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ABSTRACT 

 There is growing consensus that nuclear energy must be a part of the global energy 

portfolio to meet climate targets. Thus, it is important to study the effect of shocks on the 

evolution of the global energy mix. The Fukushima nuclear disaster in 2011 had a profound 

impact on public perception of nuclear energy. The resulting reduction in nuclear power required 

a shift in the global energy mix to supplement this gap. Through a series of event studies and 

differences-in-differences analyses, we found that the Fukushima disaster led to a ~4% growth in 

global renewable energy generation (~290 TWh) and capacity (30 GW) from 2012-2016, and a 

~0.3% decline in global fossil fuel generation (~135 TWh) and capacity (15 GW). We also find 

that countries had divergent responses to Fukushima, whereby some countries had a long-term 

shift in domestic energy policy, while others experienced a short-term shock, but made negligible 

changes to their long-term trajectories. The results of these analyses serve to inform how future 

shocks in energy supply may alter the global energy mix as we strive to ward off the worst 

impacts of climate change.  
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1. INTRODUCTION 

 
“While I understand the public’s fear, I am concerned given the important role of nuclear 
power. I encourage patience until more information is gathered for a full review so we can 
learn the lessons…The cost of fighting against global warming will increase, that is sure. I 
think it is very difficult (to fight global warming), even impossible, without using nuclear 
power.” 

- Chief Nobuo Tanaka, International Energy Agency after Fukushima1 
 

 

Nuclear power represents a significant portion of energy generated worldwide. Currently, 

it provides 10% of the world’s electricity and 18% of the electricity in OECD countries. It also 

represents the second largest share of carbon-free energy worldwide.2 With growing electricity 

demand, it is becoming increasingly important for nuclear development to supply energy in lieu 

of fossil fuels that generate harmful greenhouse gas (GHG) emissions. However, in 2017, nuclear 

power capacity decreased from previous years due to reduced investment, phase-out policies, and 

planned retirements.3 These planned phase-outs are a result of safety concerns brought on by 

nuclear disasters, such as Three Mile Island, Chernobyl, and most recently Fukushima. A 

previous study completed by A. Wunnava (2013) analyzed the impact of Chernobyl, a 

catastrophic nuclear event that occurred in 1986, on the global energy generation mix and found 

that the reduction in nuclear power generation was met with an increase in fossil fuel generation, 

resulting in increased harmful GHG emissions.4 Given the greater global focus on climate change 

and the existence of renewable energy subsidies, this study will investigate the reaction to the 

most recent nuclear disaster at Fukushima. 

Fukushima occurred on March 11, 2011 following a major earthquake in Japan. A 

tsunami interrupted the power supply and cooling of the nuclear reactors at Fukushima Daiichi, 

causing them to melt and release radioactive material over several days. Hundreds of thousands 



 

 

of citizens were saved via evacuation, but unfortunately numerous people died in conducting the 

evacuation.5 The event spurred global action to evaluate the safety and continued use of nuclear 

power. 

Much of the research following Fukushima focuses on the public perception of nuclear 

energy and policies enacted after the event. It is evident that public acceptance of nuclear energy 

declined and a few countries enacted phase-out policies reducing the amount of nuclear energy 

generation after the event.6,7 However, there has not been a study to determine which energy 

sources were selected to fill the gap in demand and supply, and in what proportions. Therefore, 

this study will estimate the impact of Fukushima on the global energy portfolio, specifically for 

electricity generation and capacity for renewables and fossil fuels.  

 

2. EVENT STUDIES 

 While this paper strives to assess the impact of Fukushima on global energy markets 

holistically, additional context can be extracted from analysis of country-specific reactions. In 

this section, five countries that generate nuclear energy are studied, including the most heavily 

impacted Japan.  These evaluations discuss the regulatory policies of each country and the 

impacts those had on their energy generation and capacity mix pre and post-Fukushima. The 

energy sources evaluated include nuclear, fossil fuels, and non-hydroelectric renewables (referred 

to as renewables for the remainder of the study). This section will also shed light on possible 

country effects that we control for in our regressions. The data presented utilizes trendlines to 

show comparative growth/decline before (2007-2011) and after (2012-2016) the events at 

Fukushima.  In some cases, data points in 2011 and 2012 are removed from the trendline as they 



 

 

exhibit temporary reactions to the event and distort the resulting positive or negative growth in 

specific energy source capacity and generation. 

 

JAPAN 

 As the country that experienced the nuclear disaster at Fukushima, Japan had the most 

severe reduction in nuclear capacity. Prior to the event, Japan had participated in the 15th 

Conference of the Parties (COP15) in 2009 and pledged to reduce GHG emissions by 25% from 

1990 emission levels by 2020. As a result of this pledge, expansion of the nuclear power capacity 

was planned to rise from 30% to 50% of the generation mix in Japan.8 Instead, after the event, 

Japan reduced its nuclear generation to a minimum in 2012 and shut down all nuclear facilities by 

2014, as shown in Figures 1a and 1d.  

The 30% reduction in energy supply was filled by primarily fossil fuels, as the capacity 

was readily available. In an effort to achieve its ambitious emission reduction goals agreed to at 

COP15, Japan introduced a feed-in tariff in 2012 to increase renewable generation quickly to 

reduce reliance on fossil fuels.9 As shown in Figure 1b and 1c, renewable grew exponentially and 

was able to offset some of the fossil fuel generation. Looking forward, Japan developed a 

Strategic Energy Plan (SEP) in 2014 to further reduce the use of fossil fuels, increase the use of 

renewables, and re-start nuclear power generation at the plants that were shutdown.10 It is 

observed that Japan’s rate of investment in fossil fuel capacity has slowed in the years following 

Fukushima in comparison to the year’s prior, indicating its focus on renewable capacity build out 

as an alternative.  



 

 

 

Figure 1a. Japan 
Nuclear Generation 
 
This graph shows an 
immediate reduction in 
nuclear generation post-
Fukushima approaching 
zero. 

 

Figure 1b. Japan Fossil 
Fuel Generation 
 
This graph shows an 
immediate increase in 
fossil fuel generation 
post-Fukushima followed 
by steady decline. 

 
  

Figure 1c. Japan 
Renewable Generation 
 
This graph shows 
exponential increase in 
renewable generation 
post-Fukushima. 
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Figure 1d. Japan 
Nuclear Capacity 
 
This graph shows a 
reduction in nuclear 
capacity to zero, two 
years post-Fukushima. 

 

Figure 1e. Japan Fossil 
Fuel Capacity 
 
This graph shows a 
decline in growth rate for 
fossil fuel capacity post-
Fukushima. 

 

Figure 1f. Japan 
Renewable Capacity 
 
This graph shows 
exponential growth in 
renewable capacity post-
Fukushima. 
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RUSSIA 

 Russia’s reaction to the natural disaster at Fukushima was minimal. The government 

ordered safety inspections on all of their operating nuclear power plants. As a result, a safety 

program was developed and implemented to upgrade the power plants, but no nuclear was shut 

down and additional capacity building was not hindered.11 Figure 2a and 2d show no change in 

growth rate in generation and capacity from pre to post-Fukushima. 

