Challenges in Green Innovation Policy
after the Fukushima Nuclear Accident
Tomoaki Wada*

Abstract
This paper examines Japan’s Science and Technology (S&T) Basic Plans in accordance with its S&T Basic
Law. The Basic Plans promote two major innovation (Green Innovation and Life Innovation) towards the
creation of new markets and jobs, specifically under the Fourth S&T Basic Plan enacted on August 2011.
Successful smart community demonstration projects at four urban localities were launched under plans to
promote Green Innovation research and development of renewable energy technologies. However, the expectation that renewable energy such as solar or wind power can replace nuclear power is not backed by
sufficient evidence. Furthermore, the electricity produced by these sources is expensive and unstable owing
to its reliance on weather conditions. The Fukushima nuclear power plant accident on March 2011 has also
seriously affected Japan’s future energy plans. According to a government estimate, electricity charges would
double if nuclear power generation were abandoned, imposing a heavy burden on the Japanese economy. Japan is in need of energy policies designed on the basis of more far-sighted initiatives.
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1. JAPAN’S S&T BASIC PLAN AND GREEN INNOVATION STRATEGY
Japan has implemented 5-year Science and Technology (S&T) Basic Plans since 1995 in accordance
to its S&T Basic Law. Since the inception of the Second S&T Basic Plan, Japan has with some
success encouraged research and development (R&D) investment, increased competitive research
funding, and enhanced industry-academia-government cooperation. The Third S&T Basic Plan
emphasized the role of “wisdom,” implying a shift from “hard” into “soft” areas such as human resources. The Fourth S&T Basic Plan started in August 2011, tapping the two major innovation concepts Green Innovation and Life Innovation to lead the creation of new markets and jobs (Figure 1).
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FIGURE 1. Science and Technology Basic Plan in Japan
Aiming to be an advanced science- and technology-oriented nation
Science and Technology Basic Law (enacted in 1995)

1st & 2nd Basic Plan (FY 1996-2005)
• Increase in governmental R&D
expenditure
• Construction of new R&D system
-Doubling of competitive research funds
-Promotion of industry-academiagovernment collaboration
-Support plan for 10,000 post-doctoral
fellows (including PhD students)
• Three basic ideas
(i) Creation of wisdom
(ii) Vitality from wisdom
(iii) Sophisticated society through wisdom

3rd Basic Plan (FY 2006-2010)
• S&T Policy Goals
-Quantum leap in Knowledge Discovery &
Creation
-Innovator Japan
-Sustainable Development etc.
-Our focus for future: stronger
emphasis on the role of “Wisdom”
Nurturing creative S&T personnel
Further reform of S&T systems, leading
to higher performance irrespective of
Japan’s serious situation due to limited
resources

4th Basic Plan (FY 2011-2015)
• Science, Technology and Innovation
• Construction of new R&D system
-Green Innovation
-Regeneration from disaster For
Environment and Energy
-Life innovation
• Basic research and reinforcement to
foster S&T personnel
-Establish more than 100 research/
education centers within the world’s
top 50 citations ranking in individual
research areas
-Major enhancement of graduate school
education
Investment under the Basic Plan
Approx. 25 trillion yen
(Annual investment - over 4% of GDP,
Gov. investment - 1% of GDP)

Source: Council for Science and Technology Policy (CSTP, 2012)

According to the government’s 2010 “New Growth Strategy,” the government plans to create a new
market worth more than 50 trillion yen and create 1.4 million new jobs by 2020 through Green Innovation in the environment and energy sector.
Green Innovation policies for low-carbon power supply include: (1) R&D of renewable energy technologies involving solar, biomass, wind, geothermal, tidal, and wave power as well as small-scale
hydropower, (2) innovations for distributed energy supply systems including storage batteries, fuel
cells, hydrogen supply systems, superconducting power transmission, and smart grids and (3) promotion of higher efficiency and low-carbon generation in basic energy supplies including efficient
thermal power generation, efficient petroleum refining, R&D related to nuclear energy, and a zeroemission thermal power generation system that merges an integrated gasification combined cycle
and carbon capture and storage (CCS). The promotion of R&D related to nuclear energy in particular is mentioned briefly without details in light of the Fukushima nuclear accident.
Regarding efficient and smart use of energy in manufacturing sectors, the policy lists innovative
manufacturing processes in steel production, green sustainable chemistry, bio-refineries, and innovative catalyst technology. In the consumer (household and commercial) and transport sectors,
it mentions higher-grade insulation systems for houses and buildings, stationary fuel cells, more
efficient lighting, power semiconductors, next-generation heat pump systems, and next-generation
automobiles. For information and telecommunication technology, it promotes next-generation IT
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networks, further energy-savings for IT equipment and system components, and optimized control
of entire network systems.
Japan has traditionally led the world in energy-saving technologies but is now challenged with creating more efficient and lower carbon emission technologies for the mid- and long-term (Figure 2).
Consequently, the Japanese government launched the Advanced Low Carbon Technology R&D
Program (ALCA) in 2011. Japan’s research in this field includes solar cells, solar energy, superconducting systems, electric storage devices, ultra-heat-resistant materials, high-quality steel recycling,
and advanced biotechnology. The R&D period is up to 10 years with the budget ranging from 10 to
30 million Japanese yen per year.
FIGURE 2. Advanced Low Carbon Technology R&D Program (ALCA)
Advanced Low Carbon Technology R&D Program (ALCA )
• Purpose: Creation of Cutting Edge Technology to Realize a Low- Carbon Society over the World in Future
- Promote R&D, under competitive funding, of new, basic high potential scientific knowledge and discovery to realize continual and
steady reduction of greenhouse gas emission in the middle and long term. We expect to obtain the fruits of research that will lead to
		Green Innovations.
• Scheme
- ALCA provides funds to researchers at universities and other institutes.
- R&D period is maximum 10 years.
- ALCA proceeds the research project comprehensively from basic research to technology development for commercialization.
- Research funding for each R&D item is from 10M yen/Year to 30M yen/Year.
• Research Area
a. Solar Cell and Solar Energy System
b. Superconducting System
c. Electric Storage Device
d. Ultra Heat-Resistant Material and High Quality Recycling Steel. Biotechnology

Source: JST

2. FUKUSHIMA NUCLEAR ACCIDENT
At approximately 3 PM on March 11, 2011, a 15 meter-high tsunami wave caused by the Great East
Japan Earthquake (magnitude 9.0) overflowed the seawall of the Fukushima No.1 nuclear power
plant located 70 km east of Sendai city. The wave destroyed the seawall, which was designed to
withstand a tsunami wave of up to only 3 meters high, damaging the emergency power unit and
stopping the cooling system, initiating the meltdown of the nuclear fuels at 11 PM the same day.
Since returning, the cooling system has been in operation ever since in order to maintain the nuclear
fuels under stable conditions.

