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Abstract:

Nine years have passed since the Fukushima Daiichi nuclear disaster (FDND). The Japanese government has been
facing the issue of striking a balance among economy, environment, and social opinions for its energy transition
policy. Increasing usages of fossil fuel, natural gas, and coal can fix the energy gap left out by reduced nuclear
use and stabilise Japan’s energy supply, ensuring economic growth; however, the measure would increase the
global warming potential. This study applies the Fossil fuel supply security index (FFSSI) to quantify the present
energy supply security in Japan and presents future scenarios of greenhouse gas emissions (GHGs) based on
analysed results from the Linear Regression, Polynomial Regression, and Holt-Winters forecasting models. The
driving forces of GHGs are analysed by Kaya identity to show the outlook in Japan. The aim of this study is to
present the feasibility of reaching the Japanese government launched “Long-Term Energy Supply and Demand
Outlook” for fiscal 2030, under Japan’s current energy supply system for policymaker’s consideration. Compared
with other Asian-pacific countries (China, South Korea, Taiwan, etc.), the lacking self- sufficiency energy is the
major weakness for Japan’s present energy supply system. Moreover, extrapolations based on several forecasting
models indicate that the carbon dioxide emission is expected to increase in the next decade if keep continuing the
present structure of the energy supply system.
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Identity, Forecasting.
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Summary:

The Japanese government launched several targets for its future energy supply policy in the wake of the
Fukushima Daiichi nuclear power disaster. The targets of the energy supply system include safety, energy security,
economic efficiency, and environment. This report evaluates how Japan’s current energy policy influences
Japanese energy security, by looking into four dimensions, Availability, Technology Development, Economy, and
Environmental Sustainability. Those dimensions are quantified by several indexes. There are two main parts of
analysis in this research, comparative analysis, and future scenario analysis. Based on comparing with other Asian-
Pacific countries, the shortcomings of Japan’s current energy supply system are pointed out. The major reason
causing the vulnerability of Japan’s energy supply system is lacking domestic energy production. For improving
that, the selection of importing energy resources countries becomes the first priority. The future scenario analysis
is focusing on decomposing the carbon dioxide driven into four parameters. By the forecasting models. the future
forecasting indicates that the target of carbon dioxide emission is unlikely to be achieved with the current energy
supply system. However, if the Japanese government increases non-fossil fuel (nuclear power and renewable
energy) considerably compared to pre-accident, the target is most likely to be achieved.
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1.Introduction 
In 2015, the United Nations adopted Agenda 2030, a development agenda for the next 15 years to end 
extreme poverty, alleviate inequalities and protect global environment. The 17 Sustainable 
Development Goals (SDGs) have been launched to address the major challenges of our time. Among 
those goals, producing and using energy in ways that support human development over the long term, 
in all its social, economic and environmental dimensions, is at the centre of the SDG 7 dedicated to 
energy. Goal 7 clearly points out that ensuring access to affordable, reliable, sustainable and modern 
energy for all (IAEA 2020) is important. Nuclear power has a long record of contribution to a diversified 
energy supply, providing electricity in a resilient and sustainable manner, in regard to reaching the goals 
of energy. However, after the accident at the Fukushima Daiichi nuclear power plant in March 2011, 
people’s anxiety about nuclear power revived. It was a reminder to the world that safety could never be 
taken for granted. Nonetheless, for avoiding further air pollution and greenhouse gas emissions, nuclear 
power is still being selected as one of the sustainable energy sources. If the national government solely 
considers the environment externality and economic growth, the nuclear power may meet this 
requirement. Yet, once the accident took place, the energy policies cannot be unilaterally concerned 
with environmental and economic dimensions. This type of nuclear accident does not simply cause 
impacts on these two dimensions. The whole society will also be involved in a catastrophic accident. 
 
Nine years have passed since the Fukushima Daiichi nuclear disaster (FDND). Several ongoing issues 
remain as challenges. After the nuclear accident, the Japanese government significantly reduced the 
amount of nuclear power used. Statistics show that nuclear energy consumption was 57.0 Million tonnes 
oil equivalent (Mtoe) in 2008, reaching to the highest peak at 66.2 in 2010; however, in 2011 there was 
a significant decrease to 36.9 (BP Statistical Review of World Energy, 2019). After the FDND, Japan 
replaced the significant loss of nuclear power with power generation from imported natural gas, low-
sulphur crude oil, fuel oil, and coal. The consequences of the replacement caused the price of the 
electricity to increase for the government, utilities, and consumers. Japan spent $250 billion on total 
fuel imports in 2012, a third of the country’s total import charges. Oil consumption was 4.3 million 
barrels per day in 2009 before the FDND. However, Taghizadeh-Hesary et al. (2017) cited in the article 
"Impact of the Fukushima Nuclear Disaster on the Oil-Consuming Sectors of Japan” that oil 
consumption had reached more 5 million barrels per day in 2015. The rising oil consumption will 
indirectly cause environmental externality, such as air pollution and greenhouse gas (GHGs) emission.   
The Japanese government is facing the issue of finding a balance point among economy, environment, 
and social opinions. From the environmental viewpoint, increasing usage of fossil fuel primary energy 
resources (Natural gas, Oil, and Coal) would fix the gap left by the reduced use of nuclear power and 
stabilize the energy supply chain for ensuring economic growth; nevertheless, it would also create a 
negative impact on the environment on a national scale. The social pressure against nuclear power may 
cause a dilemma for the Japanese government in defining the direction of energy policies. On top of 
this, international protocols (e.g. Kyoto Protocol and Paris agreement) constraint scope for fossil fuel 
use as energy resources.  
 
For resolving the issue between energy supply and Carbon dioxide (CO2) emission, the Japanese 
Ministry of Economy, Trade and Industry launched the “Long-term Energy Supply and demand Outlook” 
in 2015 to set up targets for 2030 and 2050, in 2015 (METI, 2015).  The future energy policy in the 
Outlook points out the three Es as their main developing direction. They are ensuring stable supply 
(“Energy Security”), realizing low-cost energy supply by enhancing its efficiency (“Economic 
Efficiency “), and making maximum efforts to pursue environment suitability (“Environment”). Under 
international societies’ codes, it is crucial that the Japanese government considers a variety of 
dimensions to tackle the subsequent issues in the wake of FDND.  
 
This case study aims to find what energy security issues will be encountered on a short-term scale. By 
making comparative analysis, the research will discover the advantages and the disadvantages of each 
future assumption and the result will provide guidance for the direction of energy policymaking in the 
near future.  
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1.1 Research questions: 
The purpose of the study is to make an evaluation of Japanese current energy policy with regard to the 
Agenda 2030, especial aiming at Sustainable goal 7. The aims of this case study are how current energy 
trends will influence energy security in different future scenarios for Japan.  
The research questions that will be answered are the following: 
 
How does the Fukushima Daiichi nuclear disaster influence present energy supply security in Japan? 
 
What do possible future scenarios of linkage between energy and greenhouse emissions in Japanese 
look like?  
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2. Background 
This chapter is going to quickly review the historical background for the Fukushima Daiichi nuclear 
disaster (FDND), mainly focusing on the three dimensions (social, economic, and environmental). The 
energy sector is very large, complex, and multifaceted. Thus, this study defined energy security in four 
dimensions (availability, technology development, economic and environmental sustainability) to 
narrow down and break down the issue in this chapter. The fundamental information for building 
comparative analysis will be introduced in this chapter.   

2.1 Brief introduction of the historical background of the 
Fukushima Daiichi nuclear disaster  
Based on the concept of sustainable development, energy planning can be broken down into three 
fundamental aspects. There are three pillars (social, environmental, and economic) which need to be 
considered when evaluating sustainable energy policies. In accordance with the UN Agenda 2020 report, 
the concept of sustainable development encompasses three interdependent and mutually reinforcing 
pillars: social development, economic development, and environmental protection, linked by effective 
government institutions (Purvis, Mao and Robinson, 2018). In order to clarify some background 
information on the impacts of the FDND accident, the following section will look through the energy 
issues from the perspective of these three dimensions (Japanese society, economy, and environment).   
 
Although it is around a decade since the nuclear power accident, it is still influencing several aspects in 
Japan, including social, environmental, and economic. On 11 March 2011, a tremendous earthquake of 
magnitude 9.0 caused severe destruction in Japan, triggering a massive tsunami on an unprecedented 
scale that hit the northeastern coast 50 minutes later (TEPCO, 2020). At the same time, the earthquake 
and tsunami caused severe damage to the Fukushima Daiichi Nuclear Power Plant (NPP) which caused 
a well-known event, the Fukushima Daiichi nuclear disaster. The NPP is comprised of six separate 
boiling water reactors originally designed by General Electric (GE) and maintained by the Tokyo 
Electric Power Company (TEPCO). During the earthquake, although reactors 4, 5, and 6 were not 
operating, without cooling water, the cores of units 1 2 and 3 overheated and severely melted in the first 
three days, followed by explosions in the units 1 and 3. There were four reactors involved in this 
explosion. The major accident was rated at Level 7 on the International Nuclear Event Scale due to high 
radioactive releases to air in the first few days. This disaster was the most severe nuclear accident since 
the 26 April 1986 Chernobyl disaster. Due to the significant amount of radioactivity released, 
approximately 160,000 people were evacuated from the affected areas. Moreover, radiation exposure 
not only affected local inhabitants’ health, but also influenced other areas through seawater 
contamination (World Nuclear Association, 2020).   

2.1.1 Sociopolitical impact  
Under this situation, most of the Japanese public were against increasing the energy share rate of nuclear 
power. Alternatively, Japanese government greatly increased the amount of fossil primary energy 
resources (not including nuclear energy) used as main energy sources to compensate for the absence of 
reduced nuclear production.  However, before the accident increasing the proportion of nuclear power 
was seen as a solution for reaching energy stability and meeting the requirement of the Kyoto Protocol 
and Paris Agreement. Hence, the Japanese government is facing conflicting international and domestic 
social pressures which creates a dilemma for the government.   
 
Regarding the domestic social aspect, a 2013 study indicated how the public attitude to nuclear power 
changed in the wake of the FDND. This study conducted a national survey in both the United Kingdom 
and Japan about public opinion on nuclear power. It showed that after FDND, conditional support (in 
the context of climate change and energy security) for nuclear power in Japan dropped from just over 
30% in 2007 to just over 20% in 2011. According to the result, the Japanese public considered nuclear 
power as a risky energy resource (Poortinga et al., 2013). Another Japanese public survey (2006-17) 
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about nuclear and radiation application reveals deeper information on nuclear power. The study selected 
1200 Japanese between 15 and 79 years of age as data resources. An increased proportion then agreed 
that with a “Zero-risk Request on Radiation”, from 47.5 in 2014 to 58.7 in 2017. The younger generation 
demands a much safer scenario regarding radiation (Iimoto et al., 2018).  Therefore, the Japanese 
government is still facing social pressure from the public even though the accident was 9 years ago.   
 
