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Nuclear Power: How Necessary Is It to Meet 
Energy Demand in Japan and Asia

Ryoichi Komiyama

Introduction

The impact of the Fukushima nuclear accident, caused by the Great 
East Japan Earthquake (Figure 1), was quite huge and has since 
caused deep discussions in formulating energy policy. The Fuku-
shima nuclear accident has stimulated the Japanese general pub-
lic’s concerns over energy and environmental issues, such as the 
long-term power generation mix in Japan. The reliability of nuclear 
safety and security has deteriorated in Japan, raising drawbacks in 
nuclear safety standards and the imperfections of existing nuclear 
safety regulation and resulting in the Act on Compensation for Nu-
clear Damage. The problem of widespread radioactive contamina-
tion in Japan, including the relocation of many Fukushima residents 
to other areas, has remained virtually unsolved and has inflicted se-
rious damage on the economy and society in Fukushima. The ac-
cident has forced the government to radically rethink the country’s 
energy policy as well. Enormous political and technical effort is ob-
viously required to replace the loss of nuclear power, a major base-
load technology contributing to energy security and environmental 
sustainability before Fukushima. Reflecting on that situation, Japan 
needs to reformulate its climate change policy to regain its leading 
position in the global environmental protection initiative, while the 
climate change problem is becoming increasingly recognized as a 
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constraint on the world’s sustainable growth.  The Fukushima ac-
cident was a tipping point for the country’s energy, environmental, 
and nuclear policies. Japan should develop a new energy policy and 
technology associated with nuclear and alternative energy sources 
and effectively utilize them to support Asian countries in achieving 
sustainable growth. This chapter is organized as follows: The first 
section describes the energy issue in Japan before and after Fuku-
shima; the second section reviews the nuclear energy issue in Japan 
and Asia; and the final section contains some concluding remarks.

Figure 1. Great East Japan Earthquake (Enormous Earth-
quake, Tsunami, and Nuclear Accident): The Great East Japan 
Earthquake in March 11, 2011, provided an insight to the se-
curity question by demonstrating how important restructuring 

the energy system is.1 

1.  Ministry of Economy, Trade and Industry (METI), “Japan’s Challenges To-
wards Recovery,” March 2012, available from www.meti.go.jp/english/earth-
quake/nuclear/japan-challenges/pdf/japan-challenges_full.pdf.

www.meti.go.jp/english/earthquake/nuclear/japan-challenges/pdf/japan-challenges_full.pdf
www.meti.go.jp/english/earthquake/nuclear/japan-challenges/pdf/japan-challenges_full.pdf
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Energy Issues in Japan Before and After Fukushima

National Energy Planning Before Fukushima

The basic pillars described in Japan’s energy policy appear in the Basic 
Act on Energy Policy of 2002.2 The Act defines the three pillars that 
Japanese energy policy considers: Securing a stable energy supply, as-
suring environmental compatibility, and utilizing market mechanisms. 
In order to fully achieve the provisions of the Basic Act, the Strategic 
Energy Plan was formulated by the Ministry of Economy, Trade and In-
dustry (METI). The plan, which was revised in 2010, aims to effective-
ly develop the energy supply and demand system, and it was completed 
based on long-term energy demand and supply outlook. It established 
the following ambitious targets for 2030.3 

•  Doubling the energy self-sufficiency ratio to 70% by 2030 
from 38% in 2010 through the increase in the ratio for the 
equity energy resources developed abroad by Japanese 
companies, which were 26% in 2010.

• Raising the ratio of zero-emission generators (mainly nu-
clear) to 70% by 2030 from 34% in 2010.

•  Halving carbon dioxide (CO2) emissions from the residen-
tial sector.

• Maintaining and enhancing energy efficiency in the indus-
trial sector at the highest level in the world. Obtaining large-
scale shares of global markets for energy-related products.

2.  Basic Act on Energy Policy, June 14, 2002, official version (in Japanese) avail-
able from law.e-gov.go.jp/htmldata/H14/H14HO071.html. English translation 
available from faolex.fao.org/docs/pdf/jap75588.pdf.

3.  Ministry of Economy, Trade and Industry, “The Strategic Energy Plan of Japan 
– Meeting Global Challenges and Security Energy Futures,” June 2010, summary 
available from http://climateobserver.org/wp-content/uploads/2015/03/strategic-
energy-plan.pdf.

http://elaws.e-gov.go.jp/search/elawsSearch/elaws_search/lsg0500/detail?lawId=414AC1000000071&openerCode=1
faolex.fao.org/docs/pdf/jap75588.pdf
http://climateobserver.org/wp-content/uploads/2015/03/strategic-energy-plan.pdf
http://climateobserver.org/wp-content/uploads/2015/03/strategic-energy-plan.pdf
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Power Generation Capacity

Power generation

Figure 2. Targets of Power Generation Mix in the Strategic  
Energy Plan formulated in 2010.4

However, after experiencing the Fukushima nuclear accident in 
March 2011, the Japanese government made an important deci-
sion to review the Strategic Energy Plan.5 This review process is 

4.  Ibid.

5.  National Policy Unit, Energy and Environment Council, “Innovative Strategy 
for Energy and Environment,” Tokyo, September 14, 2012, Japanese version avail-
able from www.cas.go.jp/jp/seisaku/npu/policy09/pdf/20120914/20120914_1.
pdf.

www.cas.go.jp/jp/seisaku/npu/policy09/pdf/20120914/20120914_1.pdf
www.cas.go.jp/jp/seisaku/npu/policy09/pdf/20120914/20120914_1.pdf
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ongoing, especially focusing on the share of nuclear energy in the 
country’s future power generation mix. Figure 2 represents the en-
ergy outlook to 2030 in the Plan developed before Fukushima. The 
nuclear policy in the pre-Fukushima Plan put an emphasis on build-
ing nine additional nuclear plants to achieve a capacity factor of 
85% by 2020 and more than 14, further enhancing the factor to 90%, 
by 2030. Expansion of nuclear is the central pillar to achieve the 
country’s sustainable energy mix ensuring energy security and envi-
ronmental compatibility before Fukushima.

