Taishan-1 will start up next year.504 However,
there are additional uncertainties over the safety of the reactor pressure vessels, which are
subject to the same carbon content issue as the French Flamanville EPR that do not meet technical
specifications (see France Focus). Media reports suggest that there are differences of opinion
between French engineers working on the EPR construction in Flamanville in France and CGN
officials with the former arguing that the Taishan reactors will only come online in 2018, and the
latter pushing for a 2017 start date for both units. CGN’s chief executive officer is quoted as saying
that “while France suspended work on the nuclear technology to renew the technical standards,
it was not reasonable to measure the old units by new standards”.505

In the case of the four AP1000 reactors, the main source of problems, although not the only one,
has been the reactor coolant pumps (RCPs) that were supplied by US manufacturer Curtiss-Wright
Corporation. Problems with RCPs could have serious safety consequences and Chinese nuclear
officials have expressed concern in the past about these problems. In 2013, for example, Yulun Li,
former vice-minister for nuclear energy and former vice-president of CNNC complained to South
China Morning Post: “Our state leaders have put a high priority on [nuclear safety] but companies
executing projects do not seem to have the same level of understanding”.506 After a long series of
delays (see previous WNISRs), the first two of four RCPs for unit 1 of the Sanmen plant arrived at
the construction site on 30 December 2015.597 According to Sun Qin, the chairman of the China
National Nuclear Corporation, “if everything goes smoothly, the first unit will go into operation in
June 2017, and the second unit at the end of 2017”.508 That is four years after the reactors were
supposed to have come online.

The poor experience at Sanmen and Haiyang did not stop Westinghouse Chief Executive Officer
Daniel Roderick from claiming: “The AP1000 is going to be able to compete against anybody or
anything... The next wave of AP1000s will be built between 36 and 40 months”.599 Roderick
offered this confident assessment as part of an effort to get China to buy more AP1000 units, but
prospects for this seem to be dim. An article published by the Chinese Nuclear Energy Society
written by a retired CNNC official suggested “that the State Council should approve future AP1000

503 CGN, “Taishan Unit 1 CFT Completed Successfully”, Press Release, 28 January 2016, see
http://en.cgnpc.com.cn/n1017152/n1017227/c1235676/content.html, accessed 25 May 2016.

504 Phil Chaffee, “EDF Faces British Frustrations on Hinkley”, NIW, 24 March 2016.

505 Celia Chen, “CGN Power says Taishan nuclear reactors pose no safety risks,” South China Morning Post,
30 May 2016, see http://www.scmp.com/business/companies/article/1959199/cgn-power-says-taishan-
nuclear-reactors-pose-no-safety-risks, accessed 16 June 2016.

506 South China Morning Post, “China nuclear plant delay raises safety concern”, 7 October 2013, see
http://www.scmp.com/business/china-business/article/1325973/china-nuclear-plant-delay-raises-safety-
concern, accessed 17 June 2016.

507 WNN, “Final module installed at Sanmen 2”, 4 January 2016, see http://www.world-nuclear-
news.org/NN-Final-module-installed-at-Sanmen-2-0401165.html, accessed 1 July 2016.

508 David Stanway, Kathy Chen, “China’s debut Westinghouse reactor delayed until June 2017: exec”,
Reuters, 9 March 2016, see http://www.reuters.com/article/us-china-parliament-nuclear-idUSKCNOWBO9F,
accessed 1 July 2016.

509 Stephen Stapczynski, “Westinghouse Races China for $1 Trillion Nuclear Power Prize”, Bloomberyg,

9 December 2015, see http://www.bloomberg.com/news/articles/2015-12-09/westinghouse-races-china-for-
1-trillion-nuclear-power-prize, accessed 1 July 2016.
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projects only after Sanmen-1 ‘successfully completes the first fuel reload’ and is hooked to the
grid.”s10

Efforts by Westinghouse to paint the delays at Sanmen and Haiyang as due to first-of-a-kind
challenges has come under question due to the pattern of cost and time overruns at the follow-on
AP1000 units being constructed in the United States.5!! As Lin Boqgiang, director at the China
Center for Energy Economics Research at Xiamen University told Bloomberg News: “The only way
Westinghouse can win contracts in China is to demonstrate they can build reactors quicker and
cheaper than anyone else in China’s market and win hearts with actions, not
words...Westinghouse so far hasn’t demonstrated such abilities”.512

The Sanmen project is also the likely cause of the resignation of more than half a dozen executives
and board members, including the CEO, from Toshiba Corporation.513 An investigation into
accounting practices at the company revealed that it had under-booked losses at a Westinghouse
project (whose name was not revealed but a comparison of the construction start and projected
generation start dates matches that of Sanmen). Specifically, the budget overruns of US$385
million and US$401 million during the second and third quarters of 2013 were booked by Toshiba
at US$69 million and US$293 million respectively.

The CAP1400 design, a larger capacity version of the AP1000, is still not complete and there
remain significant questions about its future. Construction of the first reactor with this design has
been delayed and in May 2016, a member of the Expert Committee of China’s State Nuclear Power
Technology Corporation revealed that “the detailed design can only support 12 months of
continuous construction” after first pour of concrete.54 In other words, the design is not yet ready
for construction. One factor that has held up the finalization of the CAP1400 design is the reactor
cooling pump, the same problem that has afflicted the parent AP1000 design.55 Reportedly, the
decision over whether the CAP1400 will be exclusively for exports also “is in flux”.516

Meanwhile, CGN and CNNC started developing their own Generation-III designs. In
November 2011, CGN announced that it had developed and held “full intellectual property
rights”—a key requirement for exports—over the newly designed ACPR1000, a reactor, which it
stated had incorporated the lessons of Fukushima in “meeting the standards of international
third-generation nuclear power technology” 517. A few months later, at the 3rd Asia Nuclear Power
Summit in January 2012, CNNC unveiled its own ACP1000 reactor 518. Subsequently, after being

510 C. F. Yu, “Nine Projects Top Priority List”, NIW, 6 May 2016.

511 Anya Litvak, “Toshiba downplayed Westinghouse losses”, Pittsburgh Post-Gazette, 28 July 2015, see
http://powersource.post-gazette.com/powersource/companies/2015/07/28/Toshiba-downplayed-
Westinghouse-cost-overruns/stories/201507280057, accessed 16 June 2016.

512 Stephen Stapczynski, “Westinghouse Races China for $1 Trillion Nuclear Power Prize”, Bloomberg,
9 December 2015, see http://www.bloomberg.com/news/articles/2015-12-09/westinghouse-races-china-for-
1-trillion-nuclear-power-prize, accessed 1 July 2016.

513 Anya Litvak, “Toshiba downplayed Westinghouse losses”, Pittsburgh Post-Gazette, 28 July 2015.

514 NIW, “Weekly Roundup”, 20 May 2016.

515 C. F. Yu, “Nine Projects Top Priority List”, NIW, 6 May 2016.

516 NIW, “Weekly Roundup”, 20 May 2016.

517 People’s Daily Online, “China rolls out new homegrown nuclear reactor”, 18 November 2011.

518 Yun Zhou, “China’s Nuclear Energy Industry, One Year After Fukushima”, Technology&Policy,

5 March 2012, see http://www.technologyandpolicy.org/2012/03/05/chinas-nuclear-energy-industry-one-
year-after-fukushima/#.VRBnnSk-Dw4, accessed 16 June 2016.
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directed by government planners to do so, the two organizations jointly developed the Hualong
One, which was certified by the National Nuclear Safety Administration in 2014.519 However,
CNNC and CGN are apparently promoting two slightly different designs, with separate supply
chains, under the same name. In March 2016, the two companies set up a 50-50 joint venture to
promote this design in overseas markets. 520

Construction of the Hualong design started domestically in China with units 5 and 6 of the Fuqing
plant in May and December 2015, as well as unit 3 of Fangchenggang in December 2015. The first
of these units “is expected to be completed by around June 2020”.521 However, as these projects
proceed, construction of the Hualong at the Fuqing plant might be delayed, again because the RCPs
to be used in the design are already “falling behind schedule for (sic!) five months”.522 Unlike the
AP1000 project that sourced its RCPs from the Curtiss-Wright company, for the Hualong design,
CNNC signed a supply contact with China’s Harbin Electric Power Equipment Corporation and the
Austrian manufacturer Andritz, who in turn have subcontracted with firms such as Italy’s
Foriatura to supply key components.523 Other construction starts since July 2015, when the last
WNISR was published, include Tianwan-5, Hongyanhe-6, and Changjiang-2.

All these reactor construction starts and targets should be viewed in the context of a slowdown of
energy demand growth in China. According to data from the China Electricity Council, the 2015
power-generation level of 5,604.5 TWh was only 0.6 percent more than the figure for 2014.524

Looking further out, in its 2016 Energy Outlook, the oil and gas firm ExxonMobil “lowered its
forecast for China’s annual energy demand growth to 2.2 percent through 2025. The report
predicted that the country’s energy demand would plateau around 2030”.525 The slowdown of
energy demand, in turn, is a result of falling rate of increase of the Gross Domestic Product (GDP),
increased energy efficiency, and a change in the relative distribution of different sectors of the
economy, in particular a decline in the share of industry.526 China also has a significant
overcapacity of coal-fired power plants, with average annual operating hours and capacity factors
declining steadily over the past five years.527 One effect of this decline in demand and coal plant
overcapacity on the nuclear sector might be the 10 percent stake sold to Thailand’s Ratchaburi
Electricity Generating Holding Public Co. by CGN for its first Hualong project at Fangchenggang I,

519 WNN, “China’s new nuclear baby”, 2 September 2014, see http://www.world-nuclear-news.org/E-Chinas-
new-nuclear-baby-0209141.html, accessed 24 June 2016.

520 WNN, “Hualong One joint venture officially launched”, 17 March 2016, see http://www.world-nuclear-
news.org/C-Hualong-One-joint-venture-officially-launched-1703164.html, accessed 1 July 2016.

521 Reuters, “China’s debut Westinghouse reactor delayed until June 2017: exec”, Reuters, 9 March 2016,
see http://www.reuters.com/article/us-china-parliament-nuclear-idUSKCNOWBO9F, accessed 16 June 2016.
522 C. F. Yu, “RCPs Pose Problems Again—This Time for Hualong”, NIW, 2016.

523 [bidem.

524 China Electricity Council, Press Release, 3 February 2016, see
http://www.cec.org.cn/yaowenkuaidi/2016-02-03/148763.html, accessed 2 June 2016.

525 Claire Groden, “Exxon Cuts China Energy Demand Growth forecast”, Fortune, 26 January 2016, see
http://fortune.com/2016/01/26/china-energy-demand/, accessed 16 June 2016.

526 Fergus Green, Nicholas Stern, “China’s changing economy: implications for its carbon dioxide
emissions”, Climate Policy, 7 March 2016.

527 Fredrich Kahrl, “Coal-Fired Generation Overcapacity in China”, Regulatory Assistance Project, Beijing
(China), February 2016, see http://www.raponline.org/document/download/id/8038, accessed 9 July 2016.
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geographically the nuclear plant that is closest to Southeast Asia.528 While documents from
Ratchaburi list 236 MW of capacity from Fangchenggang Il coming on in 2021, it is unclear, if this
is going to result in an actual delivery of electricity or this represents merely a financial asset.529

India operates 20 nuclear power reactors, with a total capacity of 5.2 GW. In 2015, nuclear

power provided a record 34.6 TWh, but that only constituted 3.5 percent (down from 3.7 percent
in 2011) of the total electricity generated in the country. The nuclear share has remained stable
since 2013, while nuclear power generation increased by 15.4 percent over the same period.
Although the Rajasthan-1 reactor is still listed as operational by the IAEA and counted by the
Indian nuclear establishment in its list of reactors, it has not generated any power since 2004 and,
according to the WNISR criteria, was moved to the LTO category in 2014. In September 2014, the
chairman of the Atomic Energy Commission stated that Rajasthan-1 (or RAPS-1) would not be
restarteds30 and WNISR moved it from LTO to closure.

Six reactors are under construction with a total capacity of 3.9 GW. These include the second VVER
from Russia at Kudankulam that has been under construction since July 2002, the Prototype Fast
Breeder Reactor (PFBR) whose construction started in October 2004, and four PHWRs whose
construction started in 2010 and 2011. All of these are delayed. Kudankulam-2 was to have been
commissioned in December 2008.531 However, its commissioning has been repeatedly postponed
due to various causes. The latest problem to be publicly revealed has been with the reactor coolant
pump, whose design had to be modified and components replaced after a round of tests carried
out prior to commissioning the reactor.532 As of May 2016, the reactor had been loaded with fuel
and was expected to become critical by “mid-2016".533 The cost of the two Kudankulam units has
gone up by over 70 percent.53¢ The PFBR was supposed to be commissioned in 2010.535 In
December 2015, the Chairman and Managing Director of the State Owned Corporation that is
constructing the PFBR pronounced that the project “shall generate power by September next

528 Phil Chaffee, “Thailand: Beyond the Fangchenggang Stake”, NIW, 8 January 2016.

529 Ratchaburi Electricity Generating Holding Public Co, “Analyst Meeting, 2015 Year End Results”,
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01.pdf, accessed 31 May 2016.
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http://www.deccanherald.com/content/429550/end-road-raps-1.html, accessed 16 June 2016.

531 Infrastructure & Project Monitoring Division, “Project Implementation Status Report on Central Sector
Projects (Costing Rs.20 Crores & Above)—January-March 2004”, Ministry of Statistics & Programme
Implementation (MoSPI), New Delhi, 2004, see http://mospi.nic.in/pi_status_report_csp.pdf, accessed

2 July 2016.

532 Department-related Parliamentary Standing Committee on Science & Technology, Environment &
Forests, “Two Hundred Eighty Second Report on—Demands for Grants (2016-2017) of the Department of
Atomic Energy (Demand No. 4 )”, May 2016, New Delhi.

533 JANS, “Kudankulam unit 2 reactor fuel loading complete”, Business Standard, 19 May 2016, see
http://www.business-standard.com/article/news-ians/kudankulam-unit-2-reactor-fuel-loading-complete-
116051900856 1.html, accessed 17 June 2016.

534 MoSPI, “78th Report On Mega Projects (Rs. 1000 Crore and Above)”, November 2015.
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year”.536 But by April 2016, scientists involved with the project told Indian Express that “it is
unlikely that the project could be completed by the end of this year”.537” The PFBR’s cost estimate
has gone up by over 62 percent.538 And finally, the start date projected for the first of the PHWRs
to start generating power by the director of the project is end-2016 or early-2017, which would
be about two years past the initial projections.53? However, other official reports suggest that the
four PHWRs will only be commissioned in 2018/19.540

The experience with recently commissioned reactors has been poor. Although Kudankulam-1
reached criticality in July 2013, it took over 17 months to being declared commercial on 31
December 2014. Since commercial operation started, Kudankulam-1 has only operated for
4,212 hours in 2014 and 3,993 hours in 2015;541 in other words, in both years, it has been shut
down for longer than it has been online. A good fraction of those operations evidently involved
the reactor generating less than its rated power capacity because its reported load factor in 2015
was only 40 percent. The Indian Department of Atomic Energy describes this dismal performance
as “teething problems”,542 but it remains to be seen if the reactor, will eventually grow out of these
problems.543

Despite this poor performance, the Nuclear Power Corporation of India Ltd. (NPCIL) has gone
ahead with the early stages of construction of the third and fourth units at the Kudankulam site;
excavation of the site started in February 2016.54¢ The first pour of concrete is expected to take
place in 2017. A General Framework Agreement to construct the two units was signed in
April 2014.545 Cost estimates for these two units have been reported to be as high as Rs. 398 billion

e
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barely-masks-a-crumbling-project-24114/, accessed 17 June 2016.
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http://www.thehindu.com/news/national/tamil-nadu/site-excavation-for-3rd-4th-reactors-begins-at-
kknpp/article8250518.ece, accessed 2 July 2016.
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(US$6.6 billion),546 to as low as Rs. 330 billion (US$5.5 billion).547 However, in light of the
experience so far, these costs are likely to go up significantly. Even without accounting for such
escalations, these estimates are already much higher than the Rs. 225 billion currently estimated
for the first two units at Kudankulam.548

The reason for the cost increase is said to be the Indian nuclear liability law.549 A section in that
law offers NPCIL the “right of recourse”, i.e., the right to claim compensation from suppliers up to
a maximum of Rs. 15 billion (US$240 million) in the event of an accident involving a nuclear
reactor supplied by a multinational supplier. The amount under question is tiny in comparison
with the cost of, say, the Fukushima accident or the total cost of a nuclear reactor. The latter rather
creates a “moral hazard” for reactor suppliers.550 Despite the small size of the potential amount to
be paid to NPCIL in the event of an accident, reactor vendors, especially U.S. based companies like
General Electric and Westinghouse, have been opposed to taking on any liability. Successive
administrations in India have been under pressure to find a way to let these vendors avoid liability
and have modified the rules for implementation of the legislation in various ways.551 Over the
course of 2015, the government set up a domestic insurance pool that would provide coverage in
the event of a nuclear accident.552 In February 2016, the Indian government ratified the
Convention on Supplementary Compensation for Nuclear Damage, also known as the CSC, but
even that has not satisfied companies like Westinghouse and GE.553

The liability concern has been one factor that has slowed down plans to import reactors from
AREVA & EDF for the Jaitapur site, and from Westinghouse and GE for the Mithi Virdi and Kovvada
sites respectively. GE, in particular, had earlier ruled out selling a nuclear reactor to India as long
as the liability legislation remains.554 However, on the Indian side, the prospects for high costs of
power from imported reactors have also been a significant concern.
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The Jaitapur site was promised in 2007 to France as part of negotiations over India receiving a
waiver from the Nuclear Suppliers Group (the so-called U.S.-India nuclear deal).555 NPCIL and
AREVA then signed a formal Memorandum of Understanding to work on the setting up of two to
six EPR units in February 2009.556 From that point, it took over six years for AREVA to sign a Pre-
engineering Agreement (PEA) contract with NPCIL and a Memorandum of Understanding with
Larsen & Toubro, an engineering conglomerate based in India, to potentially carry out some of the
production locally.557 Then in January 2016, following a state visit by France’s President Hollande
to India, all that Prime Minister Modi and President Hollande could say in their joint statement
was that they wanted to “encourage” their nuclear firms to conclude techno-commercial
negotiations by the end of the year.558 Thus progress on the project has been slow at best and
there are still major differences in the price expectations of AREVA/EDF and NPCIL.559

The Mithi Virdi site, where Westinghouse’s AP1000 reactors are proposed, was approved in
2008,560 although there was a period after the Fukushima accidents, when the local state
government was unsure of proceeding with the reactor.561 India’s setting up of an insurance pool
in combination with a paucity of reactor sales elsewhere appears to have persuaded
Westinghouse to continue pursuing the deal. Although initially Westinghouse CEO Daniel
Roderick had not been optimistic and was still looking for “a break”,562 by January 2016 he was
hoping to make a “commercially significant announcement” by March 2016.563 In June 2016,
following a meeting between Indian Prime Minister Narendra Modi and U.S. President Barack
Obama, the joint statement released said that the two “leaders welcomed the start of preparatory

555 The Sunday Guardian, “Jaitapur will go to the French, Kakodkar disclosed”, 11 September 2011, see
http://www.sunday-guardian.com/investigation/jaitapur-will-go-to-the-french-kakodkar-disclosed, accessed
27 May 2016.

556 Areva, “Areva pursues its development in India”, Press Release, 10 July 2009, see
http://www.areva.com/EN/news-6874/areva-pursues-its-development-in-india.html, accessed 17 June 2016.

557 Areva, “India: AREVA signs agreements for the development of the Jaitapur nuclear power plant
project”, 10 April 2015, see http://www.areva.com/EN/news-10497/india-areva-signs-agreements-for-the-
development-of-the-jaitapur-nuclear-power-plant-project.html, accessed 17 June 2016.

558 Charu Sudan Kasturi, “Rafale and nuke deals in price tangle”, The Telegraph, 26 January 2016, see
http://www.telegraphindia.com/1160126/jsp/nation/story 65959.jsp, accessed 17 June 2016.

559 Sanjay Jog, “Sanjay Jog: Jaitapur’s nuclear discontent”, Business Standard, 10 October 2015, see
http://www.business-standard.com/article/opinion/sanjay-jog-jaitapur-s-nuclear-discontent-
115101000884 _1.html; and Anil Sasi, “Jaitapur nuclear project: Renewed push, amid lingering concerns”,
The Indian Express, 27 January 2016, see http://indianexpress.com/article/business/business-others/jaitapur-
nuclear-project-renewed-push-amid-lingering-concerns/, both accessed 17 June 2016.

560 Rajiv Shah, “N-plant site in Gujarat approved”, Times of India, 23 August 2008, see
http://timesofindia.indiatimes.com/city/ahmedabad/N-plant-site-in-Gujarat-
approved/articleshow/3395046.cms, accessed 17 June 2016.

561 The Times of India, “State does a rethink on Mithivirdi N-plant”, 3 May 2011, see
http://timesofindia.indiatimes.com/city/ahmedabad/State-does-a-rethink-on-Mithivirdi-N-
plant/articleshow/8147498.cms, accessed 17 June 2016.

562 Anya Litvak, “Westinghouse needs break in India nuclear stalemate”, Pittsburgh Post-Gazette,

25 January 2015, see http://powersource.post-gazette.com/powersource/policy-
powersource/2015/01/25/Westinghouse-waiting-for-progress-in-India-nuclear-
stalemate/stories/201501250086, accessed 17 June 2016.

563 Reuters, “Westinghouse eyes India reactor deal by March-end”, Business Standard India, 16 January
2016, see http://www.business-standard.com/article/printer-friendly-version?article id=116011600016 1,
accessed 18 January 2016.
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work on site in India for six AP1000 reactors to be built by Westinghouse and noted the intention
of India and the U.S. Export-Import Bank to work together toward a competitive financing package
for the project (...). Both sides welcomed the announcement by the Nuclear Power Corporation of
India Ltd, and Westinghouse that engineering and site design work will begin immediately and
the two sides will work toward finalizing the contractual arrangements by June 2017”.564

The relatively vague statement did not excite most financial analysts. Chris Gadomski, a leading
nuclear analyst at Bloomberg New Energy Finance in New York, for example was blunt: “To be
frank, I'll believe it when the check clears (...). There's so many of these deals that, you have to
wait until the pie is completely cooked”.565 In India, questions have been raised about the cost
competitiveness of these reactors.566 A recent assessment of the economics of AP1000 reactors by
the Institute for Energy Economics and Financial Analysis found that the costs of generating
electricity at the proposed AP1000 reactors would be at least three and possibly six times the
corresponding cost of setting up solar photovoltaic plants.567

Japan Focus

For the first time in nearly two years, commercial nuclear reactors began operation in Japan
during 2015. The Sendai-1 reactor restarted on 14 August568 with Sendai-2 restarting
21 October.5¢? In the following months, both reactors generated a total 3 TWh of electricity, or
0.5 percent of the nation’s annual output. This compares with a nuclear share of 1.7 percent of
total electricity in 2013, 2 percentin 2012, 18 percentin 2011, 29 percentin 2010, and the historic
maximum of 36 percent in 1998. The restarts of Sendai were the first reactor operations since
15 September 2013, when Ohi Unit-4 was shut down.570 Efforts to follow restart of the Sendai
plant, with operation of the Takahama-3 reactor57! in January 2016, proved short-lived due to an

564 The White House, “Joint Statement: The United States and India: Enduring Global Partners in the 21st
Century”, Press Release, 7 June 2016, see https://www.whitehouse.gov/the-press-office/2016/06/07 /joint-
statement-united-states-and-india-enduring-global-partners-21st, accessed 2 July 2016.

565 Tribune-Review, “Westinghouse to Build 6 Nuclear Reactors in India”, 7 June 2016, see
http://triblive.com/business/headlines/10595279-74/deal-india-westinghouse, accessed 2 July 2016.

566 Suvrat Raju, “The Cost of Nuclear Diplomacy,” The Hindu, 20 June 2016, see
http://www.thehindu.com/opinion/op-ed/the-cost-of-nuclear-diplomacy/article8748864.ece, accessed

22 June 2016.

567 David A. Schlissel, “Bad Choice: The Risks, Costs and Viability of Proposed U.S. Nuclear Reactors in
India”, Institute for Energy Economics and Financial Analysis, March 2016, see http://ieefa.org/wp-
content/uploads/2016/03/Bad-Choice The-Risks-Costs-and-Viability-of-Proposed-US-Nuclear-Reactors-in-
India_-March-2016.pdf, accessed 2 July 2016.

