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Foreword

By Jonathon Porritt'

There’s been no diminution in the intensity of the debate about the role of nuclear power in
tomorrow’s low-carbon world. Indeed, it seems to become more intense by the day. Articles of
historical faith seem to matter much more to protagonists on both sides of that debate than
strictly dispassionate analysis. And that’s precisely why the World Nuclear Industry Status Report
(WNISR) plays such a critical role in informing both experts and lay people, updating a
longitudinal dataset with scrupulous care and attention to detail every year.

As we know, however, people read the same data in very different ways, leading to very different
conclusions. So I can only give you mine, without any attempt at spurious neutrality! And my
headline conclusion is a simple one: the impressively resilient hopes that many people still have
of a global nuclear renaissance are being trumped by a real-time revolution in efficiency-plus-
renewables-plus-storage, delivering more and more solutions on the ground every year.

One of the least understood aspects of today’s nuclear debate is pace of change: just how fast is
R&D converting into prototype and early-investment prospects; just how fast is innovation of that
kind converting into near-commercial or fully-commercial projects; and just how fast are those
projects converting into scalable roll-out programmes with substantive measurable outcomes.

Every year that passes reveals a widening gap between what is happening with the nuclear
industry (forensically laid bare by successive Status Reports) and how so-called alternatives
become a new paradigm (based on efficiency, renewables, energy storage and distribution), as
portrayed by a wide range of commentators in the energy debate - from the International Energy
Agency and mainstream investment banks through to entrepreneurs and NGOs. It's an
extraordinary story that emerges from this analytical approach to the relative pace of change in
both competing paradigms.

Simply by presenting year-on-year data as to the operational status of nuclear power
programmes all around the world, WNISR remorselessly lays bare the gap between the promise
of innovation in the nuclear industry and its delivered results.

For instance, back in the 1990s, there was huge enthusiasm for a potential “nuclear renaissance”
through what were called Generation III reactors - designed to address the huge problems then
confronting the industry in terms of safety, cost and construction complexity. These promises
(which were themselves reminiscent of some of the earliest claims made on behalf of nuclear
power back in the 1950s and 1960s) were instrumental in persuading both George Bush and
Tony Blair in recommitting to nuclear power programmes in the USA and UK respectively.

Twenty years on, not one of the Generation III reactor designs is yet in service. And the kind of
reduced costs that were being talked about at that time have been proved entirely illusory: by
2013, the projected costs of Generation III designs had increased eightfold. As the WNISR authors
put it: “By May 2015, there were 18 reactors of designs claimed to meet Generation III+ criteria
under construction. Only two were still on time, and the rest were two to nine years late. So on

1Jonathon Porritt is Co-Founder and Trustee of Forum for the Future and former Chairman of the

U.K. Sustainable Development Commission.
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the face of it, the claims that these designs would be easier to build appear no better based than
the cost claims.”

Undaunted by this grinding reality, the nuclear industry is now increasingly active in talking up
the prospects for Generation IV reactor designs, which will (we are told) address all the same
problems that Generation III designs were supposed to address. Right now, for instance, there’s
an outspoken lobby making the case for Small Modular Reactors - an idea which is readily badged
as Generation IV but actually goes back to the 1960s. Then the 1980s. Then the 1990s. Then the
early 2000s! As the International Energy Agency commented in 2002, in an era when it was
rather more bullish about nuclear power: “The main reason for this stalemate is that we, in all our
doings, continue to rely on nuclear technology developed in the 1950s, which had its roots in
military applications which cannot exclude absolutely the possibility of a severe accident and
which has reached its limits from an economic point of view.

For those who've now somewhat given up on Small Modular Reactors and other so-called
“advanced nuclear reactors”, there’s always the promise of an entirely new nuclear value chain
based not on uranium but on thorium - another proposition that has been around for more than
50 years. And what's remarkable here is that even the keenest advocates of thorium acknowledge
that it couldn’t possibly make a substantive, cost-effective contribution to the world’s need for
low-carbon energy for at least another 20 years.

The consistent history of innovation in the nuclear industry is one of periodic spasms of
enthusiasm for putative breakthrough technologies, leading to the commitment of untold billions
of investment dollars, followed by a slow, unfolding story of disappointment caused by intractable
design and cost issues. Purely from an innovation perspective, it's hard to imagine a sorrier,
costlier and more self-indulgent story of serial failure.

This is not the place to develop a full comparison with what I've called “the alternative paradigm”,
but in each of those four core elements (efficiency, renewables, storage and grids) the pace of
change is breathtaking, dramatic, and potentially disruptive on a scale that dwarfs anything the
nuclear industry would ever dare to suggest these days after 60 years of perennially depressed
expectations.

The best the nuclear industry offers the world today, as we focus more and more relentlessly on
accelerated decarbonisation, is providing no more than the same amount of relatively low-carbon
electricity in 2050 as it provides today - roughly 10% of global demand. And that’s primarily
because the current rate of new build (with 62 reactors under construction as of mid-2015—
more than a third of which are in China—with at least 47 suffering delays of varying degrees of
severity) will struggle to keep up with the rate of decommissioning as nuclear fleets age all
around the world and life extension programmes become both more expensive and more
controversial.

Such modest expectations sound increasingly forlorn when set against the emerging prospects of
a secure, efficient, distributed energy economy, powered primarily by renewables and smart
storage technologies.

This increasingly stark contrast between two very different innovation paradigms is not
restricted to today’s understandably partisan advocates of renewable energy. A number of key
players are busy transitioning from one paradigm to the next, with two major European utilities
leading the way. In December 2014, Germany's biggest utility, E.ON, announced that it would split
in two, retaining the E.ON brand in a company focussing on renewables, networks and “customer
solutions”, whilst leaving its “legacy assets” (including nuclear and coal-fired power stations) in a
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new company called Uniper. And in April 2015, GDF Suez (now Engie) issued the following
statement of intent: “We have one conviction: the energy model of tomorrow will be in 3D:
Decarbonized, thanks to the development of renewable energies; Digitized, by deploying
intelligent networks; and Decentralized.”

The authors of WNISR have been tracking the contrast between nuclear and renewables for a
number of years, and provide a very timely update. The astonishing changes in the solar industry
epitomise the general direction of travel:

There now seems to be a general recognition that the fall in production costs of renewable energy
technologies, particularly solar photovoltaics (PV), coupled with the expected falling costs of electricity
storage, will accelerate the transformation of the power sector. UBS, in a report published in June 2015,
stated: “We believe solar will eventually replace nuclear and coal, and be established as the default
technology of the future to generate and supply electricity.” An important driver is the realization that solar
PV will increasingly be deployed without subsidy, unlike the technology cost curves for nuclear power.

