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Abstract

A Spatial Perspective on Decarbonization Efforts:
A Comparative Analysis of Japan and Singapore’s Decarbonization Strategies

Michelle Rio Yoshida

Advisor: Dr. Scott Slocombe

Wilfrid Laurier University, 2021
Exploring how spatiality influences public policies and local behaviors towards achieving the goal
of a low carbon society could demonstrate the significance of regional knowledge. This research used
Tobler’s first law of geography as the conceptual framework to analyze and find similarities in Japan and
Singapore’s historical emissions and geographic limitations to achieve their carbon reduction goals. The
study collected and compared Japan and Singapore’s historical emissions data, energy consumption trends,
and emission trajectory by sector. The research used a mixed-methods approach to identify common
practices, relevant public policy frameworks, large-scale emissions reduction projects, and environmental
and socioeconomic ground realities that could help determine if and how spatial characteristics influence
decarbonization strategies within a region. The research analyses demonstrated that a higher degree of
similarities in decarbonization policies among the two case studies could be seen in electricity generation,
while the transport sector did not show many similarities. At the same time, policies targeting industry
emissions show similarities but also some key differences. Spatially closer countries benefit from similar
energy efficiency and electrification policies related to how commercial and residential buildings in a region
consume energy and emit CO2 - partly due to their shared climate experiences and the unique spatial
influence on their social and cultural geography. The results of this study were mixed, which reflects the
limitations of secondary data and the need to explore further decarbonization efforts from a local and
regional human geography perspective. The study concluded that comparing the emissions reduction
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approaches of neighboring countries could have theory and practice value. Such empirical research could
unpack how different neighboring communities could utilize regional knowledge-banks to shape their
climate change mitigation strategies.
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Introduction
Despite the commitment to reduce greenhouse gas (GHG) emissions, meeting emission reduction
targets is a complex challenge for many East Asia and the Pacific countries. Through various international
agreements, particularly the United Nations Framework Convention on Climate Change (UNFCCC) and
United Nations Sustainable Development Goals, member states of the United Nations have agreed to tackle
climate change mitigation by implementing climate action strategies. However, dependence on nonrenewable energy sources for almost all economic development activities and population growth has led to
a significant increase in GHG emissions globally regardless of the increased implementations of
decarbonization policies.
Nearly half of the anthropogenic CO2 emissions generated from 1750 to 2011 have been produced
in the last four decades, leading to increased global average temperature by 0.85 ℃ increase from 1880 to
2012 (IPCC, 2014). By 2035, Asia and the Pacific are predicted to emit 20 billion tonnes of CO2, which
accounts for forty-six percent of the global emissions and is likely to consume fifty-four percent more
energy than 2016 (Asian Development Bank, 2016). Therefore, urgent action to combat climate change
must be taken to limit global warming to 2 degrees or possibly 1.5 degrees, to significantly reduce the risks
and impacts of climate change (UNFCCC, 2015).
Besides the geographic complexities, most East Asia and the Pacific countries are highly diverse
and at different stages of development. On the one hand, the diversity within the region makes it
exceedingly challenging to find a single approach towards emission reduction without discounting the local
practices and indigenous knowledge. On the other hand, there is growing international pressure on
developed counties to support developing counties to improve their climate action and decarbonization
plans. As the United Nations Framework Convention on Climate Change (UNFCCC) (United Nations,
1992) has emphasized, it is the developed countries’ responsibility to aid and support the developing
8

countries’ path to becoming more sustainable and taking climate action. Moreover, since climate change is
a global issue, it is common to assume global solutions are needed. However, the global approaches to
solving complex problems that originate from human systems are not always successful because they don’t
consider local communities' social values and economic structures.
Current mechanisms to implement policies and practices demonstrate that the GHG emissions
reduction plans in various parts of Asia-Pacific have mainly adopted globally popular technologies and
climate approaches (Kirchherr & Urban, 2018). There is a strong connection between the global push to
accelerate decarbonization efforts and adopting policies and technologies from other countries. At the
recent Conference of the Parties (COP) held in Bali, Copenhagen, Cancun, Durban, and Doha, technology
transfer is determined as one of the appropriate approaches to decreasing greenhouse gas (GHG) emitted in
developing countries. Like other highly populated regions globally, decarbonization efforts in East Asia
and the Pacific are significantly dependent on technology solutions to reduce GHG emissions. However,
emission reduction solutions and technologies are currently deeply dependent on importing or transferring
technology from western countries. The difficulties of traditional north-south technology transfer are
commonly known issues (Chen, 2018; Nago & Krott, 2020; Withanaarachchi et al., 2015). Moreover,
academic research on the emerging South-South knowledge transfer is mainly limited to technology transfer
from China to other developing countries (Chen, 2018; Hensengerth, 2018; Urban et al., 2016).
However, a successful climate action plan in one country may not always be successful in another
country. Spatial distance between the countries could influence the outcomes of technology solutions and
policy approaches. Besides, from a sustainability perspective, a key challenge associated with policy and
technology transfer mechanisms is to ensure that the local and regional innovations and technology
development practices are given adequate importance when suggesting GHG emissions reduction policies
and solutions. Discounting the significance of local knowledge may create a more significant challenge to
achieve decarbonization. Enforcing Eurocentric ways of doing things without considering the social and
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economic sustainability could reinforce the same neocolonial norms several communities are attempting to
part away from.
This study tests the hypothesis that geographically closer nations are likely to benefit from similar
decarbonization approaches because of the spatial influence, similar socio-economic systems, and a higher
degree of economic connectedness. This hypothesis builds on the understanding that when homegrown
solutions are not adequately addressing decarbonization needs, it may be more appropriate for East Asia
and the Pacific nations to examine the suitability of decarbonization strategies from closer regions with
similar socio-economic contexts, rather than taking the common tactic of prioritizing globally popular
solutions. To investigate the validity of this approach, this paper identifies the similarities, differences, and
effectiveness of decarbonization efforts among countries within the same global regions to study the spatial
influence on emission mitigation strategies. If this hypothesis is valid, the study could have practical
usefulness for improving developing nations’ climate strategies by using developed nations within their
global region as “climate role models” to effectively reduce their GHG emissions while not going against
the local economic systems and cultural norms.
For theoretical framing, the research uses Tobler’s first law of geography as the core concept to
inform this hypothesis and provide a rationale for examining geographically closer countries. Tobler’s first
law of geography could provide important insights for countries seeking decarbonization strategies to
mitigate their national GHG emissions effectively. Countries located in the same global region that share
similar cultural backgrounds, geographic characteristics, social values, and knowledge systems may have
comparable decarbonization approaches that have successfully reduced emissions. Since ethnic
backgrounds, terrestrial realities, social norms, and knowledge systems also influence the outcomes of
national decarbonization strategies (O’Brien, 2011). Moreover, the application of Toler’s law is not limited
to physical geography but also been gaining more attention in the social science field (Joo et al., 2017;
Miller, 2004; Voss, 2007).

10

The study uses a mixed-methods research approach and uses climate data from academic and
professional sources to test the study hypothesis. This paper uses the terms decarbonization efforts and
climate action strategies interchangeably. The scope of this research is limited to CO2 emissions and does
not include other GHGs for two reasons. First, CO2 emissions are the most significant contributor to climate
change (Zhang et al., 2008). Second, detailed emissions data for Singapore is not available for all GHGs
through publically available government reports. The study’s geographic scope covers East Asia and the
Pacific region as defined in the World Bank’s world regions categorization. The study uses Japan and
Singapore as case studies to identify common policies and decarbonization strategies since both countries
within East Asia and the Pacific region have achieved a relatively higher degree of economic development.
If replicating the climate action strategies used in the geographically closer nations of East Asia
and the Pacific are likely to be more suitable than reproducing the methods from western countries that are
geographically far away, it may be more beneficial for other East Asia and the Pacific countries to partner
with Japan or Singapore to introduce new climate action approaches. Applying this concept for
implementing a climate action plan to another country would mean that rather than simply relying on eurocentric knowledge banks (i.e., numerous programs under UNFCCC (Kline et al., 2004) and clean
development mechanism (Van Der Gaast et al., 2009)) to advance climate action plans, it may be more (or
perhaps less) effective to explore the practicality of strategies from within East Asia and the Pacific region
that have more similar socio-economic structures.
The key literature bodies used as the framing of this research hypothesis and discussions include;
regional climate change literature of East Asia and the Pacific, human geography perspectives on climate
change, literature on Tobler’s first law of geography, and knowledge decoloniality. The next chapter of the
study reviews the related empirical studies on human geography and climate action literature to explore
human geography’s unique perspective towards climate strategy application and literature on Tobler’s first
law of geography and its application in various fields of social sciences. The third chapter offers detailed
background data and literature on the chosen case studies, i.e., Japan and Singapore. The remainder of the
11

study is organized as following. The methodology section highlights the research design and data analysis
methods followed by the results of quantitative and qualitative case study comparative analyses. The
subsequent chapter discusses the results of both analyses, followed by the discussion section. The final
chapter of this paper includes conclusions, limitations, and further research recommendations.