Given the lack of change in nuclear, the changes in fossil fuel and renewable generation 

and capacity can be explained by Russian energy policy. In 2013, the Russian President issued a 

decree to reduce GHG emissions to 75% of 1990 emissions by 2020.12 This goal can be achieved 

by additional nuclear capacity or renewable capacity, the latter depicted in Figure 2f.  Starting in 

2014, there is also a decline in fossil fuel capacity, which is being offset by the growth in nuclear 

and renewables.  

 

 

 

 

 



 

 

  

Figure 2a. Russia 
Nuclear Generation 
 
This graph shows 
consistent growth in 
nuclear generation post-
Fukushima. 

 

Figure 2b. Russia 
Fossil Fuel Generation 
 
This graph shows a 
decline in fossil fuel 
generation post-
Fukushima. 

 

  

Figure 2c. Russia 
Renewable Generation 
 
This graph shows 
slowed growth in 
renewable generation 
post-Fukushima. 



 

 

 

Figure 2d. Russia 
Nuclear Capacity 
 
This graph shows 
consistent growth in 
nuclear capacity post-
Fukushima. 

 

Figure 2e. Russia 
Fossil Fuel Capacity 
 
This graph shows 
consistent growth in 
fossil fuel capacity post-
Fukushima. 

 

Figure 2f. Russia 
Renewable Capacity 
 
This graph shows 
moderate growth in 
renewable capacity post-
Fukushima. 

 



 

 

CHINA 

 China’s reaction to the natural disaster at Fukushima was moderate. Like Russia, China 

required safety inspections of all operating nuclear power plants. In addition, they suspended the 

approval of additional nuclear facilities.13 Prior to the event, China had embarked on ambitious 

goals to achieve 58 GW capacity by 2020 to reduce air pollution rampant in China due to the coal 

powered plants that dominated the energy generation mix.14 The events at Fukushima slowed this 

progress, but China quickly recovered and exhibits high growth in nuclear development under 

stricter safety standards.  

 Additional energy capacity required after Fukushima is observed to have come from both 

fossil fuels and renewables, with stronger growth in renewables.  Given the growth in energy 

demand in China, additional coal-fired power plants are being built but at a controlled rate. 

Additionally, there are a number of policies designed to incentivize investment in renewable 

energy. For example, feed-in-tariffs were designed to encourage wind and solar development by 

the private sector and a goal was set for non-fossil energy sources to be 15% of the generation 

mix by 2020.15 This results in the exponential growth in renewables as seen in Figure 3c in 

addition to the growth in nuclear installations and explains the slower growth in fossil fuel 

generation shown in Figure 3b. 



 

 

 

Figure 3a. China 
Nuclear Generation 
 
This graph shows 
growth in nuclear 
generation post-
Fukushima. 

  

Figure 3b. China 
Fossil Fuel 
Generation 
 
This graph shows 
reduced growth in 
fossil fuel generation 
post-Fukushima. 

 

Figure 3c. China 
Renewable 
Generation 
 
This graph shows 
consistent exponential 
growth in renewables 
post-Fukushima. 



 

 

 

Figure 3d. China 
Nuclear Capacity 
 
This graph shows 
growth in nuclear 
capacity post-
Fukushima. 

 

Figure 3e. China 
Fossil Fuel Capacity 
 
This graph shows 
consistent growth in 
fossil fuel capacity 
post-Fukushima. 

 

Figure 3f. China 
Renewable Capacity 
 
This graph shows 
consistent exponential 
growth in renewable 
capacity post-
Fukushima. 

 



 

 

GERMANY 

 Germany took the most drastic measures after the nuclear disaster at Fukushima. It 

decided to phase-out nuclear energy completely by 2022, with immediate closure of eight of its 

oldest nuclear power plants as depicted in Figure 4d.16 In the immediate timeframe, Germany 

increased its generation of fossil fuels (Figure 4b) and within a few years dramatically increased 

capacity of fossil fuels (Figure 4e). This investment is primarily in coal, as Germany imports 

most of its oil and natural gas. This contradicts Germany’s 2007 goal to phase-out all hard coal 

mines by 2018.  

 In order to combat the resurgence of fossil fuels in the near-term, Germany has introduced 

an energy roadmap known as Energiewende. This includes a GHG reduction to 60% of 1990 

levels by 2020, 45% by 2030, 30% by 2040, and 5-20% by 2050. It also outlines energy 

efficiency goals of 20% reduction in consumption by 2020, 50% by 2050 when compared to 

2008 levels.17 The former incentivizes investment in renewable technologies, especially in the 

absence of nuclear, and the latter reduces demand to ensure these targets are achievable. It 

appears given the reduction in fossil fuel generation and the consistent growth in renewables that 

German energy consumers are becoming more efficient in their energy use as a result of the 

energy targets. 



 

 

 

Figure 4a. Germany 
Nuclear Generation 
 
This graph shows a 
decline in nuclear 
generation post-
Fukushima. 

  

Figure 4b. Germany 
Fossil Fuel Generation 
 
This graph shows an 
immediate increase in 
fossil fuel generation 
post-Fukushima, 
followed with a decline. 

 
  

Figure 4c. Germany 
Renewable Generation 
 
This graph shows 
consistent exponential 
increase in renewable 
generation post-
Fukushima. 



 

 

 

Figure 4d. Germany 
Nuclear Capacity 
 
This graph shows an 
immediate reduction and 
decline in nuclear 
capacity post-Fukushima. 

 

Figure 4e. Germany 
Fossil Fuel Capacity 
 
This graph shows an 
initial increase in fossil 
fuel capacity, followed 
by a decline post-
Fukushima. 

 

Figure 4f. Germany 
Renewable Capacity 
 
This graph shows a 
consistent exponential 
increase in renewable 
capacity post-Fukushima. 

 



 

 

UNITED STATES 

Similar to Russia, the United States (U.S.) conducted safety inspections on all operating 

nuclear power plants. All of the nuclear plants in operation were deemed safe, with a few given 

safety recommendations to improve performance. The NRC also studied the disaster at 

Fukushima and declared that a similar event was unlikely in the U.S. and could be mitigated 

properly if it was to occur.18 It is likely that the minor decline in nuclear generation shown in 

Figure 5a, is due to maintenance shutdowns to perform safety inspections.  

In the U.S., the change in generation mix is attributable to the shale gas revolution and 

renewable energy policy. The reduction in fossil fuel generation has declined in the years 

following Fukushima, due to the prevalence of very inexpensive natural gas. While this natural 

gas serves to replace coal-fired plants, it also reduces incentives to invest in more expensive 

renewable technology. In order to reduce U.S. emissions, the federal government leveraged fiscal 

incentives and policy initiatives. The fiscal incentives include a production tax credit, investment 

tax credit, and residential tax credit. Additionally, 29 states have renewable portfolio standards 

(RPS) that mandate a specific concentration of renewables in the state energy portfolio. Even 

though only 58% of states have RPS, they are responsible for 67% of the renewable capacity 

additions from 1998 to 2012.19 Therefore, the consistent growth in renewables shown in Figure 

5c and 5f is a result of federal and state policy. 

 



 

 

 

Figure 5a. United 
States Nuclear 
Generation 
 
This graph shows an 
immediate, but minor 
reduction in nuclear 
generation post-
Fukushima followed my 
growth. 

 

Figure 5b. United 
States Fossil Fuel 
Generation 
 
This graph shows a 
reduced rate of decline 
in fossil fuel generation 
post-Fukushima. 