So how long will it take before those seemingly inextinguishable hopes in the promise of nuclear
will be finally overwhelmed by the delivered realities of an alternative model that gains
momentum not just year on year but month by month? From an innovation standpoint, the
answer is absolutely clear: it’s already happened. The static, top-heavy, monstrously expensive
world of nuclear power has less and less to deploy against today’s increasingly agile, dynamic,
cost-effective alternatives. The sole remaining issue is that not everyone sees it that way—as yet.

Jrraafet
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Executive Summary and Conclusions

Key Insights in Brief

e Japan without nuclear power for a full calendar year for the first time since the first
commercial nuclear power plant started up in the country 50 years ago.

» Nuclear plant construction starts plunge from fifteen in 2010 to three in 2014.

* 62 reactors under construction—five fewer than a year ago—of which at least three-
quarters delayed. In 10 of the 14 building countries all projects are delayed, often by years.
Five units have been listed as “under construction” for over 30 years.

« Share of nuclear power in global electricity mix stable at less than 11% for a third year in a
row.

* AREVA, technically bankrupt, downgraded to “junk” by Standard & Poor's, sees its share

value plunge to a new historic low on 9 July 2015—a value loss of 90 percent since 2007

¢ China, Germany, Japan—three of the world’s four largest economies—plus Brazil, India,
Mexico, the Netherlands, and Spain, now all generate more electricity from non-hydro
renewables than from nuclear power. These eight countries represent more than three
billion people or 45 percent of the world's population.

e In the UK, electricity output from renewable sources, including hydropower, overtook the
output from nuclear.

e Compared to 1997, when the Kyoto Protocol on climate change was signed, in 2014 there
was an additional 694 TWh per year of wind power and 185 TWh of solar photovoltaics—
each exceeding nuclear's additional 147 TWh.

The World Nuclear Industry Status Report 2015 provides a comprehensive overview of nuclear
power plant data, including information on operation, production and construction. The WNISR
assesses the status of new-build programs in current nuclear countries as well as in potential
newcomer countries. This edition provides an analysis of the evolution of construction starts over

time. There are also two new chapters, the first describes the serious delays of Generation II1+
reactor projects (including the EPR, AP1000, AES-2006) and analyses their origins. The second
looks at the history and development status of so-called advanced reactors. The Fukushima Status
Report gives an updated overview of the standing of onsite and offsite issues four years after the
beginning of the catastrophe.

The Nuclear Power vs. Renewable Energy chapter provides global comparative data on

investment, capacity, and generation, especially from nuclear, wind and solar.

Finally, Annex 1 presents a country-by-country overview of all 30 countries operating nuclear
power plants, with extended Focus sections on China, France, and the United States—plus Japan.
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Reactor Status and Nuclear Programs

Startups and Shutdowns. In 2014, just as in 2013, five reactors started up (three in China,
one in Argentina, one in Russia) and one was shut down (Vermont Yankee in the U.S.). In the
first half of 2015, four reactors started up in China and one in South Korea, while two were
shut down (Doel-1 in Belgium?2 and Grafenrheinfeld in Germany).

Operation and Construction Data3

Reactor Operation. There are 30 countries operating nuclear power plants in the world, one
less than a year ago.* A total of 391 reactors (three more than a year ago) have a combined
installed capacity of 337 GW5 (5 GW more than a year ago). Not a single unit generated power
in Japan in 2014, and WNISR classifies 40 Japanese reactorsé as being in Long-Term Outage
(LTO).” Besides the Japanese reactors, one Swedish reactor (Oskarshamn-2) meets the LTO
criteria and its majority owner has called for its early closure. There are two units that were in
LTO in WNISR2014 that now fall outside the category: one South Korean reactor, Wolsong-1,
was restarted in June 2015, and one Indian reactor, Rajasthan-1, is to be decommissioned. Ten
reactors at Fukushima Daiichi and Daini are considered permanently closed and are therefore
not included in the count of operating nuclear power plants. As of early July 2015, it appears
likely that at the most two reactors (Sendai-1 and -2 in Kyushu Prefecture) will restart in
Japan during 2015.

The nuclear industry remains in decline: The 391 operating reactors—excluding LTOs—are
47 fewer than the 2002 peak of 438, while the total installed capacity peaked in 2010 at
368 GW before declining by 8 percent to 337 GW, which is comparable to levels last seen two
decades ago. Annual nuclear electricity generation reached 2,410 TWh in 2014—a 2.2 percent
increase over the previous year, but 9.4 percent below the historic peak in 2006.

Share in Power Mix. The nuclear share of the world’s power generation remained stable8
over the past three years, with 10.8 percent in 2014 after declining steadily from a historic
peak of 17.6 percent in 1996. Nuclear power’s share of global commercial primary energy
production also remained stable at 4.4 percent, the lowest level since 1984.9

As in previous years, the “big five” nuclear generating countries—by rank, the United States,
France, Russia, South Korea and China—generated over two-thirds (69 percent in 2014) of
the world’s nuclear electricity in 2014. The U.S. and France account for half of global nuclear
generation, and France produces half of the European Union's nuclear output.

20n 18 June 2015, the Belgian Parliament voted legislation to extend the lifetime of Doel-1 and -2 by ten
years. However, that decision remains subject to the approval by the national nuclear safety authority. See
also section on Belgium in Annex 1.

3See Annex 1 for a country-by-country overview of reactors in operation and under construction as well as
the nuclear share in electricity generation and primary energy.

4Unless otherwise noted, the figures indicated are as of 1 July 2015.

5 All figures are given for nominal net electricity generating capacity. GW stands for gigawatt or thousand
megawatt.

6 Including the Monju reactor, shut down since 1995, listed under “Long Term Shutdown” in the International
Atomic Energy Agency (IAEA), Power Reactor Information System (PRIS), database.

7 WNISR considers that a unit is in Long-Term Outage (LTO) if it produced zero power in the previous
calendar year and in the first half of the current calendar year. This classification is applied retroactively
starting on the day the unit is disconnected from the grid. WNISR counts the startup of a reactor from its day
of grid connection, and its shutdown from the day of grid disconnection.

8 Less than 0.2 percentage points difference between the three years, a level that is certainly within statistical
uncertainties.

9 According to BP, “Statistical Review of World Energy”, June 2015.
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Reactor Age. In the absence of major new-build programs apart from China, the unit-
weighted average age of the world operating nuclear reactor fleet continues to rise, and by
mid-2015 stood at 28.8 years. Over half of the total, or 199 units, have operated for more than
30 years, including 54 that have run for over 40 years. One third (33) of the U.S. reactors have
operated for more than 40 years.

Lifetime Extension. The extension of operating periods beyond original design basis is
licensed differently from country to country. While in the U.S. about three-quarters of the
reactors have already received license extensions for up to a total lifetime of 60 years, in
France, only 10-year extensions are granted and the safety authorities made it clear that there
is no guarantee that all units will pass the 40-year in-depth examinations. Furthermore, the
proposals for lifetime extensions appear in conflict with the French government’s target to
reduce the nuclear share from the current three-quarters to half by 2025. In Belgium, 10-year
extensions for two (now three) additional reactors were voted by Parliament but not yet
approved by the safety authority; these extensions would not jeopardize the legal nuclear
phase-out goal for 2025.