On the other hand, the Japanese government is facing international political pressure as well. Japan is 
the fifth-largest Carbon Dioxide (CO2) emitter in the world, resulting in considerable attention from the 
international community. The Paris Agreement explicitly pointed out the goal, reduction of CO2. It 
indicated that countries need to control greenhouse gas emissions and limit the rise in global average 
temperature from the pre-industrial level to 2 °C by 2100. Japan agreed with reducing 26% in GHG 
emissions by 2030 compared to 2013 levels. However, due to the accident, the Japanese government 
shutdown the nuclear power plants in 2011. Without using nuclear power, it raises the uncertainty of 
achieving the reduction goal. The current majority of public attitudes are against keeping increasing 
nuclear power, yet in order to meet the goal of the Paris Agreement, nuclear power cannot be abandoned 
totally (Shigetomi et al., 2018). Hence, from the Japanese government perspective, the issue of 
management of nuclear energy has become a political hot potato.  

2.1.2 Environmental impact  
FDND has already caused severe negative impacts on the previous nuclear power site from the local to 
the national scale. Apart from the effects of radiation on the local ecosystem would affect the local 
ecosystem, the resulting energy policies created an environmental burden as well. First, radioactive 
contamination is still an ongoing issue for the whole of Japan in the wake of the FDND. Humans can 
be affected by radionuclides via several pathways. The mechanisms of the radioactive pathways are 
very complicated. The mode of land use, which includes forests, urban areas, farm fields, and rice paddy 
fields, has a great influence on the behavior of radionuclides. The lifestyle of the public, such as their 
intake of foods, has influences on doses as well (Takahashi, 2014). This means that the radiation has 
various significant ways to affect the whole ecosystem.    
 
Increasing the imports of fossil fuels, in particular, liquid natural gas (LNG) contributes to increasing 
carbon dioxide emissions and causes an environmental burden for Japan. According to data from the 
World Bank (2019), Japan’s CO2 emissions increased by 5% in 2011, and if nuclear reactors remained 
shut down in 2012 were expected to grow by further 5.5% (IEEJ, 2012). The target in the Kyoto Protocol 
was to achieve the goal of reducing CO2 emissions by 25% of 1990 levels by 2020, but as Fig 1. 
indicates, Japan does not appear to be on track for this reduction.    
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Fig. 1. Carbon dioxide emissions from 2000-2017 in Japan (Data Source: World Bank, 2020a). 

2.1.3 Economic impact 
Reducing Japanese nuclear power caused a significant economic impact. Energy supply plays an 
essential role in countries’ economies. As the world’s fifth-largest electricity user, Japan’s energy 
supply structure is vulnerable. Their energy supply heavily depends on imports, to around 95%. Before 
the nuclear accident, the Japanese government wanted to increase its energy security by investment in 
nuclear power. After the Fukushima accident that approach encountered several obstacles, mentioned 
before (IEA, 2016). According to the 2016 international energy agency (IEA) report, the shutdown of 
nuclear reactors and increasing fossil fuel costs put to the Japanese utilities under serious or drastic 
financial pressure. More than half of the public utilities had losses for the first three years from April 
2011 to March 2014. However, the decline in LNG and oil prices since 2014 has helped regain some 
profitability. Clearly, this means that the profitability of Japanese utilities is more influenced by the 
LNG and oil prices than before the accident. Moreover, lost nuclear energy capacity and an increased 
share of fossil fuel caused additional costs to the Japanese economy. LNG imports, for instance, 
increased from 70 Mt in 2010 to 85 Mt in 2011, resulting in the first Japanese trade deficit for over 30 
years (IEA 2016). This trade deficit was mainly caused by a surge of 25.2% (¥4.3 trillion) in fossil fuel 
imports, which in 2011 accounted for nearly to one-third of Japan’s import expenditure (Vivoda, 2012).     
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Fig. 2. Japanese external balance, from 2000 to 2018 (Data source: World Bank, 2020b). 

2.2 Conceptual framework of evaluating energy security  

2.2.1 Fundamental definition of energy security in previous studies 
The concept of energy security can be elaborated based on a variety of definitions. There are several 
studies presenting different ways to analyze the issue of energy security. Energy security analysis has 
developed to become highly involved in energy policy development for the purposes of mitigating 
climate change and providing affordable and accessible modern energy (Cherp & Jewell, 2014). For 
conceptualizing energy security, Baldwin's study can be a good and essential starting point. The study 
pointed out that “economic security, environmental security, identity security, social security, and 
military security are different forms of security, not fundamentally different concepts” (Baldwin, 1997, 
23). In other words, the concept of energy security should be based on a concept of security generally. 
Although the definition of energy security changes depending on what perspective is chosen and does 
not have a universal definition, at least there are three fundamental questions that need to be answered 
(Baldwin 1997; Koyama 2012; Cherp & Jewell, 2014).   
 

• Security for whom? 
• Security for which values? 
• From what threats? 

 
However, some authors (Cherp and Jewell, 2014) have argued that the concept of “four As” is 
appropriate for addressing these three fundamental questions of security. The four As of energy security 
(availability, affordability, accessibility, and acceptability) are a frequent starting point for constructing 
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energy security studies. Two of the 4As, availability and affordability, have been used for a while and 
are still treated as a mainstream definition of energy security by e.g. the International Energy Agency 
who defines energy security “as the uninterrupted availability of energy sources at an affordable price” 
(IEA, 2014). However, the concepts of availability and affordability do not address all relevant aspects 
of current energy security.    
 
Modern energy security may be more complex than was the case in the 1970s. In the classic concept of 
energy security, the answers regarding “security for whom” are fairly straightforward. Mainly, this was 
an issue for the oil-importing industrial nations. Things have, however, changed and now there are 
various focal points. The answers to “whom” can include household consumers, industries, and nations. 
Different actors have different responses. Hence, based on this example, Cherp and Jewell, (2014) 
demonstrated that missing relevant information regarding energy security could be addressed with the 
help of the concept of the four As.    
 
Moving onto the second fundamental question for evaluating security, Security for which values? In 
accordance with the present authors (Cherp and Jewell, 2014), illustrated the meaning of this question. 
The four As models are characteristics of energy systems, not human values. Certainly, the As are 
bonded to political, economic, social and other aspects. However, the 4As concept does not analyze 
these links. In classic energy security studies, the concept of 4As could work due to that they proceeded 
from the strong, self-evident and implicit connection between national values such as political 
independence and territorial integrity and a particular energy system: oil supplies. Conversely, 
contemporary energy security studies are no longer confined to one energy sector (main oil energy 
sector). Other energy sectors are vital as well, such as natural gas and nuclear power. Besides, more 
factors (geopolitical values, internal political, and social stability) are involved and affected in current 
energy security.    
 
The four As do not specifically and precisely point out the threats to energy security. In other words, 
the definition allows space for elaborating, the threats cannot be generalized in one specific pattern. For 
example, due to the geographical location of Japan, earthquakes may pose major threats to energy 
supply. Other countries may face different threats. When adopting the 4 As the concept for illustrating 
the Japanese case, it might be geological (availability), geopolitical (accessibility) and economic 
(affordability) threats which are central. However, the resilience and all risks to the energy supply (aging 
infrastructure, terrorist attacks, natural events, or intermittency of solar and wind energy) are not directly 
included in this concept.    
 
Therefore, a question for the heart of current energy security studies is to identify and explore the 
linkage between energy systems and essential social dimensions, such as politics and economy. 
Protecting the values of different nations means protecting clear-cut energy systems of those nations, 
instead of generalizing it. Through the study can discuss deeply on the definition of classic energy 
security concept. The missing information and meaning can be much more precisely and clearly for 
constructing a study.  

2.2.2 The framework and metric of energy security in this study 
The previous section discussed the importance of defining the term energy security. There are three 
fundamental questions needing an answer: Security for whom? Security for which values? Form what 
threats? This case study mainly focuses on the disruption of the Japanese energy supply chain due to 
the FDND. The study of Cherp and Jewell (2014) provided points and suggestions for finding a suitable 
conceptual framework for energy security analysis. Several studies have already presented conceptual 
frameworks for evaluating energy security, especially energy supply security in the Asia-Pacific region 
(Vivoda, 2010; Portugal-Pereira and Esteban, 2014; Chung et al 2017). Thus, this section is going to 
introduce several conceptual frameworks and indicators for measuring energy security for building the 
further study in the following essay.     
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In the Asia-Pacific region, energy security has emerged as an important issue. Several countries in the 
region are developing countries with highly increasing economic growth (India, Indonesia, and China,  
etc), which is accompanied by a significant increase of energy demand (Vivoda, 2010)  Available 
statistics show that in 2018, China and India contributed to 34%, and 15% almost 50% in total to global 
primary energy growth (BP statistical review, 2019). Vivoda (2010) based his study on dividing energy 
security into 11 dimensions (Energy supply, Demand management, Efficiency, Economic and so on), 
aiming to make the evaluative framework more robust and complete. The framework is built up for 
evaluating each country’s energy security and also allows for cross-country and cross-dimensional 
comparison. It attempted to create the most comprehensive analysis framework for energy security.  
However, there exist certain shortcomings for this framework, as pointed out by another researcher 
(Sovacool, 2011). That study mainly criticised that “the attributes, however, are incomplete, and at 
times conflate actual metrics and indicators with dimensions or components” (Sovacool, 2011). Based 
on these studies, finding the most comprehensive framework of energy security seems impossible.    
 
On the contrary, finding “suitable” frameworks for evaluating energy security should be given priority. 
Energy security is complex, larger and multifaceted. The Portugal-Pereira and Esteban (2014) study 
applied and adapted the framework more precisely and specifically for focusing on Japan’s electricity 
security of supply. Five main dimensions were selected (Availability, Reliability, Technological 
development, Global Environmental Sustainability, Local Environmental Protection) as the conceptual 
framework to construct the study.  Similarly, the Chung et al. (2017) study presented the framework for 
the analysis of the power system in Korea. The study defined energy security as simply four dimensions: 
reliability in supply, the economy in electricity generation, environmental sustainability, and technology 
complementarity (REET). These two cases proposed how to narrow down the scope of energy security 
into the energy supply perspective. Hence, the definition of energy security in this study will be based 
on the aforementioned studies and definition of energy security for finding the suitable framework.    
 
-Availability 
 
There are two key factors, diversification and imported resource dependence, for determining countries’ 
energy availability in the study. Adapting to this study, it can be measured by the index of geopolitical 
risk and net energy import dependence in FFSSI. Through increasing diversification of energy supply 
resources, energy importers can reduce the risk of import disruption. Geopolitical issues include events 
such as outbreaks of wars, destabilized regimes, or regional tensions which can lead to oil or gas supply 
disruptions (Ang Choong and Ng, 2015). These two dimensions are commonly employed to quantify 
the energy security of supply. In the present study, the availability of the electricity generation and 
supply systems have been quantified in terms of dependence on imported resources (LNG, Oils, and 
Coal), geopolitical risk, and share of imported fossil fuels (Portugal-Pereira and Esteban, 2014). A 
country can enhance energy mix diversity by having a more balanced energy supply of different energy 
types.  
 