Literature Review
This literature review scans literature from human geography sub-disciplines to analyze the current
scholarship on the intersections of human geography and climate action. Due to the interdisciplinary nature
of this study, the literature review covers various sub-disciplines of human geography, including
environment geography, economic geography, and political geography. Moreover, the literature on the
concepts of decoloniality and post-colonialism was explored to reflect on the impact of western-centric
climate policies on the geographic regions with past and current colonization in its different shapes and
forms. The second section of this literature review explores the effectiveness of similar climate policies in
neighboring regions by reviewing the literature on applying Tobler’s first law of geography towards
different social science research topics.

Human Geography and Climate Change
A contemporary definition for geography is “(The study of) the ways in which space is involved in
the operation and outcome of social and biophysical process” (Gregory et al., 2009, p. 288). The
intersections of geography and climate change mitigation approaches could provide valuable insights into
how human and physical geography concepts could improve the effectiveness of decarbonization efforts.
The meaning of nature, society, and environment in human geography is constantly evolving as the
geographers recognized human species and the environment’s influence among each other (Harden, 2012).
The complex influence of local socio-political structures, cultural values, and the economy on the climate
change actions could be examined from a human and physical geography perspective (Hulme, 2008;
Mahony & Hulme, 2018; O’Brien, 2011). Moreover, the geographic and socioeconomic similarities
12

between neighboring communities could bring valuable insights to assess and implement sustainable
climate change mitigation policies.
Human geography concepts can highlight the cultural and social aspects that could impact climate
action strategies (Cutter et al., 2003; Hulme, 2008; Liverman, 1999; O’Brien, 2011; Sayer, 2009). Climate
change is more than just a result of humans impacting the environment; but it is affected by the social and
political patterns of human development (Head & Gibson, 2012; O’Brien, 2011). Head & Gibson (2012)
mention that local scientific knowledge and policies are responses from the climate experienced locally,
and such policies are influenced by the local knowledge systems.
Historically, the framework of the human-environment relationship has gone through four distinct
phases. Initially, during the early 1900s to 1920s, the society’s relationship with nature was defined as
Environmental Determinism resulting from the perception of viewing “the environment is the cause
(independent variable) and the evolution of human and societal traits is the response (dependent variable)”
(Harden, 2012, p.739). Shortly after that, the concept of Environmental Determinism was challenged by
the notion of Human Ecology. The interactions between humans and the environment were seen as “mutual
relations between man and his natural environment” (Barrows, 1923, p.3). One of the critiques is that
cultural landscapes could not have been formed solely by the impacts from nature but by culture and nature
cooperating together (Sauer, 1925, as cited in Harden, 2012). From the 1960s to the 2010s, geographers
focused on the Human Impact on the planet to further understand the human-environment interactions
(Harden, 2012). During this period, many physical geographers focused on the unintended climate change
outcomes caused by human activities, such as habitat disruption (Malanson, 2002), agriculture causing soil
erosion (Harden, 2012), etc. Yet, O’Brien (2011) also states that despite the potential human geography
concepts that has to provide valuable insights towards human-environment studies, human geography has
not been able to have a strong presence in the field. For example, theoretical discussion on how climate
policies are applied without understanding the local social context has been ignored for many years.
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Taking into consideration the climate impacts humans are receiving, Hulme (2008) states that the
notion of climate and human impacts on it can best be understood through a cultural lens. Climate change
evidence is an accumulation of long-standing averaged statistics, but this alone does not explain how
humans perceive climate or how their activities affect climatic systems (Head & Gibson, 2012). The more
climate change gains attention as a global problem, Hulme (2008) comments that it contributes to ‘deculturing’ the climate by generalizing the averaged regional temperature change and apply the averaged
climate data to various scales of spatial regions. O’Brien (2011) argues that human geography and social
sciences could improve climate action strategy discussions by questioning the decarbonization approaches
currently prioritized. Furthermore, Shove (2010) claims that climate change mitigation and adaptation
measures are often implemented with little consideration of the social world. Hence, human geography’s
ability to embrace the spatial element of scientific data established from local resources and cultural
knowledge (Mahony & Hulme, 2018) can offer a particularly important contribution to climate change
impacts and adaptation research (O’Brien, 2011).
Environmental geographers have extensively contributed to climate research through research on
impacts and vulnerability, biodiversity, land-use change, and other climate-related issues (Montine et al.,
1990), especially by underscoring that climate impacts cannot be detached from the social and political
context present in the region (Bohle et al., 1994).
Harden (2012) states that it has become more common among human geographers nowadays to
focus on the Sustainability concept to recognize the relationship of humans and the environment’s
interaction. This framework emphasizes that human activities should not be dissociated from the
ecosystems but a segment of nature. The current classification of the relationship between humans and the
environment explained above is not just one influencing the other but both elements influencing and
affecting each other positively and negatively. Human activities were mainly categorized in the early phases
as a damaging matter, such as overusing natural resources. However, the present framework recognizes
eco-friendly human actions as a response to global warming.
14

This concept of Sustainability has also been supported by other environmental geographers. Rival
(2006) provides examples of humans taking part in conserving and protecting biodiversity instead of
jeopardizing species. Head and Gibson (2012) also support Harden’s statement by mentioning that humans
are capable of caring for the planet besides simply exhausting natural resources and continuing to emit
pollution. Also, numerous scholars have highlighted the spatial dependence of climate technology
innovation observed in local regions (Livingstone, 2010; Lorimer, 2003) and specific urban areas (Elliott,
2000; Withers et al., 2008). The acts of environmental conservation and advancements of clean technology
reflect the human response to the accelerated global warming.
The contemporary approach of climate action and decarbonization has focused on technological
and market-based responses and has given less attention to such responses' potential impacts. O’Brien
(2011) mentions that economic geographers, feminist geographers, and scholars from other fields have
raised the lack of considerations towards the social consequences. Climate change response and the
outcome has a complex linkage with social, economic, and political practices (Castree, 2008; Wilbanks &
Kates, 2010). Urban development, privatization, growth of consumerism, improvement of information and
communication technology, trade liberalization, etc., has positively and negatively impacted climate change
(O’Brien, 2011). Leichenko et al. (2010) referred explicitly to the global financial crisis as an example of
an economic event affecting various social features and their climate action, such as energy generation,
industry, transportation, consumption, and technological innovation. O’Brien (2011) states that human
geography can focus on the interconnection of ground realities and climate change to recognize the leverage
point for social change in specific local regions to improve their decarbonization approaches.
A common assumption seen in global-scale climate issues is that global solutions are needed to
solve these problems (Head & Gibson, 2012), which may not always be suitable since global climate change
could be completely different from what each region is experiencing. O’Brien (2011) mentions that human
geography can recognize the historical and political context influencing climate responses and solutions in
various areas. Hulme (2008) explains that often global climate data loses its identity because local weather
15

is quantified into numbers for global and regional indicators before being redistributed to its original spatial
area. This process results in assisting the detachment of local weather and native cultural values. Therefore,
the early stages of IPCC framing have lacked insights from social science, especially human geography.
Head and Gibson (2012) claim that human geography can support the necessary reconstruction of
modernity by reframing climate change and reconfiguring the climate action approaches. Western scientific
knowledge, which is the prime component of modernity, has cautioned the world about how the global
climate is being disrupted. Humanity’s method to “fix” these climate issues was to reach a universal
agreement at an international governance organization. Head and Gibson (2012) claim that the failure of
the Copenhagen Accord to reach a binding agreement is a prominent example of western approaches'
ineffectiveness towards solving climate change. However, they emphasize that non-western and aboriginal
knowledge is insufficient without western knowledge, but such indigenous understanding is necessary.
Such knowledge is needed because indigenous approaches are based on empirical evidence of human’s
relationship with the local environment. Moreover, many non-western regions have been able to hybrid
their traditional knowledge and western contemporary policies and science to maintain their culturalecological integrity (Head & Gibson, 2012). Human geography’s nature of reconstructing notions and
building on humanities’ interaction with space has a unique possibility to support how climate change and
decarbonization could be approached.