Lifetime Projections. If all currently operating reactors were shut down at the end of a 40-
year lifetime, by 2020 the number of units would be 19 below the end of 2014 number, with
the installed capacity rising by 1.5 GW. In the following decade to 2030, 188 units (178 GW)
would have to be replaced—five times the number of startups achieved over the past decade.
If all licensed lifetime extensions were actually implemented and achieved, the number of
operating reactors would still only increase by four, and adding 21 GW in 2020 and until
2030, an additional 154 GW (169 new reactors) would have to start up to replace shutdowns.

Construction. As in previous years, fourteen countries are currently building nuclear power
plants. As of July 2015, 62 reactors were under construction—five fewer than in July 2014—
with a total capacity of 59 GW—5 GW less than a year ago. Almost 40 percent of the projects
(24) are in China.

® The current average time since work started at the 62 units under construction is 7.6 years.

¢ All of the reactors under construction in 10 out of 14 countries have experienced delays,
mostly year-long. At least three-quarters (47) of all units under construction worldwide are
delayed. The 15 remaining units under construction, of which nine are in China, began work
within the past three years or have not yet reached projected start-up dates, making it difficult
to assess whether or not they are on schedule.

® Five reactors have been listed as “under construction” for more than 30 years. The U.S. Watts
Bar-2 project in Tennessee holds the record as its construction began in December 1972. Two
Russian units (BN-800, Rostov-4) and Mochovce-3 and -4 in Slovakia have also been worked on
for over 30 years. Khmelnitski-3 and -4 in Ukraine are approaching the 30-year mark, with
construction times reaching 29 and 28 years respectively. Furthermore, having announced the
cancellation of the construction agreement with Russia, that project is expected to experience
further delays.

® Two units in India, Kudankulam-2 and the Prototype Fast Breeder Reactor (PFBR), have been
listed as “under construction” for 13 and 11 years respectively. The Olkiluoto-3 building site in
Finland will reach its tenth anniversary in August 2015, and its owner has stopped announcing
planned startup dates.

® The average construction time of the latest 40 units (in nine countries) that started up since
2005—all but one (in Argentina) in Asia or Eastern Europe—was 9.4 years with a large range
from 4 to 36 years.

Construction Starts & New Build Issues

Construction Starts. In 2014, construction began on three reactors, one each in Argentina,
Belarus, and the United Arab Emirates (UAE). This compares to 15 construction starts—of
which 10 were in China alone—in 2010 and 10 in 2013. China did not start a single new
construction in 2014, but had done two in the first half of 2015—so far the world's only starts
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in 2015. Historic analysis shows that construction starts in the world peaked in 1976 at 44.
Between 1 January 2011 and 1 July 2015, first concrete was poured for 26 new plants
worldwide—fewer than in a single year in the 1970s.

Construction Cancellations. Between 1977 and 2015, a total of 92 (one in eight) of all
construction sites were abandoned or suspended in 18 countries in various stages of
advancement.

Newcomer Program Delays. Only two newcomer countries are actually building reactors—
Belarus and UAE. Further delays have occurred over the year in the development of nuclear
programs for most of the more or less advanced potential newcomer countries, including
Bangladesh, Egypt, Jordan, Poland, Saudi Arabia, Turkey, and Vietnam.

Generation III Delays

Twenty-nine years after the Chernobyl disaster, none of the next-generation or so-called
Generation I+ reactors has entered service, with construction projects in Finland and France
many years behind schedule. Of 18 units of Generation IlI+ design (eight Westinghouse AP1000,
six Rosatom AES-2006, four AREVA EPR), 16 are delayed by between two and nine years. A
number of causes for delays have been assessed: design issues, shortage of skilled labor, quality-
control issues, supply chain issues, poor planning either by the utility and/or equipment
suppliers, and shortage of finance. Standardization did not take place, and the introduction of
modularized design seems to have simply shifted the quality issues from construction sites to
module factories. Serious defects found in several French pressure-vessel forgings could scuttle
the entire EPR enterprise.

Advanced Nuclear Reactor Development Status

The concept for Small Modular Reactors (SMR) has been around for decades. Over a dozen basic
designs have been discussed. In the U.S., where the government has been funding SMR
development since the 1990s, the Nuclear Regulatory Commission has still not received a
licensing application for any SMR design. In Russia, a Floating Point Unit design, a sort of
swimming reactor, was licensed in 2002. The construction of two reactors began in 2007 but has
been delayed repeatedly, partly for financial reasons. In South Korea an SMR design called
System-Integrated Modular Advanced Reactor (SMART) has been under development for 20
years. The design was approved by the regulator in 2012, but no unit has been sold. In China, one
SMR of the high-temperature gas cooled reactor is under construction. In South Africa, the Pebble
Bed Modular Reactor—for a long time considered the most advanced SMR project in the world—
was abandoned in 2010, after public expenditure of about US$1 billion, because it attracted no
private investors or customers. The design was never completed. India has been developing an
Advanced Heavy Water Reactor (AHWR) since the 1990s, but none is under construction. In
February 2014, Argentina started construction on a small unit, based on the pressurized water
reactor, called CAREM, a domestic design that has been under development since the 1980s,
reportedly at a cost of US$17,000 per installed kWe, a record for reactors currently under
construction in the world. Despite extensive government aid, U.S. development of SMRs is gaining
far less market traction than publicity, as SMRs are initially far costlier than uncompetitively
costly large reactors, their postulated learning curve relies upon an ability to reduce their cost has
never been demonstrated anywhere for nuclear technology, and they face a formidable
competitive landscape dominated by efficiency and renewable technologies already decades
ahead in capturing their own economies of mass production.
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Economics and Finances

AREVA Debacle. The French state controlled integrated nuclear company AREVA is
technically bankrupt after a cumulated four-year loss of €8 billion and €5.8 billion current
debt on an annual turnover of €8.3 billion. On 9 July 2015, AREVA's share value plunged to a
historic low, 90 percent below its 2007 peak. The company will be broken up, with French-
state-controlled utility EDF expected to take the majority stake in the reactor building and
maintenance subsidiary AREVA NP that will then be opened up to foreign investment. The
move could turn out highly problematic for EDF as its risk profile expands.

Hinkley Point C and State Aid. In December 2014, the U.K. model of Contract for Difference
(CFD), a kind of feed-in tariff agreement for nuclear electricity that would provide a generous
long-term subsidy for new-build, was accepted by the EU Commission following a formal
enquiry into the Hinkley Point C project. However, the Austrian government has filed a
complaint with the European Court of Justice against the decision with the Luxemburg
government announcing it will join. Separately ten energy companies have also filed a
complaint. Serious concerns about the project are reported from within the British Treasury,
and needed investors have not yet materialized.