137

STI Policy Review_Vol. 4, No 1

TABLE 1. Nuclear Accidents at the Fukushima Nuclear Power Plant
Fukushima Daiichi Nuclear Power Plant (4696 MW)

Capacity (MW)
Operations
Started from
Status in
March 11
AC Power
Emergency power
Sea water
pump&Motor
Injection date of
water from line for
extinguishing fire
Hydrogen
explosion
Fuel in core

No.1 Unit

No.2 Unit

No.3 Unit

No.4 Unit

No.5 Unit

No.6 Unit

460
1971

784
1974

784
1976

784
1978

784
1978

1100
1979

Operation

Operation

Operation

Shutdown

Shutdown

Shutdown

Lost
Lost
Lost
Lost
Lost
Lost
Lost by tsunami
Lost by tsunami
Lost by tsunami
Lost by tsunami
Lost by tsunami
Safe
Broken by tsunami Broken by tsunami Broken by tsunami Broken by tsunami Broken by tsunami Broken by tsunami
March 12, 5:30

March 14, 19:54

March 13, 9:25

No

Hydrogen explosion No
March 12, 15:36

Hydrogen explosion Explosion
March 14, 11:01
March 15, 06:00

Meltdown

Meltdown

Meltdown

None

No

No

No

No

Safe

Safe

Source: TEPCO

There are several causes that led to the severity of the incident.
The first cause is how the Tokyo Electric Power Company (TEPCO) and the Nuclear and Industrial
Safety Agency (NISA) had recognized that the nuclear reactor cores could be damaged if a tsunami
higher than the ground level of the nuclear plant occurred, but no action was taken because of potential interference with plant operations. Second, guidelines from the Cabinet Office’s Nuclear Safety
Commission (NSC) stated that power companies need not consider a situation where all electric
power is lost for an extended amount of time, mainly because the probability was small and other
measures were in place. Third, despite how after the 9/11 terrorist attacks on the US the American
government had required power companies to prepare for the potential complete loss of electricity
supply, NISA did not adopt similar requirements.
In addition to these reasons, there was also a significant communication problem on the day of the
accident (Figure 3). The Fukushima site was in a blackout state and therefore accurate information
could not be gathered and transmitted to the NSC or the Prime Minister’s Office. Immediately after
the accident, Prime Minister Kan directed Haruki Madarame, Chairman of the NSC, to remain at his
side and explain the situation as it unfolded, despite how Madarame was an expert on nuclear heat
transmission and not nuclear reactors. For this reason, emergency meetings of the NSC were not
held on March 11th or 12th, the most critical time for halting the meltdown of nuclear fuels. It was at
that point that the NSC should have convened meetings in which experts on severe reactor-related
accidents such as Chernobyl and JCO could discuss how much time remained before meltdown
would initiate. In fact, melt-down at the No.1 reactor began as early as 11.00 p.m. March 11th, so
any such meeting might have taken place too late for experts to come up with counter measures.
But it is regrettable that the NSC with all of its available resources did not attempt to prevent the
meltdown. This shows the importance of maintaining communication between political leaders and
researchers not only during unexpected events but also during normal times.
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FIGURE 3. Communication Flow During the Fukushima Nuclear Accident on March 11, 2011
Communication of Nuclear Accident Information
Prime Minister’s Office

Nuclear Safety Commission NSF

Nuclear and Industry Safety Agency

TEPCO, HQ
TEPCO Fukushima No.1 NPP

Source: Wada (2012)

More than 19,000 people died in the earthquake and tsunami while approximately 400,000 people
were evacuated from their homes owing to the nuclear meltdown. The amount of radioactive materials released at Fukushima was one order of magnitude lower than that at Chernobyl and no deaths
due to radiation have been confirmed so far. Table 2 shows a comparison between the incidents of
Fukushima and Chernobyl.
TABLE 2. Comparison Between the Fukushima and Chernobyl Incidents
Comparison of Fukushima and Chernobyl Incidents
Category

Fukushima Daiichi

Chernobyl

Date of accident
Accident details
		
		

March 11, 2011
A 9.0-magnitude earthquake and resulting tsunami
damaged the plant’s power systems causing the
cooling systems to fail. A series of gas explosions
followed.
Level 7 - major accident
Boiling water reactors. Unlike at Chernobyl, the
containment vessels at Fukushima remained intact.
Also, unlike Chernobyl, the reactors at Fukushima do
not have a combustible graphite core.
570,000 terabecquerels, estimated by Nuclear Safety
Comission
No deaths reported so far due to radiation

April 26,1986
A sudden power output surge during a systems test
caused a reactor vessel to rupture leading to a series
of blasts. An intense fire burned for 10 days.

Severity rating
Type of reactors
		

Radiation eleased
Related deaths
Long-term health damage
		

Source: MEXT
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Not yet known, but risks to human health are thought
to be low.		
		

Level 7 - major accident
Graphite moderated boiling water reactor. The
graphite made it highly combustible. The reactor also
had no containment structure and nothing stopped
the trajectory of radioactive materials into the air.
5.2 million terabecquerels
A UN report places the total confirmed deaths from
radiation at 64 as of 2008.
Among the residents of Belarus, the Russian
Federation and Ukraine, more than 6,000 cases
of thyroid cancer were reported in children and
adolescents up to 2005.
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Owing to expected power shortages after the March 11 disaster, a 15% electricity cut was mandated
in the Tokyo and Tohoku regions for 2011. Business and home users received official instructions
for electricity saving measures. All nuclear power plants were stopped for safety checks in April of
2012, and only a few have restarted since July 2012. As a result, mandated electricity cuts from 3%
to 10% were put in place last summer in some regions where a large percentage of the energy came
from nuclear power plants. In the end, the Japanese managed to achieve a 20% electricity cut thanks
to the combined efforts of factory operators and home users, much of the trimmed excess being
thought to come from Japan’s illumination, the quantum consumed per capita of which before the
incident is said to have been about 40% more than Europe (Photo 1). The employees of major factories also had to work weekends and rest on weekdays in order to avoid electricity shortages during
the working week, a move that significantly affected business communications.
PHOTO 1. Lighting in Japan in 2010
Quantum of light such as illumination used by one person
in Japan is about 40% more than that in Europe.