-Technology Development  
 
Refers to the capacity of a system to generate electricity in the most efficient and competitive way by 
increasing outputs using the least energy resource inputs. “The ratio of environmental impact to goods 
demanded by people and produced. Engineers and industry can affect this force by inventing, perfecting, 
and employing technology” (Waggoner & Ausubel 2002, p.7860).  The carbon intensity is employed 
to measure this dimension in the present study. The aim of this dimension is to produce as much energy 
as necessary while minimizing energy waste (Sovacool, 2011; Portugal-Pereira and Esteban, 2014). In 
other words, the purpose of employing the parameter of carbon intensity is for evaluating and finding 
the ratio of CO2 emission to energy generation. The carbon intensity can provide an index for 
understanding environmental impact caused by a country.  
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- Economic 
 
The economic dimension is commonly discussed and analyzed on energy security. In the present study, 
there are several indicators for measuring this dimension. The energy intensity (defined as energy use 
over GDP) is used for analyzing the ratio between the cost of generating energy per unit (Chung, 2017). 
This index can provide information on the affordability of energy. If the country has higher energy 
intensity, it means that the country's electric price is harder to afford. Through examining the price of 
generating electricity we can break down the economic impacts caused by the FDND.  
 
- Environmental Sustainability 
 
Defined as the environmental impacts caused by the generation of electricity in Japan. Fossil fuel-based 
electricity generation systems need to take responsibility for large GHG emissions, in particular CO2 

emissions. Using the Kaya identity analysis, we can break down the root causes of carbon dioxide 
emitters (Kaya, 1990). There are several indicators for measuring the sustainability of the electricity 
supply system (Portugal-Pereira and Esteban, 2014).  

2.3 Comparative analysis of Japanese energy supply resources 
with other neighboring Asian countries  
This comparative analysis using four indexes to measure it. Due to that the nuclear accident have been 
disrupted the energy supply security. This section is going to discuss the background of the energy 
supply system in the wake of FDND. The basic information of the energy supply of other neighboring 
Asian countries will be presented in this section. In the later section, the energy supply security will be 
quantified which can present a further comparison between Japan and other Asian countries. The 
purpose of applying comparative analysis is to attempt to find the weakness in Japan’s present energy 
supply system. Through this approach we can find effective approaches to enhance the energy supply 
system in Japan.  

2.3.1 The review of energy supply in Japan 
Currently, the Japanese government heavily relies on fossil fuel as the main energy resource. The 
Japanese government aimed to reduce natural gas consumption by 25 percent after 2007. However, after 
the FDND, Japan had to significantly increase its reliance on natural gas as an alternative energy 
resource to nuclear power. In 2017, liquid natural gas (LNG), with a 27 percent share of primary energy, 
was on track to become Japan’s largest source of energy by 2030 (Vivoda, 2019). Furthermore, use of 
the other two types of fossil fuel (Oil, and Coal) also have been increased by the government in the 
wake of FDND. Nuclear power, in general, is increasing again, but compared with the 2010 nuclear 
energy contribution, it now accounts for a small amount of total energy supply.   
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Fig. 3. Total primary supply in Japan (1974, 1990, 2000, 2010, 2016-2018) (Data source: IEA, 2019). 

Figure 3 shows an overview of Japan’s energy supply resources. The data indicates that current power 
resources are dominated by three types of fossil fuels.  As figure 3 shows, the trend of usage of Oil has 
decreased in recent years, but the Oil is still the biggest energy supply resource. Comparing 2010 and 
2016, the amount of nuclear power had a significant decrease. However, it is increasing again based on 
the latest data.  

2.3.2 Overview of energy supply resources in the Asian-Pacific region  
The fossil fuel energy plays a key role in the energy supply in the Asian Pacific. Due to that Japan is 
located in the Northern East region, the study will be comparing Japan with its neighboring countries, 
China, Taiwan, and South Korea. Apart from those four countries, there are two more southern-east 
countries, Malaysia and Singapore, which will be selected as well for presenting a more comprehensive 
overlook of the energy supply in this region. The data (BP statistical review, 2019) shows that China is 
the biggest primary energy consumer among these six countries, followed by Japan, South Korea, 
Taiwan, Malaysia, and Singapore.  
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Fig. 4. Primary energy resources in the Asia-Pacific region (Data resources: BP statistical review, 2019) 

2.4 The analysis of driving forces of Carbon dioxide and future 
scenarios 

2.4.1 Kaya identity 
Increasing GHGs can be caused by various factors. In order to provide a deeper insight into the energy 
supply shift of Japan and CO2 emission, the Kaya identity will be applied for this study.  During recent 
decades, a distinct body of researches formed to investigate driving forces of and analytical tools to 
break down the trend of emissions at the regional or global scale. Several quantitative models, such as 
Kaya identity, Data Envelope Analysis (DEA), Logarithmic Mean Weight Division (LMD), Perfect 
Decomposition Method and the other models are applied to determine the influences of most key 
effective driving forces which are mainly population, economic activity, energy efficiency, and energy 
structure (Tavakoli, 2018). A Japanese professor named Yoichi Kaya introduced a simple but 
extensively applicable model to conduct quantitative analysis on CO2 emissions (Kaya, 1990). 
Evaluating an energy system by simply examining the GHG emissions or trends of energy consumption 
over times present useful descriptive statistics. However, insights regarding the factors mainly driving 
the changes observed are not included and further analysis is required. Within the context of GHG 
emissions reduction, the Kaya identity can be used to present a decomposition analysis of the core 
drivers that contribute to the total emissions. The start of a decomposition analysis is an equation where 
the variable of interest, whose changes are to be analysed, is written as the product of its main drivers 
(Mavromatidis et al., 2016).  
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This model entitled “Kaya Identity” established a simple mathematical equation which relates economic, 
demographic and environmental factors to estimate CO2 emission of human activities as Equation. (1). 
 
	

𝐸!"#$%& = 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 ×
𝐺𝐷𝑃
𝑃𝑒𝑟𝑠𝑜𝑛

×
𝐸𝑛𝑒𝑟𝑔𝑦	
𝐺𝐷𝑃

×
𝐶𝑂'

𝐸𝑛𝑒𝑟𝑔𝑦
 

 
(1) 

                         
Equation 1. Kaya Identity for decomposing the driving forces of CO2 emission.  
 
Where ECarbon is carbon emission rate (GtC/yr); GDP/Person is per capita of gross domestic product 
($/person-yr); Energy/GDP is energy intensity, primary energy per unit of GDP (EJ/$) and finally 
Carbon/ Energy is carbon intensity, carbon emissions per unit of primary energy (GtC/EJ). More 
precisely, this emission equation offers an analytical framework for evaluating the factors increasing 
GHGs emissions, in the form of fuel consumption (Tavakoli, 2017). There are four parameters in the 
formula for analyzing the driving forces of the carbon dioxide emissions, population, economy, energy 
intensity, and carbon intensity. The method part of this study will discuss the application of this equation. 
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3. Method 
The conceptual framework of energy supply security analysis is based on the four dimensions, 
Availability, Technology Development, Economic and Environmental Sustainability. Two main 
analyses will be presented in this article. For assessing the current security of the energy supply, the 
comparative analysis will compare Japan with other aforementioned Asian countries. By the result of 
the comparative analysis, we can find the weaknesses of the current energy supply system in Japan, for 
proposing potential improved approaches. Another main analysis in the study is the Kaya identity and 
future scenarios analysis. As the study mentioned earlier, the Kaya identity can indicate the CO2 emitters. 
The future scenarios will be based on the analysis of CO2 emitters to draw a timeline for providing 
future assumptions on energy security in Japan. The time series forecasting is an important area of 
forecasting in which past observations of the same variable are collected and analyzed to develop a 
model describing the underlying relationship. Forecasting methods are a key tool for providing good 
indications to decision-makers in many areas, such as economics, management, and finance, or 
environment (Rahman & Ahmar, 2017).    

3.1 Constructing the comparative analysis for the security of 
energy supply in Eastern Asian region  
The method for evaluating energy supply adopts the developed method in Cabalu (2010). Originally, 
this index is designed for evaluating the short-term risks associated with the liquid natural gas (LNG) 
supply in the Asian regions. It combines four parameters of gas import diversification, geopolitical risks 
of the gas supplying country, the risk associated with energy transit, and the economic impact of gas 
supply disruption (Cabalu, 2010). In this present study, it extends this index for presenting a more 
comprehensive index in order to measure the energy supply by fossil fuel. The Oil and Coal will be 
included and calculated in the Fossil fuel supply security index (FFSSI). Fossil fuel supply security is 
extended from the Gas supply security index (GSSI).  The raw data will be collected from Gas, Oil, and 
Coal information, published by IEA (IEA, 2019b; IEA, 2019c; IEA, 2019d). The study evaluated four 
distinct securities of fossil fuel supply indicators for oil, gas, and coal: intensity (F1), import dependency 
(F2), the ratio of domestic production to total domestic consumption (F3) and geopolitical risk (F4).  F1 

is measured as the ratio of fossil fuel consumed in an economy to gross domestic product (GDP). 
Through this indicator can measure the efficient use of gas to produce the economy’s output. F2 is 
expressed as the ratio of net imported gas consumption to total primary energy consumption. F3 is 
measured as the ratio of domestic fossil fuel (oil, gas and coal) production to total domestic fossil fuel 
consumption. Domestic production provides a better indication of the country’s capacity to tackle short-
term supply disruption than domestic reserves as production excludes fossil fuel from stranded reserves 
which cannot be tapped immediately. F4 represents the exposure of an economy to political risk and is 
measured on the basis of two factors: diversification of fossil fuel import sources and political stability 
in oil, gas and coal-exporting countries. 
 

 𝐹()* =
𝐹𝐸𝐶),*
𝐺𝐷𝑃)

 

 
(2) 

 
Equation 2. Intensity of fossil fuel (F1). 
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The intensity of energy j (where j = oil, coal, and gas); in the countries i (where i= selected Asian 
countries). The F1 is a metric for calculating the ratio of fossil fuel energy consumed in country i (FECi,j) 
to GDP of country i (GDPi) and expressed as cubic metre per unit of GDP or m3/GDP.  
 

 𝜑()* =
𝐹(),* −𝑀𝑖𝑛(𝐹(*)

𝑀𝑎𝑥>𝐹(*? − 𝑀𝑖𝑛>𝐹(*?
 (3) 

 
Equation 3. The relative indicator for country i associated with F1 (φ1ij). 
 
The relative indicator, φ1ij results in projection of F1ij in the interval [0, 1]. A low value of φ1ij means 
that the country i is less vulnerable or less insecure to supply shocks compared with other countries in 
the study. 

 
𝐹'),* =

𝐹𝐸𝑀),*

𝑇𝑃𝐸𝐶)
 

 

(4) 

 
Equation 4. Net fossil fuel import dependency (F2). 
 
The import dependency of country i (F2ij) is expressed as the ratio of net imports of the fossil fuel energy 
in country i (FEMi,j) to total primary energy consumption in country j (TPECj). Net fossil fuel import 
dependency is in the percentage form.  
 

 
𝜑')* =

𝐹'),* −𝑀𝑖𝑛(𝐹'*)
𝑀𝑎𝑥>𝐹'*? − 𝑀𝑖𝑛>𝐹'*?