Operating Cost Increases. In some countries (including Belgium, France, Germany, Sweden,
and the U.S.), historically low inflation-adjusted operating costs have escalated so rapidly that
the average reactor’s operating cost is barely below, or even exceeds, the normal band of
wholesale power prices. This has led to a number of responses from nuclear operators. The
largest nuclear operator in the world, the French-state-controlled utility EDF, has requested
significant tariff increases to cover its operating costs. In Germany, operator E.ON closed one
of its reactors six months earlier than required by law. In Sweden, at least four of the ten units
will be shut down earlier than planned because of lower than expected income from
electricity sales and higher investment needs. In the U.S,, utilities are trying to negotiate with
state authorities support schemes for reactors that they declare are no longer competitive in
current market conditions. In Belgium, it is uncertain whether Electrabel (GDF-Suez) will be
able to restart two reactors with serious defects in their pressure vessels.

Fukushima Status Report

Over four years have passed since the Fukushima Daiichi nuclear power plant accident
(Fukushima accident) began, triggered by the East Japan Great Earthquake on 11 March 2011
(also referred to as 3/11 throughout the report) and subsequent events. This assessment includes
analyses of onsite and offsite challenges that have arisen since and remain significant today.

Onsite Challenges. At present, radiation levels remain very high inside the reactor buildings
(several Sievert per hour) and make human intervention there impossible. The problem is
compounded by difficulties with various types of robots that have got stuck in the buildings
and had to be abandoned. Molten fuel debris removal is planned at units 1 and 2 in the first
half of Financial Year (FY) 2020, and at unit 3 in the second half of FY2021. A 30-40-year
period is expected to be needed to complete decommissioning, with work to begin in
December 2021. Whether these timelines can be implemented remains questionable.

Large quantities of water (about 300 cubic meters per day) are continuously injected to cool
the fuel debris. To reduce storage requirements for contaminated water, operator Tokyo
Electric Power Company (TEPCO) installed decontamination systems and re-injects partially
decontaminated rather than fresh water. However, the systems have achieved only low
operation rates because of technical problems and human errors.

Furthermore, due to underground intrusion of water into the basements, which are already
filled with highly contaminated water, the net amount to be stored continues to increase by
300 to 400 tons every day, the equivalent of an additional 1,000-cubic-meter storage tank
every 2.5 days. The storage capacity onsite is now 800,000 cubic meters, the equivalent of
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320 Olympic swimming pools. A groundwater bypass system and a Frozen Soil Wall are in
preparation. However, the first trials of the ice wall have been disappointing.

¢ Unit 1. May 2015 marked the beginning of the removal of the building cover—which was
installed to reduce the dispersion of radioactive substances to the environment—in order to
allow the debris to be removed before starting to unload the spent fuel from the storage pool.

® Unit 2. Decommissioning has not progressed beyond the preparatory stages because of high
radiation levels.

® Unit 3. Debris has been removed from the spent fuel pool and preparations are underway for
spent fuel removal.

® Unit 4. The first significant milestone, the removal of the spent fuel from the cooling pool, was
reached in December 2014. The spent fuel—equivalent in quantity to the other three reactor
pools' contents combined—presented a significant potential hazard in case of a spent-fuel fire.
Offsite Challenges. According to government figures, the number of evacuees from
Fukushima Prefecture as of January 2015 was about 120,000 (vs. 164,000 at the peak in
June 2013). About 3,200 people have died for reasons related to the evacuation, such as
decreased physical condition or suicide (all classified as “earthquake-related deaths”). Among
these, about 1,800 people (more than half) are from Fukushima Prefecture. Many evacuated
people have given up on returning to their homes even if the restrictions are lifted.

Decontamination Wastes. Waste generated by decontamination activities inside and outside
the evacuation area has reached more than 157,000 tons by the end of 2014, according to
government estimates.

Cost of the Accidents. The Japanese Government has not provided a comprehensive total
accident cost estimate. However, data for individual cost categories already total
US$100 billion, of which about 60 percent is for compensation, without taking into account
such indirect effects as impacts on food exports and tourism.

Nuclear Power vs. Renewable Energy Deployment

The power sector is in a period of profound transformation. New technology and policy
developments favor decentralized systems and renewable energies. As these are generally not
owned by incumbent electricity utilities, these developments are at best unfavorable and
potentially a real threat for the nuclear industries and utilities.

Investment. After two years of decline, global investment in renewable energy increased to
US$270 billion (+17 percent) in 2014, close to the all-time record of US$278 billion in 2011,
and four times the 2004 total. China alone spent over US$83 billion in 2014 (31 percent of the
world's total), about half each on wind and solar—totaling nine times the amount it invested
in nuclear power (US$9.1 billion). Global investment decisions on new nuclear power plants
also remained an order of magnitude below renewables investments.

Installed Capacity. Almost half (49 percent) of the added global electricity generating
capacity was new renewables (excluding large hydro), including 49 GW for new wind power
(up from 34 GW added in 2013) and 46 GW of solar photovoltaics (up from 40 GW added in
2013). China accelerated its deployment of wind with 23 GW being added—up from 16 GW
added in 2013—equaling 45 percent of the global increase in 2014 and with a total of 115 GW
wind capacity installed already exceeding its 2015 goal of 100 GW. China also added 3 GW of
nuclear capacity, 65 percent of the global increase.

Since 2000, wind added 355 GW and solar 179 GW—respectively eighteen and nine times
more than nuclear with 20 GW. Taking into account the fact that 41 reactors with 37 GW
capacity are currently in LTO, operational nuclear capacity meanwhile fell by 17 GW.

Electricity Generation. On average, an installed nuclear kilowatt produces nearly twice the
annual electricity of a renewable kilowatt (mix of sources excluding big hydroelectric dams).
Nevertheless, in terms of actual production, Brazil, China, Germany, India, Japan, Mexico, the
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Netherlands, and Spain—a list that includes three of the world’s four largest economies—now
all generate more electricity from non-hydro renewables than from nuclear power. These
eight countries represent more than three billion people or 45 percent of the world's
population. In China, as in the previous two years, in 2014, electricity production from wind
alone (158 TWh), exceeded that from nuclear (124 TWh). In the UK, renewables, including
hydropower, overtook nuclear output in 2014 for the first time in decades. In the U.S,, since
2001, the average growth rate for renewable energy generation has been five percent per
year. Of all U.S. electricity, 13 percent was generated by renewables in 2014,10up from
8.5 percent in 2007.

In 2014, annual growth for global generation from solar was over 38 percent, for wind power
over 10 percent, and for nuclear power 2.2 percent. Compared to 1997, when the Kyoto
Protocol on climate change was signed, in 2014 an additional 694 TWh of wind power was
produced globally and 185 TWh of solar photovoltaics electricity, each surpassing nuclear’s
additional 147 TWh. The figures for the European Union illustrate the rapid decline of the role
of nuclear: during 1997-2014, wind produced an additional 242 TWh and solar 98 TWh,
while nuclear power generation declined by 47 TWh. In short, the data does not support
claims that nuclear production can be expanded faster than, or even nearly as fast as, modern
renewables, whose small units and lower capacity factors are more than offset by their short
lead times, easy manufacturability and installation, and rapidly scalable mass production.