Tobler’s first law of geography
Tobler’s first law of geography is one of the core concepts of spatial analysis (Miller, 2004). It
states that “everything is related to everything else, but near things are more related than distant
things”(Tobler, 1970, p.236). Sui (2004) argues that this law is a crucial starting point for reflecting on why
geography matters and its ability to conceptualize the measured phenomenon. Fotheringham and O’Kelly
(1989) mention that Tobler’s first law began to obtain recognition in the late 1980s as geographic
information systems (GIS) enhanced the potential of spatial autocorrelation technology. Westlund (2013)
16

states that the technology of spatial autocorrelation itself is a concept deriving from Tobler’s first law of
geography. Tobler’s first law has also been selected as a subject for a forum of Annals of the Association
of American Geographers in 2003 (Sui, 2004).
The applications of spatial methods have been rapidly growing over the last 20 years in social
science research (Voss, 2007). Joo et al. (2017) mention that applying Tobler’s first law has not been limited
to geography but also has been utilized by social scientists. Miller (2004) has emphasized the vital role
Tobler’s first law plays in social sciences. Logan et al. (2010) illustrated some of the representative studies
for applying spatial concepts to social sciences: community health, population and environment, residential
segregation, land use, fertility, and migration. No studies directly represent the spatial dependents of
decarbonization policies within these examples. However, Logan et al. (2010) do not claim that the given
cases are the only areas that could show spatial similarities. Goodchild (2010) states the escalating use of
GIS in various fields ascertains the recognition of qualitative and quantitative importance in spatial relations.
Chen and Rodden (2009) claim that Tobler’s first law could be applied to political behavior. They
explain that the closeness of two individuals' accommodated locations could cause them to have similar
political ideologies. This phenomenon has also been studied by many political scientists and geographers
(Cho & Gimpel, 2009; Huckfeldt, 2016; Klos, 2008; Loughlin, 2016). Durlauf (2004) mentions specific
behaviors and social values being influenced by local regions could be perceived as an indication of
“neighborhood effect”. However, he also argues that the validation of “neighborhood effects” varies among
fields due to the difficulty of recognizing empirical evidence that may have casually perceived social
context. Therefore, he mentions that there are study areas that call for further research. Seldadyo et al.
(2010) state that a nation’s governance has a spatial correlation with the governance of neighboring
countries. The spatial correlation of governance has also been discussed through the “spillover” models and
“resource-flow” models of governance structure (Brueckner, 2003).
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Foresman and Luscombe (2017) state that the presence of location in the study of economics has
increased as spatial tools developed and became more accessible. Historically, economic geography has
explored the spatial element of economics in rent, land use, central business district, transportation cost, etc.
(Stigler, 1961). Such collective efforts created a foundation for trade and growth studies to examine the
agglomeration of commercial activities and population (Foresman & Luscombe, 2017). Moreover, Porter
(1990) states that the studies on clusters of economic activity’s ability to provide new perceptions towards
economic fields strengthen Tobler’s first law’s importance in an economic context.
Based on the literature review, I believe that Tobler’s first law of geography could be used as a
foundation for comparing two neighboring countries' resemblances and differences in GHG mitigation
policies. There seems to be no scholarly research on applying Tobler’s law towards decarbonization policies
based on the extensive research done for this study. However, in social sciences, Tobler’s law has been
beneficial to detect spatial patterns. For example, migration, community health (Logan et al., 2010),
political behavior (J. Chen & Rodden, 2009), land use (Stigler, 1961), governance (Seldadyo et al., 2010),
policy decisions (Brueckner, 2003), etc., and conceptualize geographic phenomenon (Porter, 1990; Sui,
2004). Like the spatial characteristics mentioned above, emission reduction policies and scientific
technology are influenced by the local knowledge systems, social values, and human’s relationship with
the local environment (Head & Gibson, 2012), since regional climate effects cannot be separated from the
local sociopolitical context (Bohle et al., 1994). Therefore, countries that are located spatially close are
more likely to have similar decarbonization approaches. Suppose this spatial pattern is identified through
this research. In that case, nations seeking to improve their climate action plans should study from
neighboring countries’ decarbonization efforts instead of replicating globally popular decarbonization
approaches.
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Data collection and Analysis Methods
The research question for this study is to examine neighboring countries’ emission mitigation
measures to investigate if both countries have similar decarbonization policies and approaches and study
the factors that are influencing these strategies. For this study, I compared Japan and Singapore as both
countries are highly economically developed nations in East Asia and the Pacific. The type of data used to
compare the two countries’ decarbonization policies were annual emissions, the carbon intensity of various
sectors’ energy sources and energy consumptions, climate policies, and factors that influence each dataset’s
outcomes. An in-depth list of the data category is listed in Tables 1 and 2.
The study methodology for data collection and analysis used an explanatory sequential design as
explained in Creswell & Creswell (2018). It is a mixed-method research design that combines research
tools from quantitative and qualitative research. The explanatory sequential design research begins with a
quantitative analysis and continues with a qualitative analysis to explain the quantitative findings (Figure
1).
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Quantitative Data
Collection

•Collect data for historical emissions, energy consumption, and carbon intensity for sectors
that are the most significant contributors to the nations’ emissions

•Identify and analyze the energy consumption trends and emission trajectory by sector
Quantitative Data
Analysis

Qualitative Data
Collection

Qualitative Data
Analysis

Integration of
Quantitative and
Qualitative Results

•Explore academic publications and grey literature on both countries’ decarbonization
efforts

•Identify qualitative analysis themes
•Investigate the correlation of identified emission and decarbonization approaches, and
factors influencing these strategies

•Compare the similarities and differences of emission mitigation strategies and influential
factors between Japan and Singapore

Figure 1 - Visual diagram of explanatory sequential study

The purpose of using an explanatory sequential mixed-methods approach was to investigate Japan
and Singapore’s historical emissions data and document the energy consumption trends and emission
trajectory by sector as the quantitative phase and, proceed to the qualitative phase to examine the
quantitative analysis findings by comparing the statistics with policies, projects, and environmental and
socioeconomic ground realities. This two-phase research started with collecting and analyzing emissions,
energy consumption, and carbon intensity data trends for the two case studies (i.e., Japan and Singapore).
Which was followed by identifying and examining factors that could influence the two countries’
decarbonization approaches by performing a thematic analysis.
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Quantitative Data Collection and Analysis Methods
For the case studies of Japan and Singapore, historical emissions data from 2000 to 2018 were
collected for the quantitative analysis. Based on data availability, the study period was set from 2000 to
2018. The quantitative analysis explored five sectors (emission contributors) to analyze the numerical
emissions data: annual emissions, electricity, industry, transportation, and buildings. These quantitative
performance indicators were selected based on how emissions data is aggregated by IEA (Table 1).
For annual emissions, datasets for (1) emissions per capita, (2) emissions per GDP unit, (3) final
energy carbon intensity, and (4) CO2 emissions by sector were collected. Solely for datasets (1), (2), and
(3), OECD countries were added to the analysis to compare Japan and Singapore’s overall emission
trajectory to other developed countries. Data for (1) emissions per capita and (3) final energy carbon
intensity were adapted from International Energy Agency (IEA); data for (2) emissions per GDP unit was
adapted from World Bank Open Data. Data were combined from two sources for (4) CO2 emissions by
sector. Electricity and heating producer sectors’ data was acquired from IEA for both Japan and Singapore.
For industry, transportation, and building sectors’ data, Climate Watch data was used for both countries
due to the detailed data offered. However, the latest data available was until 2017; therefore, for 2018, IEA
data was used.
Table 1- Quantitative performance analysis areas

Sector

Quantitative performance indicators

Annual Emissions

1.
2.
3.
4.