568 WNISR, “32-Year-0ld Reactor First to Generate Power in Japan in Nearly Two Years”, 14 August 2015,
see http://www.worldnuclearreport.org/32-Year-Old-Reactor-First-to-Generate-Power-in-Japan-in-Nearly-
Two-Years.html, accessed 17 June 2016.

569 WNISR, “Second Reactor Restarts in Japan”, 22 October2015, see
http://www.worldnuclearreport.org/Second-Reactor-Restarts-in-Japan.html, accessed 17 June 2016.

570 WNISR, “Japan Nuclear Free, Last Operating Reactor Shut Down”, 16 September 2013, see
http://www.worldnuclearreport.org/Japan-Nuclear-Free-Last-Operating.html, accessed 2 July 2016.

571 JAIF, “Kansai EP Starts Up Takahama-3 NPP”, 29 January 2016, see http://www.jaif.or.jp/en/kansai-ep-
starts-up-takahama-3-npp/, accessed 17 June 2016.
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unprecedented court ruling on 9 March 2016 forcing the immediate closure of the reactor.572 The
Otsu District Court ruling also required the continued shutdown of Takahama-4 which had earlier
suffered a technical failure on 29 February when plant operator Kansai Electric Power Company
was attempting grid connection.573

As aresult of the Otsu court ruling the two Sendai reactors, owned by Kyushu Electric and located
in Kagoshima prefecture in southern Japan, is the only nuclear power plant operating as of
1 July 2016, highlighting the failure of the industry to recover from the progressive shutdown of
all reactors in the period after 11 March 2011. As a result, all but three of Japan’s nuclear reactors
are in the WNISR category of Long Term Outage (LT0).574 (See Annex 2 for a detailed overview of
the Japanese Reactor Program.)

Figure 42: Age Distribution of the Japanese Nuclear Fleet

Age of Japanese Nuclear Fleet
as of 1 July 2016

39 reactors
(36in LTO)
Mean Age:
0-10year: 2 26.7 years

Sources: IAEA-PRIS, MSC, 2016

Figure 6 shows the collapse of nuclear electricity generation in Japan from 287 TWh to 9.7 TWh
in 2015. While the most dramatic decline has been since the 2011 Fukushima Daiichi accident, in
fact it has been 17 years since Japan’s nuclear output peaked at 313 TWh in 1998. The noticeably
sharp decline during 2002-2003, amounting to a reduction of almost 30 percent, was due to the
temporary shutdown of all 17 of Tokyo Electric Power Company’s (TEPCO) reactors—seven at
Kashiwazaki Kariwa and six at Fukushima Daiichi and four at Fukushima Daini.5’5> The shutdown
was following an admission from TEPCO that its staff had deliberately falsified data for inclusion

572 Nikkei Asian Review, “Japan court orders shutdown of nuclear reactors”, 10 March 2016, see
http://asia.nikkei.com/Business/Companies/Japan-court-orders-shutdown-of-nuclear-reactors, accessed 2 July 2016.
573 WNISR, “Takahama-4 Reactor Fails Grid Connection in Japan”, 2 March 2016, see
http://www.worldnuclearreport.org/Takahama-4-Reactor-Fails-Grid-Connection-in-Japan.html, accessed

17 June 2016.

574 M. Schneider, A. Froggatt, et. al., “WNISR 2014”, 18 August 2014, see
http://www.worldnuclearreport.org/WNISR2014.html, accessed 17 June 2016.

575 Daiichi means “Number One” and Daini means “Number Two”, each referring to a multi-reactor
generating complex.
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in regulatory safety inspections reports.57¢ During 2003, TEPCO managed to resume operations
of five of its reactors. The further noticeable decline in electrical output in 2007 was the result of
the extended shutdown of the seven Kashiwazaki Kariwa reactors, with a total installed capacity
of 8 GWe, following the Niigata Chuetsu-oki earthquake in 2007.577 TEPCO was struggling to
restart the Kashiwazaki Kariwa units, when the Fukushima earthquake occurred.

The Fukushima-Daiichi accident, which began on 11 March 2011 (see Fukushima Status Report),
led to the shutdown of all 50 nuclear reactors in addition to the destruction of four of the six units
at the Fukushima-Daiichi site. Five years on, the consequences of the accident continue to define
the future prospects for nuclear energy in Japan. The number of reactors theoretically available
to resume operation declined further with five reactors declared for permanent closure in
March 2015578 and the confirmation of the permanent closure of the 39-year-old Ikata-1 reactor
on 25 March 2016.579 WNISR considers the day of the last electricity generation as the closure
date and accordingly modifies the statistics retroactively.

Table 15: Japanese Reactors Officially Closed

Owner Unit Capacity Grid Connection Last Production Age>80
PWR Mihama Unit 1 340 MW 1970 2010 40 years

Kansai Electric
PWR Mihama Unit 2 500 MW 1972 2011 40 years
Kyushu Electric PWR Genkai Unit 1 559 MW 1975 2011 37 years
Shikoku PWR lkata Unit 1 538 MW 1977 2011 35 years
JAPC BWR Tsuruga Unit 1 357 MW 1969 2011 41 years
Chugoku Electric PWR Shimane Unit 1 460 MW 1974 2010 37 years

Sources: IAEA-PRIS, MSC, 2016

While the nuclear industry has failed to resume operation of nuclear power plants, a consistent
majority of Japanese citizens, when polled, continue to oppose the continued reliance on nuclear

576 Hiroyuki Kuroda, “Lesson Learned from TEPCO Nuclear Power Scandal”, Manager Corporate,
Communications Department, TEPCO, 24 March 2004, see http://www.tepco.co.jp/en/news/presen/pdf-
1/040325-s-e.pdf, accessed 17 June 2016.

577 TEPCO, “Impact of the Niigata Chuetsu-oki earthquake on the Tokyo Electric Power Company (TEPCO)
Kashiwazaki Kariwa Nuclear Power Station and Countermeasures”, September 2007,

see www.tepco.co.jp/en/news/presen/pdf-1/0709-e.pdf, accessed 2 July 2016.

578 WNISR, “Japanese Utilities Confirm Closure of Five Reactors”, 21 March 2015, see
http://www.worldnuclearreport.org/Japanese-Utilities-Confirm-Closure.html, accessed 2 July 2016.

579 WNISR, “Permanent Closure of Japanese Reactor Ikata-1”, 26 March 2016, see
http://www.worldnuclearreport.org/Permanent-Closure-of-Japanese-Reactor-lkata-1.html, accessed

2 July 2016.

580 Note that WNISR considers the age from first grid connection to last production.
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power, support its early phase-out, and remain opposed to the restart of reactors—with latest
polling in February 2016 indicating about 60 percent opposed to reactor operations.581

The polling came prior to Japan’s largest earthquake since 2011, which struck the island of Kyushu
in mid-April 2016.582 The two major earthquakes on 14 and 16 April and hundreds of aftershocks
did not cause damage to the Sendai nuclear plant, located around 150km from the epicentres, or
at the Genkai and Ikata nuclear plants, which are also in relative proximity to the seismic events.583
However, the fact that the largest earthquake to hit Kyushu since 1889 took place in the region of
Japan’s only operating nuclear plant raised further widespread public and political opposition,
including criticism of the seismic risk assessments of Japan's Nuclear Regulation
Authority (NRA).58¢ The Kumamoto seismic events were unique in that, for the first time, two
registered level 7 earthquakes on the Japanese seismic intensity scale occurred in separate
municipalities, they are also the first twin earthquakes to register intensity 7, since the adoption
of the Japanese scale in 1949, according to the Japan Meteorological Agency (JMA).585 The effect of
this has been to further sensitize Japanese public opinion to the earthquake risks to nuclear power
in Japan.

The government of Prime Minister Abe, elected in December 2012, confirmed in 2014 a new
Strategic Energy Plan. It reversed the previous government’s position, announced in
September 2012, that called for a zero nuclear power future by the 2030s.586 In April 2015, the
Long-term Energy Supply and Demand Outlook was proposed, which set the percentage of energy
the nation aims to generate from different sources by the year 2030.587 Adopted in July 2015, it
was decided that a nuclear share of 20-22 percent, renewable energy of 22-24 percent, and fossil
fuels 56 percent would be achieved by 2030.588 The proposed nuclear share is below the pre-
Fukushima projection within the Ministry of Economics, Trade and Industry’s (METI)

581 Nikkei, “Opposition to nuclear power plant re-running 60 percent headquarters poll”,

29 February 2016, (in Japanese), see http://www.nikkei.com/article/DGXKASFS28H1F_Y6A220C1PE8001/,
accessed 12 May 2016.

582 Bloomberg, “Japan's Worst Quake Since 2011 Seen Delaying Nuclear Starts”, 26 April 2016, see
http://www.bloomberg.com/news/articles/2016-04-26/japan-s-worst-quake-since-fukushima-seen-delaying-
nuclear-starts, accessed 2 July 2016.

583 NRA, “Situation of Nuclear Facilities following the 2016 Kumamoto Earthquake”, News Release,

18 April 2016, see https://www.nsr.go.jp/data/000147663.pdf, accessed 17 June 2016.

584 South China Morning Post, “Activists, residents in Japan protest against restart of two Sendai nuclear
reactors located less than 150km from recent quakes’ epicentre”, 18 April 2016, see
http://www.scmp.com/news/asia/east-asia/article/1936923/activists-residents-japan-protest-against-restart-
two-sendai, accessed 2 July 2016.

585 The Mainichi, “Kumamoto temblors are first twin level-7 quakes on record: JMA”, 21 April 2016, see
http://mainichi.jp/english/articles/20160421/p2a/00m/0na/007000c, accessed 2 July 2016.

586 The Energy and Environment Council, “Innovative Strategy for Energy and the Environment”,
Government of Japan, 14 September 2012.

587 MET]I, “Long-term Energy Supply and Demand Outlook”, (Provisional Translation), July 2015, see
http://www.meti.go.jp/english/press/2015/pdf/0716_01a.pdf, accessed 17 June 2016.

588 Kenji Kaneko, “Japan Announces Energy Mix Plan for 2030”, Clean Tech Institute, Solar Power Plant
Business, 1 May 2015, see http://techon.nikkeibp.co.jp/english/NEWS_EN/20150501/416800/?ST=msbe,
accessed 17 June 2016.
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2010 Strategic Energy Plan, which had planned for 50 percent by 2030,589 and also below the
actual pre-Fukushima Daiichi accident level of 29 percent in March 2011.

Challenges to the proposed nuclear share were evident inside the drafting subcommittee, with
dissenting expert opinions that the nuclear share did not reflect a 2014-commitment to reduce
nuclear power to the extent possible.59 In response, the then Industry Minister, Yoichi Miyazawa,
stated that high energy costs from renewables would require a nuclear share of at least 20-
22 percent.591 To attain that nuclear share, all 26 reactors that have applied for NRA review would
have to be operating, plus most of those yet to be reviewed, a prospect that in reality is
unattainable. Miyazawa stated that achieving this percentage would require the operation of
35 reactors by 2030, a target that does not reflect the reality of the many challenges facing Japan’s
aging nuclear reactor fleet592 (see also Figure 42).

If anything, the prospects for attaining the current 2030 nuclear share have worsened during the
past year. The Otsu District Court in Shiga prefecture, in issuing the injunction sought by
29 citizens living within 30-70km of the Takahama reactors59, signaled to Japan’s utilities and
government that even with reactors approved for restart and operating, there is a possibility of
future injunctions forcing the shutdown of reactors. As with the Otsu judgement, this could
include a court located in neighboring prefectures outside the immediate area of the location of
the nuclear power plant. It remains unclear what the final legal outcome will be in the Takahama-
3 and -4 dispute, however, Kansai Electric is clearly determined to use all legal means to try to
overturn the specific judgement594. The significance and medium to long term impact of the Otsu
judgement is difficult to overstate, given the uncertainty as to which reactor could be next. The
fact that Kansai Electric were not prepared for the ruling and its shock impact (its share price
dropped by 15 percent, the largest plunge since October 1987) was highlighted by the reaction of
the vice chair of the Kansai Economic Federation: “Why is a single district court judge allowed to
trip up the government’s energy policy?”595

Within the utility industry, it is acknowledged that it will be a challenge to reach the government
target and that 15 percent by 2030 is more realistic. And even attaining this figure looks

589 MET]I, “The Strategic Energy Plan of Japan—Meeting global challenges and securing energy futures”,
Revised June 2010.

590 Asahi Shimbun, “Nuclear power crucial as renewable energy too costly, ministry says”, 27 May 2015.
591 Ibidem.

592 Asahi Shimbun, “Japan needs 35 nuclear reactors operating by 2030, says industry minister”,

11 June 2015.

593 Kansai Electric Power Company, “Decision of a provisional disposition preventing the operation of
Units 3 and 4 of Takahama Nuclear Power Station”, 9 March 2016, see
http://www.kepco.co.jp/english/corporate/pr/2016/ icsFiles/afieldfile/2016/03/09/2016 mar9 2.pdf,
accessed 17 June 2016.

594 Kansai Electric Power Company, “Appeal of an Objection to the Provisional Disposition to Suspend
Operation of Takahama Units 3 and 4”, 14 March 2016, see
http://www.kepco.co.jp/english/corporate/pr/2016/ icsFiles/afieldfile/2016/03/14/2016 marl4 1.pdf,
accessed 17 June 2016.

595 Asahi Shimbun, “Editorial: nuclear power proponents still scoffing at public safety concerns”,

28 March 2016, see http://www.asahi.com/ajw/articles/aj201603280014.html, accessed 12 May 2016.
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uncertain.5?6 Wider corporate Japan is increasingly skeptical of the prospects for attaining a high
share.597 Several scenarios indicating a share of less than 10 percent were published during
2015.598 In May 2016, indications emerged that this lower target may be adopted in a revised
energy plan. Reflecting the unrealistic prospects for nuclear reactor restarts and continuing
strong public opposition, unnamed sources suggested that an updated energy plan to be released
in 2017 would revise downwards the nuclear share to between 10 and 15 percent.>99

Figure 43: Electricity Generation in Japan by Source 2006-2015
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596 Shigeru Muraki, “Plenary Discussion: Managing Global Risks—Markets, Geopolitics and Climate”,
Tokyo Gas, Columbia Global Energy Summit, 28 April 2015, see http://energypolicy.columbia.edu/events-
calendar/2015-columbia-global-energy-summit, accessed 2 July 2016.

597 Reuters, “Japan Inc not as keen as Abe government on nuclear power—Reuters poll”, 24 May 2015, see
http://www.reuters.com/article/2015/05/24/japan-companies-nuclear-
idUSL3NOYB2PR20150524?feedType=RSS&feedName-=utilitiesSector, accessed 2 July 2016.

598 Shaun Burnie, “Reality Check: Energy Mix 2030 and Japan'’s Collapse in Nuclear Power Generation”,
Greenpeace Germany, Published 24 April 2015, Updated June 2015, see
http://www.greenpeace.org/japan/Global/japan/pdf/20150428-briefing-energy-mix.pdf, accessed

2 July 2016; and BNEF, “Japan’s likely 2030 energy mix: more gas and solar”, 2 June 2015, see
http://about.bnef.com/white-papers/japans-likely-2030-energy-mix-gas-solar/, accessed 12 May 2016.

599 Reuters, “Japan to cut emphasis on nuclear in next energy plan: sources”, 26 May 2016, see
http://www.reuters.com/article/us-japan-nuclear-idUSKCNOYI06Z, accessed 25 June 2016.

600 FEPC, “Summary of Press Conference Comments Made by Makoto Yagi, FEPC Chairman”, 20 May 2016,
see https://www.fepc.or.jp/english/news/conference/ icsFiles/afieldfile/2016/05/24/kaiken e 20160520.pdf,
accessed 5 July 2016.
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The options for how such targets would be attained are of course dependent upon multiple
factors, in particular installed capacity per reactor. Taking into account the major uncertainties,
one scenario for a 10 percent target would require the operation of 13 of the reactors currently
under NRA review, including start up and operation of the two Advanced Boiling Water Reactors
(ABWR) under construction at Shimane and Ohma. A 15 percent target would require either the
operation of all 26 reactors that have applied to the NRA for review, and therefore include the
operation of reactors beyond their 40-year lifetime; or a combination of 40-year plus reactors
together with additional reactors that have yet to apply for review. Specifically, the uncertainties
in the prospects for reactor restart mean that, no matter what target percentage is set, the
Japanese Government and utilities simply do not know, how many of Japan’s 36 remaining
reactors will be restarted, nor when.

People often wonder, how Japan could handle the loss of close to 30 percent of the electricity
generating capacity following the 3/11 events without any major blackouts. As Figure 43
illustrates, there were two key components, savings/energy efficiency and increased fossil fuel
use. Compared to 2010, consumption dropped nationwide by 5 percent in 2011. One remarkable
aspect is that consumption did not pick up again, on the contrary, continued to fall: In 2015,
national power consumption was 12 percent below the 2010 level. The fuel shift between 2010
and 2015 shows an increase of 5 percentage points for both, natural gas and coal, while the oil
consumption, after a brief surge, fell back to its pre-3/11 levels. Renewables pick up only slowly
and contribute now about 5 percent to the mix compared to 1 percent in 2010.

The 2014 Strategic Energy Plan maintained the long-standing government policy of promoting
spent nuclear fuel reprocessing and plutonium mixed oxide fuel (MOX) use in commercial
reactors. In a further signal of tensions and challenges within Japan’s nuclear industry, the
Federation of Electric Power Companies (FEPC), which represents the nation’s ten nuclear power
utilities, announced on 20 November 2016 the indefinite postponement of a target date for
loading plutonium Mixed Oxide (MOX) fuel into 16-18 light water reactors.601 The plans to use
MOX fuel have for the past two decades been the justification used for Japan’s accumulation of
plutonium through reprocessing. The Takahama-3 reactor, operated between 29 January and
10 March with MOX fuel, and the MOX-fueled reactor Takahama-4, are now shutdown. The first
reactor to resume operation with MOX fuel will likely be Ikata-3 scheduled for summer 2016. The
22nd delay in beginning the commercial operation of the Rokkasho-mura reprocessing plant,
intended to produce plutonium for use in MOX fuel, was announced in November 2015.602
Originally scheduled to begin operation in 1997, construction of the plant began in 1993.603

601 N1/, “Japan postpones plans to use MOX fuel”, 26 November 2015.

602 INFL, “Extraordinary Press Conference—Schedule Change of Completion of Rokkasho Reprocessing
Plant and MOX Fuel Fabrication Plant”, 16 November 2015, see http://www.jnfl.co.jp/en/release/president-
talk/2015/20151116.html, accessed 17 June 2016.

603 Shaun Burnie, Frank Barnaby, et al., “Nuclear Proliferation in Plain Sight: Japan’s Plutonium Fuel Cycle-
A Technical and Economic Failure But a Strategic Success”, The Asia-Pacific Journal, Volume 14, Issue 5,

1 March 2016, see http://apjjf.org/-Shaun-Burnie--Frank-Barnaby--Tom-Clements--Aileen-Mioko-Smith--
Kendra-Ulrich/4860/article.pdf, accessed 17 June 2016.
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NRA Nuclear Safety Review

As of 1 July 2016, eleven power companies that own nuclear reactors have applied to Japan’s
regulator NRA for safety assessments of a total of 26 nuclear reactors (see Annex 2 for details),
with seven reactors having completed all stages of the review (Sendai-1 and -2, Takahama-3 and
-4604, [kata-3605), as well as Takahama-1 and -2 that, on 20 June 2016, became the first units to be
granted a lifetime extension to 60 years under the new regulations. The NRA is expected to
complete pre-operational inspections for Ikata-3 in July 2016. Compliance with the NRA
guidelines, which came into force in July 201369, is a requirement for utilities in their plans for
reactor restart, along with “securing local public understanding” and approval from the
prefectural government and local town mayors. The new guidelines cover a range of issues related
to the safety risks of nuclear power plants, including seismic and tsunami assessments and
protective measures undertaken by utilities;07 fire protection; the management of the reactor in
the event of a loss of offsite electrical power, cooling function, and accident management,508
including prevention of hydrogen explosion; and the containment or filtered venting of
radioactive materials into the environment. In the case of seismic assessments, reactors that are
located above active faults would not be permitted to resume operations. Reactor owners are also
required to assess their vulnerability to volcanic eruptions, which depending on scale of risk
would not be permitted to operate or would be required to have specific countermeasures in
place. Emergency evacuation plans are also required to be agreed with local communities within
a 30 km radius of the nuclear plant. Upon completion of the preliminary approval of the safety
case, the NRA holds a series of local public information meetings—an issue that has created
controversy as to whether communities not immediately within the vicinity of a plant—but at risk
in the event of a severe accident, would participate.

To date the NRA has only completed the review of Pressurized Water Reactors (PWR) based on
the regulator’s analysis that it is easier to secure them against seismic events than it is for Boiling
Water Reactors (BWR). In addition, only one BWR review team of about 20 staff is in place at NRA,
compared to three teams of about 60 people that are working on PWR inspections.

The Japan Atomic Power Company (JAPCO) submitted an application to the NRA review for its
Tsuruga-2 reactor on 5 November 2015, becoming the 26t reactor under review.609 However,
there has been an ongoing dispute since 2012 between the NRA and JAPCO over the nature of a

604 NRA, “Completion of the 3-step conformity review on the New Regulatory Requirements for Takahama
NPS Units 3 and 4”, News Release, 9 October 2015, see https://www.nsr.go.jp/data/000125853.pdf,
accessed 17 June 2016.

605 NRA, “Completion of the 3-step conformity review on the New Regulatory Requirements for Ikata
Power Station Unit 3” News Release, 20 April 2016, see https://www.nsr.go.jp/data/000147907.pdf,
accessed 17 June 2016.

606 NRA, “New Regulatory Requirements for Light-Water Nuclear Power Plants—Outline—August 2013,
see https://www.iaea.org/sites/default/files/requirements160913.pdf, accessed 17 June 2016.

607 NRA, “Outline of New Regulatory Requirements For Light Water Nuclear Power Plants (Earthquakes
and Tsunamis)”, 3 April 2013.

608 NRA, “Outline of New Regulatory Requirements For Light Water Nuclear Power Plants (Severe
Accident Measures)”, 3 April 2013.

609 JAIF, “JAPC Files Application for Compatibility Examination for Tsuruga-2”, 9 November 2015, see
http://www.jaif.or.jp/en/japc-files-application-for-compatibility-examination-for-tsuruga-2/, accessed

17 June 2016.
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seismic fault line at the site. The definition of an active fault is one with having the “possibility of
slipping in the future” and that has been active since the Late Pleistocene era, or some 120,000
and 130,000 years ago. An expert panel of the NRA indicated in December 2012 that the fault line
was possibly active,610 and in May 2013 the evaluation report of the NRA determined that the D-
1 fracture zone lying directly under Tsuruga-2 was active.6!l The JAPCO, and a team of
international experts have claimed ever since that the fault line is not active.t12 Despite counter
arguments from JAPCO, in March 2015, the NRA Commissioners agreed with the final evaluation
that the fault was active.613 The decision is critical for JAPCO, with only two reactors in its fleet,
the other being Tokai-2 where the prospects for restarting are close to zero. Thus without the
possibility of operating Tsuruga-2 it would mean the end of JAPCO as a nuclear plant operator,
having to move the units from assets to liabilities in the balance sheet and triggering the weighty
financial issue of decommissioning. JAPCO, a company established and owned by nine other
nuclear power companies, has not accepted the NRA’s judgement, hence the filing in November
2015 for review of Tsuruga-2 for compliance with the 2013 guidelines. Unless the NRA overturns
its own decision, there is no prospect of Tsuruga-2 being approved for restart.

Another nuclear power plant and utility that is in dispute with the NRA is Hokuriku Electric Power
Company and its Shika-2 plant, which is under review. On 3 March 2016, a panel of experts of the
NRA issued a report concluding that one of the fault zones running directly under the Shika-1
reactor building “could possibly become an active fault in the future.” Hokuriku objected to the
report.614 The older Shika unit is not under NRA review and it is almost certain that it will be
decommissioned. However, the NRA also concluded that two fault lines running under the turbine
building of both unit-1 and unit-2 could also be active.615 The NRA commissioners have yet to
make a final determination on this issue, requesting more information from the utility. Shika-2 is
an 1100 MW Advanced Boiling Water Reactor (ABWR), which only began operation in 2005. A
ruling by the NRA that the fault under Shika-2 is active, would leave Hokuriku, like JAPCO, with no
operable reactors.

In August 2015, the NRA announced that it was putting the TEPCO reactors Kashiwazaki Kariwa-
6 and -7 on a priority list for screening, suggesting that these will be the first BWRs out of a total

610 Japan Times, “Detecting Active Faults Near Reactors”, Editorial, 14 December 2012, see
http://www.japantimes.co.jp/opinion/2012/12/14/editorials/detecting-active-faults-near-reactors/, accessed
17 June 2016.