In addition, the Japanese government developed a long-term energy 
technology policy as well. In 2007, the Japanese government an-
nounced “Cool Earth 50,” a cooperative initiative to reduce world-
wide greenhouse emissions by 50% from current levels by 2050 
through the penetration of innovative energy technologies (Figure 
3).6 At the United Nations Summit on Climate Change in 2009, Ja-
pan officially announced that the country will mitigate its green-
house gas emissions by 25% from 1990 levels by 2020 if an ef-
fective international framework was established where all major 
countries participate.7

6.  Prime Minister of Japan Shinzo Abe, “Invitation to ‘Cool Earth 50:’ 3 Proposals, 3 
Principles,” Speech at an international conference on “The Future of Asia,” Tokyo, 
May 24, 2007, available from japan.kantei.go.jp/abespeech/2007/05/24speech_e.
html.

7.  Prime Minister of Japan and His Cabinet, “Statement by Prime Minister Yukio 
Hatoyama at the United Nations Summit on Climate Change,” New York, Sep-
tember 22, 2009, available from japan.kantei.go.jp/hatoyama/statement/200909/
ehat_0922_e.html.

japan.kantei.go.jp/abespeech/2007/05/24speech_e.html
japan.kantei.go.jp/abespeech/2007/05/24speech_e.html
http://japan.kantei.go.jp/hatoyama/statement/200909/ehat_0922_e.html
http://japan.kantei.go.jp/hatoyama/statement/200909/ehat_0922_e.html
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Figure 3. Key Innovative Technologies in Japan.8 

Energy Issues in Japan after Fukushima

The Fukushima nuclear accident and the eventual difficulty in pro-
moting the use of nuclear in the energy mix have forced Japan to 
face many challenges.  Japan should tackle more than just over-
coming those challenges and be required to develop a new proto-
type of energy and environmental policy that will generate sustain-
able growth internationally.

Fossil Fuels. The Fukushima nuclear accident caused the shutdown 
of all the country’s nuclear power plants, which accounted for 30% 
of the country’s electricity supply at the time (Figure 4).9 Since the 

8.  Ministry of Economy, Trade and Industry, “Cool Earth – Innovative Energy 
Technology Program,” March 2008, available from www.meti.go.jp/english/
newtopics/data/pdf/031320CoolEarth.pdf.

9.  Federation of Electric Power Companies of Japan, “Graphical Flip-chart of 
Nuclear Energy Related Topics 2014,” 2014, pp. 1, 2, 7, available from www.
fepc.or.jp/english/library/graphical_flip-chart/__icsFiles/afieldfile/2014/07/07/

http://www.iae.or.jp/wp/wp-content/uploads/2014/09/Cool_Earth08_e/CoolEarth_RM.pdf
http://www.iae.or.jp/wp/wp-content/uploads/2014/09/Cool_Earth08_e/CoolEarth_RM.pdf
www.fepc.or.jp/english/library/graphical_flip-chart/__icsFiles/afieldfile/2014/07/07/all_english_2014.pdf
www.fepc.or.jp/english/library/graphical_flip-chart/__icsFiles/afieldfile/2014/07/07/all_english_2014.pdf
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utilization of nuclear power generation significantly declined after 
the accident and resulting political concerns, the share of fossil fuel 
over total power generation reached its highest level in the last three 
decades (Figure 5).10 Japan’s fuel imports bill soared immediately as 
power companies started ramping up liquid natural gas (LNG) and 
petroleum-fired power generators (Figure 6). In particular, a radi-
cal shift toward LNG helped to compensate for the loss of nuclear 
power. As 96% of Japan’s natural gas supply depends on sources 
from abroad in the form of LNG, its imports dramatically increased 
(Figure 7).11 Japan’s LNG import increases added pressure on the 
Asian LNG market, pushing already high prices even higher (Fig-
ures 6 and 8).12 The total import costs of LNG for power generation 
increased by 63% after Fukushima, causing the balance of payments 
to turn negative in fiscal year 2011 for the first time since the second 
oil crisis of 1980.13 LNG is traded at the highest price in Asia at $15/
million British Thermal Units (MMBtu) compared to $10/MMBtu 
in Europe, while U.S. natural gas is priced at around $5/MMBtu.

all_english_2014.pdf.

10.  Ministry of Economy, Trade and Industry, “Monthly Power Generation Sta-
tistics,” 2010-2014.

11.  Ibid; Ministry of Finance, “Monthly Trade Report,” 2009-2014; and Ministry 
of Economy, Trade and Industry, “Monthly Resource and Energy Report,” 2009-
2014.