Emissions per capita
Emissions per GDP unit
Final energy carbon intensity
CO2 emissions by sector

Electricity

5.
6.
7.

Electricity mix
Total production of power
Carbon intensity

Industry

8.
9.
10.

Industry carbon intensity
Industry total final energy consumption
Industry final energy consumption by source
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Transportation

11.
12.
13.

Carbon intensity of road transport
Transportation energy consumption per capita
Transportation energy consumption by source

Buildings

14.
15.
16.
17.
18.

Residential total energy consumption per capita
Commercial and public services total energy consumption per capita
GDP per capita
Buildings total energy consumption by source
Buildings emissions

Next, for the electricity sector, data for (5) electricity mix, (6) total production of power, and (7)
carbon intensity were collected for both case studies. All datasets were adapted from IEA. Thirdly, for the
industry sector, (8) industry carbon intensity, (9) industry total final energy consumption, and (10) industry
final energy consumption by source datasets was acquired. All datasets were collected from IEA. The
rationale for not using per capita data was that Japan and Singapore’s manufacturing industries are
significantly export-driven (Su et al., 2017; World Bank Open Data, n.d.-b). Therefore, both countries
population does not directly impact the industry sectors’ energy consumption.
Then, for the transportation sector, data for (11) carbon intensity of road transport, (12)
transportation energy consumption per capita, and (13) transportation energy consumption by source were
collected. Data were acquired from the following sources; (11) carbon intensity and (13) transport final
energy consumption by source, IEA; and population data calculating (12) transportation energy
consumption per capita, World Bank Open Data. The rationale for considering the population is that
domestic residents directly impact the transportation sector’s energy usage.
Lastly, for the buildings sector, data for (14) residential total energy consumption per capita, (15)
commercial and public services total energy consumption per capita, (16) GDP per capita, (17) buildings
total energy consumption by source, and (18) buildings emissions were acquired. The sum of residential,
commercial, and public services sectors accounts for the buildings sector. Datasets were collected from the
following sources; residential total energy consumption, commercial and public services total energy
consumption, and (17) buildings total energy consumption by source, IEA; (16) GDP per capita and
population data to calculate (14) residential total energy consumption per capita and (15) commercial and
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public services total energy consumption per capita, World Bank Open Data; (18) buildings emissions,
Climate Watch data. The rationale for considering the population is, similar to the transportation sector, the
number of domestic residents directly impacts the buildings sector’s energy usage. GDP per capita was
used as an indicator because it reflects the country’s economic growth, influencing the average energy
consumption (Su et al., 2017). The collected data were recorded on Micro Soft Excel, and charts were
created to visualize the data.
The quantitative analysis focused on the following points; (1) identifying emissions, energy
consumption, and carbon intensity trends for both case studies that showed a significant shift from the
previous or following data, (2) pinpointing positive and negative correlations among trends, and (3) looking
at the similarities and differences of emissions and carbon intensity trends among the two case studies.
However, quantitative analysis had its limitations in answering the research question. The study
objective was to identify the similarities and differences of decarbonization approaches among neighboring
countries and determine if neighboring countries use similar decarbonization approaches. These trends for
both case studies were compared using the overall energy consumption, energy mix by sector, historical
emissions, and carbon intensity for each sector; but, the overall trends do not provide in-depth information
on the changes that could be caused by different policies targeted towards each sector.
To identify similarities and differences of relevant policies, the quantitative comparison of Japan
and Singapore’s energy and emission trends provided a valuable foundation to guide the analysis and
comparison of policy documents. The quantitative analysis results clarified where to look further, i.e., the
time periods that showed significant variations and how emissions sources and energy sources for each
sector changed over the study period. These data were used to define the scope of the subsequent qualitative
analysis.
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Qualitative Data Collection and Analysis Methods
For both case studies, documents published between 1990 and 2020 were used for the qualitative
analysis. Around the 1990s, Japan and Singapore began implementing their nationwide climate actions
(Government of Japan, 1990; Yeo, 1994). Policies and events occurring before the study period could still
influence the emissions, policy measures, and technology developed within the study period. English and
Japanese sources were included.
Academic literature selected for this research used peer-reviewed journal articles to ensure the
credibility of the sources. The types of grey literature collected were national climate action reports, GHG
inventories, emission mitigation measures, and individual reports on decarbonization approaches by sectors.
The keywords used to search scholarly literature were:
•

Energy policy

•

Renewable energy

•

Energy consumption

•

Climate change mitigation

•

Decarbonization

•

Energy efficiency

•

Decomposition analysis of CO2 emissions

•

CO2 emissions

•

Transportation sector policy
To retrieve relevant academic literature, the Wilfrid Laurier online library platform, Google Scholar,

and Scopus were used to search a wind range of scholarly literature using the previously mentioned search
strings. Grey literature was primarily collected through government and relevant ministry websites. The
following departments published the majority of the gray literature which were used to conduct the
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document analysis; for Japan, Ministry of Economy, Trade, and Economy (METI), Agency for Natural
Resources and Energy, Ministry of Environment (MOE), Government of Japan (GOJ), for Singapore,
National Climate Change Secretariat (NCCS), Energy Market Authority (EMA), National Environment
(NEA), Ministry of Environment and Water Resources (MEWR), and Land Transport Authority (LTA).
Additionally, information from online platforms that publish the government’s climate measures and
commitments towards the Paris Agreement, such as Climate Action Tracker, was utilized.
This data collection was followed by a thematic analysis to identify the common themes among
documents and analyze the factors that could be influencing the decarbonization strategies implemented in
Japan and Singapore. Through reading academic and grey literature, data from quantitative analysis, and
prior knowledge of emission mitigation strategies, an initial list of relevant analysis themes observed
throughout the documents were identified. There were 12 primary themes which were (1) drastic changes
in electricity mix, (2) decarbonization efforts, (3) economic reasons /cost, (4) natural disasters and climate
change, (5) renewable feasibility, (6) safety concerns, (7) geographic suitability, (8) building back green
space, (9) regulatory reforms, (10) technological innovation, (11) utilizing social programs to reduce
emissions, and (12) transmission losses. Using a deductive approach, themes were further shortlisted based
on the research’s scope and relevance with the study’s objective. Similar themes were merged as a single
theme. The five qualitative analysis themes used for this research are listed in table 2, categorized by sector.

Table 2- Qualitative analysis themes

Sector

Identified Qualitative Analysis Themes

Electricity

a.
b.
c.
d.
e.

Regulatory reforms and decarbonization efforts
Cost and other economic factors
Climate change, natural disasters, and other environmental factors
Geographic limitations
Technological innovations
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Industry

a.
b.

Regulatory reforms and decarbonization efforts
Cost and other economic factors

Transportation

a.
b.
d.
e.

Regulatory reforms and decarbonization efforts
Cost and other economic factors
Geographic limitations
Technological innovations

Buildings

a.
b.
c.
d.
e.

Regulatory reforms and decarbonization efforts
Cost and other economic factors
Climate change, natural disasters, and other environmental factors
Geographic limitations
Technological innovations

Based on the shortlisted themes, influential emission mitigation policies, environmental and
socioeconomic elements identified through the documents were further analyzed for Japan and Singapore.
Lastly, similarities and differences of Japan and Singapore’s climate mitigation policies were compared to
assess if neighboring countries use similar decarbonization approaches.