611JATF, “Thin Reasoning in NRA’s Argument for Active Fault under Tsuruga-2”, 25 November 2014, see
http://www.jaif.or.jp/en/thin-reasoning-in-nras-argument-for-active-fault-under-tsuruga-2/, accessed 17 June 2016.
612 JAPCO, “Evaluation of shatter zones at Tsuruga NPP site—Interim Report of the Joint International Experts’
Meeting (TRM/IRG)”, 21 May 2013, see http://www.japc.co.jp/english/shatter_zones/pdf/130521/250521_2.pdf,
accessed 2 July 2016.

613 JAIF, “NRA Accepts Finalization of Panel Report Recognizing the Fault Directly Under Tsuruga-2 as
Active”, 25 March 2015, see http://www.jaif.or.jp/en/nra-accepts-finalization-of-panel-report-recognizing-
the-fault-directly-under-tsuruga-2-as-active/, accessed 2 July 2016.

614 JAIF, “Hokuriku Electric Power Voices Objections to Report on Crushed Rock Fault Zones at Shika
NPPs”, 4 March 2016, see http://www.jaif.or.jp/en/hokuriku-electric-power-voices-objections-to-report-on-
crushed-rock-fault-zones-at-shika-npps/, accessed 2 July 2016.

615 Japan Times, “Shika Nuclear Power Plant Closer to Being Scrapped as NRA Upholds Faults Ruling”,

27 April 2016, see http://www.japantimes.co.jp/news/2016/04/27/national/science-health/shika-nuclear-
plant-closer-scrapped-nra-upholds-fault-ruling/#.Vz5HMiMrK2w, accessed 19 May 2016.
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of ten, to advance through the review process.616 However, there are no prospects for restart of
the reactors in the coming year, not least due to multiple outstanding issues including seismic
risks, and the opposition to restart from the Niigata prefectural governor.6l? On
30 November 2015, TEPCO admitted to the NRA multiple safety failures at the Kashiwazaki
Kariwa plant—this followed a warning from the NRA that safety standards under the Act on the
Regulation of Nuclear Source Material, Nuclear Fuel Material and Reactors had been broken
during safety-related construction at the plant. TEPCO confirmed that at all seven Kashiwazaki-
Kariwa reactors they had identified 1,745 electric cables found to have problems, including no
separation between safety and non-safety cabling.’'® TEPCO also admitted that in hundreds of
construction projects at the Kashiwazaki Kariwa plant there had been inadequate supervision.

The decision of the NRA to focus on the ABWRs at Kashiwazaki also means that the review of three
other BWRs—Chugoku Electric Power Company’s Shimane-2, Tohoku Electric Power Company’s
Onagawa-2 and Chubu Electric Power Company’s Hamaoka-4—will be pushed back.61%

The credibility and effectiveness of the NRA during the past year has been significantly challenged.

IAEA Integrated Regulatory Review Service (IRRS)

In addition to court rulings that have questioned in particular the effectiveness of seismic
assessments of the NRA, in January 2016, the regulator was reviewed by the IAEA Integrated
Regulatory Review Service (IRRS). In the final report, presented to the NRA on 23 April 2016629,
the IAEA praised the establishment of the NRA and acknowledged that it has sought to improve
independence and transparency since it was setup in 2012, it also noted however significant areas
of weakness. These included that the NRA is currently conducting its work outside the
recommendations and guidelines of the IAEA General Safety Requirements (REV 1) and the
inadequacy of NRA inspections of nuclear facilities including nuclear plants—this includes poor
training, limited inspections rights, and extended periods between inspections. In its report the
IAEA concluded:

The unnecessary complexity of the legal framework with respect to inspections was also recognized
during the IRRS mission to Japan in 2007. However, the IRRS team noted that the approach remains
essentially the same 9 years later. During the preparations for the IRRS mission the NRA also
recognized the unnecessary complexity of the legal framework for performing inspections and has
already foreshadowed improvements towards simplification. Such improvements will require
changes in the laws, which will likely take considerable time (...).

616 Reuters, “Japan puts Tepco reactors on priority list for restart screening”, 6 August 2015, see
http://www.reuters.com/article/japan-nuclear-restarts-idUSL3N10H32R20150806, accessed 2 July 2016.

617 Bloomberg, “Tepco Niigata Atomic Plant Safe to Restart in 2016, Adviser Says”, 20 November 2015, see
http://www.bloomberg.com/news/articles/2015-11-20/tepco-niigata-atomic-plant-safe-to-restart-in-2016-adviser-says,
accessed 2 July 2016.

618 The Mainichi, “TEPCO reports 2,000 incorrectly installed cables at 2 nuclear complexes”,

1 December 2015, see http://mainichi.jp/english/articles/20151201/p2a/00m/0na/013000c, accessed

2 July 2016.

619 NI, “Japan’s NRA prioritizing Kashiwazaki-Kariwa review: commissioner”, 20 August 2015.

620 Department of Nuclear Safety and Security, “Integrated Regulatory Review Service (IRRS) Mission to
Japan”, IAEA, Tokyo (Japan), 10-22 January 2016, see https://www.nsr.go.jp/data/000148261.pdf, accessed
17 June 2016.
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The IRRS team concluded that the NRA inspection program needs significant improvement in
certain areas (...):

In particular the legal framework for inspection is prescriptive in nature and allows very little
freedom to NRA to decide on the scope, frequency and content of inspections taking into account risk
significance of issues.621

The weakness of NRA inspections was highlighted in December 2015, when it was confirmed that
the NRA had failed to conduct on-site inspections for fire related cable installation at reactors,
where it had completed and approved pre operational inspection.622

Even before the release of the IAEA IRRS report the NRA Commissioners unanimously approved
on 16 March 2016 a proposal to try to implement recommendations from the IRRS report.623 The
NRA will also seek an amendment of the Act on the Regulation of Nuclear Source Material, Nuclear
Fuel Material and Reactors, to specifically revise inspection procedures to the Diet at some point
in 2016.62¢ The IAEA report on the NRA is unusually forthright and critical and is at variance with
the repeated claims of the NRA Chair, Shunichi Tanaka, that Japanese regulatory standards are
“internationally recognized as being the strictest in the world.”625

Critical Ageing and Life Extensions

A major determinant in the eventual number of reactors operated in Japan will be ageing,
permanent decommissioning, and life extension decisions of nuclear power plants. As of
1 July 2016, a total of six reactors (see Table 15) have been declared to be decommissioned, not
including Fukushima. This is a significant departure from the position of utilities prior to the
Fukushima Daiichi nuclear accident, when they and METI were proposing operation of nuclear
reactors beyond 60 years.626 The decision to permanently shut down these reactors highlights the
ageing issues confronting Japan’s nuclear power utilities.

Before the March 2011 nuclear accident at Fukushima Daiichi, Japan had 54 commercial nuclear
reactors. As a result of the accident, all six reactor units at Fukushima Daiichi are to be
decommissioned over the coming decades, which reduces the total number of reactors officially
“in operation” to 42. TEPCO has yet to announce the permanent closure of its four Fukushima

621 [bidem.

622 Japan Times, “NRA fails to conduct on-site checks for nuclear-plant cables”, 6 December 2015, see
http://www.japantimes.co.jp/news/2015/12/06/national/nra-fails-to-conduct-on-site-checks-for-nuclear-
plant-cables/#.Vz7j-yMrK2w, accessed 17 June 2016.

623 Platts, “Japan’s regulator sets March 2020 target to implement IAEA recommendations” Nuclear News
Flashes, 20 March 2016.

624 Platts, “Japan's NRA forms team to implement IAEA inspection recommendations”, 11 May 2016.

625 JAIF,“Kansai EP Appeals Court Decision Prohibiting Restarts of Takahama NPPs”, 22 April 2015, see
http://www.jaif.or.jp/en/kansai-ep-appeals-court-decision-prohibiting-restarts-of-takahama-npps/, accessed
17 June 2016.

626 T. Tsukada, Y. Nishiyama, et. al,, “Research Programs On Aging Of Reactor Structural Materials At Japan
Atomic Energy Research Institute”, Japan Atomic Energy Research Institute, Japan, 2002, as published in
the Proceedings of a symposium held in Budapest on Nuclear Power Plant Life Management by the IAEA,
4-8 November 2002, see http://www-pub.iaea.org/mtcd/publications/pdf/csp 021c/pdf/contents.pdf; and T.
Noda, K. Tajima, et al., “Current Approaches To Nuclear Power Plant Life Management In Japan”, Nuclear
And Industrial Safety Agency (NISA), MET]I, Japan Nuclear Power Plant Life Engineering Center (PLEC),
Japan Power Engineering And Inspection Corporation (JAPEIC), Japan, 2002, see
http://wwwpub.iaea.org/MTCD/publications/PDF/csp_021c/PDF/contents.pdf, accessed 19 May 2016.
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Daini reactors located 12 km south of the Fukushima Daiichi site. However, given the devastation
of the accident to Fukushima Prefecture, and resultant opposition to TEPCO and nuclear power in
that Prefecture and wider Japan, there is no prospect that these reactors will restart.627? WNISR
has taken them off the list of operating reactors in the first edition following 3/11.

The decision to permanently shut down Ikata-1, mirrors the decision-making of other utilities in
having to assess the financial implications of retrofitting the reactor to meet post-Fukushima
safety standards, which, in the case of Ikata, Shikoku Electric estimated at ¥200 billion
($1.77 billion).628 The conclusion reached was that with a relatively small output capacity and up
to four years required to complete the work, the remaining operational life of the reactor would
not generate sufficient income to justify the investment. The decision reverses Shikoku’s earlier
position of planning for the restart of Ikata-1.

The six reactors to be decommissioned had a total installed generating capacity of 2.7GW, equal
to 5.6 percent of Japan’s nuclear capacity as of March 2011. Together with the ten Fukushima, the
total rises to 16 nuclear reactors and, at the very least, 11.4 GW or 24 percent of installed nuclear
capacity prior to 3/11 that has been removed from operations.

The likely future nuclear generating capacity of Japan, and in particular the operation of reactors
beyond 40 years, will in part be determined during 2016 with decisions made by Kansai Electric
on reactors Takahama-1 and 2 and Mihama-3. The 780 MW PWR Mihama-3 is 40 years old, while
Takahama units 1 and 2 are 42 and 41 years old respectively. On 14 November 2014, the NRA had
granted a ten-year life extension for Takahama-1, and on 8 April 2015 for Takahama-2.62% Under
the revised law on nuclear power plant regulations, the time limit for running a nuclear reactor is
40 years. This can be extended only once, by up to 20 years, if certain conditions are met. On
30 April 2015, Kansai Electric applied for a 20-year life extension for the two Takahama
reactors,530 which was granted on 20 June 2016631

NRA requirements set 7 July 2016 as a deadline for approval of life extension for the Takahama
units, and November 2016 for Mihama. The NRA on 24 February 2016 announced that the
Takahama units were compatible with the 2013 safety guidelines;®32 and on 20 June 2016, the
NRA, and for the first time, approved the 20-year extension for the two Takahama reactors as

627 Mitsuru Obe, “Tepco May Scrap Second Nuclear Plant”, WSJ, 4 July 2012, see
http://www.wsj.com/articles/SB10001424052702304141204577506531300365556, accessed 17 June 2015.
628 WNISR, “Permanent Closure of Japanese Reactor Ikata-1”, 26 March 2016, see
http://www.worldnuclearreport.org/Permanent-Closure-of-Japanese-Reactor-lkata-1.html, accessed

17 June 2016.

629 Japan Times, “Kepco asks for permission to run 40-year-old reactors for 20 more years”, 1 May 2015,
see http://www.japantimes.co.jp/news/2015/05/01/national/kepco-applies-extend-operating-life-two-aging-
reactors-fukui-20-years/#.VWthYyiaH6h, accessed 18 June 2016.

630 [hidem.

631 NN, “Takahama units cleared for extended operation”, 20 June 2016, see http://www.world-nuclear-
news.org/RS-Takahama-units-cleared-for-extended-operation-2006165.html, accessed 2 July 2016.

632]JAIF, “NRA Approves Takahama-1 and -2 NPPs as Compatible with New Regulatory Standards”,

25 February 2016, see http://www.jaif.or.jp/en/nra-approves-takahama-1-and-2-npps-as-compatible-with-
new-regulatory-standards/, accessed 7 July 2016.
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meeting the new regulatory guidelines.633 On 14 April 2016 citizens filed an administrative
lawsuit in Nagoya District Court, against the NRA approval of extending operation of the
Takahama reactors.634 Kansai Electric does not expect the two Takahama units to resume
operations before November 2019, at the earliest, because extensive retrofits will need to be
implemented before restarting them.

Kansai Electric already opted to decommission the Mihama-1 and -2 reactors in 2015, and there
are doubts that it will proceed with plans to operate Mihama-3. In March 2016, Kansai Electric
disclosed that the current estimate for retrofit of Mihama-3 to bring it into compliance with NRA
regulations is ¥270 billion (US$2.4 billion).635 A significant part of this cost relates to seismic
resistance measures required to meet the higher Design Basis Ground Motion. While the NRA is
expected to approve Mihama-3 as in compliance with the revised guidelines, it remains unclear
whether Kansai Electric will meet the 30 November 2016 deadline for approval of a 20-year
extension, which requires assessing the aging plant. As with the decision to shut down the lkata-1
reactor, there is every likelihood that Kansai Electric will determine that it makes no economic
sense to attempt a restart of Mihama-3 given the investment costs required.

Restart Prospects

As of 1 July 2016, 36 commercial reactors in Japan remain in Long Term Outage, with 19 reactors
under review for restart by the NRA. Restart of the Ikata-3 reactor is planned for summer 2016,
following completion of NRA pre-operating inspections. That will bring to three the number of
operating reactors in Japan. Whether or not the Takahama-3 and 4 reactors are restarted before
the end of 2016 is dependent upon the appeal proceedings initiated by Kansai Electric against the
Otsu court ruling. The next in line for possible restart are the Genkai-3 and 4 reactors owned by
Kyushu Electric, and Tomari-3 owned by Hokkaido Electric Power Company. It is unlikely that any
of these will resume operation before 2017, and failure to overturn the legal decision on
Takahama-3 and 4, will mean as few as three reactors will be operating by December 2016.

At the same time, pressure to resume operations to generate electricity and income is clearly
mounting. Despite the setbacks, the Abe government remains committed to the earliest possible
restart of reactors. However, outside the NRA process, there are important external factors that
will continue to determine how many nuclear reactors will eventually resume operations. These
include:

e (Continuation of citizen-led lawsuits, including injunctions against restart;

® Economic factors, including a cost-benefit analysis by the utilities on the implications of restart
or decommissioning;

633 JAIF, “NRA Approves Extensions of Operating Periods to 60 Years for Takahama-1 and -2, the First for
Aging Reactors”, 22 June 2016, see http://www.jaif.or.jp/en/nra-approves-extensions-of-operating-periods-
to-60-years-for-takahama-1-and-2-the-first-for-aging-reactors/, accessed 24 June 2016.

634 JAIF, “Anti-nuclear Groups Sue in Nagoya District Court to Block Extended Lifetime for Takahama
Units 1&2”, 18 April 2016, see http://www.jaif.or.jp/en/nuclear-opponents-sue-in-nagoya-district-court-to-
block-extended-lifetime-for-takahama-units-12/, accessed 20 May 2016.

635 Nikkei Online, “KEPCO: Nuclear Restart Plans Upset, Mihama No. 3 Closure a Possibility”,

19 March 2016, (in Japanese), see http://www.nikkei.com/article/DGXLZ098651920Y6A310C1TI1000/,
accessed 20 May 2016.
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® Local political and public opposition;

® Impact of electricity deregulation and intensified market competition.

At the same time, however, Japanese utilities are insisting on, and the government has granted
and reinforced, the right to refuse cheaper renewable power, supposedly due to concerns about
grid stability—hardly plausible in view of their far smaller renewable fractions than in several
European countries—but apparently to suppress competition. The utilities also continue
strenuous efforts to ensure that the imminent liberalization of the monopoly-based, vertically
integrated Japanese power system should not actually expose utilities’ legacy plants to real
competition. The ability of existing Japanese nuclear plants, if restarted, to operate competitively
against modern renewables (as many in the U.S. and Europe can no longer do) is unclear because
nuclear operating costs are not transparent. However, the utilities’ almost complete suppression
of Japanese wind power suggests they are concerned on this score. And as renewables continue
to become cheaper and more ubiquitous, customers will be increasingly tempted by Japan’s
extremely high electricity prices to make and store their own electricity and to drop off the grid
altogether, as is already happening, for example, in Hawaii and Australia.

Of the 19 reactors currently with applications outstanding before the NRA, not all will restart, with
many questions and disagreements over seismic issues (including active fault status), and many
plants far back in the review and screening queue. At the present rate of review, restart of 3-4
reactors each year from 2016 onwards remains a possibility but also a challenge, with the major
uncertainty that even restarted reactors will be shut down through the courts.

New-build Projects

The situation of new-build projects is another illustration of the level uncertainty surrounding the
future of nuclear power in Japan. After the 3/11 events, Japan halted work at two ABWR units,
Shimane-3 and Ohma, which had been under construction since 2007 and 2010 respectively. In
September 2012, METI approved the restart of construction in Shimane-3 and Ohma-1 plants, but
there was little sign of any resumption of work. Officially, construction “partially resumed” at
Ohma in October 2012636 and Shimane-3 has remained “under construction”, according to the
Japan Atomic Industrial Forum (JAIF)637 and IAEA statistics. In the case of Shimane-3, it was
94 percent complete by March 2011638, Since then, Chugoku Electric, the plant owner, completed
a 15 m-high sea wall around Shimane-3 in January 2012, and then extended the seawall to a length
of 1.5km.639 The utility began work to install filtered vents during 2014-2015, and other
modifications “pursuant to the new regulatory requirements”.640 No startup date has been

636 -Power, “2014 Annual Report”, August 2014, see http://www.jpower.co.jp/english/ir/pdf/2014.pdf,
accessed 11 June 2015.

637 JAIF, “Nuclear Power Plants in Japan”, 22 May 2013.

638 Sang-Baik Kim, Jan-Horst Keppler, “Case Studies On Project And Logistics Management In Nuclear New
Built The ABWR Project at Shimane-3”, NEA OECD, Nuclear Development Division, as presented at the
OECD NEA Workshop on Project and Logistics Management, Paris (France), 11 March 2014, see
http://docplayer.net/13785016-The-abwr-project-at-shimane-3-japan.html, accessed 2 July 2016.

639 NEI, “New-build now. Part 2: Asia”, 9 July 2014, see http://www.neimagazine.com/features/featurenew-
build-now-part-2-asia-4313945/, accessed 2 July 2016.

640 Chugoku Electric Power Company, “Annual Report 2015—Year ended 31 March 2015”, see
http://www.energia.co.jp/e/ir/report/pdf/ar15/arl5.pdf, accessed 2 July 2016.
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declared for the reactor and while the utility is drawing up an application to the NRA for
permission for change in reactor installation license, as of 1 July 2016, no application had been
submitted.

In the case of Ohma, which was 40 percent complete by March 2011, the plant owner, the Electric
Power Development Company (EPDC), also known as J-Power, declared that reinforced safety
measures are to be implemented that take into account the lessons learned from the Fukushima
accident, which include tsunami countermeasures, ensuring power supplies, ensuring heat
removal functions, and severe accident responses. The construction works for these measures
was scheduled to begin in November 2015 and to be completed in December 2020.641 The budget
for construction of the additional safety features is some JPY130 billion ($1.1 billion). J-Power
applied to the NRA on 16 December 2014 for review of the Ohma reactor.642 Ohma is planned to
operate with a 100 percent plutonium MOX core.643 Prospects for completion of construction and
operation are directly linked to ongoing lawsuits, one by local citizens and another from the city
of Hakodate, both of which are seeking cancellation of the project. Hakodate is challenging both
the central government and J-Power in the first such lawsuit in Japan.644

Although there remain major obstacles for both reactors, with little public information on the
exact status and advancement of construction, even though no planned grid connection date has
been communicated, considering that some construction work is reportedly ongoing, for the time
being, WNISR reintegrates Shimane-3 and Ohma in its listing of reactors under construction.

Pakistan operates three reactors (two Pressurized Water Reactors from China and one
Pressurized Heavy Water Reactor from Canada) that have a net capacity of 690 MW and provided
4.3 TWh in 2015, down from 4.58 TWh in 2014;645 nuclear power contributed 4.4 percent of the
country’s electricity in 2015, 0.9 percent below the historic maximum of 5.3 percent in 2012.

In the city of Karachi, construction of the first of two reactor units purchased from China started
in August 2015, with Prime Minister Nawaz Sharif presiding over the event.646 Reportedly, this is
likely to be China’s first export of Hualong reactor design.64” There has been widespread civil

641 NN, “Completion of Ohma 1 expected in 2020”, 14 November 2014, see http://www.world-nuclear-
news.org/NN-Completion-of-Ohma-1-expected-in-2020-1411144.html, accessed 2 July 2016.

642JAIF, “EPDC Submits Application for Compatibility Review for Ohma NPP”, 18 December 2014, see
http://www.jaif.or.jp/en/epdc-submits-application-for-compatibility-review-for-ohma-npp/, accessed

2 July 2016.

643 Shaun Burnie, Frank Barnaby, et al., “Nuclear Proliferation in Plain Sight: Japan’s Plutonium Fuel Cycle-
A Technical and Economic Failure But a Strategic Success”, The Asia-Pacific Journal, Volume 14, Issue 5,
Number 2,1 March 2016, see http://apjjf.org/2016/05/Burnie.html, accessed 2 July 2016.

644 The Japan Times, “Hakodate's Valid Nuclear Concern”, Editorial, 9 April 2014, see
http://www.japantimes.co.jp/opinion/2014/04/09/editorials/hakodates-valid-nuclear-concern/ accessed

2 July 2016.

645 [AEA, “Nuclear Power Reactors in the World—2016 Edition”, see www-
pub.iaea.org/MTCD/Publications/PDF/RDS _2-36_web.pdf, accessed 17 June 2016.

646 Imtiaz Ali, Shahid Ghazali, “PM Nawaz inaugurates K-2 power plant at Kanupp”, Dawn, Updated

21 August 2015, see http://www.dawn.com/news/1201662, accessed 18 June 2016.

647 WNN, “Hualong One Joint Venture Officially Launched”, 17 March 2016, see http://www.world-nuclear-
news.org/C-Hualong-One-joint-venture-officially-launched-1703164.html, accessed 18 June 2016.
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society opposition to the construction of these reactors next to the crowded city of Karachi, with
the environmental impact assessment being a particular target of criticism.648

Pakistan has been seeking permission from the Nuclear Suppliers Group (NSG) to import nuclear
technology, just as India has been permitted since 2008, but has so far not succeeded. In this effort,
it has been aided by China, which has pushed a “criteria-based approach” to membership to the
NSG as a way of allowing Pakistan also to be considered for the same.64% This is being considered
by diplomats at the NSG, but it is not likely to be adopted soon. Pakistan also continues to produce
highly enriched uranium and plutonium for nuclear weapons.650

On the Korean Peninsula, the SOuth Korea (Republic of Korea) operates 25 reactors, one

more than by mid-2015. Nuclear power provided a record 157.23 TWh or 31.7 percent of the
country’s electricity share in 2015, up from 30.4 percent in 2014, and down from a maximum of
53.3 percent in 1987. Three additional reactors are under construction.

In 2014, five reactors were listed as under construction, of which three were scheduled for startup
that year, but none achieved it. Shin-Wolsong-2 was finally connected to the grid in
February 2015. Construction began on Shin-Wolsong-2 in 2008 and was completed in 2013, but
planned operation was suspended following disclosure of falsified quality-control certificates
(see below).651 [n a first for the nuclear program of South Korea, on 12 June 2015, the Ministry of
Trade, Industry and Energy announced that it would request the closure of the Kori unit 1 reactor
by 18 June 2017, when the reactor will be 40 years old.652 Four days later the plant operator, Korea
Hydro and Nuclear Power Co (KHNP) part of the Korea Electric Power Corporation (KEPCO)
group, announced it would not apply for a life extension and the reactor would be shut down.653
The reactor has been at the center of civic resistance to its continued operation, including from
the nearby city of Busan, and is scheduled to end operations in June 2017.654

Less than a month after 3/11, the KEPCO presented plans to double installed nuclear capacity to
nearly 43 GW by 2030 and bring the nuclear share in the power generation to 59 percent.655

648 The News International, Pakistan, “A nuclear Karachi?”, 25 August 2015, see
http://www.thenews.com.pk/print/58443-a-nuclear-karachi, accessed 18 June 2016.