(NASA)
Source: NASA

3. FUTURE ENERGY POLICY

3.1. Political Factors
Figure 4 shows the change of opinion among Japanese people on the future use of nuclear energy
after the Fukushima nuclear accident. Nine months after the accident, NISTEP carried out a survey
that was then compared to a similar survey conducted in 2007 by the Japan Productivity Center.
The proportion of those promoting nuclear energy decreased, while the proportion of those decreasing or stopping nuclear energy largely increased.
FIGURE 4. Change of Opinion Among Japanese People Regarding the Future Use of Nuclear Energy After the
Fukushima Nuclear accident.

2011(n=768)

3.4
22.9

9.9

36.8

18.6

5.4

2007(n=2,499)

8.3
2.4

27.5

30.5

18.7

15.4

Promote positively

Decrease numbers

Promote deliberately

Stop all nuclear

Maintain the present

No concern

0%		20%		40%		60%		80%		 100%
Source: NISTEP, 2010
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Figure 5 shows the results of the survey on nuclear power plants conducted by the major newspaper
Asahi Shimbun during their exit polls for the Lower House elections in December 2012. There are
also indications that the majority of the Japanese hope to gradually decrease the number of nuclear
power plants. However, it is debatable whether a sufficient number of people understand the risks
of a zero nuclear policy such as unemployment and poverty, and would be willing to undergo the
hardships involved.
FIGURE 5. Survey Results of Nuclear Power Plants Conducted During the Exit Polls of the Lower House Election
(December, 2012 Asahi Shimbun)

Survey of Nuclear Power Plant at Lower House Election
by Asahi Shimbun(n= 438,317) (December 2012)

7%

14%

15%

Nuclear Zero immediately
Nuclear Zero gradually
No Nuclear Zero

64%

Othres

Source: Asahi Shimbun

The new ruling coalition that came into power after the December 2012 election is discussing ways
to reduce the country’s reliance on energy from nuclear power plants. However, the specific targets
and schedule remain undecided. The government states it will take sufficient consideration into
the matter and will examine cheap and stable electricity supplies, risk in the supply of fossil fuels
worldwide, and progress in nuclear safety technology.
3.2. Post-Fukushima Nuclear Policy and Alternate Energy Sources
Recently, the Nuclear Regulation Agency (NRA) started to discuss new regulations and conditions
in restarting nuclear power plants in Japan. These include building a crisis-response building with
a quakeproof design and a backup control room to be used in the event that the main control room
cannot be used, for example during large-scale disasters or terrorist attacks. Power companies will
need to look into records of tsunamis known to have struck areas where plants are located and specific mandatory safety measures will be imposed on the basis of the examinations, such as the construction of seawalls. Power companies will also have to look closely for any possible active earthquake faults beneath the facilities. In addition, boiling water reactors (BWRs) such as the crippled
reactors at the Fukushima No. 1 nuclear power plant will require filtering vents that can discharge
steam while removing radioactive substances.
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In 2012, the government estimated for the future cost of power generation (Figure 6) has nuclear
power costs increasing from 5.9 yen/kWh in 2005 to 8.9 yen/kWh, with accident risk costs and
higher fuel prices as driving factors. The estimates also covered the maximum and minimum costs
of wind, geothermal, and solar power.
FIGURE 6. Estimates of the Future Costs of Power Generation
JPYen/kWh

50
45
40

45.8

2010
2030

38.9
36.0

35
30

30.1

26.4

25
20

17.3 17.3
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10

8.9

8.9

10.7 10.9

11.6 11.6
9.9

5

8.8

9.2

9.2

12.1

0
Nuclear

LNG

Oil

Wind

Geothemal
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Source: Government Panel for a new energy strategy

In June 2012, the government presented three options for an energy strategy for 2030 (Table 3) on
the basis of the cost estimates of future energy shown above. In Option 1, the proportion of energy
from nuclear power plants in the total electricity supply is 0%. In Options 2 and 3, the proportion is
15% and 20–25%, respectively. Originally, the government had an energy policy in which 45% of
the total electricity supply in 2030 would come from nuclear power plants. While Japan has tried
to reprocess all spent fuel from nuclear power plants as part of a nuclear fuel cycle policy, all spent
fuel would be disposed on land in Option 1, whereas Options 2 and 3 would involve a mixture of
reprocessing and disposal.
With the decrease in nuclear power output, the cost of importing fossil fuels and implementing
renewable energy such as solar power and wind power will affect GDP and household electricity
costs. A decrease of up to 9% in GDP and an increase of 20% to 105% in household electricity costs
are predicted. Greenhouse gas emissions will decrease by 23–25% owing to energy-saving efforts
and the decrease in GDP. In Options 1 and 2, increased use of fossil fuels would result in higher
emissions of greenhouse gases than in Option 3. The government held public meetings and open
discussions on the issue but could not decide on any one option.
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TABLE 3. Options for 2030 Energy Policy
Options for 2030 Energy Policy
Percentage of Nuclear
Energy

Spent Fuel from Nuclear Electricity cost per
Power Plant
month for a home

Emission of Greenhouse Impact on GDP
Gas (cf. 1990)

Present

26% in 2010

Reprocessing only

10,000 Japanese Yen

-4.1% in 2009
(1.21 billion ton)