 

 
(5) 

 
Equation 5. The relative indicator for country i associated with F2 (φ2ij). 
 
The above adjustment transforms the indicator in the [0, 1] interval with the value of 0 being assigned 
to the country with the lowest value of the selected security of supply indicator and least vulnerable and 
value 1 is assigned to the country with the highest value of the selected indicator and hence most 
vulnerable. 
 
 

𝐹,)* =
𝐹𝐸𝑃),*
𝐹𝐸𝐶),*

 

 
(6) 

Equation 6. Ratio of domestic fuel production to total domestic fossil fuel consumption (F3). 
 
FEPi,j  is domestic fossil fuel energy j (where j=oil, gas, and coal ) production in country i and FECi,j 
is total fossil fuel energy consumed in country i. This indicator, unlike the first two, is negatively related 
to fossil fuel supply vulnerability or security. A high value for F3 means that country j is less vulnerable 
or less insecure to supply shocks compared with other countries in the study.  
 
 

𝜑,)* =
𝑀𝑎𝑥>𝐹,*? − 𝐹,),*

𝑀𝑎𝑥>𝐹,*? − 𝑀𝑖𝑛>𝐹,*?
 

 
(7) 

 
Equation 7. The relative indicator for country i associated with F3 (φ3ij). 
 
The above relative indicator φ3ij in the [0, 1] interval with the value of 0 being assigned to the country 
with the highest value of the selected security of energy supply. The value of 0 is an indicator indicating 
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the least vulnerable country. Conversely, the value 1 is assigned to the country with the lowest value of 
the selected indicator and hence most vulnerable. 
 
Political stability plays an essential role in the determination of supplying energy sources. There two 
main indices mostly used to measure energy supply diversity, which are Shannon index (sometimes 
Shannon–Weiner of Shannon–Wiener index), and the Herfindhal–Hirschman index. The study of 
Cabalu (2010) selected the Shannon–Wiener index for measuring geopolitical risk (F4). Jansen et al. 
(2004) applied a combined Shannon index that captures fuel diversity but also diversity in suppliers for 
the share of imports of each fuel. The following formula describes such the index: 
 

 S = −B(
-

h-m-lnm-) (8) 

Equation 8. Shannon-Wiener index. 
 
where S is the Shannon index of import flows of fuel, adjusted for political stability in exporting country 
i; hi the extent of political stability in exporting country i, ranging from 0 (least stable) and 1 (most 
stable); and mi the share of gas imports from country i in total gas imports. In this study, the S will be 
(gas, coal, and oil). The value of hi will be based on the Worldwide Governance Indicators, reported by 
World Bank (2019).  
 

 𝜑.)* =
𝑀𝑎𝑥>𝐹.*? − 𝐹.),*

𝑀𝑎𝑥>𝐹.*? − 𝑀𝑖𝑛>𝐹.*?
 

 
(9) 

Equation 9.  The relative indicator for country i associated with F4 (φ4ij). 
 
Similar with indicator φ3ij , due to that  F4  is positively related to energy supply vulnerability, the relative 
indicator φ4ij , is in the [0, 1] interval with the value of 0 being assigned to the country with the highest 
value of the selected security of  energy supply. Conversely, the value 1 is assigned to the country with 
the lowest value of the selected indicator and hence most vulnerable. 
 

 𝐹𝐹𝑆𝑆𝐼)* = I∑ 𝜑&)*'.
&/(

4
 

 

(10) 

Equation 10.  Fossil Fuel Supply Security Index (FFSSI).  
 
We follow the earlier study (Cabalu, 2010) which used the gas supply security index (GSSI) derived as 
the root mean square of the four relative indicators or scaled values of the four security of supply 
indicators. Therefore, the Fossil Fuel Supply Security Index (FFSSI) is also derived as the root mean 
square of the four relative indicators. Only one difference between FFSSI and GSSI is that FFSSI 
includes two more energy resources (coal and oil).    

3.2 CO2 driving forces analysis and building future scenarios 
Japan is the fifth largest CO2 emission country in the world. There are a variety of factors causing an 
increase of the emissions, such as technology development, population, national economic activities, 
etc (BP statistical review, 2019). Those factors causing the Carbon dioxide emissions can be quantified 
into figures to present. As was mentioned in the background section, the FDND has already caused 
severe on economic, environmental, and social-political impacts. The future scenarios analysis will 
build the assumption on the driving forces of CO2 for guiding policymakers about the future direction 
of energy supply in Japan.  
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3.2.1 Driving forces of CO2 emission   
Referring to equation 1, mentioned earlier, the concept of the Kaya identity has already been introduced. 
This section is going to discuss the Kaya identity formula and how this formula is applied in this study. 
There are a total of four parameters in the emission equation, which has already been used for a wide 
range of studies, some of which extend this equation form discussing much smaller emission sectors, 
such as transportation, agricultural, industrial, and different scales, such as countries to villages. (Zhang 
et al., 2009; Mavromatidis et al., 2016). This study will stay at the national scale and use a simple form 
of the Kaya identity. Using this decomposition equation is for the purpose of attempting to evaluate the 
feasibility of achieving the CO2 target by 2030 (METI, 2015).   
 
Population is one of the major factors that leads to carbon emissions in all countries. However, this 
impact has been more pronounced in developing countries than the developed ones (Tavakoli, 2017). 
The correlation between growing population and increasing fossil fuel consumption is positive 
(Tavakoli, 2017; Tavakoli, 2018). Adopting the population parameter in the present study, according to 
the World Population Prospects (2015) projected that the Japanese population will be decreased from 
126 million in 2015 to 107 million population in 2050. If a decreasing population happens in Japan, 
CO2 emission likewise may decline as well.  
 
Economy is the other factor which influences emission trends. The Gross Domestic Product (GDP) per 
capita is an index used for measuring the economic situation of society. There are several studies which 
indicate that countries’ economic activities are related to CO2 emission as well (Tavakoli, 2018). The 
study of Zhang et al., (2009) shows that economic activity has the largest positive effect in CO2 emission 
changes in all the major economic sectors over 1991–2006.  
 
Energy intensity is an indicator for evaluating the energy efficiency of a country’s economy. In other 
words, this indicator is a measurement of the amount of energy consumed to create a dollar’s worth of 
economic output, or conversely the amount of economic output that can be generated by one 
standardized unit of energy (Tavakoli, 2018). This index can provide good insight and comparisons for 
a government to evaluate the relationship between energy consumption and economic output in different 
industries, especially for countries which have high levels of industrialization, with a mix of services 
and manufacturing in the economic structure (Wang et al., 2014).  
 
Carbon intensity is the relative amount of carbon emitted per unit of energy or fuels consumed. It is a 
measure of how efficiently countries use their polluting energy resources, such as coal, oil and gas. The 
countries which are increasing the number of renewable energies can reduce the carbon intensity but 
those who still heavily rely on fossil fuels to boost economic growth have less opportunity for reduction 
(Tavakoli, 2018).   

3.2.2 Constructing future scenarios on CO2 driving forces 
This study applies a quantitative forecasting approach to create trend lines into the future on each 
parameter. Based on the past trend, it provides future projections on CO2 emission in Japan. Forecasting 
is required in various situations: predicting energy demand in an area or stocking an inventory requires 
forecasts in a firm. It is an important tool to effective and efficient planning. Quantitative forecasting 
models are appropriate to use when it is reasonable to assume that past data trends are expected to 
continue into the future (Hyndman & Athanasopoulos, 2018). The forecasting models can be simple, 
such as using the most recent observation as forecast, or highly complicated, such as neural nets and 
econometric systems of simultaneous equations. Choosing the quantitative models depends on how 
much data is available and what the objective of the forecasting is. This study aims to present the 
projections on carbon dioxide emission in different scenarios in order to evaluate the feasibility of 
reaching the goal. Plus, there are sufficient historical data about CO2 emission, GDP, population, and 
energy consumption. Hence, time series analysis is a good and feasible approach for the study to create 
the future scenarios.   
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Time series analysis is composed of various methods for analysing time series data to extract 
meaningful statistics and other characteristics of the data set. Using past events to forecast future events 
is called time series forecasting (Höök et al., 2011). The forecasting does not account for abrupt changes, 
but they are good estimates of business as usual. This study uses three types of forecasting models. 
Three are three different type of models, linear, polynomial, and Holt-Winter forecasting. Linear 
regression is a linear approach to modeling the relationship between a dependent variable and one or 
more explanatory variables. In the case of only one explanatory variable called simple linear regression 
model (SLRM). With more than one explanatory variable, the multiple regression method is used. In 
this case study, the explanatory variable will be the years. (Freedmen, 2009). Polynomial regression is 
one of the most useful and well-known class of functions which is employed whenever the he 
relationship between dependent and independent variables is a polynomial. In most case, this type of 
model will be applied as an approximation when the type of relationship between dependent and 
independent variables is unknown (Araújo, 2018). Holt-winters forecasting model will be the most 
complicated model in these three model modeling measures. Holt-winters is one of the most popular 
and ubiquitous forecasting techniques in the time series domain. It is a way to model three aspects of 
times series, a trend over time, seasonality (circular repeating pattern), and a typical value (average) of 
a time period (Holt,1960). The R2-values is used for evaluating the quality of future trend lines and 
figures. The future assumption is that a good R2-value (over 0.90) would indicate a higher accuracy of 
the forecast than a bad R2-value (below 0.70). However, it's important to remember the uncertainty still 
exists in this approach, even when a predicting model fits past data well (Höök et al., 2011; Hyndman 
& Athanasopoulos, 2018; Ehrling, 2019). Therefore, what this report attempts to identify is systematic 
patterns/general trends in the data. The result of linear, polynomial regression model and Holt-Winters 
forecasting will be compared. 
 
Scenarios building will be based on the result of the three different types of time series models. Using 
Tableau and Excel software tools we can project the possible future trends in each parameter (CO2 
emission, Population, Economy, Energy Intensity, Carbon intensity). There will be two different 
conditions (pre- and post-accident) to build up the future scenario. The reason for creating this assuming 
scenario is to be employed as being a reference for the Japanese government. By the two different 
fundamental premises we can analyze the importance of having non-fossil fuel energy. There will be 
three different forecasting models to extrapolate possible pathways, linear, polynomial, and Holt-
Winters. In each scenario we will be facing different challenges, like linear forecasting may present an 
optimistic trend of future scenarios and polynomial forecasting may give a downward trend in each 
scenario in each parameter. By possible scenarios we can have more information on what the direction 
of current energy policies is leading to.  
 
The linear and polynomial equations are produced by Tableau's trendline function. Holt-Winter 
forecasting is a built-in programme for conducting time series analysis in Tableau. In the following 
section, each equation will be briefly introduced. 
 