10 U.S.EIA, “Renewables share of U.S. energy consumption highest since 1930s”, 28 May 2015, see
http://www.eia.gov/todayinenergy/detail.cfm?id=21412, accessed 14 June 2015.
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Introduction

"For all intents and purposes, "The Way Humans Get Electricity Is About
AREVA is dead." to Change Forever."

Forbes/Business Blog Bloomberg New Energy Finance
4 June 20151 23 June 201512

The challenge to select and assess the outstanding events of the year for the release of the
July 2015 edition of the World Nuclear Industry Status Report turned out to be particularly tough:
For the first time in 45 years, Japan was without nuclear electricity (and no lights went out) and,
indeed, without any operating industrial nuclear facility or even research reactor; AREVA, the
self-proclaimed “global leader in nuclear energy”, went technically bankrupt; China, the global
leader in new-build, launched a construction site after a 15-month break; in the U.K.,, concerning
the French sponsored new-build project, there are “growing suspicions” (Financial Times)*3 that
the Treasury “would not be disappointed if Hinkley [Point C] never happened”; the French draft
Energy Bill passed the second reading at the French National Assembly stipulating the reduction
of the nuclear share from three quarters to about half by 2025; and so on.

While this report attempts to provide an overview of essential events of the past year its main aim
is to identify and highlight the trends.

Hinkley Point C stands for events and trends. The project was meant to represent the first nuclear
new-build decision in the U.K. for decades, the beginning of a new era of nuclear investment, a
sign for the country, for Europe as a whole and far beyond. After years of negotiations and the
approval by the European Commission of the proposed deal between the French group Electricité
de France (EDF) and the U.K. government, the parties involved kept stating that a final agreement
was imminent. Today, the project is in a shambles. The selected builder, the French majority state
owned company AREVA that was also to provide ten percent of the capital investment, is
technically bankrupt. The selected strategic investor, the French majority state owned group EDF
supposed to bail out AREVA, struggles with a €34 billion (US$38 billion) debt load and chronically
negative cash flow. Credit-rating company Moody's didn't wait long after the French
government's decision on 3 June 2015 to have EDF acquire a majority stake in AREVA's reactor-
building subsidiary AREVA NP and the following day issued a warning that the move could be
“credit negative”, as it could “increase EDF's business risk profile and weigh on its credit
metrics”.14 This announcement comes only weeks after Moody's in April 2015 downgraded EDF to
A1, associated with a negative outlook, arguing that “risks associated with the transition of EDF's

11 Forbes, “France's Nuclear Industry Dream Faces Melt-Down At Expense Of State Coffers, Tax Payers”,
4 June 2015, see http://www.forbes.com/sites/marcelmichelson/2015/06/04/frances-nuclear-industry-

dream-faces-melt-down-at-expense-of-state-coffers-tax-payers/, accessed 8 June 2015.
12 Bloomberg New Energy Finance (BNEF), “The Way Humans Get Electricity [s About to Change Forever”,
23 June 2015, see http://www.bloomberg.com/news/articles/2015-06-23 /the-way-humans-get-electricity-

is-about-to-change-forever, accessed 3 July 2015.

13 Financial Times, “French reactor problems cast doubt on UK nuclear power plant”, 14 June 2015, see
http://app.ft.com/cms/s/b8741dd0-1048-11e5-bd70-00144feabdc0.html, accessed 23 June 2015.
14 Moody's Investors Service, “EDF's anticipated acquisition of AREVA NP majority stake could be credit

negative”, 4 June 2015.
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French power generation and supply activities from a predominantly regulated cost-reflective
tariff model towards an increasing exposure to market power prices”.15 The share of domestic
electricity volumes that EDF sells to end-customers under regulated tariffs is expected to
decrease from 84 percent in 2014 to less than 50 percent in 2016. In May 2015,
Standard & Poor's, the other large credit-rating agency, also revised EDF's outlook to "negative"
reflecting "the potential unfavorable developments that could stress EDF further, including
declining power prices, a possible transaction with nuclear services provider AREVA, or risks on
nuclear new builds.”1¢ These nuclear new builds include AREVA's Olkiluoto-3 project in Finland
and EDF's Flamanville-3 construction site, both delayed for at least five years, confronted with
numerous technical problems and about three times over budget, as well as the “development of
its investment decision on its Hinkley Point C nuclear project in the U.K., notably regarding
construction risks and financing plans”.1? In a dedicated section, this report identifies some of the
reasons for these substantial delays and cost overruns not only for the EPR but for practically all
of the so-called Generation-III reactors.

Around 40 percent of the financing for Hinkley Point is to come from Chinese investors, a
prospect fiercely attacked by Dieter Helm, UK Government Advisor and Special Advisor to the
European Commissioner for Energy: “It is a no-brainer. Add in the military and security issues of
letting Chinese state-owned companies into the heart of the British nuclear industry, and it seems
positively perverse to prefer Chinese government money to British government money in so
sensitive a national project.” 18 Finally, the Austrian Chancellor himself announced, on
29 June 2015, the Government's legal case at the European Court of Justice against the European
Commission approval of the Hinkley Point deal: “We lodge a complaint and that is an important
signal for all of Europe”, Chancellor Werner Faymann stated and added: “This complaint shall not
only have suspensive effect for the subsidy, but especially also a dissuasive effect for investors,
and not only in Great Britain but all over Europe”.l® The Government of Luxemburg and ten
renewable energy utilities have already announced they would follow the example.

The case of Hinkley Point C thus illustrates many of the international nuclear industry's dilemma
for the future. Excessive lead times, tremendous financing difficulties because of the sheer size of
the investments, substantial technical and legal hurdles, uncertain implementation conditions and
ferocious competitors especially on the decentralized level in a rapidly changing sector
environment. One question sticks out: Too big to matter?

The question is not only relevant for future investments, it is acute today. With power generation
assets that cost much more than planned to operate and don't operate the number of hours per
year as planned, the large traditional utilities see their profit margins fade away. Few have started

15 Moody'’s, “Moody’s downgrades EDF to A1; negative outlook”, 16 April 2015.

16 Standard & Poor's, “Electricite de France Outlook Revised to Neg On Heightened Exposure To Unregulated
Activities; 'A+/A-1' Ratings Affirmed”, 7 May 2015, see

http://www.standardandpoors.com/enUS /web/guest/article/-/view/type/HTML/id /1397578, accessed

27 May 2015.

17 Ibidem.

18 Dieter Helm, “British energy policy - what happens next?”, 16 June 2015, see
http://www.dieterhelm.co.uk/node/1407, accessed 24 June 2015.