507 trillion
Japanese Yen in 2011

Option 1

0% in 2030

Land Disposal only

14,000–21,000
Japanese Yen

-23%

-8 to 45 trillion
Japanese Yen

Option 2

15% in 2030

Reprocessing & Land
Disposal

14,000–18,000
Japanese Yen

-23%

-2 to 30 trillion
Japanese Yen

Option 3

20–25% in 2030

Reprocessing & Land
Disposal

12.000–18,000
Japanese Yen

-25%

-2 to 28 trillion
Japanese Yen

Source: Government panel for a new energy strategy

An important factor to consider is the recent progress in shale gas technology. Shale gas was previously difficult to mine, but technology for breaking down the hard, deep-strata bedrock using water
pressure became viable in 2005. As a result, production of shale gas sharply increased in the US to
the extent that by 2009, the country had overtaken Russia as the world’s leading producer of liquefied natural gas (LNG). Shale gas is widely distributed in North America, Europe, China, and Australia. Japan is already the world’s largest importer of LNG and is planning to increase LNG imports
from the US. There is likely to be a number of years before the full-fledged utilization of renewable
energy sources such as solar and wind power is realized, and so in order to bridge the gap between
nuclear and renewable power, thermal power and LNG should be considered possible resources, the
latter for its relatively smaller combustion of CO2 compared to heavy oil or coal combustion.
In July 2012, the government decided on fixed purchase prices for electricity generated by renewable energy (Table 4). This is a new system that obliges electric power companies to purchase renewable energy at fixed prices, a system introduced in July 2012 (for example, the purchase price
of electricity generated by solar power is 42 yen/kWh, as requested by renewable energy producers). At present, only 1.2% of electricity is produced from renewable sources and the new purchase
system is one of the government’s incentives towards raising this percentage. It is argued, however,
that an increase in power generated from renewable energy sources might result in a hike in electricity prices because electric power companies are allowed to add purchase costs. Germany, which
introduced a similar system before Japan, has doubled its household power charges with the increase of renewable energy purchased. The cost of buying renewable energy in Japan is about twice
as high as that of Germany, resulting in an even higher cost burden for industries and families.
The rise in electricity cost also need to be considered. If electricity costs increase and the Japanese
yen strengthens, more factories will transfer abroad. In fact, the overseas production rate of Japanese companies increased from 23% (in 2000) to 31.8% (in 2010). Estimates suggest that for every
percentage of increase in the overseas production rate, the number of employees in domestic industries decreases by 280,000.

143

STI Policy Review_Vol. 4, No 1

TABLE 4. Fixed Purchase Cost of Renewable Energy
Fixed purchase cost of renewable energy (per kilowatt-hour) (July, 2012)
Power sources

Purchase prices

Purchase prices requested by industry

Large-scale solar power

¥42

¥42

Wind power

¥23.1

¥22-25

Small wind power

¥57.75

¥50-55

Geothermal power

¥27.3 (above 150 MW)

¥25.8 (at about 30 MW)

Small or midsize water power

¥25.2-35.7

¥24-34.06

Biomass

¥13.65-40.95

¥14.5-39

Source: METI

3.3. German Case
A few major countries such as Germany and Switzerland are beginning to make movements towards zero-nuclear energy. In the aftermath of the Fukushima nuclear incident, the German government decided to shut down all German nuclear power stations by 2022 (Figure 7 shows the composition of electric power generation in Germany). 22% of the total power generation by nuclear
energy is to be replaced with energy imports from foreign countries. Germany intends to keep the
commitment to reduce CO2 emission by a large percentage. Notably however, imported nuclear energy (mainly from France) is counted as zero emission energy.
In Germany, renewable energy increased from 6.7% in 2001 to 17.1% in 2010 (Figure 8). The
number of jobs in renewable energy reached 367,000 in 2010, which is 2.3 times higher than that in
2004. This encompasses 121,000 jobs in solar energy, 96,000 in wind energy, 13,000 in geothermal
energy, and 7,600 in hydro energy (Table 5). This job increase trend in renewable energy was one
of the factors that influenced the government to take on a non-nuclear policy in 2012. However, it
has resulted in some negative effects such as sharply increased financial burdens on households because of higher electricity bills and the bankruptcy of German solar panel makers overwhelmed by
an influx of lower-priced Chinese products.
FIGURE 7. Electric Power Generation in Germany

Natural gas,
14%

Solar, 2.0%

Nuclear,
22%

Hydro, 3.2%
Biomass, 5.6%

Lignite,
24%

Renewable,
17%

Renewable Energy
Wind, 6.2%

Coal
19%
Others, 5%

Source: JST
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FIGURE 8. Renewable Energy in Germany
Electricity Generation by Non Hydro Renewables in Germany
billon kmh
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Source: Federal Ministry for Nature Conservations and Nuclear Safety, Development of Renewable Energy Sources in Germany 2011

TABLE 5. Number of Jobs in Germany
Number of Jobs at Each Year
Biomass

2004
56,800

2007
119,500

2009
128,000

2010
122,000

Solar

25,100

49,200

80,600

120,900

Wind

63,900

85,700

102,100

96,100

Geothermal

1,800

10,300

14,500

13,300

Hydro

9,500

8,100

7,800

7,600

Other Renewables

3,400

4,500

6,500

7,500

Total

160,500

277,300

339,500

367,400

Source: Federal Ministry for Nature Conservations and Nuclear Safety, Development of Renewable Energy Sources in Germany 2010