649 Rakesh Sharma, Stephanie Cooke, “NSG Weighs Criteria-Based Approach for Membership”, NIW, 2016.
650 [PFM, “Global Fissile Material Report 2015—Nuclear Weapon and Fissile Material Stockpiles and
production”, Princeton University, December 2015, see fissilematerials.org/library/gfmr15.pdf, accessed

18 June 2016.

651 WNISR, “South Korea: Shin-Wolsong-2 Grid Connected / Wolsong-1 Lifetime Extension”, 1 March 2015,
see http://www.worldnuclearreport.org/South-Korea-Shin-Wolsong-2-Grid.html, accessed 18 June 2016.

652 Korea Herald, “South Korea to shut down oldest nuke reactor: Kori-1 will become the nation’s 1st
nuclear reactor to permanently close down”, Updated 13 June 2015, see
http://www.koreaherald.com/view.php?ud=20150612000846, accessed 18 June 2016.

653 Yonhap, “S. Korea to shut down oldest reactor in 2017”, 16 June 2015, see
http://english.yonhapnews.co.kr/business/2015/06/16/0501000000AEN20150616008100320.html, accessed
18 June 2016.

654 NSSC, “The NSSC Launched Safety Examination in Preparation of Permanent Shutdown of Kori Unit 17,

24 June 2016, see

http://www.nssc.go.kr/nssc/english/release/list.jsp?mode=view&article no=36875&pager.offset=0&board no=501,
accessed 4 July 2016.

655 Ki Hak Kim, “Fueling the Sustainable Future”, 6 April 2011.
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However, observers saw a “dramatic political shift against nuclear power in the year since
Fukushima”.656 In 2012, for example, Park Won Soon, Mayor of Seoul, initiated a program entitled
“One Less Nuclear Power Plant” with the official target by the end of 2014 to “save away” through
energy efficiency and renewable energy roll-out the equivalent amount of energy generated by a
nuclear reactor. The target was achieved six months early and “Phase 2” of the Plan stipulates the
saving/substitution of the equivalent of another two reactors by 2020. After his overwhelming re-
election in June 2014, Mayor Park is also a prime candidate for the next presidential election in
2018. In 2013, the Seoul Metropolitan Government appointed a high-level Seoul International
Energy Advisory Council (SIEAC), comprising leading international energy experts, to assist in the
design of innovative clean energy policy.657

In the past three years, the Korean nuclear industry has moved to recover from major equipment
falsification scandals and resultant forced shutdown of multiple reactor units.658 The disclosures
beginning in December 2012 and subsequent investigations by the Nuclear Safety and Security
Commission (NSSC), together with the impact of the Fukushima Daiichi accident, severely eroded
public support for nuclear power. The ten-year-long falsification of thousands of quality control
certificates for equipment installed in KHNP reactors widened in May 2013, when the NSSC,
following information from an anonymous whistleblower, confirmed that test reports had been
forged and that the testin fact failed under Loss-Of-Coolant-Accident (LOCA) conditions. The NSSC
investigation found that safety-related control-command cabling with forged documentation had
been installed at four of KHNP’s reactors: Shin-Kori units 1 and 2 and Shin-Wolsong
units 1 and 2.65% In May 2013, the four reactors were ordered to be shut down as a result of the
falsification and, according to the NSCC, their failure to pass the LOCA test.660 Shin-Wolsong-2 was
authorized for restart on 25 June 2013,661 while the other three remained shut down for most of
2013 (reflecting the reduced electricity share) and were approved for restart in early
January 2014.662 Shin-Kori-3 and -4, as well as Shin-Wolsong-2, then all under construction, also
had falsified quality-control documents and needed to replace the affected cables.663 In
October 2013, the government confirmed that 100 people, including a top former state utility
official, had been indicted on corruption charges in relation to the falsification scandal. Relatively
light penalties for falsifying nuclear safety documents or for corrupt revolving-door hiring were

656 NI/, “South Korea: Growing Nuclear Skepticism”, 23 March 2012.

657 For a list of SIEAC Members and background see http://www.ieac.info/Seoul-International-Energy-
Advisory-Council, accessed 18 June 2016. SIEAC is coordinated by Mycle Schneider.

658 KINS, “CFSI (Counterfeit, Fraudulent, Suspect Item) Investigation”, Korean Institute of Nuclear Safety,
see http://www.kins.re.kr/en/ourwork/cfsi.jsp, accessed 18 June 2016.

659 WNN, “Reactor restart allays Korean power concerns”, 10 June 2013, see http://www.world-nuclear-
news.org/RS-Reactor restart_allays Korean power concerns-1006134.html, accessed 18 June 2016.

660 NSCC, “NSSC Approved The Resumption of Shinkori Unit 1.2 and Shinwolsong Unit 1”, 2 January 2014.
661 /NN, “Another Korean reactor cleared for restart”,WNA, 27 June 2013, see http://www.world-nuclear-
news.org/RS-Another Korean reactor cleared for restart-2706135.html, accessed 18 June 2016.

662 Reuters, “South Korea cuts future reliance on nuclear power, but new plants likely”, 13 January 2014,
see http://www.reuters.com/article/2014/01/14/us-nuclear-korea-idUSBREAOD06G20140114, accessed

18 June 2016.

663 NSSC, “NSSC Confirms Fake Test Reports of Safety-Class Control Cables”, 29 May 2013.
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strengthened from 1 July 2015—though with a six-month phase-in period, when first offenders
will get just a warning.664

On 15 January 2016, the Shin Kori-3, located at Gori in the city district of Busan in the south east
of the Republic of Korea, was connected to the grid, two years later than planned.665 The KHNP
owned reactor is the first APR1400 (Advanced Pressurized Reactor) design to begin operation
and the nation's 25th commercial reactor. KHNP applied for an operational license for Shin Kori-
3in 2011, with construction completed in 2013. However, the plant was caught up in the safety
scandals at that time. In April 2015, the NSSC postponed a decision on granting a license, following
notification by General Electric that it would recall valve components installed in Shin Kori-3 and
-4. NSSC found that nine valves were installed in both Shin Kori-3 and -4, which did not comply
with the technical specifications. The operational license was only granted by the NSSC on 29
October 2015. Shin Kori-4 is planned for operation in 2017. On 23 June 2016, the NSSC approved
by majority the construction permits for the AP1400 reactors Shinkori-5 and -6.666 Construction
is scheduled to commence for unit 5 in September 2016 and one year later for unit 6. Operation is
planned for 2021 and 2022 respectively.

On 27 February 2015, the NSSC voted in favor of plant life extension for the 32-year-old Wolsung-
1 pressurized heavy water reactor.66? Two of the nine commissioners abstained from voting. In
two previous meetings, the NSSC had failed to reach agreement on granting approval. The
operator of the CANDU-6 reactor, KHNP, replaced all pressure tubes and calandria tubes during
extended shutdown between 2009 and 2011. The reactor has been shut down since
November 2012 when its operating license expired. The Korea Institute of Nuclear Safety (KINS)
concluded in October 2014 that the reactor could operate until 2022, and that it complied with
the revised Nuclear Safety Act, including against major natural disasters. KHNP has invested
560 billion won (US$59 million) in upgrades.668 The reactor restarted in June 2015.

Operation of Wolsung-1 has been a major controversy over recent years, in particular following
the Fukushima Daiichi accident, with uncertainty as to whether it would have its license extended.
Over the 30 years since the reactor started operating in 1983, the nuclear plant was shut down 39
times due to malfunctions.6¢® The main political opposition party New Politics Alliance for
Democracy (NPAD) stated the decision was unacceptable in terms of public safety, with polling in
Gyeongju showing 60 percent of those surveyed wanted the reactor permanently closed.670

664 NJW, “South Korea”, 3 July 2015.

665 WNISR, “Shin Kori-3 Connected to the South Korean Grid”, 20 January 2016, see
http://www.worldnuclearreport.org/Shin-Kori-3-Connected-to-the-South-Korean-Grid.html, accessed

10 July 2016.

666 NSSC, “The 57th Meeting Grants Construction Permit for Shinkori Units 5 and 6, 23 June 2016”, see
http://www.nssc.go.kr/nssc/english/release/list.jsp?mode=view&article_no=36864, accessed 1 July 2016.
667 NSSC, “The Commissioners Decided to Approve Continued Operation of Wolsong Unit 1 in the 35th
Meeting”, 27 February 2015, see

http://www.nssc.go.kr/nssc/english/release/list.jsp?mode=view&article no=17977&pager.offset=10&board no=501,
accessed 18 June 2016.

668 Korea Herald, “Restart of aging nuclear reactor sparks controversy”, 27 February 2015, see
http://www.koreaherald.com/view.php?ud=20150227000740, accessed 4 June 2015.

669 Ihidem.

670 Yonhap New Agency, “ (3rd LD) Nuclear watchdog extends operation of 32-year-old reactor”,

27 February 2015, see
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Despite the government’s commitment to continuing nuclear power growth, public and political
opposition has continued to challenge nuclear operations. For example, all political candidates in
the June 2014 elections in Busan, the closest major city to the Kori nuclear plant, called for the
closure of unit 1, which has been plagued with safety issues, and whose license expires in 2017.671
The operating license of unit 2 expires in 2023.672 The Kori plant remains controversial.

The political consequences of the multiple scandals surrounding the nuclear sector led to a
government-appointed study group’s recommending in October 2013 a reduction in projected
nuclear electricity share to 22-29 percent by 2035.673 The head of the study group reported that
“the implementation of energy policy doesn’t just involve the government now, it's become an
increasingly important and extremely sensitive issue for each and every citizen. Our suggestion is
to set the direction in the policy for social consent, as there are huge social conflicts.”674

In the end, the government’s draft energy paper released in December 2013 opted for the higher
29 percent option by 2035, below both the 30 percent achieved in 2012 and the 41 percent long-
term goal set in the previous long-term plan of 2008.675 In July 2015 the government’s released
Seventh Basic Long-term Power Development Plan of electricity supply and demand covering the
period of 2015 to 2029, with a nuclear generation target of 28.5 percent—based on the operation
of ten nuclear reactors.676 The nuclear plans are premised on an annual electricity demand growth
of 2.2 percent through 2029, when demand increased 0.5 percent in 2014. The Government plan
for nuclear expansion was criticized by both civil society groups and political opposition parties.
The defeat of the ruling Saenuri party in parliamentary elections in April 2015,677 and presidential
elections in 2017, there is a prospect that implementation of the energy will prove less than
straightforward.

After five years of negotiation, in April 2015, it was announced that the United States and South
Korea had reached a provisional agreement for the extension of peaceful nuclear cooperation

http://english.yonhapnews.co.kr/national/2015/02/27/52/0302000000AEN20150227000453315F.html,
accessed18 June 2016.

671 Shanghai Daily, “S.Korean activists warn of nuclear disaster from oldest reactor”, 2 June 2014, see
http://www.shanghaidaily.com/article/article_xinhua.aspx?id=221967, accessed 18 June 2016.

672 Hankyoreh, “Smoke at Kori reactor the latest case of danger at a nuclear plant”, 30 May 2015, see
http://english.hani.co.kr/arti/english_edition/e_national/693529.html, accessed18 June 2016.

673 Bloomberg News and Reuters, “South Korea pours cold water on nuclear fuel”, 13 October 2013, see
http://www.thenational.ae/business/energy/south-korea-pours-cold-water-on-nuclear-fuel, accessed

18 June 2016.

674 [hidem.

675 Reuters, “South Korea cuts future reliance on nuclear power, but new plants likely”, 13 January 2014,
see http://www.reuters.com/article/2014/01/14/us-nuclear-korea-idUSBREAOD06G20140114, accessed
5 June 2015.

676 Korea Herald, “Korea to build two new nuclear reactors by 2029”, 8 June 2015, see
http://www.koreaherald.com/view.php?ud=20150608000946, accessed 1 July 2016.

677 Yonhap, “(6th LD) Ruling party fails to win parliamentary majority”, 14 April 2016, see
http://english.yonhapnews.co.kr/national/2016/04/13/2/0301000000AEN20160413005457315F.html,
accessed 1 July 2016.
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between the two nations.678 The new pact, signed on 25 June 2015,679 called the “123 Agreement”
after Section 123 of the U.S. Atomic Energy Act (AEA), replaces the existing 1974 agreement,
which was due to expire in 2014, but was extended, while negotiations continued. Major obstacles
to reaching agreement related to South Korean efforts to secure the right to develop the entire
fuel chain, in particular uranium enrichment and spent fuel reprocessing, both excluded from the
previous agreement. The agreement, does not include the right of South Korea to indigenous
development of enrichment or reprocessing, however, in a major concession, it does give the right
to export spent fuel for reprocessing, and specifically to France, under advance programmatic
approval.680 The return of plutonium Mixed Oxide Fuel (MOX) would require case by case U.S.
approval.68! Such a concession brings the agreement between the two nations on to a level with
the U.S. agreement with Japan prior to 1988. The new agreement, entered into force on
25 November 2015.682

Taiwan operates three twin units at Chinshan (also spelled Jinshan), Kuosheng and

Maanshan, all owned by Taipower, the state-owned utility monopoly. Only five of the reactors
were connected to the grid in 2015 and generated 35.1 TWh, providing 16.3 percent of the
country’s electricity (compared with its maximum share of 41 percent in 1988).

The Chinshan-1 reactor failed to operate during the entire year 2015, and has therefore entered
the WNISR category of LTO. Originally shut down for refueling on 10 December 2014, inspections
of Chinshan-1 revealed a break in a connecting bolt in an AREVA-made Atrium-10 fuel assembly.
A safety evaluation report conducted by Taipower and AREVA was posted in June 2015 by the
Atomic Energy Council (AEC), which approved the reactor for restart, but lawmakers required the
issue to be addressed by the national parliament prior to restart.683 As of 1 July 2016, the unit
remains offline.

Two General Electric 1300 MW Advanced Boiling Water Reactors (ABWR) had been listed as
“under construction” at Lungmen, near Taipei, since 1998 and 1999 respectively. Their
construction had been delayed multiple times. According to the Atomic Energy Council, as of the

678 W/SJ, “U.S., South Korea Reach Revised Nuclear Deal The agreement stops short of allowing Seoul to
enrich uranium or reprocess spent nuclear fuel”, 22 April 2015, see http://www.wsj.com/articles/u-s-south-
korea-reach-revised-nuclear-deal-1429705290, accessed 4 June 2015.

679 Korea Herald, “S. Korea, U.S. formally sign civil nuclear energy cooperation pact”, 16 June 2015, see
http://www.koreatimes.co.kr/www/news/nation/2015/06/116_180943.html, accessed 30 June 2015

680 Mark Fitzpatrick, “South Korea nuclear cooperation deal not as simple as 123”, International Institute
for Strategic Studies (IISS), 23 April 2015, see
https://www.iiss.org/en/politics%20and%20strategy/blogsections/2015-932e/april-eall/south-korea-nuclear-
cooperation-deal-not-as-simple-as-123-a371, accessed 7 July 2016.

681 [nternational Panel on Fissile Materials (IPFM), “United States grants advance consents rights to Korea
for overseas reprocessing”, 25 June 2015, see
http://fissilematerials.org/blog/2015/06/united_states_grants_adva.html, accessed 9 July 2015.

682 Paul K. Kerr, Mary Beth D. Nikitin, “Nuclear Cooperation with Other Countries: A Primer”,
Congressional Research Service, 3 December 2015 see https://www.fas.org/sgp/crs/nuke/RS22937.pdf,
accessed 1 July 2016.

683 NI/, “Chinshan-1 might not restart until after September: lawmakers”, 2 July 2015.
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end of March 2014, unit 1 of Lungmen construction was 97.7 percent complete,584 while unit 2
was 91 percent complete. The plant is estimated to have cost US$9-9.9 billion so far.685 After
multiple delays, rising costs, and large-scale public and political opposition, on 28 April 2014,
Premier Jiang Yi-huah announced that Lungmen-1 will be mothballed after the completion of
safety checks, while work on unit 2 at the site was to stop. With the official freeze of construction,
WNISR took the units off the listing in 2014.

As a result of failure to negotiate payment for work completed on the Lungmen plant, in
December 2015 Taipower announced that General Electric (GE) had filed for arbitration with the
Hong Kong branch of the International Chamber of Commerce (ICC) Court of Arbitration.686 No
financial details have been disclosed.

The Presidential election victory of Tsai Ing-wen on 12 March 2016 could be decisive in leading
Taiwan to phase out nuclear power. The victory of the Democratic Progressive Party (DPP)
candidate, over the Chinese Nationalist Party (KMT), was in part linked to the former's
environmental agenda including a commitment to end nuclear power, which, always
controversial in Taiwan, has led to mass citizen protests since the Fukushima accident. The DPP
is committed to phasing out nuclear power by 2025 through four policy directions: halting
construction of the two reactors at Lungmen; no plant life extension for Chinshan, Kuosheng and
Maanshan reactor units—all operating licenses of Taiwan's existing six nuclear reactors are due
to expire between 2018 and 2025, as they reach their forty year lifetimes; increased focus on
nuclear safety and a requirement by Taipower to prepare a decommissioning plan; and
determination of a nuclear waste policy, in particular for spent-fuel management. In the last two
years the DPP had committed to breaking up Taipower’s monopoly, putting priority on renewable
energies and establishing regional power grid companies, fostering community-based power
companies and allowing independent power producers and renewable energy suppliers to sell
power directly to individual consumers and not only to large-scale industrial or commercial users.

The nuclear policy is to be detailed during summer 2016, following the appointment on
20 May 2016 of the new President. Initial statements by the newly appointed Economics Minister
Lee Shih-guang are clear: “There is no room for discussion. When 2025 comes, nuclear power will
be abandoned.”687 One day later, it was reported that Taipower considers restarting Chinshan-1
and operating Chinshan reactors only during four summer months in 2016 and extend its
operational life, which is threatened by acute shortage of spent fuel storage capacity.688 On
5 June 2016, Premier Lin Chuan stated that the reactors shutdown date would not be extended

684 Planning Department, “Status and Challenges of Nuclear Power in Taiwan”, Atomic Energy Council,
April 2014, see http://www.aec.gov.tw/english/whatsnew/files/20140506-5.pdf, accessed 22 May 2016.
685 NN, “Political discord places Lungmen on hold”, 28 April 2014, see http://www.world-nuclear-
news.org/NN-Political-discord-places-Lungmen-on-hold-2804144.html, accessed 22 May 2016.

686 Taipei Times, “GE files for arbitration in nuclear payment dispute”, 12 December 2015, see
http://www.taipeitimes.com/News/taiwan/archives/2015/12/12/2003634631, accessed 2 July 2016.

687 China Post, “Gov't to end nuclear power in 2025: MOEA”, 26 May 2016, see
http://www.chinapost.com.tw/taiwan/national/national-news/2016/05/26/467321/Govt-to.htm, accessed
2 July 2016.

688 Focus Taiwan, “Economics minister reaffirms goal of nuclear-free Taiwan by 2025”, 27 May 2016, see
http://focustaiwan.tw/news/aeco/201605270025.aspx, accessed 2 July 2016.
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beyond December 2018,689 and the following day, Economics Minister Lee Chih-kung said that
restarting the first reactor of Taiwan's first nuclear power plant would only be a last resort to deal
with potential power shortages69. Environmental groups have launched a court case against the
potential restart of Chinshan-1, calling it the “most dangerous reactor in the world”.691

European Union (EU28) and Switzerland

As shown in Figure 44 the European Union 28 member states (EU28) have gone through three
nuclear construction waves—two small ones in the 1960s and the 1970s and a larger one in the
1980s (mainly in France).

Figure 44: Nuclear Reactors Startups and Shutdowns in the EU28, 1956-2016
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The region has not had any significant building activity since the 1990s. Only two reactors were
connected to the EU-grid since 2000. Two reactors were closed in 2015, Grafenrheinfeld in
Germany and Wylfa-1 in the United Kingdom. Doel-1 in Belgium was shut down in February 2015,

689 Focus Taiwan, Premier considers reactivating long-closed nuclear reactor, 5 June 2016, see
http://focustaiwan.tw/news/aipl/201606050006.aspx, accessed 2 July 2016.

690 Focus Taiwan, “Restart of reactor a last resort: economics minister”, 6 June 2016, see
http://focustaiwan.tw/news/aeco/201606060019.aspx, accessed 2 July 2016.

691 Taipei Times, “Activists file suit over Jinshan reactor”, 31 May 2016, see
http://www.taipeitimes.com/News/taiwan/archives/2016/05/31/2003647555, accessed 2 July 2016.
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after its license had expired, but in June 2015, the Belgian Parliament voted a 10-year lifetime
extension and the reactor was restarted on 30 December 2015.692

Figure 45: Nuclear Reactors and Net Operating Capacity in the EU28, 1956-2016
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Figure 46: Age Pyramid of the 127 Nuclear Reactors Operated in the EU28
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692 On 18 June 2015, the Belgian Parliament voted legislation to extend the lifetime of Doel-1 and -2 by ten
years. As the Doel-2 license had not yet expired, its operation was not interrupted. See also section on
Belgium in Annex 1.
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In July 2016, the 28 countries in the enlarged EU operated 127 reactors—about one-third of the
world total—16 fewer than before the Fukushima events and 50 less than the historic maximum
of 177 units in 1989 (see Figure 45). One reactor, Ringhals-2 in Sweden entered the LTO category,
as it has not been generating power since 2014.

The vast majority of the operating facilities, 108 units or over 80 percent, are located in eight of
the western countries, and only 19 are in the six newer member states with nuclear power.

In the absence of any successful new-build program, the average age of nuclear power plants is
increasing continuously in the EU and at mid-2016 stands at 31.4 years (see Figure 46 and
Figure 47). The age distribution shows that now 59 percent—75 of 127—of the EU’s operating
nuclear reactors have been in operation for over 30 years.

Figure 47: Age Distribution of the EU28 Reactor Fleet
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Western Europe

As of July 2016, 108 nuclear power reactors operated in the EU15, 49 units fewer than in the peak
years of 1988/89. Two reactors were shut down in 2015, Wylfa-1 in the U.K. and Grafenrheinfeld
in Germany, while Doel-1 was restarted at the end of the year, after its license was renewed (see
Focus Belgium). As stated above, Ringhals-2 in Sweden entered the LTO category.

Two reactors are currently under construction in the older member states, one in Finland
(Olkiluoto-3) and one in France (Flamanville-3). Both projects are many years behind schedule
and billions over budget (details are discussed elsewhere in the report). Apart from the French
projects and the Sizewell-B reactor in the U.K. (ordered in 1987), until the reactor project in
Finland, no new reactor order had been placed in Western Europe since 1980. Despite numerous
deadlines, the “Final Investment Decision” for EDF Energy's Hinkley Point C project in U.K,, as of
early July 2016, has still not been taken.
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The following section provides a short overview by country (in alphabetical order).

Belgium Focus

Belgium operates seven pressurized-water reactors and, for many years, had the world’s second
highest share of nuclear in its power mix, behind France. Due to technical issues described below,
it dropped to 47.5 percent in 2014—1less than 50 percent for the first time since 1983693—and to
37.5 percent in 2015 (the maximum was 67.2 percent in 1986). The nuclear plants generated
24.8 TWhin 2015, another drop of 22.6 percent over 2014, and almost half of their highest output
of 46.7 TWh in 1999. Load factors of individual reactors were obviously particularly low for the
two units plagued by pressure vessel issues (see hereunder) and restarts only towards the end of
the year, Doel-3 with 0.7 percent and Tihange-2 with 4.4 percent (see Figure 48).

Figure 48: Load Factors of Belgian Nuclear Reactors
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Legally, the decision does not put into question the nuclear phase-out target of 2025: In January
2003, nuclear phase-out legislation required the shutdown of all Belgium’s nuclear plants after
40 years, so based on their start-up dates, plants would be shut down between 2015 and 2025
(see Figure 49). Practically, however, the new shutdown dates mean that five of the seven reactors
would go offline in the single year of 2025.

Following Fukushima, the phase-out legislation was left in place even though GDF-Suez (now
Engie), that operates all seven PWRs in Belgium through its subsidiary Electrabel, was lobbying
to postpone it via an extension of “at least 10 years”.69¢ In December 2013, the phase-out

693 World Bank, quoted in Perspective Monde, see
http://perspective.usherbrooke.ca/bilan/servlet/BMTendanceStatPays?langue=fr&codePays=BEL&codeStat=E
G.ELC.NUCL.ZS&codeStat2=x, accessed 25 May 2015.