The linear equation: 
 
 𝑌 = 𝑏0 + 𝑏1 ∗ 𝑋 

 (11) 

Equation 11. Linear function for linear-forecasting scenario. 
 
where b1 is the slope and b0 is the intercept of the line, b1 is the rate of change, often referred to as the 
slope of the line, and b0 is used for the point where the line intercepts the y-axis.  
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The polynomial equation:  
 
 𝑌 = 𝑏0 + 𝑏1 ∗ 𝑋 + 𝑏2 ∗ 𝑋' +⋯ 

 (12) 

 
Equation 12. Polynomial function for polynomial-forecasting scenario. 
 
This study selected is a polynomial regression model in one variable is called a second-order model 
or quadratic model (Gelman & Imbens, 2016). Polynomial regression is widely employed in situations 
where the response is curvilinear or nonlinear because even complex nonlinear relationships can be 
adequately modeled by polynomials over a reasonably small range of the dependent variables (Hong 
&Do, 2001). Through the computation of Tableau, it can create from 2 to 8 degrees polynomial model. 
However, the higher polynomial degrees exaggerate the differences between the values of your data. If 
research data rise very dramatically, the lower order terms may have almost no variation compared to 
the higher order terms, rendering the model impossible to estimate accurately (Gelman & Imbens, 2018). 
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(13) 

Equation 13. Holt-Winters forecasting equations  
 
where k is the integer part of (h-1)/m, which ensures that the estimates of the seasonal index employed 
for forecasting come from the final year of the sample. The level equation shows a weighted average 
between the seasonally adjusted observation (𝓎t -St-m) and the non-seasonal forecast.  Forecast equation: 
Ft+m; Level equation: ℓt; Trend equation: bt; Seasonality equation:St (Hyndman & Athanasopoulos, 
2018). 

3.3 Limitations  
Due to that the nuclear accident caused severe disruption for Japan's energy supply system, it may cause 
statistical deviation. Although the data is provided by several well-known and international institutions 
(IEA, World Bank, BP statistical reviews), it still has missing data in the dataset. For example, in the 
coal information, published by IEA in 2019, does not provide the whole countries’ coal information. 
Thus, the missing data is needed from different organisations to complete the dataset. The different 
organisations may have a slight difference in their data, which creates the error bound during the 
calculating process.  
 
When it comes to time series analysis, outdated data also will confine the accuracy of prediction. Based 
on the latest data from World Bank, it does not give information about energy consumption up to 2017 
(World Bank, 2020c). It leads to the future scenario is based on 2017 instead of 2019 and cause 
deviations in the future projections as well. In order to minimize the deviations, the future scenario 
estimates in the short to middle term, from 2020 to 2030. Moreover, the linear, polynomial, and Holt-
Winters forecasting may not concern too many factors on the prediction and be constrained by the 
mathematical traits. For example, the polynomial regression in second degree won’t go under zero, just 
infinitely approaching zero. If the data does not have significant seasonality, the Holt-Winters 
forecasting programme will turn into a naive model to extrapolate the forecasting line. On top of that, 
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the raw data also has their limitation. According to the detailed description of CO2 data, indicates that 
“Although estimates of global carbon dioxide emissions are probably accurate within 10 percent (as 
calculated from global average fuel chemistry and use), country estimates may have larger error bounds. 
Trends estimated from a consistent time series tend to be more accurate than individual values” (World 
Bank, 2020a). However, this study is focusing on the trend of each parameter, so it won’t be a significant 
issue in the present research.  
 
There are several factors that affect the accuracy of the predictions. A sudden event is one of the 
significant factors influence the assumptions. The latest Coronavirus pandemic, for example, is one of 
a good case for describing a sudden event on affecting the energy sector, such as low oil prices. 
According to the latest report from IEA in April, the global oil demand in 2020 will fall by 9.3 million 
barrels a day (mb/d) versus 2019, erasing almost a decade of growth (IEA, 2020). This type of sudden 
event hit the global oil market severely and it also will affect the result of forecasts. In addition, although 
the Kaya identity does have complex versions, yet this study still uses the simple version. The main 
reason is that the extended version of Kaya identity is used for evaluating smaller scale or sector, such 
as focusing on a city or a specific CO2 emitter. However, the aim of the study is for presenting an overall 
view on the relation between CO2 emission, economic, and technological aspects on a national scale, 
so stay with a simple version can provide a clear and understandable study for readers. Furthermore, 
this study defined the energy security in the four dimensions to look through the issue. Some other 
aspects may not include in this study. For example, the social aspect focuses on the international 
geopolitics aspect instead of focusing on Japan's public opinion on nuclear power use. Hence, it is 
important to keep the definition of energy security in mind when comparing this paper to other works 
on energy security. 
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4.Results  
Raw data used are from the BP statistical review, the World Bank, Comtrade and the International 
Energy Agency (IEA). The details of calculating fossil fuel security indices were mentioned in the 
method chapter. 

4.1 Fossil fuel supply security index  

4.1.1 Gas supply security 
 
Table 1. Individual gas security of supply indicators for six net-importing countries in Asia, 2018 (arranged in 
ascending order of vulnerability/insecurity). 

 
Source: Author’s computation. 
Note: F1,G = gas intensity;  F2,G  = net gas import dependency; F3,G = ratio of domestic gas production to 
total domestic fossil fuel consumption; F4,G = geopolitical risk. 
 
Table 2. Relative indicators of security of supply in selected net gas importing countries in Eastern Asia 2018 
(arranged in ascending order of vulnerability/insecurity). 
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Fig. 5. Gas security of supply index of selected net gas-importing countries in Eastern Asia (2018). 

4.1.2 Coal supply security  
 
Table 3. Individual coal security of supply indicators for six net-importing countries in Asia, 2017 (arranged in 
ascending order of vulnerability/insecurity). 

 
Source: Author’s computation. 
Note: F1,C = coal intensity; F2,C = net coal import dependency; F3,C = ratio of domestic coal production 
to total domestic fossil fuel consumption; F4,C = geopolitical risk. 
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Table 4. Relative indicators of security of supply in selected net coal importing countries in Eastern Asia 2017 
(arranged in ascending order of vulnerability/insecurity). 

 
 
 

 
Fig. 6. Coal security of supply index of selected net gas-importing countries in Asia (2017). 
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4.1.3 Oil supply security  
 
Table 5. Individual oil security of supply indicators for six net-importing countries in Asia, 2018 (arranged in 
ascending order of vulnerability/insecurity). 

 
Source: Author’s computation. 
Note: F1,O = oil intensity; F2,O  = net oil import dependency; F3,O = ratio of domestic oil production to 
total domestic fossil fuel consumption; F4,O = geopolitical risk. 
 
Table 6. Relative indicators of security of supply in selected net oil importing countries in Eastern Asia 2018 
(arranged in ascending order of vulnerability/insecurity). 

 



 24 

 
Fig. 7. Oil security of supply index of selected net gas-importing countries in Asia (2018). 
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4.2 Kaya decomposition  
 
Forecasting Japan’s CO2 emission 
  

 
Fig. 8. Japan’s CO2 emission forecasting. a, Linear regression model; b, Polynomial regression. Light blue line is 
computed by Holt-winter forecasting and the shade blue area is the 95% confidence interval. The red dot shows 
the CO2 target in 2030.Data is selected from 1960-2017.  
 
Table 7. Linear, Polynomial and Holt-winter forecasting values of Japan's CO2 emission (Gt) to year 2020 and 
2030.  
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Forecasting Japan’s population: 
 

 
Fig. 9. Japan’s population forecasting.a, Linear regression model; b, Polynomial regression. Light blue line is 
computed by Holt-winter forecasting and the shade blue area is the 95% confidence interval. Data is selected from 
1960-2017. 
Table 8. Linear, Polynomial and Holt-winter forecasting values of Japan's population to year 2020 and 2030.  
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Forecasting Japan’s economy: 
 

 
Fig. 10. Japan’s economy forecasting. a, Linear regression model; b, Polynomial regression. Light blue line is 
computed by Holt-winter forecasting and the shade blue area is the 95% confidence interval. Data is selected from 
1960-2017. 

 
Table 9. Linear, Polynomial and Holt-winter forecasting values of Japan's economy ($/person-yr) to year 2020 
and 2030.  
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Forecasting Japan’s energy intensity: 
 

 
Fig. 11. Japan’s energy intensity forecasting. a, Linear regression model; b, Polynomial regression. Light blue 
line is computed by Holt-winter forecasting and the shade blue area is the 95% confidence interval. Data is selected 
from 1960-2017. 
Table 10. Linear, Polynomial and Holt-winter forecasting values of Japan's energy intensity (EJ/$) to year 2020 
and 2030.  

 
 
 
 



 29 

Forecasting Japan’s carbon intensity: 
 

 
Fig. 12. Japan’s carbon intensity forecasting. a, Linear regression model; b, Polynomial regression. Light blue 
line is computed by Holt-winter forecasting and the shade blue area is the 95% confidence interval. Data is selected 
from 1960-2017. 
 
Table 11. Linear, Polynomial and Holt-winter forecasting values of Japan's carbon intensity (Gt /EJ) to year 2020 
and 2030.  

 



 30 

4.3 The what-if scenario: the trend of carbon dioxide emission 
based on the pre-accident condition 
The pre-accident-based assumption on Japan’s CO2 emission  
 

 
Fig. 13. The pre-accident-based assumption on Japan’s CO2 emission. a, Linear regression model; b, Polynomial 
regression. Red line is computed by Holt-winter forecasting and the shade red area is the 95% confidence interval. 
The black dot shows the CO2 target in 2030. Data is based 1960-2010.  
Table 12. Linear, Polynomial and Holt-winter forecasting values of Japan's CO2 emission (Gt) to year 2020 and 
2030.  
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The pre-accident-based assumption on carbon intensity: 
 

 
Fig. 14. The pre-accident-based assumption on Japan’s carbon intensity. a, Linear regression model; b, Polynomial 
regression. Red line is computed by Holt-winter forecasting and the shade red area is the 95% confidence interval. 
Data is selected from 1960-2010.  
Table 13. Linear, Polynomial and Holt-winter forecasting values of Japan's CO2 emission (Gt) to year 2020 and 
2030 
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5.Discussion 
This section provides a discussion around the results from the energy security perspective defined in 
the methodology. 

5.1 The evaluation of Japan’s fossil fuel supply security 
Based on the result of the three gas, oil, and coal supply security index, it shows that Japan is neither 
the most vulnerable energy supply country nor the most robust country among the six countries. Among 
the three indexes, Japan is in the middle position in general, which means that there are certain 
weaknesses, existing in Japan’s current power supply system. Through the analysis of three major 
energy supply resources, it is indicated that the Japanese government controls the distribution of the 
proportion of energy supply resources in a balance point. Even though Japan reduced the nuclear energy 
to virtual zero in 2011, it still has three major energy supply resources for remaining the resilience of 
its energy supply chain. However, the analysis pointed out that lacking domestic energy production is 
a significant weakness in current Japan’s energy supply system. The reduction of nuclear power 
amplifies the significance of the lack of energy self-sufficiency. For a country relying heavily on 
imported energy, the political stability of its exporter becomes a critical factor for energy supply security. 
Hence, the following section will discuss Japan’s gas, oil and coal supply security and find potential 
approaches for tackling the existing issues in its energy supply system. Meanwhile, through the analysis 
and comparison of each country, it can provide and find further insight into improving the current 
Japanese fossil fuel supply system.  