3.4. The Cost of Replacing Nuclear Energy
Replacing nuclear power with renewable energy sources would cost the nation more than 100
trillion yen according to a government estimate. This would have to be funded either by higher
electricity rates or more taxes. In 2012 with two reactors idle and all others active, Japan narrowly
averted power outages by mobilizing all thermal power stations available including a number of
outdated ones. The result was an increase of 3 trillion yen in the year’s fuel costs of LNG and other
fuels for power generation.
A severe accident like the one at Fukushima has to be avoided at all cost. However, if Japan changes
track and breaks away from nuclear power, the resulting electricity shortage would seriously affect
the economy and people’s lives. According to a government estimate, electricity charges would
double if nuclear power generation were abandoned. This would impose a heavy burden on both
business and household finances. If nuclear reactors cannot be restarted within the 2013 fiscal year,
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TEPCO and other utilities will likely be forced to further raise power rates. An employment crisis
caused by subsequent mass bankruptcies and closures of smaller companies is becoming an ever
more realistic prospect. Low-income households have little scope for reducing their electricity use
because they already have been undertaking power-saving efforts. It should be noted that a policy
of no nuclear power would affect the weakest members of our society the most.
The expectation that renewable energy can become a major power source and replace nuclear
power is not backed by sufficient evidence. Furthermore, the electricity produced by these energy
sources is expensive and is unstable owing to its reliance on weather conditions. Especially problematic is the system introduced in July under which the government obliges power companies to
purchase renewable energy at fixed prices. The system is intended to encourage the spread of renewable energy and indeed, solar power output has increased under the new system. However, the
system imposes additional burdens on consumers as their increased electricity bills cover the power
companies’ cost of purchasing renewable energy.
Japan’s energy self-sufficiency stands at just 4%, making it unrealistic as a nation to immediately
abandon nuclear power, which supplies about 30% of the nation’s electricity. In addition, the zero
nuclear power policy has puzzled certain parties, as it appears to contradict the government’s stance
of simultaneously promoting the nation’s nuclear fuel recycling program. Such spent nuclear fuel,
if unused for power generation purposes after being reprocessed, could also be amassed increasing Japan’s stockpile of plutonium, a material that can be diverted for the production of nuclear
weapons. This could raise concern regarding the peaceful use of nuclear energy and nuclear nonproliferation. In addition, it is important to secure talented people who can contribute to the safety
of nuclear power. If experienced employees in charge of fieldwork management at power suppliers
and their related companies leave their jobs, the smooth restart of idled reactors would be hindered.
Unless the government shows a clear future vision on nuclear power, such as whether to continue
with Japan’s program to recycle spent nuclear fuel, the number of people who aspire to work in the
nuclear sector will eventually dwindle. This would lead to difficulties in maintaining the nation’s
nuclear power technologies and passing them down to future generations. Moreover, it would make
it increasingly unlikely that Japan would resolve the long-standing issue of disposing spent fuel.
A better way for Japan to contribute to the international community is to refine its nuclear technologies to build power plants more resistant to not only natural disasters but also accidents and terrorist
attacks. An increasing number of emerging economies have started nuclear power generation or are
increasing their number of nuclear power plants (Figure 9).
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FIGURE 9. Electric Power Generation in the World
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3.5. International Framework of CO2 Emissions
As for a strategy for a new CO2 global framework, it is vital to obtain participation of all principal
emission-producing countries, including China and the US, which are the two biggest emitters.
Japan attended the COP18 without changing its commitment to “reduce emissions by 25% by 2020
compared with the 1990 level,” but did not present any clear plans to achieve this. The 25% reduction was abruptly announced three years ago by then Prime Minister Yukio Hatoyama. He made the
pledge on the premise that a reasonable framework would be formulated with the participation of
the main emission-producing countries and the achievement of this goal was premised on construction of additional nuclear power stations, which produce no CO2. But in the wake of the crisis at
Fukushima, it is difficult to foresee the construction of new nuclear plants for the time being.
Moreover, restarting suspended nuclear reactors was made difficult under the administration of
Prime Minister Yoshihiko Noda, who has put forth a policy of ending reliance on nuclear power
generation by the 2030s. While little progress has been made to reduce greenhouse gas emission,
the ratio of electricity produced at thermal power stations, which produce a large amount of CO 2,
has been rising significantly. COP18 agreed to extend the Kyoto Protocol, which was to expire this
year, until 2020. Without making any commitment for the extended period, Japan will proceed with
emission cuts voluntarily until a new framework takes effect.
The new government needs to set a realistic target for emission cuts to replace the current one and
must redefine its international negotiations strategy on the matter.
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4. SCIENCE AND TECHNOLOGY FORECAST ON GREEN INNOVATION
S&T foresights have been carried out every five years since 1971 in Japan. In the ninth survey report that came out in July 2010, 2900 Japanese experts from each field gave their predictions for
the next thirty years pertaining to 832 S&T topics (Figure 10). The results of the 9th S&T foresight
survey was used to create a draft of the Fourth S&T Basic Plan, initiated in 2012.
FIGURE 10. Science and Technology Foresight in Japan

Development of S&T Policy
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• B ottom-up decision making
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The 7th Technology Foresight
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The 8th Technology Foresight

Delphi

1990s

Delphi
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S&T Basic law

• Transition phase
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1996-2000
The 1st S&T Basic Plan

2000-

Central Government reform
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Delphi
Delphi

2006-2010
The 3 S&T Basic Plan

2011The 4th S&T Basic Plan
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Delphi
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rd

Political Shift

Delphi

Innovation 25

Multi-methodology
With Review Program

2010
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Source: NISTEP 2010

The S&T foresight surveys use the Delphi method originally developed by the RAND Corporation
for aggregating expert opinions. They utilize an opinion survey of a large number of experts and
repeat it twice in order to converge the opinions of experts for long-term foresights on S&T.
For the ninth Delphi survey, researchers established twelve interdisciplinary technological subcommittees and four groups (security, safety, international cooperation, and international competition).
The four groups carried out interdisciplinary discussions involving members of the humanities and
social sciences, setting out 832 topics (Figures 11 & 12).
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FIGURE 11. Subcommittees for the 9th S&T Forecast
The 9th Delphi Survey
Coupling and mixing two types of interdisciplinary subcommittees
that extend beyond existing fields

+

Discussion by 4 Targets

12 Interdisciplinary Subcommittees

Cross-Field Discussion of Science and Technology

Interdisciplinary Discussion,
Including Members of Humanities
and Social Sciences

Discussion by target

Interdisciplinary Discussion across Fields
NO.1

NO.1

.....