694 Gérard Mestrallet, et al.,, “Nuclear in Belgium: recent developments”, GDF Suez, 4 November 2011.
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legislation was finally amended for the first time,6%5 granting a 10-year extension for the Tihange-1
reactor, while imposing an additional operating tax that removed about 70 percent of its profit in
excess of a guaranteed return of 9.3 percent on investment necessary for the lifetime extension.6%
The other shutdown dates were confirmed (see Table 16) and the law’s Article 9, which enabled
continued operation in case of security-of-supply concerns, was deleted.

Figure 49: Age Distribution of Belgian Nuclear Fleet
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In summer 2012, the operator identified an unprecedented numbers of hydrogen-induced crack
indications in the pressure vessels of Doel-3 and Tihange-2, with respectively over 8,000 and
2,000 previously undetected defects. After several months of analysis, the Belgian safety
authority, the Federal Agency for Nuclear Control (FANC), asked the operator to carry out a
specific test program prior to any restart decision. However, in late January 2013, AIB-Vincotte,
an international quality-control company based in Belgium working on behalf of the FANC, stated
that “some uncertainty about the representativity of the test program for the actual reactor
pressure vessel shells cannot be excluded”.697

An independent assessment concluded that “the restart of the two power plants has to be
considered as hazardous”.698 However, in May 2013, FANC licensed restartt?? in spite of serious
concerns by several scientists. Then, on 25 March 2014, Electrabel announced the immediate
shutdown of the Doel-3 and Tihange-2 reactors, declared as “anticipating planned outages”,

695 Moniteur belge, “18 Décembre 2013—Loi modifiant la loi du 31 janvier 2003 sur la sortie progressive
de I'énergie nucléaire a des fins de production industrielle d’électricité et modifiant la loi du 11 avril 2003
sur les provisions constituées pour le démantelement des centrales nucléaires et pour la gestion des
matieres fissiles irradiées dans ces centrales”, 24 December 2013.

696 Melchior Wathelet, “Avec la réserve stratégique, Melchior Wathelet finalise 'exécution de son plan”,
Energy Minister, 16 December 2013.

697 AIB-Vingotte, “Synthesis Report Doel165”, 28 January 2013.

698 [Ise Tweer, “Flawed Reactor Pressure Vessels in Belgian Nuclear Plants Doel-3 and Tihange-2”, Materials
Scientist and Consultant, Report commissioned by the Greens/EFA Group in the European Parliament,
March 2013, see http://www.greens-
efa.eu/fileadmin/dam/Documents/Studies/Flawed%20Reactor%20Pressure%20Vessels.pdf, accessed

18 June 2016.

699 FANC, “FANC experts give positive opinion on restart of Doel 3 & Tihange 2 reactor units”,

17 May 2013, see http://www.fanc.fgov.be/GED/00000000/3400/3430.pdf, accessed 18 June 2016.
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respectively over one month and two months ahead of schedule.”00 The decision was taken after
one of the tests “related to the mechanical strength of a sample analogue to the composition of the
concerned vessels did not deliver results in line with experts expectations”. FANC issued a
statement:

The results of these tests indicate that a mechanical property (fracture toughness) of the material is
more strongly influenced by irradiation than experts had expected. Additional testing and research
are necessary to interpret and assess these unexpected results.701

Table 16: Closure Dates for Belgian Nuclear Reactors 2022-2025

First Grid
Reactor . End of License (Latest Closure Date)
(Net Capacity) Connection
Doel-1 (433 MW) 1974 10-year lifetime extension to 15 February 2025
Doel-2 (433 MW) 1975 10-year lifetime extension to 1 December 2025
Doel-3 (1006 MW) 1982 1 October 2022
Tihange-2 (1008 MW) 1982 1 February 2023
Doel-4 (1039 MW) 1985 1 July 2025
Tihange-3 (1046 MW) 1985 1 September 2025
Tihange-1 (962 MW) 1975 10-year lifetime extension to 1 October 2025

Sources: Belgian Law of 28 June 2015; Electrabel/GDF-Suez, 2014702

Additional inspections have raised the number of identified defects to over 13,000 in the Doel-3
pressure vessel (up to 40 per dm3, up to 18 cm long, down to a depth of 12 cm in the vessel wall)
and to over 3,000 at Tihange-2.703 In April 2015, under the auspices of FANC, an International
Review Board assessed the results of additional inspections and tests carried out by Electrabel.
Some scientists involved in the research on the issue concluded that “meticulous inspections
[are] needed, worldwide” (underlined in the original).704

700 Electrabel/GDF-Suez, “Anticipating planned outages of Doel 3 and Tihange 2 reactors”, 25 March 2014,
see http://corporate.engie-electrabel.be/wp-content/uploads/2016/03/anticipation-scheduled-stops-reactors-
doel3-tihange2 en.pdf, accessed 18 June 2016.

701 FANC, “Doel 3 and Tihange 2 still temporally shut down until further notice”, 1 July 2014, see
http://www.fanc.fgov.be/GED/00000000/3600/3657.pdf, accessed 2 July 2016.

702 Moniteur Belge, “Loi modifiant la loi du 31 janvier 2003 sur la sortie progressive de I'énergie nucléaire
a des fins de production industrielle d'électricité afin de garantir la sécurité d'approvisionnement sur le
plan énergétique”, 6 July 2015, see http://www.ejustice.just.fgov.be/mopdf/2015/07/06_2.pdf, accessed

2 July 2016; and Electrabel/GDF-Suez, “News from the nuclear plants”, accessed 3 July 2014.

703 FANC, “Doel 3/Tihange 2: clarifications regarding the detection, the position and the size of the flaw
indications”, 25 February 2015, see http://www.fanc.fgov.be/fr/news/doel-3/tihange-2-clarifications-
regarding-the-detection-the-position-and-the-size-of-the-flaw-indications/753.aspx, accessed 2 July 2016.

704 Walter F. Bogaerts, op.cit.
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In spite of widespread concerns, and although no accountable explanation about the negative
initial fracture toughness test results could be given, on 17 November 2015, FANC authorized
restart of Doel-3 and Tihange-2, considered by Electrabel “totally safe”.705 Tihange-2 restarted on
14 December 2015. Doel-3 will need to permanently pre-heat a large amount (around 1,800 m3)
of water for the case of emergency core-cooling water injection, in order to ease the stress of the
thermal shock on the pressure vessel.706

In January 2016, independent material scientist Illse Tweer concluded:

Keeping in mind that growth of the flaws in the RPV [Reactor Pressure Vessel] shells during operation
cannot be excluded the authorized restart of the two nuclear power plants is not understandable.”07

In an unprecedented move, on 20 April 2016, Germany's Environment Minister Barbara
Hendricks called—in vain—for the provisional shutdown of Doel-3 and Tihange-2 “until open
safety questions are cleared up”.708 Doel-3 restarted four days later.

The Belgian government did not wait for the outcome of the Doel-3/Tihange-2 issue and decided
in March 2015 to draft legislation to extend the lifetime of Doel-1 and Doel-2 by ten years to
2025.709 The law was promulgated on 28 June 2015, and went into effect on 6 July 2015.710 The
government signed an agreement with Electrabel on 30 November 2015 that stipulates that the
operator will invest €700 million (US$741.2 million) into upgrading of the two units’!! and an
annual fee of €20 million (US$21.2 million), which will be paid into the national Energy Transition
Fund, set up by the law of 28 June 2015. However, the list of works to be carried out is still under
discussion, while the tax has been defined on the basis of the sole operator's estimate of the
upgrading cost. The Belgian Conseil d'Etat had considered in an Opinion dated 16 November 2015
that the Electrabel-Government agreement contained indirect compensation insurances that
could violate EU law and that in any case, the European Commission would have to be notified
beforehand.’2 The law has been amended on 2 June 2016, clarifying the conditions of the
relationship between state and operator in the implementation of the legislation.

705 Engie-Electrabel, “The Federal Agency for Nuclear Control approves safe restart of Doel 3 and Tihange 2”,
Press Release, 17 November 2015, see http://corporate.engie-electrabel.be/news/press-releases/the-federal-
agency-for-nuclear-control-approves-safe-restart-of-doel-3-and-tihange-2/, accessed 2 July 2016.

706 Chamber of Representatives of Belgium, “Compte Rendu Analytique-Sous-Commission de la Sécurité
Nucléaire”, 2 December 2015.

707 Jlse Tweer, “Flawed Reactor Pressure Vessels in the Belgian NPPS Doel 3 and Tihange 2—Comments
on the FANC Final Evaluation Report 2015”, Materials Scientist and Consultant, Report commissioned by the
Greens/EFA Group in the European Parliament, January 2016.

708 BMUB, “Reaktorsicherheits-Experten sehen weiteren Untersuchungsbedarf fiir Tihange 2 und Doel 3—
Hendricks: Solange Untersuchung lauft, sollten AKW voriibergehend vom Netz”, German Federal Ministry
for the Environment, Nature Conservation, Building and Nuclear Safety, Press Release, 20 April 2016.

709 Marie-Christine Marghem, “Measures which intend to assure the security of supply in Belgium”,
Minister of Energy, Environment and Sustainable Development (Belgium), Press Release, 5 March 2015,
see http://www.marghem.belgium.be/en/measures-which-intend-assure-security-supply-belgium, accessed

2 July 2016.

710 Moniteur Belge, op.cit.

711 Electrabel, “Sécurité d’approvisionnement et transition énergétique — Accord sur la prolongation de
Doel 1 et Doel 2”, Press Release, 1 December 2015.

712 Chamber of Representatives of Belgium, “Projet de Loi modifiant la loi du 31 Janvier 2003 sur la sortie
progressive de 1'énergie nucléaire a des fins de production industrielle d'électricité - Avis du Conseil
d'Etat”, 9 December 2015.
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On 22 December 2015, FANC authorized the lifetime extension and restart of Doel-1 and -2.

Beyond the issues of lifetime extensions and restarts, FANC and his director Jan Bens made some
headlines in Belgium over the past year.”13 An external, interview-based audit of FANC was carried
out and the 70-page report leaked to the press in April 2016. The conclusions by the auditors of
Whyte Corporate Affairs seriously undermine the credibility of the Belgian Safety Authority, as

T

they identified a “toxic internal climate”, “lack of leadership”, “power struggles” and more.714

Finland operates four units that supplied a record 22.3 TWh or 33.7 percent of its electricity

in 2015 (with a maximum of 38.4 percent in 1986). Finland has adopted different nuclear
technologies and suppliers, as two of its operating reactors are PWRs built by Russian contractors
at Loviisa, while two are BWRs built by ABB (Asea Brown Boveri) at Olkiluoto.

In December 2003, Finland became the first country to order a new nuclear reactor in Western
Europe in 15 years. AREVA NP, then a joint venture owned 66 percent by AREVA and 34 percent
by Siemens715, is building a 1.6 GW EPR at Olkiluoto (OL3) under a fixed-price turn-key contract
with the utility TVO. After the 2015 technical bankruptcy of AREVA Group, the majority
shareholder, the French government, decided to integrate the reactor-building division into a
subsidiary majority-owned by state utility EDF and open to third-party investment. However, EDF
has made it clear repeatedly that it will not take over the billions of euros’ liabilities linked to the
costly Finnish AREVA adventure.’16 Responsibility for those liabilities remains unclear. An
attempt by French Economy Minister Emmanuel Macron to accelerate the resolution of the
pending international conflict opposing AREVA and TVO ended without apparent progress.

The OL3 project was financed essentially on the balance sheets of the Finland's leading firms and
municipalities under a unique arrangement that makes them liable for the plant’s indefinite
capital costs for an indefinite period, whether or not they get the electricity—a capex “take-or-pay
contract”.

Construction started in August 2005 at Olkiluoto on the west coast. The project is at least nine
years behind schedule and is at least about three times over budget. In its 2015 Annual Report,
TVO notes:

According to an announcement of the OL3 turnkey supplier, the delivery will be delayed from the
original schedule according to which the power plant unit should have been in production as of 30
April 2009. In compliance with the supply contract the company is entitled to compensation in case
the delay is due to the supplier. Additionally, because of the delay the company has incurred and will

713 See for example a series of papers in Le Soir, “Prolongation du Nucléaire”, (in French), see
http://www.lesoir.be/tag/prolongation-du-nucleaire?page=3, accessed 18 June 2016.

714 Le Soir, 25 April 2016, extract quoted by Jean-Marc Nollet, “Un audit séme le doute sur la crédibilité de
I'agence nucléaire”, Press Release, 25 April 2016, (in French), see http://www.nollet.info/actualites/un-
audit-same-le-doute-sur-la-cradibilita-de-laagence-nuclaaire, accessed 18 June 2016.

715 Siemens quit the consortium in March 2011 and announced in September 2011 that it was abandoning
the nuclear sector entirely.

716 e Monde, “EDF pose ses conditions au rachat des réacteurs d’Areva”, 19 May 2015, see
http://www.lemonde.fr/economie/article/2015/05/19/edf-pose-ses-conditions-au-rachat-des-reacteurs-d-
areva_4636164_3234.html, accessed 2 July 2016.
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incur direct and indirect expenses for which the company on the basis of the supply contract has
claimed for compensation.717

The TVO report states: “According to the schedule updated by the Supplier, regular electricity
production at OL3 will commence at the end of 2018” and:

In July [2015], TVO and the Supplier, Areva Siemens Consortium, updated their claims in the
International Chamber of Commerce (ICC) arbitration proceedings concerning the delay in the OL3
Project. The quantification estimate updated by TVO of its costs and losses is approximately
EUR2.6 billion until December 2018. (...) In February 2016, the Supplier updated its claim in the
arbitration proceedings concerning the delay in the OL3 Project. The Supplier's monetary claim is
now approximately EUR3.52 billion in total.

The latest official cost estimate from early 2014—no doubt an underestimate by now, but it has
not been officially raised since—had been given as €8.5 billion (US$11.6 billion) for an original
“fix price” estimate of “around €3 billion” (US$3.6 billion). It remains unclear who will cover the
additional cost: the vendors and TVO blame each other and are in litigation. AREVA has cumulated
€5.5 billion in losses on the project, increasing provisions by €905 million (US$988 million) in
2015. In February 2016, AREVA updated its claim against TVO to €3.4 billion (US$3.7 billion),
while TVO had increased its own compensation claim against AREVA to €2.6 billion
(US$2.85 billion) in August 2015.718

In May 2015, credit-rating agency Standard & Poor’s downgraded TVO to BBB-, just one notch
above “junk”, with a negative outlook, “owing to continued deterioration in market prices and
increased risk of higher production costs related to TVO’s third nuclear power plant, Olkiluoto-3".719

From the beginning, the OL3 project was plagued with countless management and quality-control
issues. Not only did it prove difficult to carry out concreting and welding to technical
specifications, but the use of sub-contractors and workers from 55 nationalities made
communication and oversight extremely complex (see previous WNISR editions).

The problems produced by the OL3 project have not prevented TVO from filing an application, in
April 2008, for a decision-in-principle to develop “OL4”,a 1.0-1.8 GW reactor to start construction
in 2012 and enter operation “in the late 2010s”.720 The decision was ratified by the Finnish
Parliament on 1 July 2010. In May 2014, TVO requested a five-year extension on the time allowed
to submit the construction license, with a subsequent revision of the estimated startup of the
reactor to the “latter half of the 2020’s”.721 The Government refused to grant the extension, and in
May 2015, TVO announced that it had decided not to apply for a construction license during the
validity of the decision-in-principle made in 2010.722

717 TVO, “Report of the Board of Directors and Financial Statements 2015”, February 2016.

718 NW, “Talks with TVO on Olkiluoto-3 ‘positive’ and ‘fast paced,” Areva CEO says”, 3 March 2016.

719 S&P, “Finnish Nuclear Power Producer TVO Downgraded T 'BBB-/A3'; Outlook Negative”,

28 May 2015.

720 TVQ, “Construction of a Nuclear Power Plant Unit at Olkiluoto—General Description—O0L4”,

August 2008.

721 TVOQ, “TVO applies for an extension to submit construction license application of Olkiluoto 4 plant
unit”, Press Release, 20 May 2014.

722 TVQ, “TVO's Board of Directors proposes that OL4 construction license will not be applied now”, Press
Release, 13 May 2015, see http://www.tvo.fi/news/1596, accessed 25 May 2015.
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In parallel, Fortum Power has been planning a similar project, known as Loviisa-3. In
January 2009, the company Fennovoima Oy submitted an application to the Ministry of
Employment and the Economy for a decision-in-principle on a new plant at one of three
locations—Ruotsinpyhtdd, Simo, or Pyhdjoki. This was narrowed down to the latter site and to
being an EPR or ABWR. Startup was planned for 2020. Bids were received on 31 January 2012
from AREVA and Toshiba.723 In April 2013, to the general surprise of AREVA and Toshiba,
Fennovoima invited Rosatom to direct negotiations over its 1200 MW AES-2006. Fennovoima
stated that it will select the plant supplier “during 2013”.72¢ In March 2014 Rosatom, through a
subsidiary company ROAS Voima Oy, completed the purchase of 34 percent of Fennovoima, the
price of which was not disclosed?25, and then in April 2014 a “binding decision to construct” an
AES-2006 reactor was announced. In December 2014, the Finnish Parliament voted in favor of a
supplement to the decision-in-principle to include Rosatom’s reactor design. A construction
license application had to be submitted by the end of June 2015726, It was—but without
Fennovoima’s being able to demonstrate clearly that it met the requirement of being at least
60 percent owned by EU companies. In August 2015, Fortum announced that it taking a
6.6 percent share in the Pyhdjoki project, bringing the EU-company held shares to 65.1 percent.
In September 2015, the Finnish Safety Authority STUK began assessing the project, which it stated
would take until the end of 2017. No construction license could be issued prior to that date.”27
However, site preparation work and rock blasting reportedly already began in January 2016.728

France Focus

France’s nuclear industry is seen to be a world leader and it is exceptional in many ways. But after
four decades of continual public support for nuclear power, the Government under President
Frangois Hollande has initiated a significant shift in energy policy. On 17 August 2015, the
National Assembly, the French lower house, adopted the Law Relative to the Energy Transition
for Green Growth, a comprehensive 98-page document, that stipulates in particular the reduction
of the nuclear share in France’s electricity generation mix from three-quarters to half and the
capping of the currently installed nuclear capacity of 63.2 GW.729 However, unlike the German or
Belgian nuclear phase-out plans, at this point, there are no precise dates for reactor shutdowns
and, with the exception of the two oldest French reactors at Fessenheim that are under debate, no
other reactor has been singled out. It is the Pluriannual Energy Program that will define the
planning framework for the coming years to 2023. A recent draft, suggests not to decide on
shutdowns before 2018—the Presidential elections are in 2017—but to rather prepare for
lifetime extensions beyond 40 years for a “first batch” of 25 GW, in priority for the units that are

723 Fennovoima, “Fennovoima received bids for nuclear power plant”, Press Release, 31 January 2012.

724 Rosatom, “Fennovoima invites ROSATOM to direct negotiations”, Press Release, 5 April 2013.

725 Fennovoima, “Rosatom acquired 34% of Fennovoima”, Press Release, 27 March 2014.

726 1 """ “Parliament approves Fennovoima’s amendment”, 5 December 2014, see http://www.world-
nuclear-news.org/NN-parliament-approves-Fennovoimas-amendment-5121401.html, accessed 18 June 2015.
727 STUK, “STUK will start the Construction License safety review and assessment of Fennovoima's
project”, Press Release, 8 September 2015, see http://www.stuk.fi/web/en/-/stuk-will-start-the-construction-
license-safety-review-and-assessment-of-fennovoima-s-project, accessed 9 June 2016.

728 #$%1'“PIE's New Power Plant Project Tracker” February 2016.

729 Journal Officiel de la République Francaise, “Loi n°2015-002 du 17 ao(it 2015 relative a la transition
énergétique pour la croissance verte”, 18 August 2015.
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operating with plutonium-uranium (MOX) fuels. However, the French Nuclear Safety Authority
has made it very clear that there is no guarantee that lifetime extensions will be granted. A general
decision is indeed expected for 2018 and individual decisions starting in 2019. The French
government and the nuclear energy establishment seem to be decided to gain time, rather than
addressing the issues in the short term.

In 2015, France’s 58 reactors730 produced 419 TWh or 76.3 percent of the country’s electricity. In
the peak year 2005, 431.2 TWh of nuclear electricity was produced, providing 78.5 percent of the
total.

France is Europe’s largest electricity exporter with 61.7 TWh exported net in 2015,731 followed
closely by Germany with 60.9 TWh. France has profited in particular from the continued outage
of two nuclear reactors in Belgium (see section on Belgium). The creation of the Central West
Europe (CWE) region (France, Germany, Austria, Belgium, the Netherlands and Luxembourg),
replacing the Net Transfer Capacities model previously used, cumulates exchanges with the
national entities involved. In other words: “In sum, it is no longer possible to consider borders
separately, and indicators previously used for the France- Belgium and France-Germany borders
have been replaced by France-CWE region indicators.”732

This is unfortunate as, contrary to the general perception, France remains a net importer of power
from Germany, by 9.3 TWh in 2015, a 58 percent increase over 2014, and has been for a number
of years, because German wholesale electricity generally undercuts French wholesale prices.”33

Figure 50: Age Distribution of French Nuclear Fleet (by Decade)

Age of French Nuclear Fleet
as of 1July 2016

- 58reactors
~ MeanAge:

11-20year: 4 31.4Years Sources: IAEA-PRIS, MSC, 2016

The average age of France’s power reactors is 31.4 years in mid-2016 (see Figure 50). In the
absence of new reactor commissioning, the fleet is simply aging by one year every year.
Simultaneously, questions are being raised about the investment needed to enable them to
continue operating, as aging reactors increasingly need parts to be replaced. Operating costs have
increased substantially over the past years. Investments for life extensions will need to be
balanced against the already excessive nuclear share in the power mix, the stagnating or
decreasing electricity consumption, the shrinking client base, ferocious competitors, and the
energy efficiency and renewable energy production targets set at both, the EU and the French

730 All pressurized water reactors, 34 x 900 MW, 20 x 1300 MW, and 4 x 1400 MW.

731 Réseau de Transport d’Electricité (RTE), “2015 Annual Electricity Report”, March 2016.
732 [bidem.

733 RTE, “2015-Annual Electricity Report”, March 2016.
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levels. It now looks plausible that EDF will attempt to extend lifetimes of some units, while others
might be closed prior to reaching the 40-year age limit. But there is still no plan.

If the French Government and state controlled utility Electricité de France (EDF) in 2005 opted to
proceed with the construction of a new unit, EDF would be motivated not by lack of generating
capacity but by the industry’s serious problem of maintaining nuclear competence. In December
2007, EDF started construction of Flamanville-3 (FL3). The FL3 site has encountered quality-
control problems including basic concrete and welding similar to those at the OL3 project in
Finland, which started two-and-a-half years earlier.

The Flamanville-3 project is now at least six years late—one year more since WNISR2015—and
now expected to “load fuel and start up” until the fourth trimester 2018.734

In April 2015 the French Nuclear Safety Authority (ASN) revealed that the bottom piece and the
lid of the FL3 pressure vessel had “very serious” defects.”35 Chemical and mechanical tests
“revealed the presence of a zone in which there was a high carbon concentration, leading to lower
than expected mechanical toughness values”.”36 Both pieces were fabricated and assembled by
AREVA in France, while the center piece was forged by Japan Steel Works (JSW) in Japan. ASN
stated then that the same fabrication procedure by AREVA's Creusot Forge was applied to “certain
calottes” (also called bottom heads and closure heads) of the two pressure vessels made for the
two EPRs under construction at Taishan in China, while the EPR under construction in Finland
was entirely manufactured in Japan. It is unclear, which of the four bottoms and lids have been
manufactured by Creusot Forge, but likely at least the ones for Taishan-1, while, according to
AREVA737 and media reports738, the pressure vessel for Taishan-2 has been manufactured by
Chinese company Dongfang Electric Corporation (DEC). However, no specific mention is made of
the vessel bottoms and lids.

AREVA's challenge is now to prove that, although clearly below technical specifications, the EPR
pressure vessels could withstand any major transient and submitted a proposal for a major test
program to ASN in late 2015. In December 2015, ASN approved the program, considering that the
“test program proposed on two scale-one replica domes should be able to assess the scale and
depth of the segregated zone as well as its influence on the mechanical properties”. In other words,
AREVA will sacrifice two vessel heads that had already been manufactured for a never-built
reactor project in the U.S. (Calvert Cliffs) and a maybe-built EPR at Hinkley Point in the U.K.

ASN added:

I would however remind you that rejection of the RPV closure head and bottom head further to the
investigation cannot be ruled out. This is why I consider it necessary for you to study all alternative

734 EDF, “Rapport Annuel 2015”, February 2016.

735 I"#$%E&'()*%++%e8cri d'alarme de I'ASN sur le nucléaire francais”, 20 January 2016, see
""#$3%%&&E&' )*+,+-(.,/1,'0-1%23"*0/,%4)3452/231,45, 4/2)+4 (34, 4-(0/,2*3,432+02*)'789:9;<accessed
11 June 2016.