5.1.1 Comparison of natural gas supply security among selected Asian 
countries 
The result shows that Singapore is the most vulnerable country in natural gas supply comparing with 
other countries, followed by Malaysia, Japan, Taiwan, South Korea, and China. The final values of gas 
supply security for my sample net gas-importing countries in Asia are shown in Figure 5.  
 
In my samples, China is least vulnerable in the event of a natural gas supply disruption It registered the 
lowest values of FFSSI in the natural gas category at 0.448. The strength of this country is on the F1,G  

indicating relatively low gas intensity, F2,G  showing relatively low gas import dependency, and F3,G  
presenting the ability to produce natural gas in the country. The only weakness of natural gas supply 
security in China can be observed in the geopolitical issues, which pointed by the value of F4,G. Yet, the 
natural gas is not the biggest energy supply resource, only accounted for approximately 6.5 percent in 
2017. China heavily relies on coal as the biggest energy supply resource (IEA, 2019d).  In 2018, the 
main reason why China gets a lower value in F4,G . is the import sources from relative politically unstable 
countries, such as Turkmenistan, Indonesia, and Malaysia which contribute more than 40 percent. 
Cabalu (2010) pointed out this issue in their study as well. According to the study indicated that since 
mid-2006, Australia has shipped LNG cargo to China. Its second terminal in Fujian started receiving 
cargoes from Indonesia in 2008. Turkmenistan shipped LNG to northern inland areas of China.  
 
South Korea ranked 2nd as less gas vulnerable country in the sample. The major strengths are on F4,G , 
and F1,G . Natural gas is the third biggest energy supply resource in Korea, accounted for around 17 
percent in terms of primary energy supply (IEA, 2019d). For reducing the economy’s dependence on 
imported oil, Korea introduced LNG as an approach in the 1980s. Since then, the usage of natural gas 
has grown significantly. According to the IEA data, the natural gas supply of 31.8 Mtoe in 2008 has 
been increased to 48.2 Mtoe in 2018. The bulk of Korea’s LNG imports come from a much-diversified 
group of sources that explains its strength on F4,G . The major gas supplier to Korea are Qatar, Australia, 
the USA, Oman, Indonesia, and Malaysia, with smaller volumes coming from Brunei, France, Nigeria, 
Peru, and Russia. Based on the BP statistical reviews (2019) in 2018, Korea is the second-largest 
importer of LNG worldwide. However, Korea almost does not have domestic gas production, 
explaining the lower value on F3,G  . 
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Coming closely on ranked 3rd is Taiwan with a FFSSI in the natural gas category of 0.669 among the 
six sample countries. Its major weakness are on F2,G  and F3,G  because of a heavily reliance on imported 
energy resources and a very small amount of domestic gas production. This situation is not only on 
natural gas, but also on other primary energy resources (oil and coal). The reason why its F1,G  can have 
low gas intensity is because Taiwan's major energy resource is oil, which made up a large proportion 
of energy resources. Taiwan’s imported LNG most comes from Qatar, Australia, Malaysia, and Brunei. 
Taiwan received small amounts (below five percentage) of LNG from the USA, Brunei, Nigeria, and 
Oman. The majority of imported natural gas comes from politically stable countries, such as Qatar and 
Australia, and Brunei. These three countries supply almost 60 percent LNG to Taiwan, despite the fact 
that there is around 17 percent of LNG comes from Malaysia.  
 
Japan, the research target country for this study, ranked 4th in terms of gas supply vulnerability in the 
event of a supply disruption. The strengths for Japan’s gas supply are F1,G   and  F4,G ; however, the 
result indicated the most vulnerable part of Japan’s gas supply, gas import dependence, and domestic 
gas production. For reducing the risk of gas supply disruption in Japan, it should focus on the 
circumstances of gas import dependence and gas production. Although Japan’s gas consumption (112 
Billion cubic metres) is the second highest among the six selected countries, the ratio of gas 
consumption and GDP is the second lowest in the six samples. The difference between the three 
countries mentioned above is that Japan’s natural gas accounts for almost one-fifth in energy supply 
resources in the wake of the nuclear accident. Comparing with the pre-accident period, in 2010, the gas 
supply occupied 13.5 percent of Japan’s energy supply, yet in 2015, it increased to 23 percent (IEA, 
2019d). Accompany the increasing gas import dependence, Japan’s energy supply system is becoming 
more vulnerable. Moreover, the natural gas resource heavily relies on imported LNG, similar to Korea, 
Taiwan, and Singapore. The four countries considerably rely on imported energy resources. However, 
Japan’s imported gas mostly comes from politically stable countries and registered the highest value in 
F4,G . The reason why Japan can have a very good performance on this indicator is that it has a diversified 
group of gas suppliers; besides, Australia is the biggest gas supplier. The supply countries are similar 
to Taiwan, which are Australia, Qatar, and Malaysia, accounting for 70 percent. Looking at the 
information of supply countries and the percentage of gas supply in more detail, we can find that Japan 
has a much higher percentage of gas which came from Australia with 34.6 percent. Overall, the current 
security of natural gas supply does not have a significant drawback in Japan, apart from lacking 
domestic production.  
 
Malaysia is the second most vulnerable country in our selected countries in the event of a supply shock. 
Its gas supply system has two strongest traits in gas import dependence and domestic gas production; 
conversely, the values on the gas intensity and geopolitics are the two weakest points in Malaysia's gas 
supply among the six sample countries. Through the evaluation of Malaysia’s gas supply security, we 
can find that there is a completely opposite situation to Japan, Korea, Taiwan, and Singapore. The main 
reason is that Malaysia has domestic gas production and also exports to other countries. As the fourth 
gas producer in the Asia- Pacific region, Malaysia produced 72.5 billion cubic metres in 2018. IEA 
Atlas of Energy (2020) indicates that Malaysia is negative 23.9 Mtoe in 2018 in terms of gas net import. 
Among these six countries, Malaysia has the highest ratio of domestic gas production and consumption. 
Its LNG is mainly exported to Japan, followed by China, Korea, and Taiwan. On the other hand, 
Malaysia also import gas from, Indonesia, Australia and Brunei. Indonesia is the biggest gas supplier 
with far more than others, so Malaysia has the lowest value on F4,G .  
 
Singapore is the most vulnerable country among the six selected countries with 0.776 in FFSSI of gas 
category. Singapore’s gas security of supply profile is relatively weak on F2,G  and F4,G but more so on 
F3,G. The insufficiently production of domestic gas and high gas consumption makes Singapore 
relatively vulnerable to face natural gas supply shocks. Natural gas accounts for 24 percent in 
Singapore’s total primary energy consumption. On top of that, for this type of country that relies on 
imported energy resources, it should attempt to have a good performance on F4,G for ensuring to have 
stable gas supply sources. However, Singapore got the second-worst value on geopolitics option. It puts 
Singapore in a much more vulnerable situation.   
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5.1.2 Comparison of coal supply security among selected Asian countries 
The result shows that Taiwan is the most vulnerable country in natural gas supply comparing with other 
countries, followed by Singapore, Korea, Japan, Malaysia, and China. Similarly, China has the best 
capacity to face the event of a coal supply disruption in our samples. Japan and Korea are in the middle 
of the ranking. The biggest difference is that Taiwan is the most vulnerable country and Malaysia is the 
second less vulnerable country in terms of coal supply disruption. The final values of gas supply security 
for my sample net coal-importing countries in Asia can be seen in Figure 6.  
 
China is the least vulnerable country in terms of dealing with a sudden coal supply shock. It registered 
the lowest value of coal category in FFSSI at 0.535. China is the largest producer and consumer of coal 
in the world and is the largest user of coal-derived electricity. IEA (2019d) indicated that the coal 
accounts for 67 percent of China’s total primary energy supply in 2017, which explains China gets the 
highest value in F1,C . On the other hand, China has strength in low coal import dependency, geopolitics 
on coal supply countries, and even stronger in domestic coal production. Based on the value of F3,C , 
China has coal self-sufficient ability, despite the fact that the domestic coal demand is enormous. Apart 
from domestic coal production, China also has imported coal from other countries. The biggest exporter 
is Australia accounting for 60 percent of total coal supply to China, followed by Indonesia with 32 
percent. The small remaining amount of imported coal comes from Canada, the USA, and Russia.  
 
Among the six countries, Malaysia is the second less vulnerable country in the event of coal supply 
disruption, with strength on F1,C   and F4,C . Malaysia’s coal mainly relies on imports. For the coal 
importing countries, the F4,C  becomes a critical index. Coal makes up around 24 percent in Malaysia’s 
total primary energy, which is the third biggest energy supply resource. Malaysia mainly imported coal 
from Indonesia, Australia, and Russia, with 46, 33, and 16 percent, respectively. In more detail, 
comparing with Malaysia and Taiwan, they do have similar value in F1,C , F3,C and F4,C  and even Taiwan 
has a better performance on geopolitics of coal exporting countries. Yet, the biggest difference between 
Taiwan and Malaysia is about coal imported dependence, determining the second less vulnerable 
country and most vulnerable country. Taiwan imported more than double the amount of coal than 
Malaysia in 2017, which was 41.9 Mtce versus 18.8 Mtce. For improving Malaysia's coal supply 
security, Taiwan can be a reference for providing a direction. Comparing with the index of geopolitics 
we can find that Taiwan also imported from Indonesia, Australia, but the percentage is the opposite. 
Australia is the biggest coal exporter for Taiwan, in contrast, Indonesia is the biggest coal exporter to 
Malaysia. Through the comparison between Taiwan and Malaysia, we can suggest a direction for 
enhancing the country’s coal supply system. 
 
Japan ranked as 3rd in the event of a coal supply shock with a strength of F1,C  and F4,C . It registered at 
0.612 in this category. Coal, as the second most major energy supply resource in Japan, accounting for 
27 percent in total primary energy supply. The amount of total energy supply by coal has a slight 
increase after the FDND, from 115 to 122 Mtoe, between 2010 and 2013 (IEA, 2019d). Japan has 
similar traits of gas and coal supply system, in terms of strength and weakness. The main strength can 
be observed in F1,C  and F4,C . The main reason why Japan can perform with good ability on low coal 
intensity is that the proportion of energy supply resources is quite even. The oil, coal and natural gas 
account for almost one-third in each type of energy. It provides a good resilience of energy supply in 
Japan. Furthermore, the large percentage of coal comes from politically stable countries which are 
Australia and Canada with 55 and 16 percent. For the index of the geopolitics, Japan is second only to 
Korea. However, the absence of domestic energy production happens in coal. The import dependence 
is relatively higher than Japan’s evaluated index. In general, if Japan wants to alleviate the vulnerability 
of coal supply, increasing coal production can be the most direct approach. Yet, with the premise of 
lacking domestic energy resources, this approach may not be a practical option. 
 