NO.12

Security
Safety
(Int’l) Cooperation
(Int’l) Competition
Topics

Region

Source: NISTEP 2010

FIGURE 12. Targets and Technological Themes for 9th S&T Forecast
Dephi Survey - Targets and Technological Themes
No

Technological theme

Technological theme

Target
Safety
Security
(Int’l)Cooperation
(Int’l)Competition

1

Fully utilize electronics, communications
technology, and nanotechnology in a
ubiquitous society

7

Handle all kinds of necessary resources,
including water, food, and minerals

8

2

Expand the scope of discussions on
information processing technology to
the media and contents

Develop technology to preserve the
environment and build a sustainable
recycling society

3

Link biotechnology and nanotechnology, to
contribute to human quality of life

9

Develop fundamental technology concerning
substances, materials, nanosystems,
processing and measurement

4

Make full use of IT to realize people's
lives more healthy, with highly advanced
medical technology

10

5

Use science and technology to help people
understand the dynamism of space and
the earth and expand the human sphere of
activities

Develop manufacturing technology to
comprehensively support the development
of industry, society, and science and
technology in general

11

Place overall subject matters under stricter
management, due to advancements in
science and technology

Make diversified changes in energy
technology

12

6

Source: NISTEP 2010
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Create infrastructural technologies to
support infrastructural and industrial bases
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A total of 72 R&D items were surveyed using the Delphi method in the energy field. Table 6 lists
the top ten most important R&D items in this field along with each item’s technological and social
realization time. The most important item is decommissioning technology and the second one is
obtaining solar batteries that have more than 20% efficiency. The others are next-generation highefficiency lighting, fast breeder/fuel cycle technology, secondary battery for automobiles, disposal
of high-level waste, heat pumps for houses, next-generation LWR, new material for batteries, and
combined-cycle power generation. More than 400 experts from the energy field answered the Delphi questionnaire.
TABLE 6. Important R&D Items in the Energy Field
Important R&D Items in Energy Field (Top 10)
R&D Item

%

Technological Social
Realization
Realization

Safe and rational decommissioning technology of commercial LWRs
Wide-area thin solar battery with more than 20% efficiency
Next-generation high-efficiency lighting with more than 150lm/W (LED, organic EL, etc.)
Fast-breeder reactor cycle technology
Low-cost secondary battery for automobiles ( >100 Wh/kg, >2,000 W/kg, <\30,000/kwh, )
Land-disposal technology of high-level radioactive waste
Super-high-efficiency heat pump for houses (COP > 8 for AC, COP > 6 for boiler)
Next-generation light water reactor technology ( more than 5% LEU fuel, plant life of 80 years)
New material technology with higher energy conversion efficiency than Si/Ga-As batteries
Large-scale combined-cycle power generation using high-efficiency gas turbine ( >1,700℃)

100
98.9
98.6
97.7
97.7
96.9
96.9
96.8
96.8
96.6

2020
2019
2018
2029
2019
2022
2017
2026
2021
2018

2028
2027
2023
2038
2025
2034
2022
2034
2029
2025

Source: NISTEP 2010

Figure 13 shows the estimated technological realization times and social realization times in the
energy field. For example, the first item shows the estimated average times for technologies that
use advanced nuclear energy. Low-carbon vehicles will be realized after 2030 socially, and nuclear
fusion will be realized after 2050.
Figure 14 shows the results of forecasting realization times and social realization times in the resource and environment fields. CCS technology will be realized around 2030. The transport of
space resources will be realized after 2030.
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FIGURE 13. Technological Realization Times and Social Realization Times in the Energy Field
Technological Realization Times and Social Realization Times
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Source: NISTEP 2010
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FIGURE 14. Technological Realization Times and Social Realization Times in the Environment Field
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Source: NISTEP 2010
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Figure 15 is an example image of better life around 2025 on the basis of the results of the 9th Delphi Survey. Electric vehicle battery technology with high energy is to be realized around 2025. The
expansion of residential energy systems that integrate renewable energies from sources such as
solar cells and fuel cells is predicted for around 2019. Construction technology for energy-autonomous buildings enabling the use of natural energies, natural ventilation, natural lighting, rainwater,
groundwater, and other natural resources will be realized in 2020. Next-generation energy transmission and distribution network technology that enables stable, low-cost, and low-carbon power
supply through the optimal management of the supply-and-demand balance of large power supplies by utilizing information and communications technology will be realized in 2025. It is also
predicted that people will selectively use various energy sources on the basis of their own values
and will actively participate in activities related to preventing global warming and environmental
protection.
FIGURE 15. An Example Image of a Better Life Around 2025 Based on the Results of the 9th Delphi Survey
Illustration of Better Life around 2025, Based on the 9th Delphi Survey*
People will use a variety of energy sources selectively, based on their own values; they will actively participate in activities related to environmental protection and the prevention of global warming.
Microgrid technology that optimizes power supply through distribution power network communication,
control and management technology, and telecommunications(2020)
Next generation energy transmission and distribution network technology enabling stable, low-cost and
low-carbon power supplies, through the optimal management of the entire supply-and-demand balance of
large power supplies, by utilizing information and communications technology (ICT).(2025)
A high-quality electricity supply system where natural energy sources are sufficiently utilized .(2026)

New technology for vegetation regeneration in deserts.
(2029)
Improvement of quality of life
for inhabitants of desert and
semiarid areas based on the
promotion of land use techniques that secure adequate
food production.(2030)

A supply-and-demand
control system for customers
and a distribution
system by using batteries
for Plug-in Hybrid Electric
Vehicles (V2G).(2022)
A micro turbine cogeneration
system featuring ultra-lean
combustion for high efficiency, enhanced pressure
ratio for high power and
downsizing, and low-NOx
combustors.(2023)
Spread of a residential
energy system integrating
renewable energies such
as solar cells and fuel cells.
(2019)
Construction technology
for energy-autonomous
buildings enabling the use
of natural energies, natural
ventilation, natural lighting,
rainwater, groundwater and
other natural resources.
(2020)

*Figures in parentheses show years
when experts predict that technology
will be applied in the real world.