19 Bundeskanzleramt Osterreich, “Werner Faymann: 'Osterreich reicht Klage gegen die Subventionierung des
AKW Hinkley Point ein”, Press Release, 23 June 2015, see

http://www.bundeskanzleramt.at/site/cob_ 59880 /currentpage_ 0/8169/default.aspx, accessed 24 June 2015.
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to radically adjust to new circumstances. The internal controversy about the future of the
business remains lively.

On 8 June 2015, the U.S. utility industry listened to Elon Musk, innovative entrepreneur, mainly
known for the Tesla electric car, the photovoltaic power leasing leader SolarCity2° and the recent
Power Wall residential battery concept. Energy Wire reported the following exchange between
electricity utility executives2!:

“I don't buy the fact that this [traditional utility model] is a declining business,” said Tom Fanning, CEO of
Southern, the largest investor-owned utility in the Southeast of the U.S.

“Even though that's what the numbers say?” Christopher Crane, CEO of Exelon, the largest nuclear
operator in the U.S., interjected. (...)”

“So then if distributed generation is eroding your growth, own distributed generation”, stated Fanning.

The problem? Nuclear utilities have almost never invested into distributed generation. This is
logical, as decentralization is the opposite to their business model that operates according to the
old paradigm of centralized generation-transportation over substantial distances-distribution to
final consumers. But if consumers start generating their own power—over two million
households in Australia, around 1.5 million in Germany—and countless families, businesses and
public administrations elsewhere follow suit, what will the large traditional electricity utilities sell
to whom?

[t is surprising to what extent the recovery strategies elaborated in France to save the national
nuclear champions AREVA and EDF fall short of addressing the issues of the real world. There is
no significant export market for AREVA's reactors and as this report shows, ongoing projects are
constantly delayed and most potential new markets don't meet the reality check. What is certain
is that the projects in Finland and France have turned into a liability rather than an asset. While
Hinkley Point might be just another €1.5 billion loss. At the same time, EDF's client base is
shrinking and electricity consumption is stagnating at best, while maintenance, backfitting and
upgrading costs are increasing rapidly. Certainly a “negative outlook”.22

What is spectacular is the extent to which the nuclear industry is appearing to ignore reality. In
March 2013, the late Luc Oursel, then AREVA's CEO, predicted that six reactors in Japan would be
back online by the end of that year and that his company was counting on ten new reactor orders

20 Less known than the Tesla car, SolarCity has revolutionized investment schemes in decentralized solar systems
in the U.S. SolarCity custom-designs, installs, finances and maintains photovoltaic systems on the basis of a
guaranteed kWh sales price that is usually 10-15 percent below the local utility rate. SolarCity claims to be
“America's largest solar power provider” and to “provide one out of every four new solar electricity systems
nationwide”. See company website at http://www.solarcity.com/company/about, accessed 24 June 2015. Many

other companies have since copied the business model that has turned into the dominant implementation scheme
for solar electricity in the U.S.

21 EnergyWire, “Utilities—CEQOs grapple with an elephant in the room - the future of electricity”, 22 June 2015, see
http://www.eenews.net/stories /1060020624, accessed 24 June 2015.

22 For a recent independent analysis of the French nuclear industry's record see Yves Marignac, Manon

Besnard, “Nucléaire francais: I'impasse industrielle”, 23 June 2015, see
http://www.greenpeace.org/france/PageFiles/300718/20150623Rapport-Nucl%C3%A9aireFrance-
Impasselndustrielle.pdf; a 5-page English summary is at

http://www.greenpeace.org/france/Global /france/openspace/150630FrenchNuclearDeadlockReport-
ExecSummary.pdf; both accessed 3 July 2015.
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by the end of 2016.23 Two years later, no reactor is operating in Japan and 18 months from the
deadline not a single new reactor order has materialized. In 2003, Westinghouse predicted a 36-
month construction schedule for its AP1000 reactor.2¢* Twenty-six months into the construction of
the first two units to be built in the U.S., the estimated time to completion is an additional
48 months, which would bring the total construction time to 74 months or more than twice the
original estimate. “Nuclear Could Replace Fossil Fuels in Less than a Decade”, said a headline of
trade agency NucNet in May 2015, quoting a study that had simply extrapolated the building
ratios during the peak construction periods in France and Sweden on a global scale.25 Russia has
been particularly prolific with announcements of new nuclear projects. But even long-time World
Nuclear Association strategist Steve Kidd considers it “reasonable to suggest that it is highly
unlikely that Russia will succeed in carrying out even half of the projects in which it claims to be
closely involved (...)".26 Indeed, the Russian builders aren't doing well neither. In February 2015,
Moody's downgraded Atomenergoprom—100 percent subsidiary of Rosatom, as integrated
nuclear group also building reactors it is comparable to the French AREVA—to “junk” (Bal) and
assigned a “negative outlook”.2” The lack of realism and overblown market expectations drive
nuclear companies and traditional utilities into ruin.

Some say that the nuclear industry has to address the size issue and develop models with reduced
capacity, so-called Small and Medium-size Reactors, also labeled Small Modular Reactors or SMRs.
“SMRs could be a way forward for the European nuclear industry because they are easier to
manage, finance, get regulatory approval for, and even [win] public support”, a recent industry
conference heard.28 WNISR2015 provides an overview of history and status of SMRs and other
“advanced reactor” designs. The concept of small reactors has been around for decades and any
commercial-scale application still seems many years away and can therefore hardly be expected
to represent a game changer for nuclear power. Amory Lovins, Chief Scientist at the Rocky
Mountain Institute, stated: “The basic challenge of the economies-of-mass-production model is
that another kind of SMR, Small Modular Renewables (and efficiency), can scale down much
better and is already decades ahead in exploiting its own formidable economies of mass
production. Nuclear SMRs can never catch up.”2%

23 Les Echos, “Areva table sur la relance de six réacteurs au Japon en 2013”, 5 March 2013, see
http://www.lesechos.fr/05/03/2013/LesEchos/21389-080-ECH_areva-table-sur-la-relance-de-six-
reacteurs-au-japon-en-2013.htm, accessed 25 June 2015.

24 Regis A. Matzie, “The AP1000 Reactor Nuclear Renaissance Option”, 26 September 2003.

25 NucNet, “Nuclear Could Replace Fossil Fuels in Less than a Decade, Researchers Say”, 18 May 2015, see

http://www.nucnet.org/all-the-news/2015/05/18 /nuclear-could-replace-fossil-fuels-in-less-than-a-decade-

researchers-say, accessed 27 June 2015.

26 Steve Kidd, “The world nuclear industry - is it in terminal decline?”, Nuclear Engineering International
(NEI), 6 October 2014, see http://www.neimagazine.com/opinion/opinionthe-world-nuclear-industry-is-it-
in-terminal-decline-4394815/, accessed 7 June 2015.