Coming closely on ranked 4th is South Korea, with a significant advantage on F4,C . In terms of the 
profile of primary energy supply resources, South Korea is similar to Japan. In these two countries, their 
top three energy supply resources are oil, coal, and gas, in descending order. One biggest difference is 
that Korea’s nuclear energy has a certain proportion of primary energy supply, accounting for around 
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12 percent in 2018, which reduces a certain degree of coal intensity (IEA, 2019d). Nuclear power 
alleviates Korea’s centralization on the energy resources of oil, coal and natural gas. Due to the FDND, 
Japan cannot like Korean have a certain percentage of using nuclear power. The diversity of energy 
supply options explains why Korea can have relatively good performance in terms of energy intensity. 
Korea has the coal resources which came from the most stable group of exporting countries in our 
sample. Similarly, with Japan, Korea imported coal mainly comes from Australia and Indonesia, and 
Canada, but it has more diverse smaller volumes that come from the USA, China, Colombia, Russia, 
and South Africa. However, insufficient domestic coal production is a critical issue for facing a coal 
supply disruption. 
 
Singapore is the second most vulnerable country in the event of coal supply shock; however, coal simply 
accounts for a very small percentage of Singapore’s energy supply resources, with around 2 percent in 
its total primary energy supply (IEA, 2019d). Because of the small proposition of the energy supply 
resource, Singapore can have the lowest value on the index of coal intensity and net coal import 
dependency. Due to the issue of lacking domestic coal production, Singapore gets the lowest value in 
this evaluated indicator. Although Singapore only has 2 percent of energy coming from coal, they still 
import coal from other countries, almost 95 percent coming from Indonesia. High reliance on one 
specific coal exporter causes that Singapore gets the highest value on F4,C .  
 
The most vulnerable country in our sample is Taiwan, especially on the issue of coal imported 
dependence, observed in the value of F2,C . It registered at 0.735 in the coal category of FFSSI. The coal 
supply system in Taiwan is facing similar issues to South Korea, and Japan. These three countries all 
have heavy coal imported dependence and lack national coal production. According to the data, 
calculated by the Taiwanese Bureau of Energy (BOE) indicated that there is 98 percent energy reliance 
on imports (BOE, 2019). The biggest difference between Taiwan and the other two countries is that 
coal accounted for the second biggest energy resource and almost generated the same amount of energy 
as oil in 2018 (IEA,2019d). For the high net import dependency countries, increasing the value of F4,C  
would be important.  

5.1.3 Comparison of oil supply security among selected Asian countries 
Regarding the oil supply system in the six selected countries, China is the most robust country for 
dealing with sudden oil supply disruption; on the other hand, Singapore is the most vulnerable country 
among these six selected countries. Apart from China, oil is the biggest energy supply resource among 
the rest of the countries. Therefore, the oil supply category in FFSSI is the most important index 
compared with the other two in terms of the five selected countries. Our research target country, Japan, 
ranked 4th in our sample. Similarly, South Korea and Japan are still in the middle position in this 
evaluation. As discussed before, Korea and Japan have similar energy policies and energy supply chains, 
caused a similar ranking result in these three types of energy supply.  
 
The least vulnerable country is China, with strength on F2,O , F4,O  and much better on F1,O.  It registered 
the lowest values of FFSSI in the oil category at 0.384. As the previous section mentioned, the biggest 
energy supply resource is coal in China. Hence, the performance on  F1,O  is reasonable better than F1,C . 
As the second- largest economy in the world, China has very low ratio between the coal consumption 
and GDP. It explains that why China can have a relatively low value on F1,O . China has low imported 
oil dependence due to that they have domestic oil production, producing 191 million tonnes in 2018. Its 
oil net import is 420 Mtoe in 2018 (IEA Atlas of Energy, 2020). China imports oil from a variety of 
countries, which can be seen from the value of F4,O . The main oil suppliers to China are Russia, Saudi 
Arabia, Angola, Iraq, Iran, Kuwait, and Oman. China received a large amount of crude oil from these 
countries, accounting for more than 70 percent and small amount of imported crude oil comes from 
Australia, Canada, Congo, Colombia, Equatorial Guinea, Trinidad Tobago, the UAE, the USA, and 
Venezuela. Diversifying crude oil exporters enhances the complement of China’s oil supply security.  
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Malaysia, as the only net oil exporter of crude oil and petroleum products in our sample, is the second 
least vulnerable country in terms of oil supply disruption, with strength on F2,O  and F3,O. According to 
the EIA (2017b), Malaysia remained a net oil exporter of crude oil and petroleum products in 2016 
despite the narrow gap between production and consumption in the past several years. The ratio of oil 
consumption and production has been decreasing over the past decade. As of 2018, Malaysia net exports 
2.58 million tonnes crude oil to other countries where almost within Asia Pacific region. The crude oil 
is shipped to Australia, India, Thailand, Singapore, and Indonesia. After the country's Fukushima 
accident in 2011, Japan purchased more crude oil from Malaysia to use for generating power following 
the loss of nuclear electric generation (EIA, 2017b; IEA Atlas of Energy, 2020). Although Malaysia is 
a net oil exporting country, it has a certain amount imported crude oil from other countries, coming 
from Australia, Indonesia, Saudi Arabia, Libya, Russia, the UAE, and Venezuela.  
 
South Korea ranked 3rd in our selected countries in the event of an oil supply shock, with strength on 
F1,O and F4,O. As pointed out in the natural gas supply security analysis in this paper, Korea’s energy 
supply resources are heavily relying on imports. It causes that in each index about imported power 
dependence and domestic power production it gets weak performance. On the other hand, as mentioned 
before, Korea mainly relies on four types of energy supply resources, oil, natural gas, coal, and nuclear 
power. To a certain degree, Korea can have relatively good performance in the case of oil intensity, due 
the nuclear power generation. Petroleum and other liquids, including biofuels account for the largest 
portion (44 percent) of South Korea’s primary energy consumption in 2017, but its share proportion of 
total primary energy consumption has been declining since the mid-1990s, when it reached a peak of 
66% (EIA, 2018). As the section mentioned before, Korea wants to reduce the economy’s dependence 
on imported oil, so Korea introduced LNG as an approach in the 1980s. However, so far, oil is still the 
largest energy resources for Korea. The main oil exporters to Korea are Iraq, Kuwait, Qatar, Saudi 
Arabia, and the USE, accounting for above 80 percent in Korea’s total crude oil supply.  
 
Coming closely, Japan ranked as 4th in our evaluation of affording sudden oil supply disruption. As the 
main research target of this study, Japan has an outstanding performance on the F1,O in our analysis. 
According to the EIA (2017a) among the large developed world economies, Japan has one the lowest 
energy intensities. Since the 1970s, the Japanese government has substantially improved energy 
efficiency and invested high levels of investment in research and development of energy technology. It 
can explain the reason why Japan can have relatively low energy intensities in the three types of energy 
supply resources. Oil is the largest source of primary energy in Japan, despite of the fact that its share 
of total energy consumption has decreased from around 80 percent in 1970s to 42 percent in 2015. 
Before the Fukushima nuclear incident, Japan was the third-largest consumer of nuclear power in the 
world, and nuclear power accounted for 13 percent of Japan’s total energy in 2010 (EIA, 2017a). 
Nevertheless, Japan has a major issue about the current oil supply security which is the political security 
of oil-exporting countries. As for all oil-importing countries, the index of geopolitics becomes much 
more critical, due to that energy resource relies on exporters. There are two ways to improve this index. 
One will be increasing the number of oils importing countries, and the other will be redistributing the 
percentage of importing oil countries. The majority of imported oil comes from Kuwait, Saudi Arabia, 
and the UAE, accounting for almost 80 percent in total imported oil. It means that a large percentage of 
imported oil is concentrated on these three countries. If Japan can increase the number of oil exporting 
countries, the value of F4,O will increase. On the other hand, among these three countries, Saudi Arabia 
makes up about 42 percent, yet its political values 28. If Japan can increase the amount of oil from 
relatively politically stable countries, such as the UAE. It will also improve the quality of the oil supply 
system.  
 
Taiwan, the second most vulnerable country in our sample, with merit on F1,O . Yet, lacking domestic 
crude oil production and importing oil from relatively unstable countries cause the Taiwanese oil supply 
system to become more vulnerable than the other four countries. Comparing the selected six countries, 
Taiwan has a relatively low oil intensity. As the study mentioned before, Taiwan has three main energy 
supply resources. Oil accounted for 48 percent in total primary energy consumption in 2015, decreasing 
to 38 percent in 2017(EIA 2016; IEA 2019d). Accompanying the reduced use of oil, the oil intensity 
has been decreased. Although Taiwan attempts to increase the number of categories of energy supply 
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resources, oil is still the largest energy supply resource. The analysis indicates that geopolitics is the 
main issue for improving Taiwan’s oil supply system. The F4,O registers 0.822, the main reason is that 
Taiwan imported almost 87 percent of its crude oil from countries in the Persian Gulf and smaller 
portions from Angola and Indonesia in 2018. In the Persian Gulf, apart from the UEA, are countries 
whose political stability values are relatively low. 
 
Singapore is the most vulnerable country for facing a sudden oil supply disruption. It registers at 0.866 
in the oil category of FFSSI. Oil is the biggest energy resource in terms of Singapore’s energy supply 
resources, accounting for 72 percent in total primary energy supply in 2017.  The value of the index of 
F4,O is important for the highly oil reliant country. However, the sources of Singapore’s crude oil are 
very diverse, coming from Australia, Brunei, Equatorial Guinea, Indonesia, Iraq, Kuwait, Libya, Qatar, 
Saudi Arabia, the UAE, and the US. As a heavily oil-reliant country, Singapore has the highest value 
of geopolitics. At least, it can avoid a sudden oil disruption by one country. If the Singapore wants to 
reduce the vulnerability of its fossil fuel supply, increasing the amount of natural gas or increasing 
number of energy supply resources can be two direction of improving the quality of energy supply 
system. 

5.2 Kaya identity and time series analysis in each parameter 
The Kaya identity decomposes the CO2 driven factors into four parameters, population, economy, 
energy intensity, and carbon intensity. In general, the carbon dioxide emission is estimated to increase 
through our forecasting on current trend. This study also presents the what-if scenario based on the pre-
accident condition which shows that the CO2 emission could be forced to decrease and reach the target 
of 21.9 percent reduction. This study provides two directions, increasing nuclear power or maintaining 
the current proportion of nuclear power in total Japanese energy supply, as indicators for the Japanese 
government on the issues whether it should increase nuclear power again. The relation between nuclear 
power and CO2 emissions is a positive correlation which can be observed in the current future scenario 
and pre-accident scenario. If the Japanese government wants to increase the nuclear power to the pre-
accident level, the CO2 emission target could be reached, showed in Fig 13. However, social public 
pressure may be the main obstacle for the government. 