A large-scale thin-film
solar cell with a conversion
efficiency of 20% or higher.
(2027)
Power generation technology
based on one of the ocean
energy resources.(2030)

Low-cost secondary cells
for vehicles (2025)

Electric vehicle battery technology with high energy (2025)

Successive contactless charging technology that charges
electric vehicles and/or hybrid vehicles when they are parked
at public parking lots and/or stopped on roads and at intersections.(2023)

Promotion of vehicles that control the speed and operation of the engine to minimize fuel consumption by detecting the timing of traffic signals, as well as a traffic
control system enabling the operation of such vehicles.(2025)

Source: NISTEP 2010
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5. SMART COMMUNITY DEMONSTRATION PROJECTS IN JAPAN

5.1. Energy Conservation in Japan
When it comes to energy conservation, Japan has developed advanced technologies to reduce energy consumption and attained the lowest CO2 emissions per GDP in the world. Since the oil crisis in
the 1970s, Japan has developed some of the world’s most leading-edge energy-saving technologies.
It is estimated that Japan’s cost for reducing one additional ton of CO2 emissions is much higher
than that of China or the US, in other words about 40 times more than China’s and several times
that of the US’s (Figure 16).
FIGURE 16. CO2 EMISSIONS COMPARED TO GDP
Expanding Advanced Technologies to Reduce Global Emissions
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Source: IEA, “CO2 Emissions from Fuel Combustion 1971–2005”

An energy-efficient process of steelmaking is shown in Figure 17 as an example of energy-saving
effort in the industry sector. The figure compares energy consumption per unit production in steelmaking among major countries. Japan has attained the most energy-efficient process in steelmaking
in the world.
Energy-saving efforts also continue in the domestic sphere. Table 7 is a five-year comparison of annual power consumption of major electric appliances for a standard dwelling (3LDK). Five years
ago, the total consumption averaged 6,800 kWh. This figure has now decreased to 3,800 kWh or
around 56% of the earlier total.
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FIGURE 17. Energy Consumption/Unit Production in Steelmaking in 2000
Energy consumption/unit productionin steelmaking in 2000 (Japan = 100)
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TABLE 7. Annual Power Consumption at a standard house (3LDK) in Japan
Annual Power Consumptionat a standard house (3LDK) in Japan
Latest model

5 years ago

Lighting

432 kWh

1,646 kWh

Air conditioner (L) x 1

1,255 kWh

1,336 kWh

Air conditioners (S) x 2

1,520 kWh

1.800 kWh

Refrigerator x1

230 kWh

830 kWh

Washing Machine x 1

243 kWh

894 kWh

Personal Computers x 2

12 kWh

44 kWh

Televisions x 2

90 kWh

234 kWh

TOTAL

3,782 kWh

6,784 kWh

Source: Wada (2012)

5.2. Smart Community Demonstration Project
The concept of smart cities is attracting attention from a number of municipalities and industries
(Figure 18). In a smart city, energy demand and supply are controlled by a data center called the
Cluster Energy Management System (CEMS). In homes, a Home Energy Management System
(HEMS) controls LED lighting and energy-efficient electric appliances. Building Energy Management Systems (BEMS) control buildings, schools, and stores. Electric cars are charged at electricity
service stations or at homes. Energy supply systems are connected to solar batteries, storage batteries, and electric vehicles in addition to the main grid.
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What is important here is the “visualization of electricity use” by HEMS, BEMS, and CEMS. In
these scenarios, all users understand the electricity demand and supply situation in the local community. The smart city concept is becoming popular in Asian countries, especially in China, where more
than 300 cities have been planned under the philosophy of low-carbon energy use (sheng tai cheng).
FIGURE 18. Image of Smart City
Smart Building

Next Generation SS
Data Center

Smart Meter

Smart Charge
Smart House
Smart School

Smart Store

Source: METI

Smart community demonstration projects were launched in 2011 at Yokohama, Toyota, Keihanna,
and Kitakyushu, as shown in Figure 19. Each demonstration project has a dedicated promotional
budget ranging from 10 to 15 billion yen over five years. Each city has different characteristics with
respect to the use of clean energy. Research results from these demonstration projects shall be utilized nationwide and will be shared with smart cities in Asia and other regions.
FIGURE 19. Four Smart Community Demonstration Areas
Four Smart Community Demonstration Areas in Japan
Kitakyushu City
Industrial city type
Demonstration of area management of energy
including 5MW solar power, hydrogen energy,
smart grid.
Participants: Kitakyushu City, Nippon Steel corporation, Japan IBM, Fuji Electronic Systems

Toyota City
Local city based on everyday living
Effective use of energy including low-carbon transportation system (
3100 next generation vehicles),
Participants: Toyota City, Toyota, Denso, Chubu Electric Power, Toyota
Home, Fujitsu, Sharp, etc.
Yokohama City
Major city, large- scale
27 MW solar power, 4,000 smart houses, 2,000 next generation vehicles
Participants: Yokohama City, Accenture, Toshiba, Nissan Motors, Panasonic, TEPCO, Tokyo Gas, Meidensha
Keihanna Eco City
Academic Research Town based on new technologies
Demonstrations of technologies for visualization of energy and energy
control in each home and building
Participants: Kansai Science City, Doshisha Urban City Commission,
Kansai Electric Power, Osaka Gas, etc.

Source: METI
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Kitakyushu in the south is considered the most advanced of the smart cities in Japan. It plans to
conduct a wide range of demonstrations in the areas of communications, building, transportation,
and lifestyle to bring awareness to its citizens about smart use in electricity. Kitakyushu City, Shinnihon Steel, IBM Japan, Fuji Electronics and 49 other companies are participating in this project,
which will see 16.3 billion Japanese yen invested over five years from 2010 to 2014.
Its basic concept is that each office and home participates in the project and considers smart uses
of local energy. A smart meter is installed at each office and home. The HEMS, BEMS, and FEMS
(Factory Energy Management System) control for optimum electricity usage in homes, businesses,
and factories, respectively. These in turn are connected to the CEMS that optimizes local use of energy (Figure 20).
Solar power and hydrogen fuel cells have been introduced in apartments, demonstration houses,
and museums (Figure 21). Energy management systems are being introduced in some homes, offices, and other buildings, and the implementation of these systems is expanding.
FIGURE 20. Energy Management Plan at Kitakyushu Smart Community
Kitakyushu Smart Community Project (Energy Field)
CEMS

Cogeneration System

[Smart Meter]
Receiving the notice of electricity cost
and sending electricity consumption

Storage
battery

[CEMS]
(Cluster Energy Management System)
Connected with renewable energy,
BEMS, HEMS, Electricity Grid, and IT
network
- Optimized control of local energy