Case study A: Japan’s Emissions Drivers and Response
Over the years, the Government of Japan (GOJ) has attempted to mitigate climate change by setting
targets and policies to reduce emissions. In 2018, Japan’s CO2 emissions were 1,135.7 million tonnes,
excluding Land Use, Land-Use Change, and Forestry (LULUCF). Compared to the previous fiscal year
(FY), there was a reduction of 4.5%, accounting for 51 million tonnes of emissions (Ministry of
Environment, 2020b). CO2 is the main bulk of emissions and has occupied more than 90% since 1990
(Ministry of Environment, 2020a). The main contributors from fuel combustion are energy industries,
manufacturing industries and construction, transport, commercial and institutional, residential, agriculture,
etc., which could be seen in Figure 2. It should be pointed out that collective emissions for power generation
are included in the energy sector's emissions. Therefore, emissions from all other sector’s usage of
electricity or fuel are not included as their emissions. CO2 emissions per capita for FY2018 was 8.98 tonnes
which is a 4.2% decrease compared to the previous year. Moreover, this was the lowest CO2 emissions per
capita since 1990.
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Japan’s CO2 emissions by sector (FY2018) [thousand tonnes CO2]
52,152 15,370
71,725 5%
1%
7%

Energy industries
Manufacturing industries and construction
472,488
44%

202,914
19%

Transport
commercial and institutional
Residential
agriculture, forestry, and fishing

262,837
24%

Figure 2 - Japan’s CO2 emissions by sector (FY2018). Adapted from Ministry of Environment (2020)

Within the Paris Agreement, Japan has pledged to reduce 26% of their GHG emissions by 2030
compared to 2013. It is more common among other developed countries to set their base year to 2005 or
1990. However, when the goals are converted to the 2013 comparison, Japan’s target is higher than the EU
and United States’ target (METI, 2019). In 2018 the fifth SEPs was announced to reestablish the 3E+S
principle to a more “sophisticated” form; found an energy mix that would achieve the COP21 targets; and
achieve an 80% reduction of GHG emission in 2050.

Japan's energy mix (FY2017)
16%

9%
Oil

3%

Coal
33%

Natural gas
Nuclear power

Renewable energy
39%

Figure 3 - Japan's energy mix. Adapted from Ministry of Environment (2020)

However, due to Japan’s high dependency on fossil fuels for their energy source, power generation is the
leading cause of CO2 emission (Agency for Natural Resources and Energy, 2019). Since switching to oil
from coal in the 1960s, Japan’s energy self-sufficiency has significantly dropped. With the two oil crises
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and global warming awareness increasing globally, Japan started to focus their investments on nuclear
power (METI, 2020), which could be a stable source of clean energy. It is critical for nations to improve
their energy self-sufficiency and cut their energy imports when they heavily rely on importing their energy
sources from other countries (W. M. Chen et al., 2014; Mclellan et al., 2013). Since the Great East
earthquake occurred in 2011, nuclear power had significantly diminished by 64.5% and natural gas
increased 16.4% (Amagai et al., 2014). Currently, 82% of Japan’s power is generated by fossil fuel (METI,
2020), as shown in Figure 3.

Renewable energy share in energy mix (%)
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Biomass
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7

Hydro electric

7.9
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Figure 4 - Renewable Energy Share. Adapted from METI (2020)

By FY2030, Japan aims to increase the ratio of renewable energy and nuclear power generation
within their energy mix. In FY2017, renewable energy accounted for 16% and nuclear power accounted for
3% of their power sources. Their energy mix in FY2030 aims to increase both renewables and nuclear to
22% to 24%. The share of each renewable could be seen in Figure 4. To increase the volume of power
generated by renewables, the government of Japan is planning to alternate their Feed-in Tariff (FIT) system
to an auction scheme. FIT has highly increased the implementation of renewable energy generation in Japan
(METI, 2019). The incentives to improve the number of installments were to have an annual fixed price for
the producers to sell their renewable energy, which the electricity user covered. As more and more
individuals and corporations began generating renewable energy, the incentives become a financial burden
for the consumers. Therefore, to reduce the cost of citizen’s electricity bills, the acquisition price will be
decided based on the demand and supply (Agency of Natural Resource and Energy, 2018).
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Japan’s Industry Emissions profile

The total industrial emission accounts for 309,226 thousand tonnes. There are eight classifications
for industrial emissions, and there is a trend in recent years for all factors gradually decreasing their
emission (Ministry of Environment, 2020a) (Figure 5).

Industrial emissions (FY2018) [thousand tonnes CO2]
Iron and steel
46,389
15%

Non-ferrous metals
Chemicals

27,946
9%

136,047
44%

26,677
9%

pulp, paper and print
Food processing, beverages and tobacco
Non-metallic minerals

8,188
3%
20,229
6%

40,638
13%

Other
3,114
1%

Industrial process and product use

Figure 5 - Industrial emissions (FY2018). Adapted from Ministry of Environment (2020)

GDP wise, Japan’s leading industrial sectors are (a) general-purpose, production, and businessoriented machinery, (b) transportation equipment, (c) chemical manufacturing, (d) metal industry, and (e)
food and beverage manufacturing. Similar to the energy sector, industrial sectors in Japan have very high
energy efficiency. The high efficiency is due to the voluntary action plan framed by the Keidanren (Japanese
Business Federation) in 1977. Currently, 115 sectors have taken part in the “Low-Carbon Society Action
Plan” (The Government of Japan, 2019). Many of the carbon-intensive industries are heavy manufacturing
industries. Since these industries manufacture in large quantities, energy sources could not be easily
alternated from fossil fuel to renewables (The Government of Japan, 2019).
The recent approach the government has been taking to reduce emissions from industrial processes
is utilizing hydrogen and carbon dioxide capture, utilization, and storage (CCUS) (METI, 2020). Fossil fuel
could be altered to CO2-free hydrogen fuel to lower industrial emissions (Ministerial Council on Renewable
Energy Hydrogen and Related Issues, 2017). CCUS technology would prevent the created emissions from
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being released into the atmosphere. To lower emissions caused by industrial production, Japan aims to
accomplish “zero-carbon steel” (The Government of Japan, 2019) due to the steel industry's high carbon
intensiveness.
Japan’s Transportation emission profile

The four main categories that accounted for transportation emissions are domestic aviation, road
transportation, railways, and domestic navigation. The most prominent cause is road transportation (90%)
which is shown in Figure 6. Road transportation includes emissions from cars, light-duty trucks, heavyduty trucks and busses, motorcycles, etc. From 1990 to 2018, 2000 was the peak year, and thenceforward
the overall emissions for the transportation sector have decreased (Ministry of Environment, 2020a). This
trend is seen in all groups besides domestic aviation.

Transportation emissions (FY2018) [thousand tonnes CO2]

499, 0%

10,546, 5% 10,536, 5%

Domestic aviation
Road transportation
Railways
181,333,
90%

Domestic navigation

Figure 6 - Transportation emissions (FY2018). Adapted from Ministry of Environment (2020)

The declining birth rate and suburbanization among younger generations (Matanle, 2011) have
affected the rural area's public transport networks to shrink (The Government of Japan, 2019). This
demographic trend significantly impacts the elderly that rely on public transport for their daily needs. Also,
the lower birth rate contributes to decreasing the working population, meaning that labor shortage for
logistics will become more prominent. Considering these factors, GOJ has pledged in their long-term
strategy under the Paris Agreement (2019) to focus on the five following policy measures to lower the
transportation sector’s emission: (1) accomplish zero emissions on a Well-to Wheel scheme, (2) improve
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traffic systems using big data and artificial intelligence, (3)improve freight transport using Internet of
Things (IoT) and satellites, (4) create a mobility revolution and compact planning for rural areas, and (5)
assist logistics revolution in switching from automobile transport to railway or marine. Since most of the
transportation sectors emission is caused by road transportation, most of the policies focus on on-road
vehicles and other related factors.
Japan’s Commercial, Institutional and Residential sector emissions profile

Commercial, institutional, and residential emissions are shown in Figure 7. On the one hand,
residential emissions have been gradually decreasing since the emissions peaked in 2012. On the other hand,
commercial and institutional emissions have decreased since 2005; however, there are no significant
fluctuations to be seen (Ministry of Environment, 2020a). GOJ has taken a holistic approach to lower these
emissions by manifesting measures focused on the communities and living.

Commercial, institutional, residential emissions (FY2018)
[thousand tonnes CO2]

Commercial/ institutional

52,152, 42%
71,725, 58%

Residential

Figure 7 - Commercial, Institutional, and Residential emissions (FY2018). Adapted from Ministry of Environment (2020)

To assure a carbon-neutral living is obtainable, the GOJ promised to promote appliances with high
energy efficiency using AI, IoT, big data technology (The Government of Japan, 2019). For new housing
and buildings, the GOJ seeks to achieve net-zero energy buildings and net-zero energy houses by FY2030.
The entire life cycle, including the manufacture of materials, construction, and demolishment, will be
considered. Furthermore, installments of solar panels are aimed to be standardized. For existing
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accommodations and buildings, the government will further promote renovations to improve energy
efficiency and develop innovative materials to decrease energy consumption in workplaces and houses. The
GOJ has also promised to help small to medium-sized carpentry businesses gain energy-saving construction
skills. Another crucial concept for achieving a decarbonized and sustainable society is creating a circulation
of materials within the region. AI and IoT technology are planned to be widely utilized to optimize
production volume and scheduling for various merchandise, preventing overproduction and reducing waste
created from the entire supply chain (The Government of Japan, 2019).