12.  Institute of Energy Economics Japan, EDMC Handbook of Energy & Eco-
nomic Statistics in Japan, 2013; Kazuhiko Ogimoto, Izumi Kaizuka, Yuzuru 
Ueda, and Takashi Oozeki, “A Good Fit: Japan’s Solar Power Program and Pros-
pects for the New Power System,” IEEE Power and Energy Magazine 11, no. 2, 
March/April 2013, pp. 65-74, available from  web.mit.edu/12.000/www/m2018/
pdfs/japan/solar.pdf; and TradingCharts.com; and “2011 Natural Gas (Globex) 
Historical Prices/Charts (NYMEX),” available from futures.tradingcharts.com/
historical/NG_/2011/0/continuous.html.

13.  Institute of Energy Economics Japan, EDMC Handbook, 2013.

www.fepc.or.jp/english/library/graphical_flip-chart/__icsFiles/afieldfile/2014/07/07/all_english_2014.pdf
https://ieeexplore.ieee.org/document/6466543/?reload=true
https://ieeexplore.ieee.org/document/6466543/?reload=true
futures.tradingcharts.com/historical/NG_/2011/0/continuous.html
futures.tradingcharts.com/historical/NG_/2011/0/continuous.html
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Figure 4. Power Generation Mix: Nuclear is replaced by LNG 
and petroleum after Fukushima.14

Figure 5. Monthly Power Generation Mix: Since the utiliza-
tion of nuclear power generation significantly declined after 
the earthquake due to the accident and political concerns, the 
share of fossil fuel over total power generation reached the 

highest level in the last three decades.15

14.  Federation of Electric Power Companies of Japan statistics, available from 
www.fepc.or.jp/about_us/pr/pdf/kaiken_s3_20160520_1.pdf

15.  Ministry of Economy, Trade and Industry, Monthly Power Generation Sta-

www.fepc.or.jp/about_us/pr/pdf/kaiken_s3_20160520_1.pdf
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Figure 6. Fuel Cost for Power Generation in Japan: Nuclear 
suspension after Fukushima caused soaring fuel-import costs 

for power generation.16

tistics, 2014.

16.  Ministry of Economy, Trade and Industry, Monthly Electricity Report, 2014; 
MOF, Monthly Trade Report, 2014; METI, Monthly Resource and Energy Re-
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 Japan’s LNG imports. 

Incremental Increase in LNG Imports between 2010  
(before Fukushima) and 2011 (after Fukushima).

Figure 7. Rising LNG Imports before and after the  
Fukushima Nuclear Disaster.17

port, 2014.

17.  Ministry of Finance, Monthly Trade Report, 2013 and METI, Monthly Report 
of Resource and Energy, 2013.
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LNG is the most important fuel to supply electricity after the Fuku-
shima accident. To compensate for the gap in power supply, Japan, 
the world’s largest importer of LNG, has to depend even more heavily 
on imported gas. Therefore, it is necessary to take various measures 
to assure massive LNG imports in an efficient and reliable manner. 

LNG currently accounts for more than 40% of Japan’s electricity sup-
ply, a nearly 30% increase from the share before Fukushima. Japan 
imported a record 87.3 million tons of LNG in fiscal year 2012 after 
Fukushima (70.0 million tons in fiscal year 2010 before Fukushima), 
as most of the country’s nuclear reactors remained shut down. The 
U.S. Department of Energy’s (DOE) approval of shale LNG exports 
to Japan was announced in May 2013. Additional LNG imports de-
rived from North American shale gas will help to enhance the energy 
security of Japan. However, Japan is far from resolving the Asian 
premium on LNG prices. U.S. exports will be one part of the LNG 
portfolio and Japan should recognize the LNG price risk for ensuring 
LNG import security. LNG prices from U.S. shale sources should be 
cautiously monitored, considering the costs of LNG liquefaction and 
transport from the United States to Japan (about $6/MMBtu). The ex-
pected LNG import price derived from U.S. shale will be around $12/
MMBtu, which is almost equivalent to the LNG price just before Fu-
kushima, suggesting that economic benefits of U.S. shale LNG might 
be marginal, as shown in Figure 8.18

18.  Institute of Energy Economics Japan, EDMC Handbook, 2013; Chicago Mer-
cantile Exchange, “Commodity Futures;” U.S. Energy Information Administra-
tion, “Natural Gas Spot and Futures Prices (NYMEX),” available from www.eia.
gov/dnav/ng/ng_pri_fut_s1_d.htm; and U.S. Energy Information Administration, 
Short-term Energy Outlook (STEO), available from www.eia.gov/forecasts/steo/
outlook.cfm.

www.eia.gov/dnav/ng/ng_pri_fut_s1_d.htm
www.eia.gov/dnav/ng/ng_pri_fut_s1_d.htm
www.eia.gov/forecasts/steo/outlook.cfm
www.eia.gov/forecasts/steo/outlook.cfm
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Figure 8. LNG import Price in Japan and U.S. Gas Price  
(Henry Hub)19

CO2 Emissions. After the Fukushima accident, heavy reliance on 
fossil fuels has caused rapid increases in Japan’s CO2 emissions. 
The utility power companies accounted for 439 million tons of CO2 
for the year 2012 (after Fukushima),20 up 17% from 374 million tons 
in the year 2011 (before Fukushima, see Figure 9). Kansai Electric 
Power Company, which relies most on nuclear power, produced 
65.7 million tons, a “40 percent increase in CO2 emissions.”21 Ja-
pan must install less carbon-intensive alternative energy to replace 
nuclear power. Otherwise, the increased use of fossil fuels, espe-
cially LNG and petroleum, will make it harder for Japan to mitigate 
the country’s CO2 emissions and meet its target of a 25% reduction 
in greenhouse gasses by the end of the decade.

