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1. Background

• Taking the lessons from the Great East Japan Earthquake (GEJE, March 
2011), the nuclear-reliant energy policy in Fukushima has been 
transformed to fossil fuel and renewable energy, for better resilience 
toward the future disaster

• Combating the global warming, Fukushima Prefecture made more 
efforts on promotions of renewable energy than fossil fuel e.g., Feed-in 
Tariff (FIT) scheme of renewable energy (2012), Renewable energy 
promotion vision (2012), Fukushima Airport Mega Solar Project (2014), 
Action plan for renewable energy pioneer land version 1-3 (2013~2019), 
etc.

• How does the energy system develop after the GEJE? Whether the 
resilience of its energy system is enough? 
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2. Methodology 
Study area 

Figure 1. The location of the FDNPS and 
Fukushima Prefecture in Japan
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• Fukushima Prefecture (blue 
area) owns the third-largest area 
in Japan of 13,783.9 km2 and a 
population of 1,859,220 (2019)

• The Fukushima Daiichi Nuclear 
Power Station (FDNPS, purple 
dot) was destroyed by the 
tsunami, lead to huge economic 
and environmental impacts
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Workflow

1. The facility name, capacity, and 
locations of these facilities were 
collected from a power plant 
database and their capacities 
were updated until 2020

2. These facilities were mapped as 
points by their coordinates

3. Their capacities and gap before 
and after the GEJE were 
summarized by a 1km resolution 
mesh Figure 2. The workflow used to show the 

evidences on the development of the energy 
system in Fukushima since the GEJE

4



@CCDM_2020 
#GI4DM #URAP2 #SSSI_AU

The condition of energy system 
before the GEJE

Ø The total capacity of nuclear power 
in 2010 accounted for the largest 
proportion of 48%, FF power 40% 
(biomass co-fired power included), 
and renewable power 12% Figure 3. (left) The proportion of the total generation capacity by facility types in 

2010 (unit: MW and %); (right) the spatial distribution of the generation capacity 
of power plants (231). The sizes of dots reflect the capacity of plants and the blue 

dot with a red star inside shows the plant with the largest capacity
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The condition of energy system after 
the GEJE

The total capacity of FF power in 
2020 accounts for the largest 
proportion of 73% and renewable 
power is about 27% 

Figure 4. (left) the proportion of the total generation capacity by facility types in 2020 
(unit: MW and %); (right) the spatial distribution of the generation capacity of power 
plants (625). The sizes of dots reflect the capacity of plants and the green dot with a 

red star inside shows the plant with the largest capacity
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The condition of energy system after 
the GEJE

• These facilities are mainly 
concentrated in the 
municipalities with a 
higher population

• There is high potential to 
develop the renewable 
energy in the areas with 
lower population

The spatial distribution of the power generation capacity (MW) 
of plants and the population by municipalities in 2020
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The development on power 
generation before and after the GEJE

• The red grids located on the eastern coastal 
areas (larger capacity gap) show the currently 
constructed facilities with large capacities

• In the middle areas, the number of grids are 
more than the eastern areas where power 
facilities are with lower gap. Because much 
more solar power facilities newly constructed

• Meanwhile, there have been almost no 
facilities constructed in the western areas, 
where belong to low population density areas

• It reflects a fact that the increased capacities 
of facilities mainly concentrated in the 
population intensive areas since the GEJE

Figure 5. The map on the development of the 
generation capacity of power facilities since the 

GEJE. The gap is made by using the total gridded 
capacities of power generation facilities in 2020 

minus that in 2010. Unit: MW cell-1
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3. Result and Discussions
Result
• The facility number and total 

capacity of solar power 
increased significantly, which 
proved a high development of 
renewable energy

• The capacities of biomass co-
fired power plants increased 
most of all

• The total facility number were 
increased, however, total 
capacity of all plants were 
decreased due to the shutdown 
of nuclear power

Facility type

Facility number Total capacity 

in 2010 in 2020 in 2010 in 2020

Biomass 
power 6 12 78 84

Biomass co-
fired 8 11 1,638 3,827

Geothermal 1 2 65 65

Solar power 89 457 4 1,356

Hydro power 95 107 1,950 1,953

Wind power 29 33 116 170

FF power 3 3 5,856 5,856

Nuclear power 2 0 9,096 0

Total 231 625 18,803 13,311

Table 1. The conditions of the electricity supply 
facilities in 2010 and 2020, unit: MW
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Evidences for the development

The capacity of solar power certificated by 
FIT scheme has increased sharply (figure 
above), which is consistent with the trend 
for solar power indicated before 

The total capacity of all facilities increased 
from 17 MW to 1,700 MW (2012~2019), 
which gives the evidence for the 
development of renewable energy

The figure below gives evidence for a high 
development on the renewable energy in 
the middle and eastern areas

Figure 6. (above) The annual total capacities of renewable energy plants from 2012 
to 2019 which were certificated by FIT scheme. The capacities for solar power and 

the total refer to the right y-axis and those for the rest facilities refer to the left y-axis, 
unit: kw; (below) spatial variation on that at a municipality level from 2014 to 2020, 

unit: MW
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Discussions

• The needed operating ratios for 
current facilities were derived based 
on the annual total electricity supply 
and total capacity of power facilities

• The needed operating ratio in 2019 
(12.9%) is lower than the mean 
operating ratio of solar power (13.4%,
the lowest of all kinds of renewable 
energy)

• Thus, it is reasonable for the current 
power facilities to meet the demand, 
which demonstrated its energy 
resilience was enough 

Indicator Before the GEJE
(2010)

After the GEJE
(2019)

The population 2,029,064 1,844,173
The total supply of 
electricity (MWh)

18,958,043 14,986,902

The total capacity of 
power facilities (MW)

18,803 13,311

The needed operating 
ratio of power facilities

11.5% 12.9%

u As reported by IEA, the energy conversion efficiency
of FF power (40%) is lower than that of the
renewable power (51%) and bioenergy (77%). It
means the renewable power could save more energy
than FF power

u Renewable energy is endless, requires less
maintenance and operating costs, and owns more
healthy and environmental benefits (emits less GHGs
and pollutants). Promoting the development of
renewable energy is critical for the unban energy
resilience

Table 2. The indicators related to the energy supply and consumption 
in Fukushima Prefecture before and after the GEJE
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Conclusions

We concluded that 
• The nuclear power was major power supplier in Fukushima, and only a few 

renewable energy facilities existed before the GEJE. The capacities of hydropower 
and biomass co-fired facilities accounted for the high proportion at that time

• After the GEJE, the energy system was transformed from nuclear-reliant type to a 
distributed power type

• Up to now, the number and total capacity of renewable energy facilities increased 
significantly comparing to that before the GEJE, especially for the solar power

• The evidences showed that energy resilience in Fukushima was developed enough so 
as to face the risk from the future disaster and extreme climate events

• The FIT scheme was well promoted in Fukushima, making its energy system more 
resilient. Thus, this kind of energy policy should be highlighted
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• Thank you for your attentions
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