 
  

Figure 5c. United 
States Renewable 
Generation 
 
This graph shows 
consistent exponential 
growth in renewable 
generation post-
Fukushima 



 

 

 

Figure 5d. United 
States Nuclear 
Capacity 
 
This graph shows a 
minor reduction in 
nuclear capacity post-
Fukushima followed by 
growth. 

 

Figure 5e. United 
States Fossil Fuel 
Capacity 
 
This graph shows a 
decrease in fossil fuel 
capacity post-
Fukushima. 

 

Figure 5f. United 
States Renewable 
Capacity 
 
This graph shows 
consistent exponential 
growth in renewable 
capacity post-
Fukushima. 

 

  



 

 

3. METHODOLOGY 

THEORY 

 The goal of this study is to estimate the impact of the Fukushima nuclear disaster on the 

generation mix of the globe. Namely, reactions from countries with nuclear capabilities, as seen 

in the Section 2, led to an incontrovertible decline in nuclear production around the world. This 

reduction could have been either in the form of lower nuclear utilization, or lower nuclear 

capacity i.e. closing down nuclear plants. However, since global consumption for electricity, 

logically, should not have been affected by Fukushima itself, this would lead to a gap between 

generation and demand. The hypothesis of this paper is that nuclear countries covered this gap 

between generation and demand with a combination of either increased fossil fuels or 

renewables. Two possible mechanisms are studied in this regard – generation and capacity. 

Countries could have either built more fossil fuel or renewable capacity to make up for this gap, 

or simply increased the utilization of existing capacity to supplement generation. We aim to 

determine how the generation and capacity portfolios of nuclear countries evolved after 

Fukushima, directly as a result of the nuclear disaster.  

 Answering this question requires a differences-in-differences approach. The evolution of 

nuclear countries after Fukushima needs to be studied in relation to the evolution of countries 

without nuclear capabilities. The efficacy of such an analysis requires that the treatment group 

(countries with nuclear capabilities) be sufficiently similar to the control group (countries without 

nuclear capabilities). Qualitatively, this means countries within the control group should only 

include those that had the potential to develop nuclear portfolios but chose not to do so. We used 

GDP and GDP per capita as proxies to determine whether countries had the potential to develop 

nuclear capacity. In effect, this would exclude countries from the control group that had GDP or 



 

 

GDP per capita lower than the lowest country in the treatment group. Of course, a robust 

differences-in-differences analysis requires that the treatment and control groups also be evolving 

in a similar fashion prior to the treatment i.e. Fukushima disaster. We chose to look at growth in 

consumption to determine whether the chosen treatment and control groups were sufficiently 

similar prior to Fukushima, thus satisfying the parallel trends assumption.  

 Once the treatment and control groups have been established for the differences-in-

differences analysis, it is important to identify appropriate control variables to mitigate 

confounding effects. One major confounding effect that impacts the generation portfolios of 

countries is their energy policy. Much of the growth in renewables over the past decade was 

stimulated by renewable subsidies, arguably more so than the declining costs of the underlying 

technology. Since we do not wish to include renewables growth in nuclear countries attributed to 

renewable subsidies in our differences-in-differences estimator, it is important to control for the 

level of renewable subsidies. Fossil fuel subsidies, similarly, protect fossil fuel generation in 

many countries and hamper the development of renewables. We wish to control for this effect as 

well, so that the differences-in-differences estimator only estimates the impact of the Fukushima 

disaster on fossil fuel/renewable generation/capacity in nuclear countries. Finally, GDP and GDP 

per capita are controlled for, as the size of the economy may lead to a differential ability for a 

nation to adapt its generation/capacity mix.  

 Next, we considered the use of fixed effects in the regression analysis. Yearly fixed 

effects variables were employed for each year order to dissociate any effects of time across the 

data. For example, as trends such as energy efficiency started gathering momentum over the past 

decade, we wished to exclude their impacts on the evolution of fossil fuel/renewable generation/ 

capacity and only focus on the impact of the Fukushima disaster. Similarly, country fixed effects 

were employed to remove any impacts that are isolated within individual countries over the study 



 

 

period. Of course, for both yearly and country fixed effects, one year/ country were left out in 

order to avoid collinearity.   

 Thus, this brings us to our final differences-in-differences regression forms. We include 

an intercept, a binary variable for being in the treatment group, fixed effects for each year but one 

in the study period, fixed effects for each country but one in the scope of the study, differences-

in-differences estimators interacting the treatment group with each year in the post-treatment 

period, and our four control variables for renewable subsidies, fossil fuel subsidies, GDP, and 

GDP per capita. We use differences-in-differences interaction variables for each year in the post-

treatment period instead of a single interaction variable for the whole post-treatment period since 

we are interested in examining how the differences-in-differences estimators change over time 

after the treatment. This will showcase important impacts, such as an immediate vs. delayed 

deployment of a particular generation type. Finally, apart from an absolute level regression form, 

we also used a logarithmic regression form to determine elasticities, since the evolution of 

generation/ capacity may be better represented in relative terms rather than absolute terms across 

countries. In total, this yields the regression form, shown below. The dependent variable is either 

renewable or fossil fuel, generation or capacity, and in absolute level form or logarithmic, 

yielding 8 regressions. 

Equation 1. Regression Form Used for the Study 

𝑂𝑢𝑡𝑝𝑢𝑡%,' = 	𝛼 +,𝛽' +,𝛾% + 𝛿 ∗ 𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 + , 𝜃' ∗ [𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 ∗ 𝑡]			
'	:	;<='>?@A%<B

+	𝜇D ∗ 𝑅𝑒𝑛. 𝑆𝑢𝑏𝑠. +	𝜇J ∗ 𝐹𝑜𝑠𝑠𝑖𝑙	𝑆𝑢𝑏𝑠. +	𝜇O ∗ 𝐺𝐷𝑃 +	𝜇S ∗ 𝐺𝐷𝑃	𝑝𝑒𝑟	𝑐𝑎𝑝. +	𝜀%.'		 



 

 

 

DATA 

 The data required to conduct the desired analysis requires country-level generation and 

capacity over time for nuclear energy, renewable energy, and fossil fuel energy. In addition, 

yearly consumption data by country, renewable/ fossil fuel subsidies by country, and GDP/ GDP 

per capita by country are also required. Most of the generation, capacity, and consumption data is 

available through the Energy Information Administration (EIA). It should be noted that only 

electricity data was used for generation and capacity. This means that fossil fuel demand for 

transportation is not included. Further, hydroelectric power was not included in renewable 

generation/ capacity data since geographic constraints would preclude most countries from 

responding to Fukushima by building more dams. Country-level GDP and GDP per capita data is 

sourced through the World Bank. Country-level data on fossil fuel subsidies was acquired 

through the International Energy Agency (IEA). Since rich data on renewable subsidies on a 

country-level and by year was not readily available, a report by the Financial Times (2013) on 

renewable subsidies was used as a proxy. In order to have the same granularity of data between 

renewable subsidies and fossil fuel subsidies, subsidy data was averaged over the period of the 

study. Thus, the subsidies by country are assumed to be constant over the period of the study.  

 Since the Fukushima disaster occurred in 2011, data from 2007-2010 was used as the pre-

period, while data from 2012-2016 was used as the post-period. Five years were used in the post-

period instead of four, as we believe that most countries were still adapting their policies in 

response to Fukushima in 2012.  