Solar Power

IT Network

Building

Home

BEMS/FEMS

BEMS

Smart Meter
Home Display

Load
Air Conditioner
Illumination

Storage

Power
Generation

Load
Air Conditioner
Illumination

Storage

Power
Generation

[BEMS]
(Building and Energy Management
System)
Controlling energy usage in buildings
automatically, connected with CEMS
[FEMS]
(Factory Energy Mamagement System)
Maintaining stable electric supply to
factory, connected with CEMS and its
own renewable energy

Source: Kitakyushu City
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FIGURE 21. Progress of Kitakyushu Smart Community Project
Progress of the Project ( Renewable Energy )
(As of February, 2012)

Apartment Building, Dormitory

[Apartment]
Solar Power 170kW
HEMS
Smart Meter

Hydrogen demonstration house

[Dormitory]
Solar Heat System
Geothermal System
BEMS

Fuel Cell 1kW X 7
Solar Power 3kW
Storage Battery 3kW

Hospital

Solar Power 10kW
Wind Power 3kW
BEMS (2012)

Eco-museum, Eco-house

Solar Heat System
BEMS

Tenant office Building (CEMS)

Solar Power 6kW
Wind Power 3kW
Storage Battery 1kW

History Museum

Solar Power 160kW
Fuel Cell 100kW
Storage Battery 120kW
BEMS (2012)

Source: Kitakyushu City

Dynamic pricing of electricity has been introduced to save energy and mainly involves (1) prediction of renewable energy power production and electricity consumption in advance, (2) a temporary increase in electricity price during hours of energy shortage (during which smart meters would
recommend raising the target temperature in air conditioners by one degree), and (3) reducing the
electricity price temporarily during the hours when electricity use is recommended owing to the
expected increase of power production from solar energy (the smart meter recommends using a
vacuum cleaner and washing machine) (Figure 22).
FIGURE 22. Dynamic Pricing System
Demonstration of Dynamic Pricing
Cost

Hours during which using electricity is recommended
due to lot of solar power generation

temporary
price cut

Basic Pricing

Hours during which using electricity is not
recommended due to lot of energy demand

temporary
price increase

Daily Pricing
To determine the next day’s cost according to the demand forecast.
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1

Source: Kitakyushu City
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Toyota City, headquarters of Toyota Motors, is also planning to build a smart community composed
of smart houses and next-generation cars. Toyota Motors is the main supporter of this demonstration project, with twenty-six other companies and organizations involved in its promotion (Figure
24). Toyota provided plug-in hybrid cars and electric vehicles to each home, recommending they be
recharged during hours when electricity consumption is low, aiming for equalization between electricity supply and consumption (Figure 23).
FIGURE 23. Equalization Between Electricity Supply and Consumption
Change of Electricity Consumption at Home
Supply of Electricity
from Renewable Energy
Recharging
Vehicles

Demand

Shift to hours while
consumption is low

Electricity Consumption at Home
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(Toyota)

Source: Toyota

A point incentive system was also introduced. When there are surplus points, electricity is used for
recharging vehicles or charging storage batteries. When the point balance is negative, the storage
batteries are recharged (Figure 24). Food and household goods can also be bought from the market
using these accumulated points.
FIGURE 24. Point Incentive System
Point Incentive System
Getting plus points when energy demand is low

Use/Save electricity
when point is plus

Getting minus points when energy demand is high

Use saved electric
power when point is
minus

Source: Toyota
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The following are comments from a survey of the residents of these smart houses.
• “The entire family has started taking measures to save energy.”
• “It was difficult at first, but we have a deeper understanding and interest in energy since
starting to use the system.”
• “This system optimizes energy utilization and therefore we can work on saving energy without much effort.”
The new energy management system introduced at home is generally thought not to have imposed
a heavy burden on residents, and it is expected to expand to the entire city in the near future.
6. CONCLUSION
Accidents as severe as the one at the Tokyo Electric Power Co.’s Fukushima No. 1 Nuclear Plant
need to be prevented. However, if Japan, as a nation with scarce energy resources, moves away
from nuclear power, the resulting electricity shortage would seriously affect the economy and
people’s daily lives. Of Japan’s fifty nuclear reactors, only two were generating power as of March
2013. While no major blackout occurred during the time the reactors have been offline, the general
power supply remains at risk. Aging thermal power generation facilities have been fired up to compensate for the idled nuclear reactors, increasing the cost of LNG and other fuels by 3 trillion yen
per year.
According to a government estimate, electricity charges would double if nuclear power generation
were abandoned. This would impose a heavy burden on household finances. Low-income households have little scope for reducing their electricity use because they are already undertaking power-saving efforts. The expectation that renewable energy such as solar and wind power can become
a major power source and replace nuclear power is not backed by sufficient evidence. Further, the
electricity produced by these energy sources is expensive and unstable because of its reliance on
weather conditions.
A system introduced in July 2012 enables Japanese power companies to purchase renewable energy
at fixed prices. A similar system previously introduced in Germany ran into in certain issues. Power
charges for households have doubled owing to the escalating cost of purchasing renewable energy.
The cost of buying renewable energy in Japan is already about twice that of Germany. The Japanese
government needs to reconsider purchase prices to prevent power costs from surging.
Japan’s administration also needs to be reminded of the need to secure talented people who can fortify nuclear power safety. If experienced employees in charge of fieldwork management at power
suppliers and related companies leave their jobs, it would hinder the restart of the idled reactors.
Likewise, until the government shows a clear future vision on nuclear power, such as whether to
continue with Japan’s program to recycle spent nuclear fuel, the number of people who aspire to
work in the nuclear sector will eventually dwindle. This would lead to difficulties in maintaining the
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nation’s nuclear power technologies and passing them down to future generations. Moreover, Japan
would then be unlikely to resolve its long-standing issue concerning the disposal of spent fuel.
A rising number of emerging economies have started nuclear power generation or are increasing
the number of nuclear power plants. The best way for Japan to contribute to the international community is to refine its nuclear technologies to build power plants more resistant not only to natural
disasters but also to accidents and terrorist attacks. Smart community demonstration projects have
also generated positive results, and these efforts should be built upon by introducing effective new
energy and energy management systems in as many population centers as possible.
Energy policies affect every aspect of life. These policies should not be made to appease voters in
elections but with a view for the future of every citizen in Japan and of the world. Far-sighted initiatives concerning Japan’s future are more vital than ever, and the government must step up to the
challenge.
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