Case study B: Singapore Emissions Drivers and Response
The importance of sustainability for Singapore’s national agenda has significantly increased over
the years (Cheam, 2020). Singapore’s annual CO2 emissions for 2017 were 52.0 million tonnes. Compared
to the previous year, there was a slight increase of 0.5 million tonnes of emission (National Climate Change
Secretariat, 2020; Statista Research Department, 2020). The main contributors are power, industry,
transport, household, buildings, and waste and water, as shown in Figure 8. The left pie shows how much
each sector causes the primary emission. The right pie represents the distribution of generated electricity to
each sector which are the indirect emissions. CO2 emissions per capita for 2018 was 8.4 tonnes (IEA Data
services, n.d.). Since Singapore has not reached its peak thus far, annual emissions still have been increasing.
Conversely, emissions per capita have a trend of gradually decrease.
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Singapore's CO2 emission profile (2017)
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Figure 8 - Singapore's CO2 emission profile (2017). Adapted from National Climate Change Secretariat (2020)

To achieve the 2030 pledges, the National Climate Change Secretariat (NCCS) releases the “Take
Action Today for a Carbon-efficient Singapore” in 2016 as their climate action plan. This report centers on
four schemes; (a) “improving energy efficiency”; (b) “reducing carbon emissions from power generation”;
(c) “develop and demonstrate cutting-edge low-carbon technologies”; and (d) “respond … through the
collective action of government agencies, individuals, businesses, and the community” (National Climate
Change Secretariat, 2016, p.2).
Singapore’s current energy mix is predominantly occupied by natural gas (Figure 9) (Energy
Market Authority, 2020b). Previously oil was the primary energy source; however, most of it was phased
out by 2015 (International Energy Agency, n.d.-a). During the Singapore International Energy Week in
2019, the Ministry for Trade and Industry stated that natural gas would remain an essential energy source
in the coming 50 years (Ministry of Trade and Industry Singapore, 2019). Energy Market Authority (EMA)
has been and will continue to support power generation firms to increase power plants' energy efficiency
(Energy Market Authority, n.d.).
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Annual fuel mix (2019)
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Figure 9 - Annual fuel mix (2019). Adapted from Energy Market Authority (2020b)

Although natural gas only causes nearly half the emissions compared to coal (Union of Concerned
Scientists, 2014), Singapore should not be dependent on natural gas as its primary source of energy to meet
its long-term decarbonization goals. However, most renewable energy methods such as wind, thermal,
nuclear, and tidal are not suitable and cost-effective for Singapore due to geographic location (National
Climate Change Secretariat, n.d.). Therefore, currently, solar is seen as the only feasible option (National
Climate Change Secretariat, 2020; U.S. Energy Information Administration, n.d.). Since 2008, the
installments of solar photovoltaic (PV) have increased significantly (Table 3).
Table 3 - Solar generation in Singapore. Adapted from International Energy Agency (n.d.-a)

Year

Solar PV

Units

2008

1

GWh

2010

5

GWh

2015

69

GWh

2019

341

GWh

In 2010, Singapore pledged to increase the solar generation capacity to 350MW, which was
achieved by the first quarter of 2020 (Energy Market Authority, 2020c). Singapore is currently working
towards attaining a minimum of 2 GW by 2030 and 200MW of the energy storage system (Energy Market
Authority, n.d.). The amount will not be enough energy to achieve the 2050 reduction target; however, the
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power will provide 25% of the nation’s electricity demand (Solar Energy Research Institute of Singapore,
2018). Nonetheless, the government will stimulate solar adoption by simplifying solar energy generators'
procedures to sell the surplus electricity to grids, utilizing floatable solar panels to overcome the land
constraint, etc. (National Climate Change Secretariat, 2020).
Singapore’s Industry Emissions Profile

The entire industry sector’s primary emissions and secondary emissions account for 60% of
Singapore’s GHG emissions. Figure 10 illustrates the breakdown of electricity consumption within the
industry sector in 2019 (Energy Market Authority, 2020a). Nearly 75% is caused by refining and
petrochemical sectors (National Climate Change Secretariat, 2020; Tan, 2019), and out of the total 51,720
GWh of electricity usage in 2019, the industry-related sector accounted for nearly 40%. However, while
the industry sector consumes less than half the overall electricity, it consumes almost 90% of the natural
gas (Energy Market Authority, 2020b).

Industry-related energy consumption (2019) [GWh]
0.25%
1.84%
7.34%

Manufacturing
Construction
Utilities
Other Industry-Related
90.57%

Figure 10 - Industry-Related energy consumption (2019) [GWh]. Adapted from Energy Market Authority (2020a)

The industrial sector's high carbon intensity is due to the industry sector being the critical element
of Singapore’s economic structure. In 2016, the manufacturing industry accounted for 19.6% of Singapore’s
annual GDP. The sectors with the most significant output are (1) electronic manufacturing, (2) chemical
manufacturing, petroleum refining, (3) machinery and equipment, (4) biopharmaceuticals manufacturing,
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and (5) transportation equipment manufacturing (Department of Statistics Singapore, 2021). The
government has put energy efficiency improvement as their primary focus for all measures to reduce
industry-related emissions.
Singapore’s Transportation emission profile

The transport sector is Singapore’s second-highest emitter of CO2 emissions (Figure 8), and private
vehicles account for the most considerable portion of the transportation emission (National Climate Change
Secretariat, 2020). Figure 11 shows the data of 2018’s transportation sector’s final energy consumption by
fuel type. Oil is the primary energy source, and electricity accounts for 10%.

Transportation enrgy consumption by fuel (2018) [ktoe]
253, 10%
2.84, 0%

Oil
Natural gas
Electricity

2279, 90%

Figure 11 - Transportation energy consumption by fuel (2018) [ktoe]. Adapted from International Energy Agency data

Singapore has planned to reduce private automobiles on the road and promote green vehicles and
transportation infrastructure. For the former, the government seeks Walk-Cycle-Ride (WCR) to become
citizens' preferred transportation mode. These methods include walking, biking, electronic scooters, and
other personal mobility devices, buses, trains, cabs, and carpooling (Land Transport Authority, 2019). To
increase the modal split of public transport, the government will improve the transportation infrastructure
to decrease travel duration. For the latter, to increase the ratio of green automobiles on the road, the
government will provide partial rebates on vehicle’s additional registration fee for buyers of cleaner
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vehicles. As the quantity of EV charging stations is critical for increasing EVs' accessibilities, the
government will partner up with private firms to increase charging stations from the current 1600 up to
28000 by 2030 (National Climate Change Secretariat, 2020).
Singapore’s Commercial, Institutional and Residential sector emissions profile

Comparing primary emissions and indirect emissions from electricity usage, most of the emissions
are due to the indirect emissions for both buildings and households. Therefore, most government policies
are focused on improving energy efficiency and reducing energy consumption. Due to its small land area
and high population density, 80% of citizens live in publicly-owned residential buildings (Housing and
Development Board, 2017). Figure 12 shows buildings (sum of residential, commercial, and public
services) total final energy consumption by fuel type for 2018. The majority of the consumed energy derives
from electricity.