 The treatment group consists of all nuclear countries. Based on the EIA database, 31 

nations had nuclear capability during the study period of 2007-2016. However, three countries 

were removed from this set. Taiwan was removed as a nation, not to make a political statement, 



 

 

but rather to mirror the other data sets from the World Bank and IEA. Lithuania was also 

removed since it shut down its nuclear program in 2009, in the middle of the pre-period. This 

action is clearly not in response to the Fukushima event in 2011, and we did not want its lack of 

nuclear generation in the post-period to bias the data. Finally, the United States was also removed 

from the Treatment Group. The shale revolution in the United States, as discussed in Section 2, is 

arguably the most influential energy trend over the past decade. We felt that the impact from this 

trend would significantly confound any impact from Fukushima on fossil fuel generation. Thus, 

this yielded a treatment group with 28 countries with nuclear capability, below. 

 

 The candidates for the control group would intuitively be all the nations without nuclear 

capabilities. However, in order to conduct a robust differences-in-differences analysis, the control 

group must be sufficiently similar to the treatment group. This means that the nations in the 

control group are those that should theoretically have the potential to be nuclear countries but 

chose to not pursue a nuclear program. We used GDP and GDP per capita as proxies to represent 

the potential to develop nuclear capabilities. In order to develop a nuclear program, a country 

needs to have an economy of a certain size that warrants the investment in a nuclear program, and 

also a sufficient level of wealth to engage in the R&D required to develop nuclear power. The 

minimum GDP and GDP per capita in 2007 for the treatment group were used as thresholds to 

qualify for the control group. The minimum GDP in the treatment group in 2007 is $20B for 

Armenia, while the minimum GDP per capita in the treatment group in 2007 is $950 for Pakistan. 

Argentina Czech Republic Korea, South Slovenia
Armenia Finland Mexico South Africa
Belgium France Netherlands Spain
Brazil Germany Pakistan Sweden
Bulgaria Hungary Romania Switzerland
Canada India Russia Ukraine
China Japan Slovakia United Kingdom

Treatment Group - 28 Countries with Nuclear Capabilities



 

 

Finally, Iran was removed from the control group since it started generating nuclear power in the 

middle of the post-period. Thus, the control group was narrowed down to 82 nations, below.  

 

 A table of descriptive statistics for the treatment and control groups in the pre- and post-

periods is shown below. It is interesting to note the decline in nuclear generation and capacity for 

the treatment group from the pre-period to the post-period, indicating the Fukushima most likely 

had an impact in reducing nuclear generation around the globe. Another observation is that the 

treatment group seems to be much larger in magnitude than the control group when it comes to 

generation or capacity. However, it is the similarity in growth rates that would make the groups 

sufficiently similar in order to run the differences-in-differences analysis.  

 

 

Albania Denmark Kazakhstan Portugal
Algeria Dominican Republic Kuwait Puerto Rico
Angola Ecuador Latvia Qatar
Australia Egypt Lebanon Saudi Arabia
Austria El Salvador Libya Senegal
Azerbaijan Equatorial Guinea Luxembourg Serbia
Bahrain Estonia Macau Singapore
Belarus Gabon Macedonia Sri Lanka
Bolivia Georgia Malaysia Sudan
Bosnia & Herzegovina Ghana Morocco Syria
Botswana Greece New Zealand Thailand
Brunei Guatemala Nicaragua Trinidad and Tobago
Cameroon Honduras Nigeria Tunisia
Chile Hong Kong Norway Turkey
Colombia Indonesia Oman Turkmenistan
Congo (Kinshasa) Iraq Panama United Arab Emirates
Costa Rica Ireland Paraguay Uruguay
Ivory Coast Israel Peru Venezuela
Croatia Italy Philippines Yemen
Cuba Jamaica Poland Zambia
Cyprus Jordan

Control Group - 82 Countries without Nuclear Capabilities



 

 

Table 1. Descriptive Statistics  

 

Nuclear Nuclear Non-Nuclear Non-Nuclear
Pre-Fukushima Post-Fukushima Pre-Fukushima Post-Fukushima

# Observations 112 140 328 410

Nuclear Generation (TWh)
Mean 62.4 56.2 0.0 0.0
Standard Deviation 89.8 82.5 0.0 0.0
Min 1.7 0.0 0.0 0.0
Max 420.1 419.0 0.0 0.0

Nuclear Capacity (GW)
Mean 9.5 8.9 0.0 0.0
Standard Deviation 14.3 13.3 0.0 0.0
Min 0.4 0.0 0.0 0.0
Max 63.3 63.1 0.0 0.0

Renewable Generation (TWh)
Mean 13.5 33.9 1.4 3.1
Standard Deviation 19.9 57.9 3.4 8.1
Min 0.0 0.0 0.0 0.0
Max 90.1 388.6 28.3 67.9

Renewable Capacity (GW)
Mean 5.2 16.0 0.5 1.2
Standard Deviation 9.3 32.5 1.3 3.8
Min 0.0 0.0 0.0 0.0
Max 53.6 235.7 12.6 33.6

Fossil Fuel Generation (TWh)
Mean 250.4 308.1 30.7 35.5
Standard Deviation 530.0 747.5 48.6 55.6
Min 0.8 0.5 0.0 0.0
Max 3,132.7 4,157.3 242.3 324.1

Fossil Fuel Capacity (GW)
Mean 59.1 75.6 7.4 9.3
Standard Deviation 119.9 176.1 11.7 14.3
Min 0.5 0.5 0.0 0.0
Max 709.7 1,054.0 72.5 82.9



 

 

 Now that the treatment and control groups have been identified, we have to establish 

sufficient similarity between them in order to run the differences-in-differences analysis. To do 

this, we aimed to test the parallel trends assumption. First, we test the assumption on 

consumption data. Countries in both the treatment and control groups should be facing similar 

growth rates in consumption to be sufficiently similar. From Figure 6, it is seen that the parallel 

trends assumption is satisfied for electricity consumption.  

 
      Figure 6. Parallel trends pre-Fukushima – electricity consumption 

 
 We also look at renewable generation, fossil fuel generation, renewable capacity, and 

fossil fuel capacity to test the parallel trends assumption. It is important to note that at this stage, 

we are only looking for parallel trends in the pre-period for each metric. The trends in the post-

period will be discussed later on. Furthermore, we continue to plot the data on a logarithmic scale 

as we wish to ascertain similar growth rates between the treatment and control groups. The four 

plots below show that the parallel trends assumptions are satisfied for all the interested metrics, 

indicating sufficient similarity between the treatment and control groups. Therefore, we can 

proceed with the differences-in-differences analysis.  



 

 

 
      Figure 7. Parallel trends in pre-Fukushima – renewable generation (logarithmic) 

 

 
      Figure 8. Parallel trends pre-Fukushima – fossil fuel generation 
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      Figure 9. Parallel trends pre-Fukushima – renewable capacity (logarithmic)  

 

 
      Figure 10. Parallel trends pre-Fukushima – fossil fuel capacity 
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4. RESULTS 

GENERATION 

The Fukushima disaster had a sizeable impact on generation portfolios of nuclear 

countries. This impact is clearly seen below, where the average nuclear generation of nuclear 

countries has a discontinuous reduction after Fukushima in 2011.   