27 Moody's, “Rating Action: Moody's takes rating actions on six Russian utility and infrastructure GRIs; assigns

negative outlook”, 25 Feburary 2015, see https://www.moodys.com/research/--PR319091, accessed

4 June 2015.

28 Nucnet, “SMRs Could Be The Way Forward For Europe, Conference Told”, 16 June 2015, see
http://www.nucnet.org/all-the-news/2015/06/16/smrs-could-be-the-way-forward-for-europe-conference-
told, accessed 25 June 2015.

29 Amory B. Lovins, personal communication, 15 June 2015.
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General Overview Worldwide

Introduction

The world’s nuclear statistics remain distorted by political choice. Four years after the Fukushima
events started unfolding on 11 March 2011, all of the official references continue to misrepresent
the real and very concrete effects of the disaster on the Japanese nuclear program: its entire
nuclear reactor fleet (with the exception of the six units at Fukushima Daiichi and an additional
five units recently officially closed), that is 43 units, are still considered “in operation” or
“operational”. In reality, no nuclear power was generated in Japan since September 2013 and
many of the “operational” units will likely never generate any power again, which is certainly the
case for the four Fukushima Daini reactors.

Overview—The Role of Nuclear Power

As of the middle of 2015, 30 countries were operating nuclear reactors for energy purposes, one
less (Japan) than in previous years. Nuclear power plants generated 2,410 net terawatt-hours
TWh or billion kilowatt-hours) of electricity in 201430, a 2.2 percent increase, but still less than in
y p
2000 and 9.4 percent below the historic peak nuclear generation in 2006 (see Figure 1.)

Figure 1: Nuclear Electricity Generation in the World
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Sources: IAEA-PRIS, BP, MSC, 201531

30 If not otherwise noted, all nuclear capacity and electricity generation figures based on International Atomic Energy
Agency (IAEA), Power Reactor Information System (PRIS) online database, see

www.iaea.org/programmes/a2 /index.html. Production figures are net of the plant’s own consumption unless
otherwise noted.
31 BP stands for BP plc; MSC for Mycle Schneider Consulting.
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Nuclear energy’s share of global commercial electricity generation remained stable over the past
three years3z, but declined from a peak of 17.6 percent in 1996 to 10.8 percent in 201433.

In 2014, nuclear generation increased in 19 countries, declined in nine, and remained stable in
three34. A surprising eight countries (China, Hungary, India, Russia, Slovenia, South Africa, South
Korea, Taiwan) achieved their greatest nuclear production in 2014, although, of these, only China
and Russia started up new reactors over the year. Apparently, none of the six other countries
implemented uprating3> during the year. The increases are therefore likely to be due to better
operational management or earlier uprating as the respective load factors increased significantly.
(See Figure 2.)

As in the previous years, the “big five” nuclear generating countries—by rank, the United States,
France, Russia, South Korea and China—generated over two thirds (69 percent in 2014) of all
nuclear electricity in the world and two countries alone, the U.S. and France accounted for half of
global nuclear production.

The three countries that have phased out nuclear power (Italy, Kazakhstan, Lithuania) and
Armenia all generated their historic maximum of nuclear electricity in the 1980s. Several other
countries’ nuclear power generation peaked in the 1990s, among them Belgium, Canada, Japan,
and the U.K. A further six countries’ nuclear generation peaked between 2001 and 2005: Bulgaria,
France, Germany, South Africa, Spain, and Sweden.

Figure 2: Annual Nuclear Power Generation by Country and Historic Maximum
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Sources: IAEA-PRIS, MSC, 2015

32 +0.04 percentage points in 2014 compared to 2013 and -0.15 percentage points compared to 2012. In
2015, BP corrected the 2013 figure from 10.76 percent to 10.74. These differences are no doubt within
statistical uncertainties.

33 BP, “Statistical Review of World Energy”, June 2015.

34 Less than 1 percent variation from the previous year.

35 Increasing the capacity of nuclear reactors by equipment upgrades e.g. more powerful steam generators or
turbines.
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According to the latest assessment by Nuclear Engineering International, which assesses about
400 of the world’s nuclear reactors, the global annual load factor of nuclear power plants slightly
increased to 72 percent (+1.4 percent), but is still significantly below the 77 percent in 2010.36

Slovenia's one-reactor program achieved the highest load factor in 2014 with 100 percent,
followed by Romania (95.2 percent), Taiwan (93.7 percent) and Finland (93.4 percent).3?
Romania and Finland lead the lifetime load factors with 91.3 and 87.5 percent respectively.
However, the two countries only operate two and four reactors respectively.

Amongst the larger nuclear programs, the most remarkable annual changes in 2014 in load factor
performance are reported, on the positive side, from South Korea (+9.2 percentage points,
recovering from the quality-control scandal), South Africa (+7.2 percent) and Ukraine
(+5.4 percentage points could not make up for the 2013 drop of 6.3 percentage points due to
major upgrading work) and on the negative side from Belgium (-14 percentage points mainly
triggered by the continuing problem with pressure vessel faults at two reactors) and China
(-7 percentage points).

Figure 3: Annual Nuclear Share in Electricity Mix by Country and Historic Maximum
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In many cases, even where nuclear power generation increased, the development is not keeping
pace with overall increases in electricity production, leading to a nuclear share below the historic
maximum (see Figure 3).

36 Nuclear Engineering International (NEI) load factor definition: “Annual load factors are calculated by
dividing the gross generation of a reactor in a one-year period by the gross capacity of the reactor
(sometimes called output), as originally designed, multiplied by the number of hours in the calendar year.
The figures are expressed as percentages. Where a plant is uprated, the revised capacity is used from the date
of the uprating.”

37 Unless noted otherwise, all load factor figures in this report are from Caroline Peachey, “Load Factors to
end December 2014”, NEI, May 2015 (print version).
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There were three exceptions in 2015 besides Iran, which started its first and sole nuclear reactor
only in 2012:

® China exceeded its previous maximum of 2.2 percent, already achieved in 2003, to reach
2.4 percent. The 0.2 percentage-point increase was achieved with a three times higher nuclear
power output in 2014 than in 2003.

® Hungary beat its 25-year-old record by 3.2 percentage points to reach 53.6 percent.

® Russiaincreased its 2012 record by 0.8 percentage points to 18.6 percent.

Operation, Power Generation, Age Distribution

Since the first nuclear power reactor was connected to the Soviet power grid at Obninsk on
27 June 1954, there have been two major waves of startups. The first peaked in 1974, with 26 grid
connections in that year. The second reached a historic maximum in 1984 and 1985, just before
the Chernobyl accident, reaching 33 grid connections in each year. By the end of the 1980s, the
uninterrupted net increase of operating units had ceased, and in 1990 for the first time the
number of reactor shutdowns outweighed the number of startups. The 1991-2000 decade
showed far more startups than shutdowns (52/30), while in the decade 2001-2010, shutdowns
outweighed startups (35/32). In other words, after 2000, it took a whole decade to connect as
many units as in a single year in the middle of the 1980s. Between 2011 and the mid-2015, the
startup of 24 reactors did not match the shutdown of 32 units over the same period—Ilargely as a
result of the events in Fukushima. In 2014, five reactors started up (three in China, one in
Argentina, one in Russia) and one was shut down (Vermont Yankee in the U.S.). In the first half of
2015, four reactors started up in China and one in South Korea, while two were shut down (Doel-
1 in Belgium®, Grafenrheinfeld in Germany). In addition, five closures were announced in Japan.”
All 40 reactors, except for one (Argentina) that started up over the past decade are in Asia (China,
India, Iran, Japan, Pakistan, South Korea), or Eastern Europe (Romania, Russia, Ukraine).* With
18 units, China started up by far the largest fleet, followed by India (7) and South Korea (5).