19.  Henry hub price: EIA/DOE, DOE short-term outlook: EIA/DOE STEO, 
NYMEX future price: NYMEX Market Data, LNG price (Japan): Institute of 
Energy Economics Japan (IEEJ).

20.  Institute of Energy Economics Japan, EDMC Handbook, 2013.

21.  Kansai Electric Power Company, “CSR Report 2012”, Japanese version 
available from www.kepco.co.jp/corporate/list/report/report2012.html.

www.kepco.co.jp/corporate/list/report/report2012.html
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Figure 9. CO2 Emissions in Power Generation Sector in Japan: 
Nuclear suspension dramatically increases CO2 emissions in 

power sector.22

Renewables. The feed-in tariff (FIT) introduced in July 2012 is 
working as a powerful driver to increase renewable energy supplies 
after Fukushima. The rate of its recent development goes beyond 
expectations. In August 2011, the Act on Purchase of Renewable 
Energy-Sourced Electricity by Electric Utilities was passed by the 
Japanese Parliament. This Act took effect on July 1, 2012, and or-
ders electric utilities to purchase electricity generated from renew-
able energy sources (solar photovoltaics [PV], wind power, small 
and medium-sized hydropower, geothermal, and biomass) based on 
fixed term contracts with fixed prices from 10 to 20 years. Costs 
incurred by the utilities in purchasing renewable energy-sourced 
electricity are transferred to all electricity customers, who pay a 
surcharge for renewable energy at a rate proportional to their elec-
tricity usage.  Contract rates and periods are set by the Ministry of 
Economy, Trade and Industry.

FIT has provided outstanding progress in solar PV installation. The ac-
cumulated installed capacity of photovoltaic systems was only 4.9 GW 
in 2011.23 The capacity jumped by 2.0 GW in the following year (Figure 

22.  Estimated from METI, “Monthly Electricity Report,” 2014.

23.  Institute of Energy Economics Japan, EDMC Handbook, 2013.
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10). Additionally, more than 10 GW of PV capacity has been approved 
and is waiting for actual installation. In 2015, PV capacity of 12 GW 
was newly installed. Based on this estimate, Japan will outstrip Germa-
ny in the annual installation of photovoltaic systems. This boom is no-
ticeable only in photovoltaic power as it is easily installable compared 
with other renewables, and the level of FIT is significantly higher. It 
was set at ¥42(42¢)/kWh for the first year (FY2012), and ¥38(38¢)/
kWh for the second year (FY2013). However, the progress in geother-
mal and wind power is rather lower due to the shortage of sufficient 
grid capacity and appropriate locations. Particularly, geothermal faces 
a serious problem as most of the resources (about 80%) are located 
within natural areas, where environmental regulations will not fully al-
low geothermal development.

Figure 10. PV & Wind Capacity in Japan.24

24.  Institute of Energy Economics Japan, EDMC Handbook of Energy & Eco-
nomic Statistics in Japan, 2014.
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Figure 11. Potential of Wind Power Integration in Japan: Wind 
power generation is expected to increase in the future (favorable 
sites are found particularly in Hokkaido and Tohoku).  Hok-
kaido and Tohoku need to employ power grids to balance the 
output fluctuations and surplus power of wind energy as well as 

stationary battery and the suppression control.25

The shortage of grid connections is a matter of serious concern as 
well. In Japan, a majority of wind power resources are concentrated 
in the northeastern part of Japan, that is, the Hokkaido and Tohoku 
regions (Figure 11).26 For integrating these abundant wind power 
resources into the Tokyo area, where power demand is the largest 
in the country, grid expansion is indispensable.  However, Japanese 
power companies are allowed to have a regional monopoly with ver-

25.  Ministry of Environment Japan, “Study of Potential for the introduction of 
Renewable Energy,” March 2010, available from www.env.go.jp/earth/report/
h22-02/full.pdf; English summary available from www.env.go.jp/earth/report/
h22-02/09-summary.pdf.

26.  Ibid.

www.env.go.jp/earth/report/h22-02/full.pdf
www.env.go.jp/earth/report/h22-02/full.pdf
www.env.go.jp/earth/report/h22-02/09-summary.pdf
www.env.go.jp/earth/report/h22-02/09-summary.pdf
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tically integrated systems. Therefore, the grid system has been cen-
trally planned, allowing very limited opportunity for additional re-
newables. Furthermore, the financial situation of power companies 
is not good enough to expand grid capacity due to the shutdown of 
most nuclear power plants and the corresponding limited financial 
resources.

Massive deployment of intermittent sources, such as wind and PV 
(Figures 12 and 13),27 to replace nuclear is another hard challenge 
for grid management. According to the power system analysis un-
der large-scale PV and wind penetration, it is observed that renew-
able variability is technically controllable by power charge and dis-
charge of rechargeable battery and pumped-hydro storage flexible 
load following operation by thermal power plants, and the output 
suppression control of PV and wind, which implies that various 
measures dynamically serve as a whole to regulate the short-cycle 
variation of the renewables power generation (Figure 14).28 Thus, 
the dynamic operation of these supply-side technologies is crucial 
in increasing the ratio of intermittent sources that can be integrated 
in the power grid. However, these types of operations are totally dif-
ferent from the current one in which power demand and supply are 
balanced through base-load, middle-load, and peak-load generators 
in the day-ahead electricity market in a stable way, and the techni-
cal feasibility of these operations should be cautiously investigated.