 
      Figure 11. Fukushima Impact on Nuclear Generation 

Given that that reduction in nuclear generation occurred, our goal is to determine how the 

loss of nuclear generation was made up by increased renewable and fossil fuel generation. The 

first four regressions run were designed to predict renewable and fossil fuel generation, in both 

absolute level and logarithmic forms, with results shown below. The first five variables, “DD-

20xx”, are the differences-in-differences estimators for each year. The next four variables are 

controls for subsidies and GDP/GDP per capita. Finally, we have a treatment variable for nuclear 

countries, and an intercept.  

 

 

 



 

 

Table 2. Regression results for renewable and fossil fuel generation 

 First, let us examine the results from Regression 1. This regression has renewable 

generation as its dependent variable and is expressed in an absolute levels form. A differences-in 

differences estimator in 2012 of 9.50 indicates that nuclear countries (treatment group) on 

average increased renewable generation by 9.50 TWh more than non-nuclear countries (control 

group) did on average in 2012, as compared to the average of the pre-period (2007-2010). The 

DD - 2012 9.50 *** 1.02 *** 42.90 *** -0.10
(3.23) (0.35) (15.85) (0.10)

DD - 2013 14.03 *** 1.39 *** 53.76 *** -0.14
(3.23) (0.35) (15.85) (0.10)

DD - 2014 17.76 *** 1.33 *** 53.34 *** -0.29 ***
(3.23) (0.35) (15.85) (0.10)

DD - 2015 23.29 *** 1.28 *** 54.10 *** -0.28 ***
(3.23) (0.35) (15.85) (0.10)

DD - 2016 28.81 *** 1.11 *** 60.32 *** -0.28 ***
(3.23) (0.35) (15.85) (0.10)

Renewable Subsidies 7.04 31.56 *** -19.13 30.69 ***
(66.16) (5.81) (324.62) (1.62)

Fossil Fuel Subsidies 4.01 -9.15 *** 158.56 -8.02 ***
(5.1e6) (1.41) (2.4e7) (0.39)

GDP 0.01 7.97 *** 0.18 9.52 ***
(0.18) (1.36) (0.88) (0.38)

GDP per capita 0.00 2.50 *** 0.00 0.73 ***
(0.00) (0.32) (0.00) (0.09)

Nuclear -22.99 -75.92 *** -127.27 -74.44 ***
(199.17) (13.30) (977.30) (3.70)

Intercept -2.50 -54.06 *** -13.38 -45.14 ***
(12.69) (6.47) (62.28) (1.80)

R - Squared 0.77 0.77 0.97 0.97

Note: (***) - 99% significant; (**) - 95% significant; (*) - 90% significant

Renewable Generation Fossil Fuel Generation
Levels

(1) (2) (3) (4)
Log Levels Log



 

 

differences-in-differences estimators for subsequent years have similar interpretations and are all 

significant at the 99% level (p-value < 0.01). None of the control variables, however, are 

significant at even the 90% level (p-value < 0.1). We observe that the differences-in-differences 

estimators seem to be increasing over time, indicating that nuclear countries are increasing their 

renewable generation at an increasing pace compared to non-nuclear countries, in response to 

Fukushima. Logically, we would expect that the effect of the Fukushima shock to the system 

would die down over time, not accelerate. Thus, the monotonic increase in differences-in-

differences estimators over time is likely due to the fact that the renewable portfolios of countries 

are growing exponentially, not linearly. This means that a logarithmic form of the regression is 

more appropriate than an absolute levels form, which takes us to Regression 2.  

 Regression 2 also has renewable generation as its dependent variable but is expressed in 

logarithmic form. Here, the differences-in-differences estimator has a slightly different 

interpretation. Due to the logarithmic form of the regression, the coefficients are all elasticities. 

Thus, the differences-in-differences estimator of 1.02 in 2012 means that a 100% increase in 

renewable generation by non-nuclear countries after Fukushima would result in an additional 

102% increase in renewable generation by nuclear countries in 2012 after Fukushima. To put it 

concretely, if an average non-nuclear country increased its renewable generation from 1 TWh to 

2 TWh (100% increase) between the pre-period and 2012, a nuclear country would increase its 

renewable generation by an additional 1.02 TWh (100% * 1.02) in response to Fukushima in 

2012. This increase is in addition to the increase in renewable generation that the nuclear country 

would have made regardless of Fukushima. Thus, in this example, the impact of Fukushima on 

the renewable generation of the nuclear country in 2012 would be the 1.02 TWh of additional 

renewable generation.  



 

 

 We see that the differences-in-differences estimators in Regression 2 are all significant 

and decreasing in magnitude after 2013, indicative of a diminishing response to Fukushima as 

time goes on. This is in line with our expectation of a system response to a shock. The 

differences-in-differences estimator might be lower in 2012 as compared to 2013 due to the lag in 

response time by nuclear countries to increase their renewable generation.  

 In Regression 2, we also observe that the coefficients of the control variables are also 

significant. A coefficient of 31.56 for renewables subsidies, given the logarithmic form of the 

regression, is an elasticity. Thus, a 1% increase in renewable subsidies would lead to a 31.56% 

increase in renewable generation for the average country. It should be noted that our data set 

included renewable subsidies for only 15 countries. Thus, the magnitude of this coefficient is 

likely to be overestimated. Similarly, a coefficient of -9.15 for fossil fuel subsidies means a 1% 

increase in fossil fuel subsidies would lead to a 9.15% decrease in renewable generation. The 

directionality of this coefficient is logical, since more fossil fuel subsidies should disincentivize 

renewables. GDP and GDP per capita have similar interpretations, and the positive signs of their 

coefficients are logical, since an increase in GDP or GDP per capita is likely to increase energy 

generation. The negative coefficient for the nuclear treatment variable is also logical, since a 

nuclear country would require less renewable generation due to the availability of nuclear power.    

 Overall, it seems that Fukushima led to an increase in renewable generation from nuclear 

countries, as evidenced by the Figure 12. The slope of the trendline for nuclear countries after 

Fukushima is slightly higher than the slope of the trendline for non-nuclear countries after 

Fukushima. This means, nuclear countries increased their renewable generation at a faster rate 

after 2011. However, as discussed earlier, the trendlines in the pre-period are fairly parallel, 

indicating similar growth rates in renewable generation before Fukushima.   

 



 

 

 
      Figure 12. Parallel trends post-Fukushima – renewable generation (logarithmic) 

 Next, we examine the regressions for fossil fuel generation. Regression 3 has fossil fuel 

generation as its dependent variable and is expressed in absolute levels form. Similar to 

Regression 1, none of the control variables are significant. A differences-in-differences estimator 

of 42.90 in 2012 indicates that nuclear countries increased their fossil fuel generation by 42.90 

TWh more than did non-nuclear countries in 2012, as compared to the pre-period. Again, the 

differences-in-differences estimators are generally increasing in magnitude over time, which is 

unlikely given that a response to a shock should be diminishing over time. Moreover, given the 

large difference in magnitude between the fossil fuel generation of nuclear countries versus that 

of non-nuclear countries, it is more likely that the logarithmic form of the regression is more 

appropriate, which takes us to Regression 4. 