736 ASN, “Flamanville EPR reactor vessel manufacturing anomalies”, Press Release, 7 April 2015, see
""#$%%&&&'63,#8Y0/,23426,"='63%>+6-312"*-+% &) 2) )%?/212+.*/[ 4D AB,20"-A,)),/ 4
12+(620"(3*+@+-12/*,) , accessed 11 June 2016.

737 AREVA, “Taishan 1&2 - China—AREVA Supply Chain”, undated, see
"'#$%%&&&'23,.2'0-1% @7 %-#,32"4:B) %0!*+24'2%) 12+4;'I"1/F"2GH"2G) accessed 2 July 2016.

738 - [01#2% “Made in China: critical component of Taishan nuclear plant manufactured in Guangzhou”,
27 May 2016, see ""#)$%%&&&'620"&*3,'+,&) %, +%JI2¢03/,234',0!'"1/ , accessed 2 July 2016.
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technical scenarios, such as replacement of the RPV bottom head and manufacture of a new closure
head.739

At this point, the possibility that all three EPR pressure vessels containing parts forged in France
will be rejected by the respective safety authorities and will have to be re-manufactured cannot
be excluded. This then raises the question of the viability of the entire projects, since replacing the
ends of the huge steel pressure vessels already installed inside the containment building appears
not feasible.740

ASN inspections at the Creusot Forge plant in January 2016 revealed that high carbon
concentrations also had been found in the calottes for the FL3 pressurizer, following a request for
additional tests by AREVA NP dating as early as December 2008. Neither the request for these
tests nor their results had been communicated to ASN.741

Following the detection of the manufacturing problems with the EPR pressure vessel, ASN
requested an audit of the Creusot Forge plant. On 25 April 2016, AREVA informed ASN that
“irregularities in the manufacturing checks”, the quality-control procedures, were detected at
about 400 pieces fabricated since 1969, about 50 of which would be installed in the French
currently operating reactor fleet. The “irregularities” included “inconsistencies, modifications or
omissions in the production files, concerning manufacturing parameters or test results”.742 The
full list of pieces concerned has not been published. Apparently, about half of the total number has
been manufactured for clients outside the nuclear industry.

The official cost estimate for Flamanville-3 stood at €8.5 billion (US$11.6 billion) as of
December 2012.743 In its annual report 2015, EDF updates the figure to €10.5 billion
(USS11.4 billion)744, equivalent to the current estimate for the Olkiluoto-3 EPR project in Finland, and
2.6 times the estimate at construction start.

In addition, there have been major difficulties with large investment projects—in particular in
[taly, the United Kingdom, and the United States—all of which are taking a toll on the balance
sheet and credit rating of France’s major nuclear companies. EDF has a €37.4 billion
(US$40.9 billion) debt, as of the end of 2015, and steadily rising operational costs.

739 ASN, Letter to the President of AREVA, 14 December 2016, (in English).

740 For a 4-page briefing on the issue see Yves Marignac, “Fabrication Flaws in the Pressure Vessel of the
EPR Flamanville-3”, WISE-Paris, 12 April 2015, see https://www.dropbox.com/s/njavhw7ihvkbyeu/WISE-
Paris-Fabrication-Flaws-EPR-Flamanville-Latest.pdf, accessed 18 June 2016.

741 ASN, Letter to the Director General of AREVA NP, 9 May 2016.

742 ASN, “AREVA has informed ASN of irregularities concerning components manufactured in its Creusot
Forge plant”, 4 May 2016, see http://www.french-nuclear-safety.fr/Information/News-releases/Irregularities-
concerning-components-manufactured-in-its-Creusot-Forge-plant, accessed 11 June 2016.

743 Usine Nouvelle, “EDF a évité le pire sur 'EPR de Flamanville”, 7 December 2012, see
http://www.usinenouvelle.com/article/edf-a-evite-le-pire-sur-l-epr-de-flamanville.N187560, accessed

18 June 2016.

744 EDF, “2015 Management Report—Group Results”, 13 May 2016.
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The Hinkley Point C Saga - A French Perspective
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Power price increases, which should reach around 30 percent between 2012 and 2017 in order
to cover the operating costs—a legal requirement—would prevent EDF from selling at loss and
help funding necessary investments. But these tariff increases could also negatively affect EDF by
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and coal-fired generation fell back to the 2010-11 level despite the record power exports.’7¢ In
2015, the trend persisted: while power generation increased by 3.8 percent—entirely covered by
renewables—fossil fuel consumption in the power sector continued to decline for all sources—

lignite, hard coal, natural gas and oil—while electricity exports soared.

Table 17: Legal Closure Dates for German Nuclear Reactors 2011-2022

Reactor Name
(Type, Net Capacity)

Biblis-A (PWR, 1167 MW)

Biblis-B (PWR, 1240 MW)
Brunsbiittel (BWR, 771 MW)

Isar-1 (BWR, 878 MW)

Kriimmel (BWR, 1346 MW)
Neckarwestheim-1 (PWR, 785 MW)
Philippsburg-1 (BWR, 890 MW)

Unterweser "#$%8&'()* &#,

Grafenrheinfeld (PWR, 1275 MW)

Gundremmingen-B "#$%8&":3) &#,
Philippsburg-2 1J#$%&");: &#,
Brokdorf |J#$%8&")"; &#,

Grohnde J#$%&'(4;&#,
Gundremmingen-C "#$%&":33&#,

Isar-2 1J#$%¢&")'; &#,
Emsland |J#$%&'(:1&#, &
Neckarwestheim-2 |J#$%&'('; &#,

Owner/Operator

RWE

RWE

KKW Brunsbiittel?77
E.ON

KKW Kriimmel778
EnBW

EnBW

-0 &

-0 &

GG#&HBFDA=RT=F79&
-F'# &

-./0KLM99=FN®IB8
-0 &
GG#&HG6FDA=??IF7&F

-0 &
GG#&0IPR?28 781&
-F'# &

First Grid
Connection

1974
1976
1976
1977
1983
1976
1979
123 &

13" &

'13) &
'13) &
1348
'13) &
'13) &

'133&
'133&
'131&

End of License
(latest closure date)

4&567689&:;&

(&<=>=?@=A&:;'&
I>BC8=D&BF=&:;"* &

(&<=>=?@=A&:;'&
(&<=>=?@=A&:;'&

(&<=>=@=A&:;&

(&<=>=?@=A&:; &

Notes: I"#$1%8&"(%)*&+,"- &%, #&-.0%1,2"#$20)3)45,"-. &% #&-.0%1 #'6$,#7&)4) [8&'.9:3) /7&,

63&;.%)%).:.'<&%,;

Sources: Atomgesetz, 31 July 2011, Atomforum Kernenergie May 2011; IAEA-PRIS 2012&

776 Craig Morris, “Coal power down, renewables up in Germany”, #&4&<-=3&%4.&%4-.)04;3 July 2015, see
R99PSKKTTT.A=F=TM@B=8IF9=AFM9I|CPKIB-FRIKFBNB=-TM @BBGFT=A?MFUK";K*(2K33*3(K

accessed 3 July 2015.

777 Vattenfall 66,67%, E.ON 33,33%.

778 Vattenfall 50%, E.ON 50%.
779 RWE 75%, E.ON 25%.

780 E.ON 80%, Vattenfall 20%.
781 RWE 87,5%, E.ON 12,5%.

MYCLE SCHNEIDER, ANTONY FROGGATT ET AL. 188

WORLD NUCLEAR INDUSTRY STATUS REPORT 2016



s "HE " Y0&' ()% Do&# (#*$ ($*+,- #HISDBH(' 26.480558$98:$)"()$& %; +4#4$1<=$18"$%'$
1<RH'H,)$%@S)"#$?%A, ) 3B*$&%CH'$+ $DEEF/$4%C,$@'%G$($G(H+GAGS% @S| <BHRS 2#,)$+ B
KA #$ D661/$)"#$ %6&# () %MK)"#$ L% # GH#,)$ H(?"#4$ (,$ (- #HG#,)$) %S (..%CS %E&H ) +%,$ % @$ ) "#$
H(?)%'SA, )+ SDBTBIL ', RH(PHSMA) . (,4*$" (*$: %+ 2H#A$2%, 24 *S(NIA)S) #$*(@#) 3$% @SO% . #!
+$&()+PA.($*+, 245 (3, HIN3S 2% (. $&UCH'S*) () +%,$C(*$*"A)$4%C, $+,$.#S DOEFS (,4$ &WCH S*A&S.. -
CY%AS.(PPSHAA, 4(,23CB@ D) HE8ICH $%,5)" #S-+4S+*SA, (;(+.(N.HS @ % 'S % GHS (%, /$(.. S&WCH $G
2%GHS@ YGS) H HSR) HSHGH -#, 23$4-+#*#.$-# # ()% * STISKYo# +#, SAHSUH-H$% @ L H58H(2#$*) J#4<

J,3K(,A('3SDBED/$)"#SA)+.+)3SVWUIXS(,, %A, 2#4$+)$C(*$&A))+,-$% @B AR H (S #DIA+.4$

Q@%'$ ($ @HCS 3H(*TS (,4$)"($ ) "#'H#S CYA.4$ N#S Q,%S$ *#2%,4% A?.#('$ &.()$ ) O%*#.#$ @%'S$ )"
N#+,-TEFMMOSA) +.+)3++S2A, ). 3$* % C+,-$(, 35+, JHH) S+ SRA*A+,-$ #HCENA+.A<SY,$)"#$7%,) (‘3/$)"#
A2 H(SA)+ ) S (HS) An 4 -SCH) " $EP+,-$+ 2% GHS (45 +, 2 H(*+,-$2%*)*<$LH# G(,$A)+.+)3$:8W$
)"0$"%. 4*$1 @A 2#,)$% @ SO Y # #$Y&H' () %' SWOZ/$ #&%') *$ @ VBHDBE FRIIBES+ S#[A+)3$; (. AHS
%@S$+)*$WIZ$"%.4+,-$(,4$&'(?)+?(..3BFISEHD S +)*$ +, T%FIREH,)\$ 2% G &(#4$)%S$ DB $<
VA)?"$A)+)3SVH.)($)"()$"%.4*$) " #SG (%' +BEBE, ) $% @SWIZ$+*$.%6%*+ -$G %, #3$(,45+*$A, 4#' -6+ -
@A, 4(G#,)($H#*)AR)A+,-25$

J,$ KA #$ DBEO/$ WOZ$ *)()#4$ )"#$ ABEBIH@BGS 7+HH#AS YHIMENIDAH.$ ()$ 0% #.#<$ WIZ$ +*$
2A"#,).3$)"#$%, 33 HG(+,+,-3 @%'H+-, $ 2AX)%GH'S @%'S 2% G GH 2+(.$*&#,)$ @AH#.$%@$ X:WaXB*$ U(
HEYPHH - $E&.(,)<BI"HBE&.(,$+7$)%$ 2%, *ACHS (.$N@$) " #$&.A)%, +AGS)" () S+ S H#&(#4$+, S (*$GA?
06BH'2#,)$7Y $+,9) #5206 %S

I"HS M#)"#'. (45 +. A%) O#*S) "#S *+-,+@+2(, 24S % @$)"#S WA %&H#(,$ &UCH'S G (PH)$ @ Y$). S %&H ()
GYAHSY @S, ()+%, (.$H#.#2) +2+)3$-#,4# ()+,-$2(&(2+)+#*<$I"#$4' (G ()+?$4'% &S+, $C % #*( #S&ICH &'+
+ SLHG(,354AHSD)%$) HE' + S+, $H# HC(NH$?%GN+ #ASC+)"$.%CS?2% (. $(, 45 4. () +:#.38"+-"$, OA'(.$-(*
&+ 2HHS" (*$ HASLH G (,$A)+.+)+#*$)%$ " A)$4%C, $) ZBIMBRICH $&.(,)*$+,3) "HSMH) " #.(,4*$(,4$

+G &%) $EICHS@ UGSLH G(,3<SI"#SMH)"#' ., 4*$+G U BASENS@ % CIL# G (,3$+,$DEEFS

$
+,'-( P&HOH S H#:#,$ H(2)W<S MA? H('S &.(,)*$ &'%;+4#4S$ BIBLS %'S DE<$H24,)$ % @$ )"H#S$

2%A,)'3B*$ #.#7?)'+2+)3% +,$ DBEFS$\C+)"$ (FATFH % @ $HBLOH, )$ +,$ E=5="<$ O#3%,4$ )" 2D 1) %$
G%'()%'+AGS )" "(*$ N##,S +.$ &.(24S @%'S 4#2(44/$ )" HS &'H+%A*S OHGHHSKUREI oS

$EEETFSSTEISSTE SFFSTTLISSTEISSSEESS

$

>5D$D9/$QcC)()+*)+2(.$:#; +HC % @$8%' . A$W #'-3T/$SK A #$SDEE0<
>SIBMX/SQMA?. #('$I%CH $+,$)"#EM#H)"#'.(,4* T/$A&AHISDH G N D6 EO/S*HBHHHH#1#$%6&.(
)*+&,-%!$%./0)1$/0)12341567B##4H0A HD6E 1<

>50QVL Times, QUHH&H(?H$?%, 24 #AS(NYA)SO% **# #$ A? #(SUKHF (3 DOEIS ##$
56689//###1)&607,:1)&/:32</3=/2>1.%,,)8,+, (+$)+,%)," (-2$*6(2$%::,&()*+&, -UBE&-)&:- 1,6 @IB(?2#**#4$

DEKA.D6EIS
>5FR/WUIX/SQVWUIX$&A)*$% @ @$4#2+*+%, S@ %' S(S@HCSIH(**/$, %$*#2%, 4%, A2 #('$&.(,)$()$O% **# #$Q%'S)"
N#+,-T/SOH$:#. #(*#ISHK(, A('3 DEEDK

>51 $8W/$QX,, A(.$:#&%')SDBEAI$7('"?"$D6EIS

>5>%/#.) (15X, A(.$:#&%")$DEEF/$D6E

>S5QVET/SQO%"*# . #$G Y% #*$) %S 7Y T (FEEDEF/$*##81!),07-.-A0),1+$7/1,-6*%,:/1,-6*  %,?$%::.&,

7$B,: (6X7$C(D=E33</$(??#**#4SHEA HDOEIS

>5=3K-06' (BW, #'- +#CH#, 4HISQV+HSW #'-+#C#, 4#$+G $C) %G *#P) %' e$C) (, 4$4# SV +,-#HOGEET ADSEI/S\+,$
L#'G(,"$*## $668:9//##H#1-.$%(
),%.0.#,)'.1",/10&,-"70)[F%$G,H6 /;32</1-5%, :-*:#,%6*).J;32</K.$%-J1-5%,:-*:#,%6*).J;32=#,7!8'1

1$(22#* #ASOA D6EIS

MYCLE SCHNEIDER, ANTONY FROGGATT ET AL. 189 WORLD NUCLEAR INDUSTRY STATUS REPORT 2016



IS 06&! ()" (*+,)- (/I0(12!1(2)3(4#5&,"6&" 1(T#S$-'(84,I'$1--9(:I"#":("$%-&! ,(&"&,49<(72)-&(
)"%,&13)"4(=$")"4(=#,(,&'&7):-&(&"&,49>(?2&(=),31($") L(@A#3B(C!:,&,1D(7!3(32$L(‘#7"(11(12&(&"(
H=(JIE>(F1+118, #(%#"=),6&' (12&("$%-&!, (+21GE L (4#!- (=H#--#T7)"4(2) 3(,&&-&Y L)#" ()" (/IH< (" (12&"(
1"$31,9(J)")31&,(J)4$&-(K&:131)!"(213(31!11&'(12!1(812&,&(7)--(:&("#("&7 ("$%-&!, (+-"$B*3(#=(

6) A$"&/NE<()"(12&(1:3&"%&(#=(!"(&31!:-)32&'("&7(4#5&,"68"1<(12&,&()3("#(%-&!,(5)3):)-) 19 (#=(
"IT)H (8" &, 49(+#-)%9()" (K+1) (>

K+1"32("$%-&!, (#+&,!1#,3(2!5& (:8&&" ()6+-&6&"1)"4(:#12($+,11)"43(1" () =& (&0 1&"3)#"3(=#, (&0)31)"4(
=196)-)1)&3( 1211( ) 1B&& "#6)"1-( %!+196)19(:9( | #$" (N/  (+&%&"1>(P$,12&,(6)"#,($+,11)"43(!,&(
+-1M> LMNP2& ("$%-&), (-#::9(#,41")QIL)H" (P# #(R$Y%-&!,(%-1)63( 12! 1 (#58& (H&, %&"1($" &, (12&(
+H#3TP$S$32)6!( RIL)#"1-( *%L)#"( T-1"( 3%28&'$-&'( 31=&19( 6&!3$,&3( 2!'( :&&"()6+-&6&"1&'( :9(
31,92 (INESMI"(P&:,$,9 (INN<(12&(K+")32(+!,-)16&"1(16&" & (12&(K$31!)":-&(U"&, 49(V!17<(
'&-81)"4(= #6(128&(1&01(!(,&=&,&"%&( 1BR(QF)=&1)6&(-)6) LI L)#" (1" (-&!5)"4("$%-&! (32!, &(1"(
)=&1)6&(1#(:&('&1&,6)"&'(:9(12&(4#5&., "6 & MR &5 &, 128-& 33< (H (&6 &(/N.<(Y! #Z!(713(

3281( HT"(+&,61"&"1-9>( 22&( #+&,11#,( R$%-&"#,( 2!'(%!-%$-11&'( 1211( =$,12&, ( #+&,11)#" (#=( 12&(
00EQ[(+-I"1(7#S-'("#1(: &(&Y6#"#6)%>(22&(CL:)"&1(#=(12&(Y#5&,"6&"1(&-&%1& () &R (/NN(
l++#58&'()"(P&:,$,9  (/NO(I(WHO!-(X&%,&&(1211(7#$-(&"1:-&(1"9(,8%8&"1-9(32$1(,&!%1#,3<()"(12)3(
06138&( Y #ZI<( 1#((B+-9(=#,(12&),(#+&,11)"4(,&1%1#,312)"(12&("&O1(N.(6#"123>(I"(JIANO<(
R$%-&"#, (1++-)&' (=#, (1("& 7 (-) % &"3&(1H#(H+&,11&($"1)-(MYMBE5 &, <(12&,&()3(31)--("#(#==)%)!-(1)6&(
3%628&'$-&(=#, (,&31!, 1>(®2&")32(+!,-)16&"1<(7) 12(12&(3F++#, 1 (#=(6#31 (#=(12&(,&+,&3&"1&'(+!,1)&3<(
)"%-$')"4(TKAU(I" (TH# &6#3<(+133&'(1(6#1)#"(141)"31(Y!,#Z!(,&31!, 1>tM (U-&5&" (6!9#, 3(H=(1#7"3(
)"(128&(5)%)")19(#=(12&(+-1"1(215&(+ #1&31&'(141)"31(12&(+ #+#3&'(,&31!, 1(1" (%!-- (443D, &(
#=(128&($") L(1#(: & (Yo" =), 68>

I# & (,&%8&"1-9<(#++#3) 1)#"(213(1-3#(:&&" (5#)%&'()"("&)42:#,)"4( T#,1$41-(141)"31( 12&( %o#"1)"$&(
#+&, 1) #" (H=(12& (L TH(14)"4(A (WWO&!, GE-'(,&!%1#,3(11(*-61,1Q>(%%+#, ") "4(1#(1T#(I&6:&, 3(H=(
12&( US$#+&!"( T!,-)16&"1( @JTD<( )"( !( 7,)11&"( "$&31)#"( 1#( 12&( US$,#+&!"( C#66)33)#"<( #"(
M(*+)- (INE<( 12&( T#,1$4$&3&( T!,-)16&"1( I'#+1&'( 1( ,&3#-$1)#8EI6#66&™)"4( 1211( 12&(
A#5&,"6&"1(11S&(1--(12&("&%&33!,9()")1)!1)58BEI3(12&(K+!")32(K 11 1& (1" (U$, #+&!"()"31) 1$1)#"3(
7)12( 12&( )6( #( &"3$,)"4( 1211( 12&( *-6!,1Q( +#7&,(+-1"1()3( Yo-#3&'('#TEMY 22&( T#,1$4$83&(

CELCECCeCteecteeeteeeteccceeereeeceeCcccceecceecded
(

LM/(Reuters<(8K+1)"(1"3)313(#"(U"&,49(K!5)"4<(R#1(R$%-&!,(T-I"1BLEND (//M> (

LM U*<@U"&, 49(T#-)%) &3 (#=(IU*(C#$" 1) &31)"(/N_(\&5)&7 ;<(./N_%

LM.(P# #(R$%-&! F(+1")32("$%-&!, (+-1"13(_(9&!,3(1=1&, (P$S$32)&(Q!,%2 (/NE<(

3&Y"#$%%E&EE ()¥)+,-./0*)*1%/+%+/&2%.03d&2%455462#0+8B,-./0* 3)&/* 3.0+"3930*2 D ("/*3
(,;,2!8<0 <(1%%&33&A$-Q/NE>(
LMWNN<(8R#(V)B)13(=#, (K+!")32(\&1%1#, 3RANIS!, 9(/NN<(38 &L #$%% & &8 ' &)* 3 -./0* 3r/&2)*1%>B
>)@.8<8"2@()*@A#0+82! @*MBER44B'! "< <(1%%&33&A$-/NEX(
LMQR$%6-&"#,<(BR$%6-&"#, (35:6) 13(1++-) %! )" (1#(,&" &7 (12&(#+&,11)"4(-) % & %o & (#=(1 2 K< T(&33(
\&-&!13&<(.1019 (/NO>(

LM(Spanish News Today, 8Y,&&"+&1%&(1%1)5)313(+,#1&31(11(CS,4#3("$%-&!, (+H#7&, (+-I"1(, &#+&") "&f-"3
NLP&:,$!,9 (/NE<(3&&('#$%%2#0+82!+/&2")=0:'-)<%1*//+#/03)-"8C8EZ2)"/2" "D ,*1)23+,-./0* FH)&/* 3
#.0+'3/)#/+8+13.0+2 @ES798"<. <(1%%&33&AS-Q/NE(
LMEUI?2c<(8J19#,3($,4& (Ud(1#(6#") 1#, (128 (+#33):-@4R.") " A(#=(Y ! #Z); < (NIAS"& INO>(

LM (Y#683(@KeXD<(J!,)31(3!1)!13(@YdUfRYVD<(8K$:g&%1h(*-61,1Q("$%-&!, (+#7 &, (+-1"1;<(T!,-)16&"1!,9(
i$&31)4#"3<(I$&31)#"(=#,(7,)11&" (1"37&, (1#(128&(C#66)33)#"<(\$-&(NW/<(U$, #+&!"(T!,-)16 & MGN/NE<(
d+"11&'(.0 @'9 (/NE<((3&&[#3$%%&&&'[,*)#0*."/,*)#0'/,%28=/2%1/"F)-'=)G#,DH/(86%J?%%KILKNINOMJ
564E66PQ77M6MFRSMLTUMYV 8¥U2EH& 338X$-9/NE>(

0\FOBFKQHL GHW R)Q\R JO WHWD O RUOGXFOHDPQGXVWWDWXNSRUW



I"HB06&™ (") +%6&)(,)$E&" -.(",/* 01(%,12* 342% 5&$" (6% )3(* ,4772* 8&Y6* 4" -7'4%A49* 231)6&:";* 42* $)*
&"2)$)1)(284*=8) (") $AT*64".(%*)&*)3(*>& Y66 (YPEBE(4

*

"HPHY0 *8=(%4)(2* ($.3)* %(4,)8%2* )34)* SYGIERE @G H 4* 1J@B (%, (")* =71".( *&#(%*)3(*

=% (#$&12*/(AVEYo* KEEH, (")* &8*)3(*,&1")%/L2* (7(,)%$,$)/*$"* IMIDHA@) 4. (*=&$") 2*6.&:"*

8%& *IMIE*4"6*1G=(%, (")*=&$")2*6&:"*8%& *4* AN$'1'*&8*DI@H%, (")*$"*IBBO@*P$" . 3Q7B$6*

&Y% ("(%4)(* 4"1* =&:(% *$"* IMID* 4"6* (")(%(6* )3(* RFS* ,4)(.&%/@* T/6%&* =&:(%* :42*)3(* 74%.(2)*
(7(,)%3$,$)/* 2&1%,(* $"* IMID;* =%&#$6$* (&) @* G$"6* =&:(%* . ("(%4) (6* 4* %(,& %6 IOEBE
A7'82)*ED=(%, (")*'&%(*)34"* $"* IMIEH 4"6* ,&")%$>1)(6* IME(%, (")*)&*)3(*"4)$&"47* (7(,)%$,$)/*
=%&61,)$