27.  Ryoichi Komiyama and Yasumasa Fujii, “Assessment of massive integra-
tion of photovoltaic system considering rechargeable battery in Japan with high 
time-resolution optimal power generation mix model,” Energy Policy 66, March 
2014, pp. 73-89.

28.  Ryoichi Komiyama and Yasumasa Fujii, “Assessment of Japan’s Optimal 
Power Generation Mix Considering Massive Deployment of Variable Renew-
able Power Generation,” Electrical Engineering in Japan 185, no. 2, Novem-
ber 2013, pp. 1–11 and Ryoichi Komiyama, Saeko Shibata and Yasumasa Fujii, 
“Assessment of Optimal Power Generation Mix Considering Extensive Variable 
Renewable Energy and Nationwide Power Interchange through Tie Lines,” Elec-
trical Engineering in Japan 188:, no. 3, August 2014, pp. 11–21.
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Figure 12. PV Output Pattern of Japan: Horizontal axis repre-
sents day of the year (365 days), and normal axis, time of the day 

in 10-minute time resolution.

Figure 13. Wind Output Pattern of Japan: Horizontal axis rep-
resents day of the year (365 days), and normal axis, time of the 

day in 10-minute time resolution.
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Figure 14. Large-scale Integration of Variable Renewables in  
Japan (Simulation Analysis).

Nuclear Energy in Japan and Asia

Nuclear Energy in Japan

Japan’s nuclear energy policy is currently under review after the 
Fukushima nuclear accident. In the accident, four nuclear power 
plants located on the country’s Pacific coast were severely dam-
aged by a tsunami, which caused a loss of electric power and cool-
ing capability (Figure 15). In the months after the Fukushima ac-
cident, each of the nuclear units was incrementally shut down for 
scheduled inspection, which is mandated once every 13 months. 
After the shutdowns for regulatory inspection, the utility compa-
nies did not restart operations due to the difficulty in getting public 
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acceptance such as obtaining agreements to restart nuclear reactors 
from the local governments where the nuclear power plants were 
located. Currently, six units of the Fukushima Daiichi nuclear power 
plant were determined to need decommissioning in the future, and 
all remaining nuclear power units except for Sendai No.1 unit, Sen-
dai No.2 unit and Ikata No.3 unit have suspended operation (Figure 
16). For the long-term perspective, Japan will continue to face many 
controversial issues over the future positioning of nuclear power. 
The current uncertainty about nuclear power is the largest uncer-
tainty affecting Japan’s energy planning. In September 2012, a Nu-
clear Regulation Authority was established, and the government has 
announced that the regulations regarding the 40-year limitation on 
nuclear operation will be strictly assigned according to the Nuclear 
Reactor Regulation Law; unless there is new construction of nuclear 
power units, nuclear power will be completely phased out by around 
2050 (Figure 17). 

Figure 15. Overview of Fukushima Daiichi NPP Accident: Four 
nuclear power plants are located on the coast facing the Pacific 
Ocean, but the loss of electric power and cooling capability hap-
pened only at the Fukushima Daiichi Nuclear Power Station. 
Nuclear power systems remained intact in the other three nucle-

ar power stations.
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Figure 16. Nuclear Power Plants in Japan after Fukushima: 
Nuclear has been a very important power source in Japan, now 

shut down one by one for regulatory inspection.29

Figure 17. Nuclear Scenarios in Japan: Japanese nuclear regu-
lation authority declared that the operational period of nuclear 
plants is legally limited to 40 years with the possibility of a less-

than-20-year extension.

29.  FEPC (Federation of Electric Power Companies Japan) and IEEJ.
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Hence, it is important to understand the impact on Japan’s long-
term energy mix by the nuclear phase-out where each nuclear power 
plant would be decommissioned at age 40 and there would be no 
newly built nuclear power plants in the future. It is assumed as well 
that the existing nuclear power plants would resume operation once 
current safety reviews were completed. If Japan regulates the life-
time of nuclear reactors to 40 years according to the Nuclear Reac-
tor Regulation Law, the share of nuclear is projected to significantly 
decrease by 2035, while the share of gas, coal, and renewables are 
expected to increase respectively over the same period of time (Fig-
ure 18).30 It is observed that natural gas, coal, and renewables such 
as wind and PV would mainly compensate for the decreased depen-
dency on nuclear energy, and Japan will be even more dependent on 
fossil fuels. Japan has few domestic energy sources and is consider-
ably dependent on imported fuel (Figure 18). Ensuring firm access 
to secure the equity of energy resources becomes an increasingly 
important challenge for Japan under the nuclear phase-out policy. 
The nuclear phase-out in power generation raises concerns as well 
for stable economic growth and its environmental sustainability.