Buildings energy consumption by fuel (2018) [ktoe]
101, 4%

155.96, 6%

Oil
Natural gas
Electricity
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Figure 12 - Buildings energy consumption by fuel (2018) [ktoe]. Adapted from International Energy Agency data

To encourage green buildings construction with zero energy or positive energy (which generates
more power than the building consumes), the government has been working with private sectors and
academia to establish the Super Low Energy (SLE) Buildings Programme for the construction industry.
The SLE buildings Programme contains; (a) the Green Mark Scheme, which aims to attain at least 60
percent power savings for SLE buildings, (b) the SLE Challenge, which is a commitment to accomplishing
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a minimum of 1 Green Mark SLE project within five years, and (c) The SLE Buildings Technology
Roadmap which includes sixty innovative and advanced solutions that are suitable for Singapore’s
urbanized and humid environment. To increase buildings' energy efficiency, the government has partnered
with various stakeholders to found the Singapore Green Building Masterplan 2020 (SGBMP 2020). One of
the main objectives is to reevaluate the minimum electricity performance criteria for existing and new
buildings. Overall, Singapore aims to achieve 80 percent of the building's gross floor area to be green by
2030. Currently, 40 percent has been completed (National Climate Change Secretariat, 2020).
Appliance’s energy efficiency also has a significant impact on the household sector’s emission.
The two main strategies to promote devices with high energy performance are the Mandatory Energy
Labelling Scheme (MELS) and the Minimum Energy Performance Standards (MEPS). The former (MELS)
was launched in 2008 to provide clear and understandable labels for customers seeking to purchase green
appliances. Up till now, air conditioners, dryers, televisions, fridges, and lamps are required to identify their
energy efficiency, annual energy cost, and annual energy consumption.
Singapore is planning to expand this obligation towards other appliances, for example, water
heaters. The latter’s objective (MEPS) is to eliminate devices with low energy efficiency off the market.
These criteria cover air conditioners, dryers, fridges, and lamps. Also, they will be reevaluated frequently
to reflect the technologies of energy efficiency in the market.
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Results
Comparative analysis of each country’s GHG emissions
Country Level CO2 emissions and Carbon Intensity

CO2 emissions per capita is an indicator to demonstrate the quantity of emissions produced by each
person within the specified region. This indicator reflects the impact of the differences in population among
national or regional emissions (Zhang et al., 2008).

CO2 emissions per capita [tCO2/capita]
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Figure 13 – CO2 emissions per capita [tCO2/capita]. Adapted from International Energy Agency data

From 2000 to 2018, overall, Singapore and OECD countries have decreased nearly 2 tonnes of
emissions, and Japan’s emissions have fluctuated as well; however, there was not as much total reduction.
Japan’s emissions were not as high as Singapore and OECD countries in 2000; by 2018, the three region’s
emissions per capita were similar. Singapore and OECD countries have comparable trends throughout their
reduction and partial increase. Japan has significantly decreased its emissions from 2007 to 2009 and
increased afterward as well; however, Japan continued growing until 2013.
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Figure 14 – CO2 emissions [kg per PPP$ of GDP]. Adapted from World Bank Open Data

CO2 emissions per GDP enables to illustrate the emission intensity of a region or nation’s economic
development (Zhang et al., 2008). In other words, this indicator reveals the energy efficiency of its
production and manufacture. CO2 emissions per PPP $ of GDP utilize purchasing power parity (PPP) to
compare economic output and living values between countries and regions (Investopedia, 2020). From 2000
to 2018, both Japan and OECD countries have similar trends of consistent decrease in emissions. However,
in the earlier years, Japan started with lower emissions. In 2018, Singapore’s emissions per GDP were
reduced to nearly a third compared to 2000. Unlike the other countries, Singapore had waves of decreases
and increases. 2007 marked the lowest emissions, and after 2009, emissions remained steady or decreased.
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Figure 15 - Final Energy Carbon Intensity [gCO2/MJ]. Adapted from International Energy Agency data
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Final energy carbon intensity is the emission intensity of the selected area’s energy consumption.
OECD country's carbon intensity has slightly decreased from 2000 to 2018; however, there was no
significant change. Japan had similar carbon intensity to OECD countries in 2000, then increased from
2009 until stabilizing from 2013 onward. Singapore was significantly higher than Japan and the OECD
countries in 2000. Singapore’s emission intensity continued to decrease until 2007, increased in 2008, then
gradually reduced as years passed.
Emissions by Sector

The four major sectors that account for most of Japan’s energy consumption and emissions are
industry, transport, buildings, and electricity generation. However, these calculations do not account for
other more minor emissions sources such as agriculture and waste. Therefore, annual sum totals for these
charts are not equivalent to the nation’s annual emissions. Industrial emissions contain; industrial process,
waste, manufacture, and construction emissions. Emissions for buildings include; residential, commercial,
and public services emissions. Each sector’s power-derived emissions are included in the electricity and
heating sector.
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Figure 16 – CO2 emissions by sector, Japan [Mt CO2].
Adapted from International Energy Agency data and
Climate Watch data

Figure 17 – CO2 emissions by sector, Singapore [Mt CO2]. Adapted
from International Energy Agency data and Climate Watch data
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Figures 16 and 17 each demonstrate the CO2 emissions by sector for Japan and Singapore. The
sector that had the most noticeable fluctuation for Japan was electricity and heat producers. Until 2009, the
emissions were gradually increasing; from 2009 to 2013, the growth became more prominent. From 2013
onwards, electricity and heat producer’s emissions decreased. Buildings, transportation, and industrial
emissions had an overall steady decrease, and from 2009 to 2010, most sectors increased their emissions.
From there on, once again, there were trends of gradual reduction among the three sectors.
For Singapore, electricity and heat sectors reached their peak in 2000, which is contrary to Japan’s
emission history. However, Singapore experienced an increase in 2009 as Japan did. Singapore’s buildings,
transportation, and industrial emissions did not follow Japan’s trend as well. Overall, from 2000 to 2015,
the three sector’s emissions have increased, especially industrial emissions. From 2016 onward, industrial
emissions continued to grow. Buildings and transportation have started to decrease since 2016.
Electricity mix and carbon intensity

Figures 18 and 20 illustrate the amount of electricity generated by each source for Japan and
Singapore; Figures 19 and 21 show the total electricity generation by source and power’s carbon intensity
for Japan and Singapore. These indicators show which energy sources were used historically to meet the
nation’s electricity generation demand, fluctuation of the overall electricity production, and emission
intensity of power. Japan’s 2014 data for nuclear was not available.
Japan’s emission intensity of power shows significant variation over the last 20 years. The most
significant increase was in 2011 and began to decrease in 2013. Compared to 2000, carbon intensity
increased 20% in 2018. Japan’s total energy production initially started to decline in 2007; however, it grew
from 2009 to 2010, then gradually decreased.
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Electricity generation by source, Japan [GWh]

Total electricity generation by source [GWh]
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Figure 18 - Electricity generation by source, Japan [GWh].

Figure 19 - Total electricity generation by source [GWh] and

Adapted from International Energy Agency data

carbon intensity, Japan. Adapted from International Energy
Agency data

From 2000 to 2018, Japan’s use of oil to generate electricity shows a positive correlation with the
total energy generation and carbon intensity of energy. Negative correlations were observed among natural
gas, nuclear, solar, wind, and biofuels. After hitting its peak in 2012, energy generated from oil has
continued to decrease.
Japan’s use of coal to generate electricity shows a positive correlation with energy’s carbon
intensity and natural gas. From 2010 to 2018, coal appears to have negative correlations with total electricity
generation and solar. After peaking in 2015, energy generated from coal began to decrease.
From 2010 onwards, negative correlations were observed from the total energy generation with
natural gas. Since hitting its peak in 2014, natural gas has gradually decreased.
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Nuclear electricity generation has negative correlations with carbon intensity, natural gas, and coal
between 2011 to 2013. Contrarily, there are overall positive correlations seen with total energy generation,
oil, and solar, wind, and biofuels. After the significant decrease in 2011, nuclear began to increase from
2015 gradually. As of 2018, the generated electricity is similar to solar and oil.
The hydro generation has not had remarkable alteration within 2000 to 2018; nonetheless, it has
provided a notable electricity quantity. Electricity generated from hydro has positive correlations with
geothermal. Geothermal has overall gradually decreased its electricity generation. Hydro showed negative
correlations with wind, biofuels, and waste. Solar power generation shows negative correlations with total
energy generation, carbon intensity, oil, coal, and natural gas. Positive correlations are seen with nuclear
from 2015 onwards. Solar has steadily increased, and the growth began to accelerate in 2012. Japan’s wind
power has positive correlations with biofuels and waste. There were negative correlations between
geothermal and hydro. Overall, wind’s electricity generation has gradually increased. Waste’s overall
power generation has increased compared to 2000. The most significant increase was in 2008.
Singapore’s total electricity generation has overall increased from 2000 to 2018. There was a
decrease in 2009 and an increase in 2010, then a decrease again in 2011. Onwards, the entire power
generation has continuously increased at the same rate previous to 2009. In contrast, the carbon intensity
of electricity shows a downward trend from 2000 to 2018. The 2010 increase of total generation of power
seems to have positive correlations with the growth observed from carbon intensity in 2010 and 2011.
Singapore’s carbon intensity for power has decreased by 50% compared to 2000.
The use of oil and natural gas in Singapore has a negative correlation. From 2000 to 2014, oil and
natural gas were the two primary sources for electricity generation. In 2000, oil was generating an absolute
higher amount. However, the gap between oil and natural gas continued to shrink; by 2003, natural gas
generated more electricity. In 2018, the vast majority of Singapore’s electricity was caused by natural gas.
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Figure 20 - Electricity generation by source, Singapore