U:(6("*$2*4*74% . (*=&:(%*(N=&%)(%@*V"*IMID:*"()*(N=&9%)2*.%(:*)&*3$2)&%$, * AN FCZRIF@ O
%o(=9%(2(") (6*1A=(%, (")*&8*)3(*(7(,)%$,$)/*,&"21' (6*$"*)3(*,&1") %/* &Yo* EH@EN")*&8*)3(*" 1, 7(4%*
("(%4)$&" @

U:(6("6(,$6(6*$"*4*IBCM*%(8(%("61*)&*=342(*&)., 7(4%*=&:(%*>/*IMIM@*F 3(*%(8(%("6 1) &&W*
=74, (*4)*4%)$'(*:3("&"T/*2$N*&1)*&B*4*=T 4" (6*13%%(4,) &Y%62*: (%o (*&=(%4)$".;*:$)3%)3(*&)3(%*2$N*2)$7
1"6(%*,&"2)%1,)$&" @*V)*:42%)3(%(8&Y6(*(88(, ) $#(7/*4*<=%&. %4 * 7$'$)4)$&" 7*%4) 3(%FaY P4 *<=342(
%(8(%("61' @*UB("%()4$"(6%)3(*IMIM*=342B.1)*64) (*1")$7%)3(*$66 7 (*&8*)3(*IBBM2;*>1)*4"*4, ) $#(*
6(>4)(*&"*)3(*,&1")%/L2*"1,7(4%*81) 1%(*,&")$" L (6% 4"6* 7(6* ) &* 4*" (:* §U%)/* 6(47*)&* 2)4%)*) 3(*
=342(@.1)*(4%7$(%*>1)*4>4"68"*)3(*IMIM*6(467$" (@*F3(*8$%2)*%(4,) &I XN 2Ry B 8"+
$"*IBBB*4"6%)3(*2(,&"6*&" (*X Y4%2 (> WS *IMMP @

S"* D* \(>%14%/* IMMB;* )3(* =4%)$(2* &8* U:(6("L2* ,&"2(Y%#A)$H(* ,&AT$)S&"™ .&# (%" (")* 2$."(6* 4"*
A.9%(((")*&"*("(%.I*4"6%  7$'4) (*=& 7$,/*)34)*=%&=8&2(6*4">$) $&1 2% % (" (:4> 7 (*("(%./*4"6* (" (%./*
(88%,$("/*)4%.()2* 4"6* ,477(6* 88&%*)3(* 2,%4==$" * &8*)3(*]1,7(A%UBAIA2Y@* V"* ~1"(* IMIM;*)3(*
=496 7$4'("VH#&)(6*>/*4%)$.3)* 4%.$ *XIARJI[})&*4>4"6&"*)3(*=342@.1)*7(.$274) SGIER*4*06(217):*
"(*=T4")2% &1T6* 4.4%" >(*SIH)>1)* &"7/* $8* 4" (N$2)$" . * =74")* $2* 231 BR ) 3(*'ANS'1'*

"1'>(%* &8* &=(%4)$".* 1"$)2* :$77* "&)* (N, ((6*)3(* , 1%%6(")* V(" @4" 14%/* IMIE;* )3(* 2)4)(* 1)$7$)/*
“4))("8477*2)4%)(6*4*<6(, ABR" *=1>7$,* &"217)4)$&"2*&"*)3(*,&"2)%1,)$&"*&8*" (:*"1,7(4%* =& (%*
=74")2@F3(* 74)(2)9)%46$)$& AN (6$23* ,&'=%&$2(?;* 4,,&%6$" *)&* I"(%./* a$"$2)(%* V>%43$'*
Y4/74"M3>():(("M3(P(6 D%(("Hh&H(%" (")*4"6%)3%((*&==823)$&"*=4%)$(2*,&"8$%'2¥)3(*>42(7$" (*
&8%)3(*IMIM*4.%(('(");*4"6*8$N(2*4*IMEM*)4%. () *8 &I 5 IWo(" (:4>7 (*(7(,) %$,$)/* SN @*V)*4728&*
4778:2*8&%*)3(*BSBTEE*"(:*%(4,)&%62;*>1);*42*$")B(*=% (#$&12*4.%(('(");*&" T I*$* % (=74, ('(")*4"6*
"&)*$"*466$)$&"*)&* (N$2)$" *&"(2@*V"*466$)$&";*)3(*4.%(('(")*2) S=bRANTLN")* 21==8%)*8&%*

*kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkdhkkkk kkkkhhhhhhhhhhhhhhkrk

*

ABOI"H$00&, ()*+,-)./(0/+1) &%) 1.47*5&$"2* 4T PBYRBE:"*- 7' 4%A9*" 1, 7(4%*=&: (%*=T 2} IC-=%$IMIO;*
2((1HS%Y&E& ™ I (#) "+ -./(80'1) 2%/ (80%H)*"+,-. 3)5/@L-..B) DI+"H)8&/ 3.2-*-7 F+1.(-* )&(* 3
#.-1"%89::<:*4, (22(6*ID*\1"(IMIO®

ABBU:(6$23*1"(%./*-.(",/;*  <IMID*#4%*())*d%* (6*2)&%6*(7=%&61W)$&"*&, 3*%6(W&I662)&IBH N=&%b)*4#*(7
Il A(>%14%IMIO;*X$"U:(6$23[;*2((*#$%%&&& (/(*,52=/65,1("(/'0(%/=!("0-*>52% @:AB% @A " 3* 3
2(6 D")*I.H96+>"5)/31! 3(>)*60")* ICH)*'323.%*4,,(22(6*ID*1"(*IMIO@

CMM 23 < U (6$23*D&H(%" (")*S#(%)1%"2*] 1, 7(4%*Y 4"2:%T"(XIMIME@
CMKG]-;*<]1,7(4%*+&:(%*$"*U: (6("?;*e=64) (6*-=%$TMID;*2((*

A" HS06068 &8 &) * B 1.(-*)* %5/D)%E) +/*F*)D5.(0%E) +/"*BER%HE(6(/%4,,(22(6*IBa4/ *IMID@®
CM340/' /50'()607+- 1Y 8&2)*)&*"1,7(4%*("(%./*42*U: (6("*4.%((2*)&*>1$76*' &% (*% (£, 78A6R" (*IMIO;*2((*
3))=2cff"(N)@8)@.&'1.&")("F>EE(KJIEQ8IKQ(O_Q8CEOIBEA6DIBE}4,,(22(6*I17KMIO®

0\FOBFKQHL GHW R)Q\R JO WHWD O RUOGXFOHDPQGXVWWDWXNSRUW



I"H#$968& (%6196')*+(,1(-. %(/0'1(0/(2, %#-(0'(,12, Yo#t-(3"43,2,%3+(#&! (10- (4% (11" 50 6 (0<%=%'+(
-('%10=9%3( -.%( #&58&#,-*(-8&>(0!( "#$%&'(50<%'(<,-.,|(-<O(*%&'37( ?&--%!/&$$@3( ABC(D&)!"3(:&$$
#011%!-%2EHG.%(&40$,3.1%!-(0/(-.%(I"#$% &' (#&5&H,-*(-&>(,3(&!(,150'-&!-(5'%#012,-,01(/0'("3(-0(

4%( &A4$%( -0(#0!3,2%'(-.%(,!=%3-1%!-3(1%%2%2 (36(-3%BE0 %' 1 ( 05%'&-,01( 0/( 0™ ("#$%&(
'06&#-0'3(/'01(-.%(1I8936+(4"-(&22% BEEY! (<, -.(-. %6(&40$,3.1%!-(0/(-. Yo (H&5E&H,-*(-&>+(5'0/,-&4,$,-*(

<, $5(4%(&(#. &$SUHYT(-. %(<%%M3(5',0'(-0(-.9%6 (%! %" *(#015'01, 3%+ (?&--% !/ & FH(I8@(%6! %8(

- &-(&SB('%1&,!, 1), 1%('%&H#-0'3(<0"$2( 4% (#$03%2(,(-.%(%&' $*(NONI3(,/(-. %o #&5&H, -*(-&>(<&3(10~(
'0510=% 2P

28&--9%1/&$$( %!=,3&)%2(%>-%!2,1)($,/%-,1%3( 0/(/,=%( 0/( ,-3(3%=%!("!,-3(&-(P0'31&M(&!2(Q,).&$3(-
RY(*%&'37( G.%( 5'%=,0"3( 04S%#-,=%(/0'( QHI.&F8 HN( <&3( &( BB6&'($,/% % FR(;0<%=%"+(,!(

T5', $(NOIO+(?&--%!/&$S(2%#,2%2(F-0(#.&1)%( 2, %#-,01(/0'(05%'&-,01&$($,/%-,1%3 (&) 1&$3
NEOURI2(4*(C#-04%NOIO+(,-(<&3(2%#,2%2(-.&-(Q,!) B(®B"$2(3."-(20<!(,(NON9I(&!2(Q,!).&$3 H
N(,I(N9II7(G.%('%&30!3(),=%!( <%'%(#0!-,1"%62($68Y6#-' #,-*(5' #%63( &12(,1#'%&3,1)(5'02"#-,01(
#03-37(T3(/0'(?&--%/&$$V3(/,=%(0-.%'('%&#-0'3(VHRIRESS(PO'31& NI -O( HX+(-.%(5'%=,0"3%*(
5$&!1%2( F&-( $%&3-( RI( *%&'3( 0/( 05%'&-,01&$( $,/%-,1%+( "I-,$( -.%( 4%),!1,1)( 0/( NOK93+( '%1&,!3(
PO$$0<,1)(-.%( %!19( &)'%%1%!-+( -.%( 2&--%!/&$$( Y0&'2( 0/( Z,'%#-0'3( 2%t#,2%2( -0( %!)&)%( ,!-0( -.%(
1=9%3-1%1-3(,1(,12%5%!2%!-(HOBE00$, ) (3*3-%13(/0'(-.%(-.' %% (P0O'31&'M("%&#-0'3+(&(5'%'%[",3,-%(
/0'(#0!-,1"%2(05%'&-,0!3(4%*0!2(NINI(-.&-(<&3(,1503%2(4*(-.%(3&/%-*(&"-.0' 858637

\<%32,3.(05%'&-0'3(.&=%(5"3.%62("5'&~,1)(5'0S%#-3(-0( 0=%(%B #%!-7(C] +(-.%(3%#0!2 (% 3(
05%'&-0"+( ,15$%1%!-%2( &( 5%'#%!-( "5'&-%( &-( C3IM&'3.&H( <,-.( &( -<0 H%&'( 2%$&*7( T-(
C3M&'3.&11HN+(3."-(20<!(3, 1496 (_"IPO1:+(&(:86%'H#b!- (H&5&H, -*(, 1# %6 &3%(<&3 ("1 2M(K(4"- (.&3(
A%%IE12%/,1,-%$*( 503-501%, 1 _"1%( NOIOPI(L!( D&#. (N9IO+( CI*( .&2( %3-,1&-%2( -.&-( -.%(
102%'1,"&-,01( <,$$( 4%( #0158%-%2( F4%/0'%( -.%( "1 O/( -.%( *%&'6+( &22,1)( -.&-( F-.,3(,3( #$%&'$*( &
1,3#&$H#"$&-,01(#015&'%2(<,-.(-.%(0",),!&$(-, 1%(%3-,18-% (/0 BIBE<0'M3+(<. #.(<%'%(3-&-%2(,!(

_"19%( NOL:6F9 ( 2&--%1/&$( .&2( #&IHY%S$$%2( ,-3( 5$&!1%BCAKY!-( "5'&-%( /0'( PO'3L&'M( ,!(
a0=%14%(NOIK+(3-&-,1)(-.&(-.%(F5'0/,-&4,$,-*(H&SH#"$&-, O M (50<%'(, 1#'%&3% (&-(P0'31 &4\
&3(2%-%",0'&-%2(3,1#%(-.%(,33"%(<&3($&3-(2,3#"33%2(4*(-.%(40&'2(&40"-(&(*MRYBYEBT ,

CELCECCeCteeceecteeerecceeeereeecee(CCcccceccceeccecd

(

89: (1<%62,3.(a"#$%&' (\0#,%-*h T1&$*3) "55%IRE.%(\<%2,3.(%!%')*(50%$,#*(&) % %1 %!- (OA1 A Y%(NIIRE+(

"10// #,&$(- &13%&-,01+("128&-%R7

BOK(I"™#$ F<%2%!(&40$,3.%3(I"#$%& 6&H_"1%(NOIR+(3WHEY6%8&E &()*+/*01) ,-082'()3%45
6&0+0-,17(*82102./*01) ,"19:;;<:<="1">*  +(&##%33%Q(IQ(NIIRT
89006&HA<Y62%6! (I"#$%& (%> -(C, 1 (/, =% (*% & TNRA{NMOIR T
BIRD&--001/&BS+(F?&--%1/&$S(5$&!3(-0(5'0=, 2% (" #$% & (BOCDARO (*%6&'36+(d'%33(Q6$% BBIHNNMN(3% % (
I""52$9%%/(1#()1"0'21""0-@ 1**/(>%#1022>0+81%#)092*01202%#) )P201 20B>#()"%21""0-@&*1-2"(,
#)(28+0-./01) #(8&0) ,@(# ,"(,<;,A0L) 2H&#4%33%R(I8(NOIRT

89U &--0%1/&$$+(F2&--%/&S$(#.81)%3(2, Yo#-,01(/0'(05%'&-,01&$($,/%-,1%3(0/(Q,!).&$3(I(&!2(N6+(d'%33(Q$%&:
NE(T5', $NOIR+(3%YH$%%/()#()1"0'21""0-@ 1**'/(>%-(&:2 ,>0+81%#)032*01202%B::C%?1""0/@ 1362 ,
+8)0/"8(;@ ,(#0)1"8(-1**8@0"8 @) 8-3!1*2:, 1-+,BY(&##%33%Q(IB4NIIRT

898(28&--%!/ & $FAE--%1/&SB(<,$$(,1=%3-(,!(PO'31B(MD_"194NOIR+(3%YB{2$%%/()#()1"0'21""0-@ 1**'/(>%#) 022
1-+,>0+81%#)022*01202%B;:<%?1""0;&BI8-702'8-, @ ()2> 1) DY&H##%33%Q(IB4NIIRT

893("# (FC3M&'3.&1!(N("5'&-%(5"-(0'(.0$26+(1UI%NIIO+(3%YE$%%E&8E& & () +/*01) ,-0&2'()3%E
F2D1)211>- B, #)1"0,4." (- ,I(*+,:G:<:CC'I">* +(8&##%33%R(IBHNOIR S

819 (C]"+(FGO-&$(38&/%-*(102%'!,3&-,01(0/(C3M&'3.& 1! (N(#015$%-%2(4%/0'%(-.%(-""1(0/(-. % (*%&'6+(

I: D&#. (NIIO+(3%Y8$%%&& & (D3'20%0-%H0+81%BBC6I("1:21 @0 A+0)-821"8(-,(@F2D1)2!1>-,
B/(>#*0"0+,70@()010,".)- ,(@'10 ,A01)9&##%33%2(18%4NIIRT

8l (" +(FP0'31&'M(:(50<%'("5'&-%(#&#%$$%@6=04KAVNOIK +(39YH % % & &E& & ()*+/*01)
-0&2'()3%EK()2>1)DL #(&0) ,.#)1"0,/1-/0**0+,BM:::MC'I">*+(&##%33% 2ENOIR T

0\FOBFKQHL GHW R)Q\R JO WHWD O RUOGXFOHDPQGXVWWDWXNSRUW



"#$ 9%&'()*% +,-.*% /0$% 123456/7% 48#$5% 49% -:; 25802042 6=% 6/% 82#/$=% /4% :0"/% =48#% /0$% "#€
>$72":$% 6/% 82:% "#@5496/2>A%$% /4% 4@$52/$*% $B$#% /04"C0% 16#456/7% A8#$FWIDA5/"1% -
-1;25:021#  %6:%#48%:?088=%/4%C4%499A6#$%2:%$2BAT%2:%& ' (F,

%

G#% &'(*% I$H Y& (#")&*+ %@$52/$=9% 5$22/45:*% 806?0% @54B6HKEERHTY

(E,J @ $52$#/%49%/0$% 24" #/57M: VBSHSUBEAD541%2% 1 2N6 1" 1 VMDS6RKII%64%(JIF,%K0$%0, P, %
#'2A$25% @48$5% @ A2#/% 4@ $52/45: % +Q DRRCSBNTIB LHIE A% #4/% 524 16/% A42=%92?/45% =2/
I"H$968 ()*+, ¥ %% *+(-* %'+ & ,[*&E1)-1 ,%Q2/2% @">A6:0$=% 64VH0SBET6T2/2>2:$% 64#=622/$%/02/%
10$%2B$52C$%A42=9%92 7/ SFDYTSDHA5: % 64%& () %S DEEFLSH *%" @ %954 1 IBHSRSH/%64%

&' (X*96>"1%:/BHNAY>SAL8%6/:%+"54@$24% 24" S5 @25/,

KO$% ((%96E$#$52/644#%R2CHANY @ A2#/:*%#64#$% 86/0%/86#%5$22/45:% 24#=%/84%86/0%94"5%E
2AAY>$$HI65$/65$5=%>7%/0$%:/25/%49%&. ()* % SR ITDEAGHBLLTABL: $=962/%/0$%$#=049%& (), %6k
0,P,M:% :$B$#% :$TARS52/64#% #'2A$25% :/2/64#:*% $220% 86/0% /84% T=BRARS=% V$27?/45:%
ZTYV[*%25$%2A:4%2/%A45%+#$25%/0$%$#=%49%/0$65%=$:6 CH%A6BS:,%\48$B$5*%48#$5%+QD%
SN/$#=06/0$% ABISY6 ATRY RARBRIBI6 244" H2$=Y6 649 FRH(PBI02/% 6/% @ A2HH#S=%2%5BE2E0
SN/$H#:64#%/4% &' &X% 945% 6/: %% BRA%\25/A$ @ 44A% @ A2H] - KPBRIUTIN(SH: 6 4#%/4% &' 1'% 945%
6/:96\$7:0218962#=00K A5#S:: %o EXRISYHSES: /%@ A2#/* Y WSTSEBAHOSY04# AT YU LV %64%6/0$%0, P, %
82:%241@A$/$=%6#96()J),

G#%&"H*%/0$%S2>4"5%Y 4 BSS#KBHPREON265%:/25/$=%/4%45C2#6]$%/0$%952 1 $ 845049802 %0#SE
@54C521,%G#%!"A7%&'((*%/0$%Y ABS5#1$#/%5$A$2:$=%/0$%.2/64#2A%U4AG? 7% W/2/$1$#/%Z.U'
U48%5% Y $#$52/64¢K0$% $6C0/% _@4/$#/62AATY "6/2>A%$ % :6/$:% ?4#:6=$5$=% 6#% /0$% =47?"
=$@AA4T1$#/¥5945$%/0$%$#=%49%& &) %25$%IN?A":6BSAT7%?"55$#/%45% @ 2:/%#"?A$25% @4 8¢
+HCA2#=% 45% L2A$:*% SN?$@/% 945% 4#$% #$8% :6/$*% RA45:6=$*% 2=32?7$#/% /4% /0$% 9"$A%
WSAA2968AE5/0$5#% G 5$A2#=%2#=Y% \FFIABRH#4/%6#? A"U%H=,%

+QDY%+#$5C T234B6/A8#$=06>7%D5$#20%:/2/$%"/6A6/7%+QD*%82:%C6B$#% @ A2##6#C% @$516::
184% 5$2/45:% 2/%\6#; AST% UA6#/% B, V@BBOA-?/4>%8 ()*% +QD% 2#=06CDHY 4BS5#1 SHEEY
HHA"HIS=0%" @ =2/$:%/4%/0$%- PAHSED 54B6:64#2A%2C5$$1$#/%49% 2411$526 2 AEISSE DAUD Yo

06%46% %% %% % %% %% % %% %0%0%0%0 %% %% % %% %% % %% %% %0 %% %% % % %% %% %% %% % %% %Y
%

E(&%6. T*0%_."?A$25% @48$5%64%W8S=$# *06 OB L6 0: SV 5% %6& & & & () +
-./*01)'()2%3-4(%5(.-")6,7)(43*08%5(.-") 388 :%: &0+0% %22 2$:: $=B08r&' (H, %

E( 960$%G T+T%22A2" A2/$:%6/:%A42=%922/45:%4#%/0$%?"555#/%52/0$5%/02#%/0$%=$:6 C#%52/6#C%49%.
1039, PBS$272/45:%25$%" #2>A$%/4%4@$52/$%2/%=$:6 CHI52/6#C%2#=%272/"2A%?2@2?6/7%6:%('%@$5?$#/
22@276/7,%a2 AR@RIBA2=%69272/45%4#%/0$%>2:6:%49%=$:6 CHI652/6#C*%2:%84"A=%>$%145$%2@ @54@5
10$%2B$52C$%/4%2 >SS/

EXIl  *0%_+QD%+#$5C7%SN/$H#=:%A6BS$:%49%0P TS B/2EBIH VSIYHSY% &8 & & ()F+/*01) |,
-0&8'()2%5;<=,:-0)26 ,0>"0-+8*32084, @ ABCD#*1-"§ EFGHEFI'!"J*%627?7$:: $=0%ES %'(H, %

EO 99+aa*%_.2/64#2A%UAAB27%W/2/$1$#/%945%."2A$25%U48$5YmEES5R/644# *%6!"AT

EHOB2=8$AA*Y\ 2ZB@A4A*Y6\$7:021+96\6#; AS 7% UA6#/*%-A=>"57*%\W6]$8SAA*%WSAB 296 SA=*062#=06L 7A92,
E(FI60$%W24//6:0%CABS5#1$#/%6:%4 @ @ 43S OALHHED/0: 26=%6/%84" A=%#4/%2AAL8%5$ @ A2 251 $#/%49%I(
KASHS::%24#=%\"#/$5:/4#% @ A2#/:%4#2$%/0$7%25$%:0"/%=48#%Z @54>2>A7 %6958 (CBSTE VST S: @

(E @ $52$#/%49%/0$%W24//6:0% @ $4@ A$% “E6BABIGH%AFFRO61 2% @ AAADBASSEH/.67&*%_-#AT%
(EC%49%W?24/:%W27%de$:M%/4%.$8%."?2A$25%U48$5%W/2/64#: *%8F%WS@/$1>$5%& (',
E(EQ$@25/1$#/%49%+#$5C7%2#=%aA612/$%a02#C$*%_\6+#@ABRRIAHMUAGABA#%OP%041$: *%0,P,%

Y ABS5H#1$H#/*%8R14>$5%&. ()*%6: SBUBS%%E8E&'2(?" . K%2(20)-J0-"%-0&8%!3-K(86'/, "( #(&0) ,83>

J3**3(;.K,(JO8 *06277%::$=HAHS %' (H, %

0\FOBFKQHL GHW R)Q\R JO WHWD O RUOGXFOHDPQGXVWWDWXNSRUW



I"#$%&'S()% -, " $/01234% - " 5$"6'#., 78&%$8"9%$"1$8".9%#:8%,". $"1$;,.<- B 28'$%&' . BSCDES
&FO$# G'FY%'H-=$F..":.8'H$,%98$,.%'.%,".$%"$IF<'SFSE,.F-$J.6'9%I".%$D'8,9," $+: %l $BH 'S
9:8&$H'8,9," $&FHS+". $%F<'.BS."#$,9$".'$'MG'8% HESI'G%' |+ #£4)*?$N&'S<'=$G",.969$"1$%&'$
HF-$O#SF$>" Y#F8%SE #$D, I .8'$/>ED5BS'1'8%, 6'-=$ F$ 7:F#F. %" HS#' F-$'-'8%+#, 8,%=$G#,8'S I"#
='F#IB$ 0&,8&$H'G . H,.7$". $%&'S .1+ #$"1$.,%9% %, IF%'-=$ +:,-%BS O":-H$ +'$ +'%0".$ (@A?PS$ F.H
(AL?PQRS&$/012)PLTPU?URS&5BSO, %&S$F. . .F-$,.8#'F9'9$-, < H$%"$%& $#'%F -$G#,8'$,. H'M?$N&
8"1G-'%," SHF%'SOF9$G:%$+F8<$I#"ISLAL3$% " SLALPSO, %&S!, #0%$8" 8#'%'SMG'8%'H$, $LA)APSNE
F.$'MG'8%F%,". $%&F%$8".9%#:8%,".$O":-H$+$G#, IF#,-=$!: H' HS+=SH'+%$/+"##"0,.7BPYBE < H$+=$
9'6'#,7.$ -"F.$ 7:F#F.%"9B$ 'MG'8%'H$ %"$ +'$ F+":%B-OL)".$ /0121 24+ --," 52$ ;"O'6'#BS ,.$
W8%"+#$ CDE$ 8-F,I'H$ %% 'MG'8%'HS$ %"$ |,.F.8'$ ,%9% GF#%$ "1$ %&'$ |,.F.8'$ 1#"1$'X:,%=$/"0.$ .}
9:77'9%,.7$,%$0"-HSW'$'$'11,8,.% Z@ECDESF..":.8'HS$, $['6'1+#  $4)P$%9$,.%'.%,".$%"$9"--$