30.  Asia Pacific Energy Research Centre, Institute of Energy Economics, Japan, 
APEC Energy Demand and Supply Outlook, Vol. 2, 5th Edition, Singapore: Asia-
Pacific Economic Cooperation, February 2013, pp. 83-84, available from publica-
tions.apec.org/publication-detail.php?pub_id=1389.

publications.apec.org/publication-detail.php?pub_id=1389
publications.apec.org/publication-detail.php?pub_id=1389
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Primary Energy

Power Generation Mix

Figure 18. Japan’s Energy Outlook to 2035 Under Gradual 
Phase Out of Nuclear Power Plant.31

31.  Ibid.
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Nuclear Energy in Asia and the World

Around the world, 31 countries possess 429 commercial nuclear 
power reactors with a total installed capacity of 388 GW, and 76 
additional nuclear power reactors are under construction, equivalent 
to 20% of present capacity, while 97 units are planned, equal to one-
third of present capacity (Table 1).32

Table 1. Nuclear Power Plant Development in Asia and the 
World.33

Notably, Asia is the main region of the world where nuclear power is 
growing significantly. In Asia, as of January 2016, there are 124 op-
erating nuclear power reactors, 40 units under construction and 44 
units planned. This means that half of the reactors under construc-
tion and in planning are concentrated in Asia. The largest growth in 
nuclear deployment is expected in China, South Korea, and India. 
Many other Asian countries are planning new reactors to meet their 
increasing power demands.

Even after the Fukushima nuclear accident in March 2011, consid-

32.  Japan Atomic Industrial Forum, “World Nuclear Power Plants,” May 21, 
2013, English summary available from www.jaif.or.jp/english/news_images/pdf/
ENGNEWS02_1369269416P.pdf.

33.  Ibid.

www.jaif.or.jp/english/news_images/pdf/ENGNEWS02_1369269416P.pdf
www.jaif.or.jp/english/news_images/pdf/ENGNEWS02_1369269416P.pdf
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erable growth of nuclear energy utilization on the part of Asian 
countries is projected in the long-term perspective (Figure 19).34  
This increase is attributable to the economic and environmental 
advantages of nuclear energy as well as stringent nuclear safety 
regulation intensified after Fukushima. The economic advantages 
of nuclear power consist of its affordable price and lower risk of 
fuel price fluctuations compared to fossil fuels. The environmental 
merits include its low carbon intensity in the power generation pro-
cess. The principal obstacle to nuclear promotion is lower public 
acceptance associated with safety, security, and safeguard (3S) is-
sues. The Fukushima accident has caused increased concerns about 
nuclear safety, focusing on the resilience of nuclear facilities dur-
ing a large natural disaster. Consequently, an enormous technical 
and political effort will be necessary to resolve these concerns and 
recover public confidence in the safety and security of nuclear reac-
tors to supply electricity in a more sustainable way; nuclear policy 
should place even more emphasis on developing advanced nuclear 
technologies including front-end and back-end technologies and 
upgrading nuclear safety standards after Fukushima.

Figure 19. Outlook of Nuclear Capacity in East Asia.35

34.  APEC Energy Demand and Supply Outlook, Vol. 1, p. 138.

35.  Ibid.
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Nuclear Energy Outlook in East Asia

The nuclear expansion in Asia is expected to be mainly concentrated 
in China and South Korea (Figure 19). Both countries have adopted 
policies encouraging progressive promotion of nuclear power. Fig-
ure 19 shows projected nuclear capacity by East Asian countries. 
China is expected to show the largest growth in nuclear power ca-
pacity, adding 114 GW of capacity by 2035, and South Korea is 
projected to add 21 GW of new capacity by 2035.

For balancing increased demand and constrained supply, China has 
placed energy security as the top priority in its energy and environ-
mental policy formulation. The 12th Five-Year Plan for National 
Economic and Social Development (2011–2015) created a program 
for energy security improvement with an elaborate focus on clean 
energy and energy efficiency.36 The plan described targets for the 
future development of nuclear energy. The number of nuclear power 
plants would increase from the current 15 to 25 by 2015.  After Fu-
kushima, China immediately suspended approval of new construc-
tion, implemented a nuclear safety inspection of existing nuclear 
reactors, and introduced more stringent safety standards and regu-
lations. China is promoting nuclear power to cope with increasing 
electricity demand, to ensure energy security, and to deal with glob-
al and local environmental problems such as climate change and air 
quality issues. Nuclear projects are technically supported by France, 
the United States, Japan, Russia, and Canada. The government plans 
to have an installed nuclear capacity of 58 GW by 2020, while 32 
new reactors are under construction and 23 reactors are under plan-
ning. These types of reactors include Westinghouse AP1000 LWR 
and high-temperature gas-cooled reactors (HTGR).

The South Korean government is currently developing an energy 
policy to encourage sustainable development. Among the goals, 
energy security will remain a critical issue for South Korea, since 

36.  Asia Pacific Energy Research Centre, Institute of Energy Economics, Japan, 
APEC Energy Overview 2012, Singapore: APEC, 2013, available from aperc.ieej.
or.jp/file/2013/6/28/APEC_Energy_Overview_2012.pdf.

aperc.ieej.or.jp/file/2013/6/28/APEC_Energy_Overview_2012.pdf
aperc.ieej.or.jp/file/2013/6/28/APEC_Energy_Overview_2012.pdf
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it depends heavily on fuel imports like Japan. Therefore, nuclear 
power is regarded as an important option for reducing fuel import 
dependency. South Korea has been continuously expanding nucle-
ar power for energy security, in line with its industrial policy to ex-
port nuclear technology to achieve economic growth. South Korea 
has plans to build 12 new nuclear reactors, and the national plan 
is to expand to 35 nuclear power reactors by 2030. However, the 
nuclear expansion may not progress as planned due to difficulties 
in public acceptance; the acceptance of new reactor construction 
is still a significant obstacle in local communities. Collaborating 
with U.S. companies, South Korea developed the OPR-1000 nu-
clear reactor, and an AP1400 plant will be exported to the United 
Arab Emirates in a $20 billion deal after tough competition against 
France and Japan.37

37.  World Nuclear Association, “Asia’s Nuclear Energy Growth,” October 
2013, available from www.world-nuclear.org/info/Country-Profiles/Others/
Asia-s-Nuclear-Energy-Growth/.

http://www.world-nuclear.org/information-library/country-profiles/others/asias-nuclear-energy-growth.aspx
http://www.world-nuclear.org/information-library/country-profiles/others/asias-nuclear-energy-growth.aspx
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Primary Energy.