 In Regression 4, the dependent variable is still fossil fuel generation, with the regression 

in logarithmic form. Similar to Regression 2, the coefficients in this regression represent 

elasticities. Thus, a differences-in-differences estimator of -0.29 in 2014 indicates that a 100% 

increase in fossil fuel generation by an average non-nuclear country would result in a 29% 

decrease in fossil fuel generation by an average nuclear country in response to Fukushima in 



 

 

2014. To give a concrete example, an increase in fossil fuel generation by a non-nuclear country 

from 10 TWh to 20 TWh (100% increase) would result in a 2.9 TWh decrease in fossil fuel 

generation by a nuclear country in response to Fukushima. This reduction is in addition to the 

change in fossil fuel generation the nuclear country would have made regardless of Fukushima. 

Thus, the nuclear country may have in fact seen a net increase in fossil fuel generation after 

Fukushima, but this increase would have been even higher had Fukushima not occurred. This is 

indeed a surprising result! The cause of this phenomenon may be either that the increase in 

renewables in the system has an adverse effect on fossil fuel generation, or that nuclear countries 

may have policies to phase out fossil fuels that are not captured by the inclusion of renewable/ 

fossil fuel subsidies as control variables in the regression. These mechanisms will be discussed 

further later on.  

The elasticities of the control variables are also surprising. Namely, renewable subsidies 

have a positive elasticity of 30.69, indicating that a 1% increase in renewable subsidies would 

actually yield a 30.69% increase in fossil fuel generation. Similarly, a 1% increase in fossil fuel 

subsidies would yield an 8.02% decrease in fossil fuel generation. Neither of these results is 

expected. As mentioned earlier, the lack of robust data on subsidies may be impacting these 

elasticities. However, it is important to note that these regressions were also run without the two 

subsidy control variables and the differences-in-differences estimators had been negligibly 

impacted.  

Overall, it seems that Fukushima actually led to a decrease in fossil fuel generation from 

nuclear countries, as evidenced by Figure 13. The slope of the trendline for nuclear countries 

after Fukushima is slightly lower than the slope of the trendline for non-nuclear countries after 

Fukushima. This means, nuclear countries increased their fossil fuel generation at a slower rate 



 

 

after 2011. However, as discussed earlier, the trendlines in the pre-period are fairly parallel, 

indicating similar growth rates in fossil fuel generation before Fukushima. 

  

 
      Figure 13. Parallel trends post-Fukushima – fossil fuel generation 

 

CAPACITY 

The Fukushima disaster had a sizeable impact on capacity portfolios of nuclear countries. 

However, unlike for generation, where the impact of Fukushima was evident as early as 2012, the 

impact on capacity is not fully seen till 2014, as seen below. This is expected, as a worldwide 

reduction in nuclear capacity, which involves decommissioning nuclear facilities, is likely to take 

time. However, the clear discontinuity in 2014 can only be explained by Fukushima.  



 

 

 
      Figure 14. Fukushima Impact on Nuclear Capacity 

Given that that reduction in nuclear capacity occurred, our goal is to determine how the 

loss of nuclear capacity was made up by increased renewable and fossil fuel capacity. The next 

four regressions run were designed to predict renewable and fossil fuel capacities, in both 

absolute level and logarithmic forms, with results shown below. Similar to the regressions earlier, 

the first five variables, “DD-20xx”, are the differences-in-differences estimators for each year. 

The next four variables are controls for subsidies and GDP/GDP per capita. Finally, we have a 

treatment variable for nuclear countries, and an intercept.  

 

 

 

 

 

 

 

 



 

 

Table 3. Regression results for renewable and fossil fuel capacity 

 

 First, let us examine the results from Regression 5. The dependent variable is renewable 

capacity, and the regression is expressed in absolute levels form. Similar to Regression 1, a 

differences-in-differences estimator of 4.93 in 2012 indicates that nuclear countries increased 

their renewable capacity by 4.93 GW more than non-nuclear countries did in 2012 in response to 

Fukushima. Again, we see that the differences-in-differences estimators are increasing 

DD - 2012 4.93 ** 1.02 *** 9.26 ** -0.07
(1.95) (0.36) (4.30) (0.05)

DD - 2013 6.97 *** 1.27 *** 11.47 *** -0.14 ***
(1.95) (0.36) (4.30) (0.05)

DD - 2014 9.47 *** 1.17 *** 14.85 *** -0.18 ***
(1.95) (0.36) (4.30) (0.05)

DD - 2015 12.78 *** 1.09 *** 17.80 *** -0.22 ***
(1.95) (0.36) (4.30) (0.05)

DD - 2016 16.25 *** 1.03 *** 19.64 *** -0.24 ***
(1.95) (0.36) (4.30) (0.05)

Renewable Subsidies 2.72 -10.34 * -5.62 17.63 ***
(39.94) (5.89) (88.09) (0.86)

Fossil Fuel Subsidies 3.20 1.78 77.22 -4.22 ***
(3.1e6) (1.43) (6.7e7) (0.21)

GDP 0.00 -2.65 * 0.04 5.27 ***
(0.11) (1.38) (0.24) (0.20)

GDP per capita 0.00 1.73 *** 0.00 0.79 ***
(0.00) (0.32) (0.00) (0.05)

Nuclear -10.57 23.50 * -20.80 -41.79 ***
(120.23) (13.47) (265.18) (1.96)

Intercept -1.12 -4.90 -4.32 -28.43 ***
(7.66) (6.55) (16.90) (0.95)

R - Squared 0.71 0.77 0.96 0.99

Note: (***) - 99% significant; (**) - 95% significant; (*) - 90% significant

(5) (6) (7) (8)

Renewable Capacity Fossil Fuel Capacity
Levels Log Levels Log



 

 

monotonically over time. This is likely indicative of exponential growth in renewable portfolios, 

rather than linear growth. Thus, the logarithmic form of the regression is likely more appropriate.  

 Regression 6 also has renewable capacity as its dependent variable but is expressed in 

logarithmic form. Similar to Regression 2, the difference-in-differences estimators are expressed 

as elasticities. Thus, a differences-in-differences estimator of 1.02 in 2012 indicates that nuclear 

countries, in response to Fukushima, increased their renewable capacity 1.02x the proportion that 

non-nuclear countries increased their renewable capacity in 2012, compared to the pre-period 

average. This is in addition to the change in renewable capacity that nuclear countries would have 

experienced regardless of Fukushima. Similar to Regression 2, we see a similar shock response in 

the differences-in-differences estimators, where the increase in renewable capacity due to 

Fukushima initially builds up and slowly fades over time. It should be noted that all five 

differences-in-differences estimators are significant at the 99% level (p-value <0.01). However, 

few of the control variables have significant coefficients in Regression 6.  

Overall, it seems that Fukushima led to an increase in renewable capacity for nuclear 

countries, as evidenced by Figure 15. The slope of the trendline for nuclear countries after 

Fukushima is slightly higher than the slope of the trendline for non-nuclear countries after 

Fukushima. This means, nuclear countries increased their renewable capacity at a faster rate after 

2011. However, as discussed earlier, the trendlines in the pre-period are fairly parallel, indicating 

similar growth rates in renewable capacity before Fukushima.  

 

 

 

 



 

 

 
      Figure 15. Parallel trends post-Fukushima – renewable capacity (logarithmic) 

 Next, we examine the regression results for fossil fuel capacity. Regression 7 has fossil 

fuel generation as its dependent variable and is expressed in absolute levels form. Similar to 

Regression 3, none of the control variables are significant. Again, the differences-in-differences 

estimators are generally increasing in magnitude over time, which is unlikely given that a 

response to a shock should be diminishing over time. Moreover, given the large difference in 

magnitude between the fossil fuel capacity of nuclear countries versus that of non-nuclear 

countries, it is more likely that the logarithmic form of the regression is more appropriate, which 

takes us to Regression 8. 