N KB HSFI9'%9$0" #0608 $: G SYA$%'S -GS, .F.8'S;, . <-'=$+:%$+=SRFEA)*BS. "$GH#" T# 99$&FHS$

+' $IFH'$0,%&$%8&'9'$OF -@B=$RF=$.4)*BS$, %$OF93$."%$8- F#BSO& % & #$%&, 9SOFISF$8&",8'S #S0& ¢
%BOFISI"#B'HS".$,%$+=$8".H,%,". 95, EB2SWDVE "6'#.1'. %$,%$8":-H$."%$| "% ?$N&'SCDE$S>CWBS
|'#.F#HS$ N6=BO#'%'$ %"$ CDE$'1G-"="9$ ,.$ RF#4B&)*$ OF=,.7$ CDE$ O":-H$ ."7$ F&'FH$ O0,%8&$
.<-'=$ Y.-'09$,%$ 7'%9$ I"#'$ !, .F.8,F-$ 9: GG "#%$ 1#"1$ %&'S E#' . 84 FOWFLSP6=G'$"1$!,.F.8,F-$
9:GG"#%S$#X: #HSCFN$9G'8,!, HBS-'F6,.7$%&'$"G%," $%&FUSEH 8&S-"F.$7:FH#F.%"9$O'#'$9": 78%
"G'.?$

N&'$MG'8%'H$8"1G"9,%,".$"I1$%& '$8".9"#%, 1$"0.,. 7$9B&E. %6 $&FHSB&F. 7' HSI#" I SWB B 2) 36%"$
W8%"+$L4)P?$ J.$ L4)3B$ ,%$ OF BHAHS %"$ 8"IG#,9'S CDES /:G$ UG #81.%5B$ %0"$'9%,
8"IGF.,'9B $>_[$ F.H$ >[[>$/:G$ %"$ "8G'#8'.%5B$ F.H$ abCca$ /:G$ %$S #8'.%5B$ 0,%&S$ :G$ %"$
)P E5'#8'.%6$9%5%" $+'SH'%'#,.'H?$J. SWBIE 4 /P B$Y6&'$'11'8%, 6'$+F.<#: G%8=$"1$abCca$IFH'$%& #$
8".%#,+:%,".$,1G"99,+-'B$Y6&EH39'$9%F <'$&FHSIF--'. $%"SEB28 . UF. H$%& '$" %08 #$,.6'9% " #O$&FHS
"%$IF%#, F.d'H$-'F6,. 7$CDESO, %&MB 2B %6 27$N&'SWBY% + #$F.."..8'" %$I'.%," ' H$".-=$>_[$
FB,.7$%8'$,1G#99," $>[[>$&FHSH#"GG'H$": %BS+:%$, SRF=$L4)*B$>[[>SIFH'S, %6$8- F#8% 84S MG’
%"$GF#%,8,GF%'S, SUB SBINH>E.,.''$I%F @S

W.'$"%&'#$.'0$"- ' %S OFI$%&F%$%&'$>&, '9'$I%F<'S, $U KBTI --$> K#"e'8%S$0":-H$+'$
#H:8'H$%"$LI5 #8'. %$-'F6,. 7$SCDESO, % &S @A %?$_,6'.$%&'SGH#"+-'193CDES, 9$&F6,.7$!,.F.8,.7$

. <-'=B$%&, IBIF<'9$%&'$1,d'0'--$GH#"'8%SFG G F#S$, | G253 #BSCDES, 9$F--"0,.7$>_[$%"$:9'$
%&'SIHFHO'--$9,%'$, %$&FHS+": 7 & VISEBEHBBWE HS%&'S; . <-'=$"#$1,d'0'--$9,%'9$G#"6'HS."%$%"$+'$
6,F+-2%>_[$G-F.9$%"$+:,-H$,%9$"0.$%'8&."-"7=B$;:F-". 7$W. ' SKABAB SF%$% &, ISIIHE MG '8%9$
%"$9:+1,%$%& . $%"SUBPYGISNB'SI"#$ :8-'F#30'7:-F%," $/W[05$.$L4)*$I"#$#'6,'0$:. H'H#S$

PEEEIESSTEIFST $IFSLTLISSTEISSSEESS

$

@& 'SLA)3SF. HSLA)PS!, 7:# 9SF# $F--$, . SLA)LSI".'=$:.-'99$"%& #0,9'$9G'8, $H?

QLU 4$14#%6#8& ()" BSY[O$.:8- F#$G-F.%$F%S$;,.<-'=$f",.%$%"$+'7,.$8".9%+#:8%,".$h0,%8&,.$0"<9hZB$

L) V8%"+%4)PBSO Pe#$%88 " (#)*)+,-$"(/(0182)'3&)- #"8)2),+4&20.%)- $/') &55678798&:0.%)-, 4/,
o< L J23#,0.4=/2/>12) $r-24#]:?)+=2'=#"=2")) 13("#@* BSF88'99 HEL= $14)*2P
@LY+,(,-+(%S$!+.#/0KIDES-""<9$%"$B)4% . $" 1 $F99'%69$%"$+"" 9% $+F-F.8'$9& " HZB$9"

SHHSY&E" (>H#(./ @& @3&38&BE&>.<CEBEES5)8;-68- : DE<FCO)5<<>E("{BOFES8'99'Mi-=$L4)* 2$

@LR#34# BSYOFDaNOGIDESIF=93$."$.'0$;,.<-'=$f",.%$# F8%"#9$0,%&":%$|"# SE# . 88$9%F%'$&'-GZBS$
) RF#8&.4)*B$" $HHS$%8E&->(,)0H),3(/@8&- H#=.%)8)2) +4G=*)'3&=<H|J8:5BSFRR'OOHIP@ $4)*?$
OLY"#$1+ # BSY>&,.'9'$7,6'S;,.<-'=$f",.%6$.:8- FHSGH"e'8%SF$+"" IRFZEIN*2$

@LS [BSYaTH'I'%9$, $G-F8'SI"HE8" . 9%#:8%,".$"1$:,.<-'=$f",. %$>$.:8- F#SG"O'#$9%F%, " ZBSH# 99$b'-'FO'BS
L) $V8%"+$4)*B$O"$##$%&8)2(.+2$.(/@(.28&25B5E58D&25B5EDDE&.5575C7B&./ BYEBEBAIHS

)@ $4)*?$

MYCLE SCHNEIDER, ANTONY FROGGATT ET AL. 194 WORLD NUCLEAR INDUSTRY STATUS REPORT 2016



I"HSYHEH () S H+(, &S-++i-++ #IS/'0,'1. 2515/ 0)#-++$H#3/#) #4$10$115#$1607!$8$0HR 1 & +$4511$
18&$#1'29$+!1 #$1&4$69S@BE2$80$! (#+) 1 24+$0' SHDHESI"#$8 7 . 6# SOESH#1) | OHHAY' 1 4$64##8.S
18&07&)#4%

F'#$ G)I06#'$ <ABHS$ 1&8&07&)#.#&!$ 2#4$ 10$ E0".17$ 1 11#$ -(4$ &0!(E()1!(0&$ OES I"#$ /'0/0+12$ 10$ "4
J7T'0/#1&$ KO..(++(08&2$ 1&4$ 0&$ BH)#.6# $<ABH2$ I"#$ KO..(++(08&$ 1&807&)#4$ (I$ L1+$
(&D#+1(,11(&,$!"#$4#17: SERPO6# KABB2$0829$419+$6#EPHEISOEE (J#2$KO. .(++(0&H#'SMOINT (&S
-2.7&(1$188&07&)#4$!"#$KO. .(++(0&0+$171"0'(PL!(0&$ OES "#S$ +1 11#$ 1 (4$OFHS 4#) (+(08$ (+$
BH(8&,3)"177H& H#AS 69$ "#S$ -7+!'(1&$ 1&4$ Q73#.607",$ ,0DH#' & #&!+$ 184% +0.4$ H&HL 1 GREBHE
71(2(|(#+:SROLHD# 2$6 9SNEBC2$" #1'(&, +$OLS)" 1 22#&, #$" 143801+ 1'1$4:

GI'#'S&HLSAHP19+SLAHS!'(, #H#4$693I>S$67(24#'$-SIT-O+$<AB=$!#)"&()12$61&5'7/1)92$L"()"$&0!$
0&79%.15#+$(1$D('171279$(./0++(624$E0'S-SIT-$10$)0&.! (FHBBAS 0$!"#$ (&DH#+! #&I$671$(+$
I"OL(&,$ "#S #&I(HS &7)PH#1'S +#)10'S (RIEL&)H#S (&10$ , #11$ 4(EE()7219$ V+##S$ U'1&)#$ U0) 748:$ U7'1"
T&)HL(&! (H#+$ 1'0+#$ (&3 -/RAB=2$ 1EIH#'S XD#'9$ +#(07+Y$ . L (12$ AHEH)1+$ LHHS (A#& (E(HA$ 0&$ ™
U?1.1&D(?22#$ J>S$ /'#++T7'#$ D#++#7$ 60110.$ 18&3$-H0M(&,$ 10$ I'#S U'H&)"S '#,72110'2$ I"#$

L++#++ HEISOESS +1EHI9$ (./2()11(0&+SL(22$ 1 15#S LIS 2#1+I$ 7&I(2S*#)#.6#' $<ABC:$-+$ 1$ #+7?1$0ES
(H+THS L (+HAS69S! HSAHEH) | (DHS/1'1+2$"#SU' H&) "$+1EHI9$171"0' (| (#+$#NT7 (#4$-SIT-$10$)1"9$07!$1.
174(1$ OE$ N712(19$ )0&1'0?S$ /'0)#AT #+:$ -I[$ '#/0'1#4S I"DESHOS '#DH12#4S$ ([F2L (1(#+$ (&5 I"#S
A&7TE1L)17'(&,9)"#)5+$08$1607!$8AAS/1'1+$/'047)#4%+(&)#$B]C=2$1607!$E(EI9$OESL"()"$LO724$1//#1'$
10$64S(&S+# DOHS(&SI"HSUH&) "$[>>+ SF #+H#S("#, 721 (1(#+$)0./ (+#$5(&) 0&+(+1#&) (#+2$.04(E() 11 (0&+S
0'$0. (++(0&+$(&$!"#$/'047) | (0&SE(?#+2$) (@B A& TEL)! 7'(&,$/1'L#H +S0'SIH+IS H+ 721 H< $9$
#1'29$MERABC2$!"#$(./2() 11 (08&+SOESI"#+#SE 1 (?(&, +SLEHS&O!$) 241 '$671$I"#9$) 07 24$+# (07+?9$1EEH
D(16(?(19$0ES$!"#$'#+) THSOES-SIT-$1&AS0ES)07'+#2$!"#SR (&52#9$>0(&!$/'0_#)ISV+##$17$0$U'18)#$

F# Q#219+$L(I"$I"#SR(&52#9$/'0_#)1$.#1&$!" LISI"#SILOSO!"#$)0&+0'(1$)0&+(4# (&, $(&DH+! #&I$(&$
&HLSET)?H1'S(&S!"H#S :a:$1 #S&OL2S0&S!"#('SOL&S/'0_#)!(0&+2$)20+#$10$0D#'115(&, $!"#SR (&5 2#9$/'0_;

[7%#8&2$ (&S MFEABB2$S E(&1?(P#4$ 1$ &H#LS OL&H+"(/$ +'7)I7'#S$ LQWKEcH+!(&,"07+#S$
VCE&H#HEIWS1&ASYHTHPSVEPH ) H&IW2$1+$d6# 4'021$+024SI"#('$+"1'#+ SF"#$,'07/$/21&+$10$67(?4$
I"HHSFO+" (6 UrH+(&,"07+# DA#+(,&#4$->BAAASH#1)10'+$1I$I"#S@ 00"+ (A#$+(1#2$L (I"$7&(1+$/'0/0+#4$

SEEEIESSTEIFSTES SFFSLEIISSTEISSSEE$S

$

<= E3[S2BX-++#++(&, SEHLS&T) 2#1'$'#1)10'SAte (T#&H' () S #+(, &S$-++1t++ #&ISFT1'1# 29$S#/0'1$VNH7 29

G)!06#' $<AB=VESBE()J#SEQ'$[7)?#1'$S#, 72 1HALB #$%%&&&'()*' (*+',-%).&/*.01" (*2%* #(*"2%+B0

4,0*" *56* #(*" /7,89(1"89'#3:2$1))#++#ASBL7 &K ABCS
<CHT7'0/#1&S$KO..(++(0&2$XKO. . (++(0&$*#) (+(0&SOESA;: BA:<AB8S0& S B# S {41$1-:H8]8Z$V<ABHgKW$S
V#3<ABHg[WSL"()"$!"#$" &(1#4%a(&,40.$(+$/?218&(&, $I0$(./2# #&ISEQ'$I7//0'1$I0$!"#SR (&5 2#9$>0(&ISK$>0L#'$
1111(0&Y 2%63)!106#'$<ABSS

<Z3)0'$1HB1 #$6' (HE (&, SO&S!"#B(++THS+HHShDH+$@1'(,&1)2$XU16' () 1 (0&SU?LL+$(&$! " #$>"#+HFHST#++#2$0E.
J>S$U?1.1&D(1PhY 2$cdid-1'(+2$B8' (? KAB=2$+##823%%&&&'3*(#,(<'1(=%2%)70>1&?@!>-;6.,%ABCD
EO*@D;*@10"@HO&DEG50=0)>@%0. . 2" #3:2%51) )#++#4HE IWAB=3

< $I[2$X-SIT-$"1+$(&EQ" . #4$-I[$OES("#, 7?21 (|(#+$) 0& )# &(&,$)0./0&#&!+$.1&TE 1)1 7' #4S(&S(1+SK'#T7+0!$

UO" #$/?1&!Y25[#L+$S#?#1 -SE2HR ABC2S+E8$5% % & & & *.) 11),15.0%/20:."6":*%B) . (*=0"@()%I.&2
*,5.02.2%B**.+ 50*@LQLZ)@)H1(=#().)"2 /=0),:01"*.3 /@Y@I2*..2(" /F(*+./#50)2%1))#++#4$

B; M7&HKABCS

0\FOBFKQHL GHW R)Q\R JO WHWD O RUOGXFOHDPQGXVWWDWXNSRUW



to begin operating in 2024.829 However, the AP1000 design is not expected to be licensed before
January 2017.830

Horizon Nuclear was bought by Hitachi from E.ON and RWE for an estimated price of £700 million
(US$1.2 billion). The company has submitted its ABWR for technical review, whilst making it clear
that its continuation in the project will depend on the outcome of the EDF negotiations with the
Government.831 The ABWR, planned for the Wylfa site, has passed the justification procedure at
both Houses of Parliament in January 2015, the Generic Design Assessment (GDA) is even less
advanced than that of the AP1000 and expected to be completed sometime by December 2017.832
If everything did go according to plan, the reactor would start up in 2025.833

The constant decline in energy !"#$electricity consumption in the U.K. does not favor the economic
case for nuclear new-build. Annual final electricity consumption in 2015 was little different to that
in 2014 (0.2 percent higher), the lowest consumption level in 17 years. How the U.K. Brexit
decision will influence the prospects for nuclear new-build is highly uncertain, even if
representatives of all U.K. projects were quick to ascertain that there would be no impact on their
plans.

Meanwhile, renewables’ share of electricity generation increased from 19.1 percent in 2014 to
24.7 percent in 2015,834 overtaking nuclear generation, and British renewable projects continue
to demonstrate robustly lower market prices than the price guaranteed for 35 years to the largely
French-state-owned owners of Hinkley Point C—a disparity bound to create increasing political
tensions in the U.K.

!"#$0/0&'()*+ is the only non-EU Western European country that operates nuclear power
plants. It operates five reactors that, in 2015, generated 22.1 TWh—a drop of 16.3 percent over
the previous year—or 33.5 percent of the country’s electricity, down from a maximum of
44 .4 percent in 1996. The decline of the power generation is due to increased outage times,

829 96&'%() “Toshiba Finalises Controlling Stake in UK Nuclear Company NuGen”, 30 June 2014, see
"#$%%&&&'()*(+",-. %/ + I(+&2%3456 %84 %", 21910 (/09242 ("-,009(. 2"/<+BD<1)*0+/- ¥ =#/(> 1
().+(_, accessed 18 June 2016.

830 ONR, “Assessing new nuclear reactor designs—Generic Design Assessment Quarterly Report
(November 2015-January 2016)”, undated, see !""# $%%&&&'",(-',-. V<Y (+&+/*",-2%-+#,-"2%.71@)/-"+-0%
-+#,-" A,ASBIC/(57'#?; accessed 11 May 2016.

831 *(+(,-1./ , “Hitachi reluctant about UK nuclear reactor plan”, 14 April 2013, see

"#$5%%&E&&" +0+.-/#1"™* ") <%; 9(/(*+%(+&2:>2+*" -%+(+-.>%DDD8B76%E)*14" 1: )" ITFGI)*0+/- 1
-+/*" - #0/('""=0, accessed 2 July 2016.

832 ONR, “Assessing new nuclear reactor designs—Generic Design Assessment Progress Report,
November 2015 to January 2016”, see ""#$%%&&&",(-',-. )<Y (+&1:-+/*"-2%-+#,-"2%.?21@)/-"+-0 +#,-" 1
(LASBIC/(57'#?; accessed 2 July 2016.

833 0%%, “Horizon clears justification hurdle”, 28 January 2015, see !""#$%%6&'&,-0? 1)*0+/- 1

(+&2',-. %HHIE ,-91,(_ #*0+/-2C)2"9;9*/"9W)-?0+13J455B5'"=Q accessed 2 July 2016.

834 DECC, “Statistics - Energy trends—Section 5 - Electricity”, June 2016, see

I""#23%%&&E&' ., AN<%. A+-(=+("%)#0,/?22%2>2"+=%)#0,/22%/""[*I=+("K?/"/%;90+%B55D85%L 0+*"-9*9">"#7?;
accessed 2 July 2016.
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to the customer at the end of 2012.914 The latest official start-up date is said to be
6 September 2016,915 or the autumn of 2016 according to the Russian Deputy Prime Minister,916
although other reports suggest the vessels will be launched only in 2019.917 Critics of the project
point out that the risk of accidents on a floating nuclear plant is greatly increased because they
are even more susceptible to the elements, subject to threats of piracy, and if deployed widely
would increase the risks of nuclear material proliferation.?18

Construction started at the Baltic-1 unit, a 1109 MW VVER-491 reactor, in February 2012.
However, construction was suspended in June 2013 for a variety of reasons, including recognition
of the limited market for the electricity. Accordingly, WNISR pulled the project off the construction
listing. Despite no indication that construction has restarted, the project remains “under
construction” in IAEA statistics. However, given the ongoing problems in electricity markets with
low market prices and sluggish demand, there is little incentive for construction to restart. The
Lithuanian Energy Minister, called for a boycott of power from the power plant should it be
completed.

Two VVER-1200 MW units are being built at the Leningrad nuclear power plant near
St. Petersburg, where construction started in 2008 and 2010. At the time of ordering, the reactors
were expected to start up in 2013 and 2016 respectively. However, repeated delays have
occurred, with reports of the dropping from height of the control rod cluster assembly, cracking
the walls and floor of the cooling pond, with a resultant possible six-month delay,%1® with
completion of unit 1 now expected in 2018.920

Two VVER-1200 reactors are also under construction at Novovoronezh; one expected to be
completed in 2016, and the second, according to the World Nuclear Association (WNA), in 2019.921
Another reactor is being constructed at the Rostov nuclear power plant, expected to be completed
in2017.

In June 2016 the Russian regulator Rostechnadzor granted a construction license for Unit 1 of
Kursk II which was followed by and a construction permit from state nuclear corporation
Rosatom. Russian press suggest that soil removal has now begun on the site.922 This could be a
particularly important project, as it would be the first of the latest Russian design, the VVER-TOI,
which is said to be a 1.2 GW, Generation 11+ design. The proposed start-up date of the first of two

914 1"#  “KLT-40S nuclear barge project still afloat”, 9 March 2010.

915gll | “Reactors installed on floating plant”, 1 October 2013.

916 0p&()*+,- ',./ “Visiticebreaker “Arktika” and “Sibir””, 8 December 2015, see !""#$%%&'

)V +&,-.,/%#!1&"&0,11)23%&4-&(536&'&58&2%&4-&36&'&582,")'0 (A7) )('3#5&353™,&4"0*"@WP63-)' (
5&-&*&4&P8(89:;8.!"-5 , accessed 28 March 2016.

917 0121"#3Russia”, 12 March 2014, see ""#$%%<<<.3)0.=&2%18&/*",)34%107.1+->+3#3€@4 12 May 2015.
91841 5#/48o0ating nuclear reactors could fall prey to terrorist, experts say”, 78+9:842;<.,(=>41;?@7(,;

13 August 2010, see ""#$%%<<<.*").8%=4*%0,")153%+580586(,301"& 41 &/5¢+055 3R "&("3,,&,)4"43C#3,"¢
40B%ccessed 2 July 2015.

919 I#$ | “Briefs—Russia”, 24 July 2015.

920 1#$ | “Briefs—Russia”, 7 August 2015.

921 WNA, “Nuclear Power in Russia”, Updated March 2016, see ""#$%%<<<.<&,5%1530,.&,=%)*+&%D&/",B
E,&+)534%D&/* (F3A% @/44B/1530(E&<3,%accessed 28 March 2016.

922 RussianConstruction.com, “Builders of the second Kursk nuclear power station granted a license”,

3 June 2016, see ""#$%%,/44)0*1&*4" /1" &*.1&-%*BUIHIIK/)563,4&<"13 (431&*q"/,4' (*/1530,#&<3,(
4"0"&¢=,0*"36(0(5)13*43.!"-5accessed 29 June 2016.
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Parliament voted to cancel the project with Deputy Energy Minister Alexander Svetelik blaming
Russia for “failing to fulfill the obligation under the deal”, and saying that an “alternative partner”
would be sought.942 Ukrainian media reported in November 2015 that the president of
Energoatom Yuri Nedashkivsky told a briefing in Brussels Press Club: “We have reached an
agreement with the world-renowned Barclays bank, we will obtain funds for the completion of
two units at Khmelnytsky NPP.”943 However, there is no mention of this agreement on
Energoatom’s web site.944 As construction relies on the VVER-1000 reactors there are only limited
choice of the companies able to complete the units. Once the contract with Russia was canceled,
Energoatom and Skoda ]S, which is owned by Russian OMZ Group, signed a Memorandum of
Understanding.94s

Management, 2013, see !""#$%%&&&'(R*+",(-.*/0)"'0"%12+*0.) 2-%/2"*%#(,+230"24-*-%567899: #dcessed
2 July 2016.

942 United Press International, “Ukraine scraps nuclear reactor deal with Russia”, 16 September 2015, see
""#3%%&&E& ' (#2",4) Y<4H#=>*&/%?4 B®48&/%B8:C%8D%: E%FI@A@DHA(+*0 @@ *0;"400+A& 2" 1A
5(//20%DG::99B9:H:DD¢cessed 2 July 2016.

943 Ukrinform, “Energoatom reaches agreement with Barclays on completion of two units at Khmelnytsky
NPP”, 4 November 2015, see "'#$%%&&&'(3@2-14@)'-*"% @ 4@22;/%:DBGEEA-*@140"4) AD*0;!I*/A
Ol@**)*-" M- Ad)#+*"24- MIA&AA-2"/ B"RBN*-J"/3] A## /&2"A0@3+0J/'")+taccessed 2 July 2016.

944 Energoatom,”Press Centre”, see ""#$%%&&&*-*@140"4)'32*K'(0%*-%o# @i¢Hssed 2 July 2016.

945 WNN, “Russia's Atomstroyexport pulls out of Ukraine”, 18 June 2015, see ""#$%%8&'&4@-A(;+*0@
*&I'A@1%IS5(//120/ A"4)[" @A4I*N#AG(++A (" M3 @02AG8E:C8:'!")+ , accessed 2 July 2016.
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