Power Generation Mix.

Figure 20. Chinese Energy Outlook to 2035.38

38.  APEC Energy Demand and Supply Outlook, Vol. 2, pp. 43-53.
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Primary Energy

Power Generation Mix

Figure 21. South Korean Energy Outlook to 2035.39

39.  Ibid, pp. 89-96.
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Sustainable Nuclear Energy Pathway to 2100

Uranium is a finite resource whose reserves-to-production ratio is 
60 years, like fossil fuels, and the treatment of high-level radioactive 
nuclear waste has become a controversial issue in many nuclear-
installed countries. In order to sustainably continue its operation 
in the long-term, advanced nuclear technology is indispensable, 
which saves the consumption of uranium resources and mitigates 
the amount of nuclear spent fuel that includes high-level radioac-
tive material; the closed nuclear fuel cycle is one of the key nuclear 
energy systems to achieve those requirements.

Japanese nuclear policy has traditionally adopted a closed nucle-
ar fuel cycle policy (Figure 22), in order to ensure energy security 
for Japan, which has insufficient natural resources. The policy has 
been developed to maximize the utilization of imported uranium 
by domestically recycling the unburned uranium and plutonium as 
mixed-oxide fuel (MOX) in “pluthermal” reactors and in fast breed-
er reactors (FBR). Japan seeks to enhance the role of nuclear as 
a semi-domestic energy resource.  The technical advantages of a 
closed nuclear fuel cycle, particularly for Japan, are straightforward: 
It enhances energy security by reducing reliance on imported fu-
els, it efficiently uses uranium resources, and it reduces a significant 
amount of high-level radioactive nuclear waste (HLW). 

Reprocessing spent fuel is a technical process that recovers pluto-
nium and reusable uranium from spent fuel and separates radioac-
tive wastes into more technically manageable forms. The recovered 
plutonium is utilized into the nuclear power plants in the form of 
uranium-plutonium MOX fuel. 

In addition, the highlight of Japanese nuclear policy so far has been de-
ploying fast breeder reactors in order to efficiently consume uranium 
fuel. A FBR is a nuclear reactor which will produce more fissile nuclear 
material than it consumes. The breeding reaction in the FBR is to pro-
duce fissionable plutonium-239 (Pu239) from non-fissionable urani-
um-238.  Uranium-238 is more abundant than fissionable uranium-235, 



173Chapter 5

which is consumed in typical light water reactors (LWR). The commer-
cialization of FBRs in Japan was envisaged by 2050. The Joyo experi-
mental FBR in Tokai, Japan has been operating successfully since 1977 
and has accumulated a lot of operational experience and experimental 
data. The 280 MW Monju FBR started operation in 1994, but it was 
shut down due to a sodium leakage problem in its cooling system dur-
ing experimental operation in 1995. In 2010, Monju was restarted as 
an experimental operation, but it shut down again due to a mechanical 
accident within the reactor.

Figure 22. The Concept of Closed Nuclear Fuel Cycle in Ja-
pan.40

The author analyzed the impact of a closed nuclear fuel cycle (Fig-
ure 23) on energy markets in Asia and the world to 2100.41 This 

40.  Federation of Electric Power Companies of Japan.

41.  Saurabh Sharma, Ryoichi Komiyama and Yasumasa Fujii, “Assessment of 
Sustainable Energy Strategy with Long Term Global Energy Model Incorporat-



174 Alternative East Asian Energy Futures: Volume II

fuel cycle is expected to drastically improve the usage efficiency 
of natural uranium resources. Figure 23 shows the outlines of the 
nuclear fuel cycle model. Light-water reactors, light-water MOX 
reactors (LWR-MOX), and fast breeder reactors are considered as 
specific kinds of nuclear power generation technologies.

Figure 23. Outline of Nuclear Fuel Cycle Model.42

Simulation results are shown in two cases. One case is the no CO2 
regulation case (Base case) and the other is the CO2 regulation case 
(REG case). The REG Case is a scenario to halve CO2 emissions 
by the year 2050 worldwide, and thereafter emissions are regulated 
so that atmospheric CO2 concentrations are maintained at the level 
needed to avoid around a 2° Celsius increase of average global tem-
perature from pre-industrial levels. Furthermore, in the REG case, 
the developed countries (high-income countries) are assumed to re-
duce CO2 emissions by 80% compared with levels in 2000.

ing Nuclear Fuel Cycle,” Journal of Environmental Science and Engineering B 1, 
no. 11, November 2012, pp. 1215-1232.