The International Atomic Energy Agency (IAEA) in its online database Power Reactors
Information System (PRIS) still counts 43 units in Japan in its total number of 438 reactors “in
operation”41; yet no nuclear electricity has been generated in Japan since September 2013 and it
is currently unclear whether any unit will restart operations in 2015.42 The year 2014 was the

38 On 18 June 2015, the Belgian Parliament voted legislation to extend the lifetime of Doel-1 and -2 by ten
years. However, the decision remains subject to the approval by the national nuclear safety authority. See
also section on Belgium in Annex 1.

39 The World Nuclear Industry Status Report (WNISR) modifies the statistics retroactively according to the
latest electricity generation of the officially shutdown units, which was in 2010 (2) and 2011 (3), which raises
the number of units taken off the grid in Fukushima-year 2011 from 19 to 22. This number is likely to rise
further, with additional final closure announcements to be expected in Japan.

40 The last units to start up in the Western world were Argentina’s Atucha-2 in 2014 after 33 years of
construction, Brazil’s Angra-2 in 2000 after 24 years, and Civaux-2 in France in 1999 after 8.5 years.

41 ]AEA, “Power Reactor Information System”, see http://www.iaea.org/pris/, accessed 27 June 2014.

42 0On 8 June 2015, the Japanese regulator announced the “discovery of numerous incomplete documents and
erroneous written entries” concerning the Sendai nuclear power plant—Sendai is at this point considered the
most advanced site in the restart attempts in Japan—and that it was “redoing portions of the pre-service
inspections”. The Japan Atomic Industrial Forum (JAIF) stated that “it seems pointless to hope that the power
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first in which there was zero nuclear electricity generation in Japan since its first commercial
reactor Tokai-1 was connected to the grid on 10 November 1965, almost 50 years ago (see
Figure 5). Only two reactors (Ohi-3 and -4) operated in 2013 and ten in 2012. In fact, as of June
2015, no commercial nuclear facility is operating in Japan, including uranium enrichment, fuel
fabrication and reprocessing plants. In addition, no research reactor is functioning. In other
words, four years after the Fukushima disaster began unfolding, the entire Japanese nuclear
industry is shut down.

Figure 4: Nuclear Power Reactor Grid Connections and Shutdowns, 1954-2015
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The unique situation in Japan needs to be reflected in world nuclear statistics. The attitude taken
by the [AEA, the Japanese government, utilities, industry and research bodies as well as other
governments and organizations to continue considering the entire stranded reactor fleet in the
country as “in operation” or “operational” is increasingly misleading.

The IAEA actually does have a reactor-status category called “Long-term Shutdown” or LTS.43
Under the IAEA’s definition, a reactor is considered in LTS if it has been shut down for an
“extended period (usually more than one year)” and in early period of shutdown either restart is
not being “aggressively pursued” or “no firm restart date or recovery schedule has been
established”. As illustrated in the World Nuclear Industry Status Report (WNISR) 2013, one could
argue that all but two Japanese reactors fit the category that year. And for two days in

company can restart the unit during the summer”. See JAIF, “NRA to Partially Redo Pre-service Inspections at
Sendai-1”, 10 June 2015.
43 See IAEA Glossary, at www.iaea.org/pris/Glossary.aspx, accessed 27 June 2014.
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January 2013, the IAEA moved 47 units to the LTS category on the IAEA-PRIS website, before that
action was abruptly reversed and ascribed to clerical error.44

The TAEA criteria are vague and hence subject to arbitrary interpretation. What exactly are
extended periods? What is aggressively pursuing? What is a firm restart date or recovery
schedule? Faced with this dilemma, the WNISR team in 2014 decided to create a new category
with a simple definition, based on empirical fact, without room for speculation: “Long-term
Outage” or LTO. Its definition:

A nuclear reactor is considered in Long-term Outage or LTO if it has not generated any electricity in the
previous calendar year and in the first half of the current calendar year. It is withdrawn from operational
status retroactively from the day it has been disconnected from the grid.

Tatsujiro Suzuki, former Vice-Chairman of the Japan Atomic Energy Commission (JAEC) has called
the establishment of the LTO category an “important innovation” with a “very clear and empirical
definition” .45

Figure 5: Rise and Fall of the Japanese Nuclear Program 1963-2014
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Applying this definition to the world nuclear reactor fleet leads to considering 40 Japanese units
in LTO, as WNISR considers all ten Fukushima reactors shut down permanently—while the
operator Tokyo Electric Power Company (TEPCO) has written off the six Daiichi units, it keeps the
four Daini reactors in the list of operational facilities. Annex 2 provides a detailed overview of the
status of the Japanese reactor fleet. In addition, the IAEA classifies as LTS the fast breeder reactor

44 See detailed accounts on WNISR, see www.WorldNuclearReport.org.
45 Tatsujiro Suzuki, “Foreword”, WNISR2014, see
http://www.worldnuclearreport.org/WNISR2014.html#_Toc268768687, accessed 6 July 2015.
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Monju4é, because it was shut down after a sodium fire in 1995 and has never generated power
since. It also meets WNISR’s LTO criterion. Besides the Japanese reactors, the Swedish reactor
Oskarshamn-2, shut down for modernization since June 2013, falls into the LTO category. The
South-Korean unit Wolsong-1, shut down since 2012, was restarted in June 2015, while the
definitive closure of the Indian reactor Rajasthan-1, offline since 2004, was announced in
September 201447. Consequently, both units were taken off the LTO list. The total number of
nuclear reactors in LTO as of 1 July 2015 is therefore 41; yet all but one (Monju) are considered
by the IAEA as “in operation”.

As of 1]July 2015, a total of 391 nuclear reactors are operating in 30 countries, up three units
(+0.5 percent) from the situation one year ago. The current world fleet has a total nominal electric
net capacity of 337 gigawatts (GW or thousand megawatts), up from 333 GW (+1.2 percent) one
year earlier (see Figure 6).

Figure 6: World Nuclear Reactor Fleet, 1954-2015
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For many years, the net installed capacity has continued to increase more than the net increase of
numbers of operating reactors. This was a result of the combined effects of larger units replacing
smaller ones and, mainly, technical alterations at existing plants, a process known as upra