5.2.1 CO2 emission 
There are several drivers to increase or decrease CO2 emission. Based on the result part above, the 
current trend of carbon dioxide emission most likely will be increased in the next decade. For illustrating 
the nuclear power accident, the study constructs two scenarios, pre-accident and post-accident. This 
section will focus on comparing two scenarios, and what is the difference between these two future 
assumptions. Based on the data from 1960 to 2017, the result shows that three types of future scenarios. 
The linear projection shows that the CO2 emission is expected to keep growing gradually to 1.435(Gt) 
by 2030. Comparing to polynomial forecasting, it is estimated to have a downward trend of CO2 
emission after 2023, which is predicted to decrease to 1.172 (Gt) in 2030. The Holt-Winters forecasting 
shows that the projection of CO2 emission will be very slightly raised to 1.233 in 2020, and 1.248 (Gt) 
in 2030. Comparing wit 2013 level, the CO2 is expected to increase by 5 % in 2020, and 15 % in 2030 
in linear regression. Under this scenario Japan won’t achieve the goal of reduction of 21.9 % CO2 
emissions compared with FY 2013, set up by the Japanese Ministry of Economy, Trade and Industry 
(METI). However, the most positive scenario of CO2 emissions is projected to simply be decreased by 
5% in the polynomial extrapolation. In general, in the next decade, the CO2 emission in Japan is 
estimated to be maintaining the current trend and potentially decreasing after 2023.  
 
For reaching the target set up by the Paris agreement, the Japanese METI launched its goal for 2030 in 
2015. “In preparation for the 21st session of the Conferences of Parties (COP21) in December this year, 
Japan is expected to present an ambitious reduction target and lead the world in tackling global warming 
as an advanced country.” (METI, 2015, p.4). The report clearly set up the target for 2030 CO2 emissions. 
It indicated that by 2030, the CO2 emissions will have to have been reduced by 21.9, and GHGs with a 
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26 percent reduction compared with the 2013 level. The per-accident scenario projects that the trend of 
CO2 emissions would be decreased in the Holt-Winter forecasting and polynomial extrapolation. In the 
linear regression, it is projected to decrease to 0.952 (Gt) which is lower than the 2030 target 
approximately 0.984 (Gt). The three predictive forecasting models indicated that, if following the trend 
with the pre-accident scenario, the CO2 emissions target is likely to be achieved. The extrapolation 
shows in Fig 13. 

5.2.2 Population 
The result shows that Japan’s population will be expected to decrease in the next decade. However, the 
result shows that the CO2 emission will be predicted to increase by 2030, which means that the 
population is not the key-driven factor for determining Carbon dioxide emission. The projection 
simulated by the National Institute of Population and Social Security Research (NIPSSR, 2017) 
indicated a similar result with the polynomial forecasting of this study. It shows that the Japanese 
population is aging. Although the straightforward decline of the total fertility rate stopped in 2005 at 
the level of 1.26, the rebound is modest, and it remained 1.43 in 2017. The study shows that the 
population reached a peak at 128 million in 2017 and is expected to gradually decrease. The downward 
trend is expected to continue, and the total population is projected to reduce to 88 million in 2065. 
Comparing with our analysis, the linear regression is more optimistic than polynomial forecasting, but 
the result of polynomial regression is projected similar future scenario to NIPSSR. Besides, the R square 
value of the polynomial (0.99) is much higher than linear forecasting (0.71), so the population will be 
projected to decrease in the next decade. Nevertheless, the circumstance of depopulation may not 
significantly contribute to reducing CO2 emission in the short term in Japan.  

5.2.3 Economy  
Recalling to the framework of energy security, the Japanese economy won’t be a significant issue in 
Japanese energy security. The result shows that although Japan experienced a catastrophic incident, 
Japan’s economy is projected to increase in the next decade. In linear forecasting, in 2020, it is predicted 
to reach to 45,658 ($/per capita) and in 2030 to 53,610 ($/per capita) which is the most optimistic 
scenario in terms of Japanese economic growth. Similarly, both polynomial forecasting and Holt-Winter 
forecasting show an increasing trend for the next decade. The difference is that polynomial forecasting 
is predicted the growing trend which will be expected to reach a plateau at 47,775 ($/per capita) in 2030.  
Comparing the R squared value, both of the linear and polynomial regressions are above 0.7 and have 
0.89 and 0.91 respectively. Therefore, in the three types of forecasting scenarios, Japan is expected to 
have a growing economy. The forecasting on the economy and CO2 emission is predicted to grow in the 
next decade, so economic activities may be a driving force for increasing CO2 emission by 2030. Under 
this current trend of energy use, Japanese economic growth, will bring the energy intensity to become 
lower in the next decade. Fig.11 shows that the current trend of energy intensity has been decreased 
since 1970. If the economy keeps growing and the energy use maintains the current level, the energy 
intensity is expected to be decreased in the next ten years.  

5.2.4 Energy intensity 
According to the EIA (2017a, p.3) “Among the large developed world economies, Japan has one of the 
lowest energy intensities, as high levels of investment in R&D of energy technology since the 1970s 
have substantially increased energy efficiency.” By this index, it can point out the current economic 
efficiency of Japanese energy, which determines the affordability of electric price for the Japanese 
population. Based on the result of FFSSI points out this advantage as well. Fig.11 shows that there was 
a significant decrease since the 1970s which is the same statement as in the EIA 2017 report. Throughout, 
the trend of energy intensity in Japan is downward. The linear forecasting is even projected to be under 
zero in table 10 in 2030. The polynomial is constrained by the modeling traits, which cannot be under 
zero, so the forecast is slightly upward in the next ten years to 1.47E-11(EJ/$). The most likely future 
scenario will be the projection of Holt-Winter, although the R square value of polynomial forecasting 
is 0.94. In accordance with the three types of forecasting. the energy intensity is expected to be at a low 
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level as usual. The previous section mentioned that the Japanese economy is expected to grow in the 
next decade. Therefore, if Japanese power plants generate the current amount of energy, the energy 
intensity is expected to infinitely approach 0. The comparative analysis shows that all three types (oil, 
coal, and natural gas) of energy are relatively low, comparing with other selected countries. Combining 
these two analyses, increasing nuclear power won’t significant affect the energy intensity. Growing 
economy can make the electricity price become more affordable as well.  

5.2.5 Carbon intensity 
The carbon intensity is a parameter for evaluating the technical dimension in terms of energy supply. 
Carbon intensity is calculated as the ratio of emissions of CO2 per unit of primary or final energy, 
whereas decarbonization refers to the rate at which the carbon intensity of energy declines. Selecting 
non-fossil fuel energy has progressed towards less carbon-intensive fuels (Blanco et al., 2014). The 
Japanese METI launched the goal of improving the self-sufficiency rate to the level higher than before 
the Great East Japan Earthquake (approx. 25%) by 2030. By 2030 nuclear power is expected to reach 
approximately 11 percent in total primary supply. Besides, renewable energy is also expected to make 
up 15 percent. Nuclear power accounted for 15 percent in total primary energy prior to the nuclear 
accident in 2010 (IEA, 2019d). The pre-accident scenario can be a reference for the target, set up by the 
“Long-term Energy Supply and demand Outlook” (METI, 2015). 
 
Based on our calculation, Japan has a downward trend of carbon intensity from 1960 till 2010, and then 
a significant increase in 2010. From the previous discussion, it can be seen that accompanying an 
upward trend of CO2 emission, the carbon intensity is estimated to increase as well. This index can 
provide a good insight into the effect of nuclear power (non-fossil fuel energy). The future scenarios 
foresee a continuing upward over the next decade as natural gas increases its share in total primary 
energy use in 2011. The polynomial forecast is expected to increase to 0.086 (Gt /MJ) which is the 
highest number among the three projections, based on 1970-2017 historical information. The Holt-
Winters forecast has a similar trajectory with the polynomial model. Conversely, the linear regression 
has a different extrapolation than the other two models. It has a much flatter trajectory. On the other 
hand, the pre-accident scenario shows an opposite prediction of carbon intensity in the following ten 
years. In the pre-accident scenario, in 2020, the carbon intensity was expected to have a downward 
trend in the next decade. The projection of linear forecast is the lowest case among the three predictive 
forecasts in the pre-accident-based scenario. Compared with carbon intensity in 2013 with 0.065, the 
linear forecast indicates that there would be 19% and 23% reduction to 2020 and 2030. The proportion 
of non-fossil fuel energy in a country can be observed by this parameter.  
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6. Conclusion  
The main findings in this study examines Japan's current energy supply system and evaluates the future 
pathways of the structure of energy supply. The purpose of this study is to provide an indication for the 
policy makers to use different perspectives to analyze current Japan’s energy system in the wake of 
FDND. On top of that, the future scenarios analysis is employed for presenting a reference to correspond 
to the target set up by Japanese METI in 2015.  
 
The previous sections show a comparison between Japan’s and other Asian-pacific countries’ present 
fossil fuel energy supply system. Through the comparative analysis, it can lead readers to have a further 
understanding of what is the dilemma in Japan’s current fossil fuel energy supply. Moreover, the deeper 
information on imported energy sources can be seen in the study. Among these countries, South Korea 
has several similar traits in the energy supply system, which can be a good referencing case for Japan. 
China is the least vulnerable country in the face of a sudden fossil fuel supply shock in our evaluation. 
However, China has totally different preconditions with Japan in terms of supply energy. By using this 
comparative analysis, finds the merits and shortcomings of Japan’s energy supply. The main 
shortcoming is the lack of self-sufficiency which has already been pointed out by the FFSSI. The issue 
of insufficient domestic energy production is not only happening in one particular energy source but is 
also found in others. The suggestion for the current energy supply is to improve the quality of importing 
energy countries for preventing a sudden energy supply shock caused by political turmoil. The 
outstanding merit in terms of Japan’s energy supply system is having low energy intensities. It can be 
observed in the fossil fuel supply security index and Kaya decomposition.  
 
This study also identifies the CO2 emission driven forces into four parameters to explore future insights 
on the relationship between CO2 emission and energy generation. This analysis responds the Japanese 
government launched target for the future energy supply system. Using two different conditions (pre- 
and post-accident) can measure how severe the effects of the FDND were. In addition, the future 
scenario based on the pre-accident condition can provide a direction for the Japanese government about 
increasing again the percentage of nuclear power in its total primary energy supply. However, even 
though the study applies several forecasting models (linear, polynomial, Holt-Winters), the main 
weakness of this approach is the absence of value given to external factors in the prediction. Hence, 
there can be bottlenecks hindering the development of the outcome that is not taken into consideration. 
Furthermore, the future pathways can be more than three possibilities. This study simply applied three 
types of extrapolated forecasts which can be compared to further types in future studies 
 
The study mainly focuses on Japan’s economic, environmental, and international political dimensions. 
For future research, there are several extension topics, which can be based on this present study. First, 
the issue of exploring Japan’s energy transition from political science can be an interesting perspective. 
Quantifying the value and power of the voting mechanism can be a good starting point to conduct a 
new research on examining the feasibility of energy transition in Japan. Second, conducting a 
correlation analysis between these drivers and CO2 emission can provide a data-driven result to enhance 
the theory of the relationship between CO2 and each driver in Japan. Lastly, the current Covid-19 
pandemic also can be an interesting research topic for launching a new research project. As this study 
mention earlier, the Covid-19 does affect the current international oil price. Will the decreasing oil price 
cause some countries to shift their main energy supply resources? Also, how long does this pandemic 
influence the international energy supply chain?  All of these topics can be explored in future studies. 
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