42.  Ibid.
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Figures 24 and 25 show electric power generation and primary 
energy supply, respectively.43 In the Base case, a majority of the 
world’s primary energy is almost exclusively provided by coal, gas, 
and oil until the middle of the century. Particularly, coal, of which 
reserves and resources are abundant and economically affordable, 
shows remarkable growth of supply among fossil fuels. After the 
middle of this century, with the peak in extraction of conventional 
sources, unconventional oil and gas, which are more expensive 
than conventional ones, will start to be produced. This economic 
deterioration of fossil fuels partly encourages the introduction of 
nuclear energy and, to a lesser extent, renewable energy such as 
solar, biomass, and wind power. This fossil fuel-intensive scenario 
leads to substantial CO2 emissions growth.

By contrast, in the REG case, the imposition of a carbon regulation 
target encourages the large scale adoption of low carbon energy.  
Around the world, at the beginning of the century, coal, concentrat-
ed in thermal plants, becomes significantly less competitive due to 
carbon penalties, although integrated gasification combined cycle 
(IGCC) with carbon capture and storage (CCS) plays an important 
role later in the century. On the other hand, natural gas is intro-
duced early in the century based on its economic attractiveness, 
and maintains this position later with the adoption of CCS, with 
gas-fired power plants supplying around a quarter of total electric 
power capacity in the second half of the century. Concerning nu-
clear energy, nuclear LWR usage is limited in the second half of the 
century by exhaustion of uranium resources. Introduction of FBRs 
enables these technologies to supply power requirements well be-
yond 2050. In addition, achieving low stabilization does not ap-
pear to be possible without large-scale deployment of renewables 
over the long term. Later in the century, biomass, solar, and wind 
power are expected to play an essential role in decarbonizing elec-
tric power supply. The results of the REG case reveal that there is 
no single technology to realize a sustainable energy pathway in the 
long-term perspective.

43.  Ibid.
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The result indicates that nuclear power plants with nuclear fuel re-
cycling are estimated to play significant roles to reduce CO2 emis-
sions. With a great deal of uncertainty, it is difficult to draw firm 
conclusions on which options have the largest potential in achieving 
significant CO2 reductions. However, the simulation results indicate 
that massive CO2 mitigation targets can be satisfied with the large-
scale deployment of innovative technology, highlighting essential 
roles for nuclear, renewables, efficient use of fossil fuels, and CCS. 
The results provide support for simultaneously pursuing multiple in-
novative technologies, instead of concentrating on a single technol-
ogy and focusing on realistic technological measures on the basis of 
current technological understanding.
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Figure 24. Power Generation Mix to 2100 in the World and Asia.44

44.  Ibid.
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Figure 25. Primary Energy Supply to 2100 in the World and 
Asia.45

45.  Ibid.
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Concerning the nuclear perspective, continuous use of nuclear en-
ergy is impossible if LWR is the only technology utilized and the 
closed nuclear fuel cycle is unavailable through this century, be-
cause of the depletion in uranium resources. However, FBRs, which 
consume the plutonium included in spent fuel, enables these tech-
nologies to supply the power requirements well beyond 2050. Thus, 
nuclear proves to be potentially critical for creating sustainable 
pathways in the medium to long term future if the closed nuclear fuel 
cycle and FBRs become commercially viable options. Large-scale 
application of renewables and CCS are observed to be key technolo-
gies in the mitigation scenario, particularly in the long term.

Conclusions

Balancing Asia’s rapid energy demand growth in a sustainable way 
is a problem to be urgently resolved. However, there is no single 
panacea to solve the energy and environmental issues and it is more 
desirable to pursue multiple innovative technologies instead of fo-
cusing only on realistic technical measures on the basis of current 
technological understanding. In this regard, nuclear power plants 
are an indispensable technology even after Fukushima to tackle 
energy and environmental concerns. Nuclear energy accounts for 
a small portion of the Asian energy supply and its deployment 
will help to diversify the Asian energy mix. Such diversification 
is necessary for energy security reasons because the current heavy 
reliance on fossil energy such as coal in the Asian region is not 
sustainable for the world. Additionally, reducing greenhouse gas 
emissions requires the deployment of clean alternative energy to 
replace thermal power generators. Provided that renewable ener-
gies such as PV and wind are unable to generate power at a higher 
intensity and on a large-scale basis, nuclear energy is the only tech-
nically feasible option for replacing fossil fuels.

However, current LWR technology is unable to provide a sus-
tainable supply of nuclear energy in the long-term.  Despite this, 
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nuclear is expected to play a significant role in resolving energy 
security and environmental issues. In order to mitigate the exhaus-
tion of uranium resources and to continue the deployment of nuclear 
technology, the closed nuclear fuel cycle with fast breeder reactors 
are indispensable options in terms of saving uranium resources and 
reducing the amount of high-level radioactive waste. Utilization of 
only LWRs as a nuclear power source accelerates the depletion of 
uranium resources and rapidly increases the high-level radioactive 
waste, which is currently one of the major impediments to nuclear 
energy. Therefore, continuous R&D efforts on advanced nuclear 
technology are necessary to accomplish the sustainable pathway, 
particularly in Asia where rapid electricity demand is projected and 
the massive deployment of nuclear technology is expected. Japan 
has the most technical and operational experiences with nuclear 
power plants and fast breeder reactors in Asia. Based on its exten-
sive experience with nuclear power plants and the stringent nuclear 
safety regulations intensified after Fukushima, Japan should aim to 
develop more advanced nuclear technology and policy with higher 
safety, security, and safeguards as quickly as possible, which should 
be shared among Asian countries. Japan should effectively utilize 
these advanced nuclear technologies and policies to support Asian 
countries in achieving sustainable growth.