 In Regression 8, the dependent variable is still fossil fuel capacity, with the regression in 

logarithmic form. Similar to Regression 4, the coefficients in this regression represent elasticities. 

Thus, a differences-in-differences estimator of -0.14 in 2013 indicates that a 100% increase in 

fossil fuel capacity by an average non-nuclear country would result in a 14% decrease in fossil 

fuel capacity by an average nuclear country in response to Fukushima in 2014. This reduction is 

in addition to the change in fossil fuel capacity the nuclear country would have made regardless 

of Fukushima. Thus, the nuclear country may have in fact seen a net increase in fossil fuel 



 

 

capacity after Fukushima, but this increase would have been even higher had Fukushima not 

occurred. Similar to what we observed for fossil fuel generation, this is a surprising result! Again, 

this phenomenon could have been caused either due to increased renewable capacity having an 

adverse impact on fossil fuel capacity, or due to impacts from national policies that are not being 

captured by the controls on renewable/ fossil fuel subsidies. These mechanisms will be discussed 

further later on.  

The elasticities of the control variables are also surprising. Namely, renewable subsidies 

have a positive elasticity of 17.63, indicating that a 1% increase in renewable subsidies would 

actually yield a 17.63% increase in fossil fuel capacity. Similarly, a 1% increase in fossil fuel 

subsidies would yield a 4.22% decrease in fossil fuel capacity. Neither of these results is 

expected. As mentioned earlier, the lack of robust data on subsidies may be impacting these 

elasticities. However, it is important to note that these regressions were also run without the two 

subsidy control variables and the differences-in-differences estimators had been negligibly 

impacted.  

Overall, it seems that Fukushima actually led to a decrease in fossil fuel capacity from 

nuclear countries. However, net fossil fuel capacity seems to have grown at similar growth rates 

between nuclear and non-nuclear countries, as evidenced by Figure 16. Many factors influence 

the net growth in fossil fuel capacity – GDP, GDP per capita, national policies, etc. However, the 

results from Regression 8 claim that growth in fossil fuel capacity in nuclear countries would 

have been higher had Fukushima not occurred.  



 

 

 
      Figure 16. Parallel trends post-Fukushima – fossil fuel capacity 

 

5. DISCUSSION 

IMPACT ON NUCLEAR ENERGY 

 Throughout this paper, we have seen from country-level case studies and the regression 

analysis that the Fukushima disaster has had a significant impact on the trajectory of nuclear 

power globally. We will spend this section of the paper discussing how, and by which 

mechanisms, the impact of Fukushima manifested itself on the global energy mix.  

 The most intuitive mechanism by which Fukushima affected global nuclear energy is via 

decommissioning of nuclear plants. Countries such as Germany and Japan made a decisive shift 

in nuclear policy that led to the direct shutdowns or indefinite idling of nuclear capacity. As seen 

from Figure 17, nuclear capacity additions slowed after previous nuclear accidents, such as Three 

Mile Island or Chernobyl, though few plants were actually shut down. However, the Fukushima 

accident led to a slew of nuclear plant closures that had not been experienced after the accidents 

three decades ago.  



 

 

Figure 17. Nuclear capacity trends20 
 

The willingness to close down nuclear plants after Fukushima, as opposed to after 

previous accidents, may be due to the increased availability of alternatives, such as renewables, 

and the increased negative public perception of nuclear energy - the “Not in my backyard” 

(NIMBY) phenomenon. However, it is interesting to see that even after Fukushima occurred, 

capacity additions continued at levels equal to or greater than those before the financial crisis. 

This shows that while some nuclear countries made a long-term policy shift to phase out nuclear 

power, other countries pressed on with their long-term nuclear goals, even if Fukushima led to a 

short-term delay in capacity additions. This divergence in nuclear policy is evidenced by the large 

magnitude of “under construction” and “proposed” nuclear capacity shown in Figure 18.  



 

 

 
Figure 18. Projections for future nuclear capacity21 

 Another mechanism by which the Fukushima disaster resulted in lower usage of nuclear 

energy is via lower utilization rates of existing capacity. Figure 19 depicts the average global 

capacity factor for nuclear plants. Clearly, there is a dip in the average capacity factor for nuclear 

plants post-Fukushima, though the capacity factor seems to rebound over the coming years to 

levels seen before the financial crisis. This is indicative of a “shock response” to Fukushima that 

dies down over a few years. Indeed, a report by the World Nuclear Association finds that 

maintenance procedures and planned downtime have not changed significantly post-Fukushima, 

and most of the safety and uptime advances were made in the 1990’s.22  



 

 

 
        Figure 19. Nuclear capacity factors from 1970-201823 

Thus, Fukushima seems to have impacted capacity factor only for a few years, with no 

long-term impact. Capacity closures, on the other hand, as discussed earlier, may have a longer-

term impact. By comparing projections for nuclear power made before and after Fukushima, we 

get a sense of the lasting impact of the accident.  

 

 
Figure 20. 2050 nuclear generation projections24 



 

 

From Figure 20, we see that IEA projections for nuclear power generation in 2050 took a 

marked decline after Fukushima in 2011. However, by 2014, the projections seem to have 

stabilized. Both the country-level analysis conducted in this study and a joint study by the OECD 

and Nuclear Energy Agency (NEA) highlight decisive shifts in nuclear policy by several 

countries.25 However, most countries with much smaller nuclear programs seem to have 

maintained their long-term growth trajectory for nuclear power, albeit experiencing a short-term 

“shock response” to Fukushima. Thus, the impact of Fukushima can be seen as a decline in 

nuclear energy generation over time that yields ~7,000 TWh of nuclear energy in 2050, as 

opposed to ~10,000 TWh had Fukushima not occurred. However, assessing the environmental 

impact of this lost nuclear generation requires determining how much of this lost generation will 

be made up by renewable versus fossil fuel energy. The differences-in-differences analysis in this 

paper aims to answer exactly that question and will be discussed in the subsequent sub-sections.  

 

IMPACT ON RENEWABLE ENERGY 

 It is interesting to examine the evolution of renewable energy usage post-Fukushima in 

contrast to the evolution of renewable energy usage post-Chernobyl, after 1986. Figure 21 is 

adapted from an earlier paper that solely examined the response after Chernobyl. The treatment 

group includes nuclear countries in 1986, while the control group includes non-nuclear countries 

in 1986, subject to similar GDP/ GDP per capita thresholds as we used in this study. It can be 

seen that renewable energy generation post-Chernobyl stayed fairly flat for a few years, and then 

realized an uptick. This delayed response can be attributed to the relatively nascent renewable 

technologies at the time, compared to the relatively easy availability and dispatchability of fossil 

fuel energy sources. The study found that nuclear countries post-Chernobyl more readily filled 

the gap from lower nuclear generation with fossil fuel energy. 



 

 

 

 
Figure 21. Evolution of renewable energy in reference to Chernobyl 

 In contrast, we have seen from this paper that renewable energy generation and capacity 

in nuclear countries grew at a faster rate post-Fukushima. Moreover, this growth took only 1-2 

years to ramp up. Given that Fukushima occurred in 2011 as opposed to Chernobyl in 1986, this 

rapid uptick in renewables can be attributed to the exponentially lower cost of renewables in the 

past decade, as well as decreasing development times for renewable projects. Moreover, 

increased awareness of climate change risks may have made countries more amenable to develop 

renewables instead of fossil fuels to supplement the decline in nuclear generation.  

 It is also interesting to note the “shock response” nature of the differences-in-differences 

estimators. After a shock like Fukushima, we would expect that an appropriate response function 

would initially ramp up quickly and then decay more slowly. The differences-in-differences 

estimators for both renewable generation and renewable capacity in logarithmic forms 

(Regression 2 and Regression 6) display this behavior.  



 

 

The implications of these regressions are shown in the graphs below. Figure 22 shows the 

increase in renewable generation due to Fukushima in each year following the accident, while 

Figure 23 shows the same for renewable capacity. The addition in each year decays 

exponentially, while the cumulative impact shows signs of leveling off. In total, our regressions 

estimate that Fukushima resulted in a global response amounting to ~290 TWh of additional 

renewable generation from 2012-2016 and ~30 GW of additional renewable capacity in the same 

time. This impact amounts to ~4% of global renewable energy usage. Of course, if we had data 

beyond 2016, we would expect this impact to level off as the “shock response” from Fukushima 

dies down. Thankfully, shifting from nuclear energy to renewable energy has a negligible carbon 

dioxide emissions impact on a marginal basis.  

 

 
      Figure 22. Regression results – renewable generation growth  

 

 



 

 

 
      Figure 23. Regression results – renewable capacity growth 

 

IMPACT ON FOSSIL FUEL ENERGY 

It is interesting to examine the evolution of fossil fuel energy usage for electricity post-

Fukushima in contrast to the evolution of fossil fuel energy usage for electricity post-Chernobyl, 

after 1986. Figure 24 is adapted from the same Chernobyl study, with identical treatment and 

control groups as earlier. We see that the response, in terms of increased fossil fuel generation, is 

immediate and rapid. This is in contrast to the evolution of renewables after Chernobyl, which 

was delayed and modest. The immediate response of fossil fuels post-1986 can be attributed to 

their lower cost at the time, and rapid dispatchability. Most countries knew how to develop fossil 

fuel resources quickly and did not have as much awareness of climate change.  

 



 

 

 
  Figure 24. Evolution of fossil fuels in reference to Chernobyl 

 In contrast, the response post-Fukushima for fossil fuel energy was quite different. As we 

saw in our regression results in this study (Regression 4 and Regression 8), the response for fossil 

fuels was actually delayed 1-2 years, evidenced by the lack of significance of the differences-in-

differences estimators in 2012-2013. While nuclear countries increased their fossil fuel 

generation on an absolute basis, the negative differences-in-differences estimators indicate that 

fossil fuel generation and capacity additions for nuclear countries would have been even higher 

had Fukushima not occurred.  

 There are two reasons why this could have occurred. First, countries in the past decade are 

much more aware of climate change than they were in the 1980’s. Thus, they may have not only 

resorted to increased renewable generation/capacity when the opportunity presented itself but 

may also have domestic policies to reduce their fossil fuel energy usage. We hoped to control for 

these policies with the use of control variables for renewable subsidies and fossil fuel subsidies. 

However, these controls may not have been adequate, and this phenomenon may purely be 

reflective of domestic policies.  



 

 

The second reason why we may have seen reduced fossil fuel usage due to Fukushima 

may have been due to increased renewable generation. Due to having a negligible marginal cost 

of production, renewables are always producing, based on the sun shining and wind blowing. 

This directly takes away from fossil fuel energy generation. Furthermore, the hours when the sun 

is shining coincides with peak demand for electricity, when fossil fuel generators used to receive 

the highest prices for electricity. Now, these prices are depressed due to renewables, reducing 

profits for fossil fuel generators. This has led to the closure of many fossil fuel operators. 

Moreover, new fossil fuel operators are reluctant to come online since the depressed prices of 

electricity due to renewables make their payback periods much longer. Thus, the increased 

renewable generation due to Fukushima may have actually resulted in a decrease in fossil fuel 

generation and capacity.   

The implications of these regressions are shown in the graphs below. Figure 25 shows the 

impact on fossil fuel generation due to Fukushima in each year following the accident, while 

Figure 26 shows the same for fossil fuel capacity. The impact in each year decays exponentially, 

while the cumulative impact shows signs of leveling off, supporting the “shock response” 

narrative. In total, our regressions estimate that Fukushima resulted in a global response 

amounting to ~135 TWh of reduced fossil fuel generation from 2012-2016 and ~15 GW of 

reduced fossil fuel capacity in the same time. This impact amounts to ~0.3% of global fossil fuel 

energy usage.  

 



 

 

 
      Figure 25. Regression results – fossil fuel generation decline 

 
      Figure 26. Regression results – fossil fuel capacity decline 

 From an environmental standpoint, if we roughly assume 2 lbs. of carbon dioxide 

emissions per kWh of fossil fuel generation, we estimate that Fukushima resulted in a 120 million 

metric ton reduction in carbon dioxide emissions from 2012-2016, due to increased renewables 

and reduced fossil fuels. Of course, the true environmental impact from Fukushima would have 

to include the death toll and costs of environmental clean-up, which amount to billions of dollars. 

In the long term, we saw that projections for nuclear energy generation in 2050 declined by 



 

 

~3,000 TWh post-Fukushima. Thus, the long-term carbon impact from Fukushima will depend 

on the evolution of renewable and fossil fuel usage after 2016. For now, it seems that, unlike after 

Chernobyl, the world reached for renewables more than fossil fuels to supplement the drop in 

nuclear generation due to Fukushima.  

 

6. CONCLUSION 

 Nuclear energy plays a crucial role in the global energy portfolio to lower emissions from 

energy production worldwide to combat climate change. However, catastrophic events such as 

Fukushima threaten the proliferation of nuclear energy and as a result, countries turn to other 

energy sources to meet their energy demands. Fortunately, in contrast to prior nuclear disasters 

such as Chernobyl, countries with nuclear technology have increased the use of renewable energy 

in contrast to fossil fuels to meet their demand indicating their increased awareness of climate 

change and affordability of renewable energy technology. 

 While individual countries have divergent reactions to catastrophic events, the global 

energy portfolio saw an increase in renewable generation and capacity and decrease in fossil fuel 

generation and capacity relative to growth trends pre-Fukushima. In the four years following 

Fukushima, the 28 countries with nuclear capacity responded with ~290 TWh of additional 

renewable generation and ~30 GW of additional renewable capacity. At the same time, they 

reduced fossil fuel generation by ~135 TWh and fossil fuel capacity by ~15 GW.  This results in 

a global reduction of carbon dioxide by 120 million metric tons. After Chernobyl, it was 

estimated that global carbon dioxide emissions increased by 149 million metric tons which shows 

a successful global shift to cleaner energy technology. 



 

 

 The results of this study indicate the competitiveness of renewable technology in the 

global economy and the reduction in harmful long-term impacts of nuclear disasters. While 

nuclear remains an important contributor to the global energy mix, it is encouraging that other 

technologies are readily available to meet energy demand without increasing harmful emissions. 

It could be possible that in the future renewable capacity will be sufficient to respond 

immediately to shocks in place of fossil fuels.    
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