Figure 21 - Total electricity generation by source [GWh] and carbon

[GWh]. Adapted from International Energy Agency data

intensity, Singapore. Adapted from International Energy Agency data

Electricity generated from waste doubled in 2001, since then increase rate has been steady.
According to the IEA data, solar generation had begun in 2008. Noticeable growth started in 2013, where
generated electricity was nearly doubling each year. Coal’s generation records started in 2012 and have
increased rapidly. In 2018 coal generates half the amount of electricity waste produces. Biofuels figures
began in 2013, then continued to grow. Oil, solar, and biofuels have generated a comparable amount of
electricity. Singapore’s use of each energy source has overall increased within 2000 to 2018 besides oil.
Industry carbon intensity and energy consumption

Indicators in figure 22 show the industry’s total final energy consumption (primary axis) and the
emission intensity of industrial sector power usage (secondary axis) of Japan and Singapore. Figures 23
and 24 overlays the same carbon intensity (secondary axis) shown in figure 22 on the stacked industry’s
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final consumption of oil, coal, natural gas, and electricity (primary axis) of Japan and Singapore. Oil, coal,
natural gas, and electricity cover most of the energy sources used for the industry’s energy source(Ministry
of Environment, 2020a; National Environment Agency, 2016, 2018). Figure 22 compares the total final
energy consumption and carbon intensity of both countries within the exact measurement: figures 23 and
24 show which energy sources contribute to the country's carbon intensity increase or decrease.
Industry's total final energy consumption [ktoe] and carbon intensity [gCO2/MJ]

ktoe
120030

gCO2/MJ
75
70

100030

65
60

80030

55
60030

50
45

40030

40
35

20030

30
30

25

total final consumption of Japan

total final consumption of Singapore

Japan carbon intensity

Singapore carbon intensity

Figure 22 - Industry's total final energy consumption [ktoe] and carbon intensity [gCO2/MJ]. Adapted from International Energy
Agency data

At a glance, Japan’s total final energy consumption has negative correlations with carbon intensity.
Although Japan’s carbon intensity has not significantly changed from 2000 to 2018, there were minor
increases in 2008 and 2010 to 2011. From 2016 onward, both indicators have begun to decrease. From
comparing figure 23 and figure 24, the carbon intensity increase in 2008 was impacted by the increased
share of coal and (natural gas). The 2010 to 2011 increase was possibly caused by more use of coal and
decreased percentage of oil.
In contrast, Singapore’s carbon intensity had fluctuated from 2000 to 2018. Figure 24 shows that
carbon intensity seems to have positive correlations with the sum of final consumption by energy source.
From 2000 to 2008, Singapore’s carbon intensity had an overall steady increase until the substantial
escalation in 2009, which is also seen in the total final consumption by energy source. The 2009 increase
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is likely to be caused by the increased use of oil. The modest growth of carbon intensity in 2013 is expected
to be caused by the integration of coal.
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Figure 23 - Industrial final consumption by energy source
[ktoe] and carbon intensity [gCO2/MJ], Japan. Adapted from
International Energy Agency data

Figure 24 - Industrial final consumption by energy source [ktoe]
and carbon intensity [gCO2/MJ], Singapore. Adapted from
International Energy Agency data

Consequently, Japan’s carbon intensity has not significantly changed despite the decrease in total
final energy consumption. When comparing 2018 to 2000, oil’s share has decreased nearly 50%, and all
other sources have increased their share. In contrast, Singapore’s total final consumption has continuously
increased; however, carbon intensity only increased at specific periods. On the one hand, Oil’s share has
not changed much comparing 2018 to 2000. On the other hand, electricity’s share in 2018 is half 2000,
which natural gas and coal compensate for in 2018.
Transportation carbon intensity and energy consumption

Figure 25 illustrates the carbon intensity of energy used for road transportation (left axis) and the
transport sector’s final energy consumption per capita (right axis) of Japan and Singapore. Road
transportation contributes to nearly 90% of Japan’s transportation emissions (Ministry of Environment,
2020a), and private vehicles are the most significant cause of land transportation emissions (National
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Climate Change Secretariat, 2020), which is 97.15% of 2014 transportation emissions (National
Environment Agency, 2018). Figures 26 and 27 overlays the same carbon intensity (right axis) from figure
25 on the stacked final consumption of oil, coal, natural gas, and electricity in the transportation sector (left
axis) of Japan and Singapore.

Carbon intensity of road transport energy consumption [gCO2/MJ] and
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Figure 25 - Carbon intensity of road transport energy consumption (gCO2/MJ) and transport final energy consumption per capita
(toe/capita) of Japan and Singapore. Adapted from International Energy Agency data and World Bank Open Data

Japan’s carbon intensity has a positive correlation with transport final energy consumption per
capita. Throughout the study period, Japan’s indicators had a continuous gradual decrease. The cause of the
two indicators synchronizing is possibly due to the consistent high oil ratio in Japan’s transportation fuel
mix from 2000 to 2018. Singapore’s carbon intensity and transport final energy consumption per capita
mostly had a positive correlation as well. Singapore’s indicators show the fluctuation of increases and
decrease from 2000 to 2018. The decrease in carbon intensity from 2005 to 2008 was likely caused by
increased electricity consumption and the introduction of natural gas. From 2009 onward, carbon intensity
follows the trend of total final consumption of the transport sector.
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Japan's transport final consumption by source [ktoe] and
carbon intensity of road transport energy consumption [gCO2/MJ]
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Energy data

When comparing both countries, no extreme differences among Japan and Singapore’s emission
intensity were observed; however, Japan has maintained a lower intensity than Singapore throughout the
study period. Both country’s overall transportation fuel mix is dominated by oil consumption.
Building emissions and energy consumption

Figure 28 focuses on the total final energy consumption of the residential sector per capita (primary
axis) and GDP per capita (secondary axis) of Japan and Singapore. Figure 29 shows the total final energy
consumption of the commercial and public services sector per capita (primary axis) and GDP per capita
(secondary axis) of Japan and Singapore. As previously mentioned, the sum of residential, commercial, and
public services sectors accounts for the buildings sector.
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Residential total final energy consumption per capita (toe/capita) and
GDP per capita, PPP (current international $) of Japan and Singapore
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Figure 28 – Residential total final energy consumption per capita (toe/capita) and GDP per capita, PPP (current international $)
of Japan and Singapore. Adapted from International Energy Agency data and World Bank Open Data

To further analyze the cause of energy usage in this quantitative analysis, graphs were created
separately for (1) residential and (2) commercial and public services. There were no data available on these
sectors' carbon intensity; therefore, GDP per capita was used as indicators to see the correlations with
energy consumption and economic development.

Commercial and public services total final energy consumption per capita (toe/capita) and
GDP per capita, PPP (current international $) of Japan and Singapore
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Figure 29 – Commercial and public services total final energy consumption per capita (toe/capita) and GDP per capita, PPP (current
international $) of Japan and Singapore. Adapted from International Energy Agency data and World Bank Open Data
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For figures 30 and 31, each country’s total final energy consumption by source (primary axis) and
buildings emissions (secondary axis) were utilized to analyze the relations of energy sources and emissions
of the buildings sector.
Japan's buildings final energy consumption by source (ktoe) and buildings emissions (Mt)
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Figure 30 - Japan's buildings final energy consumption by source (ktoe) and buildings emissions (Mt). Adapted from International
Energy Agency data and Climate Watch data

Both Japan’s total final consumption of residential, commercial, and public services negatively
correlate with GDP per capita growth. Singapore’s residential total final consumption has a negative
correlation with GDP growth as well; however, for the commercial and public sectors, positive correlations
are shown. In terms of the relations between trends of emissions and total final consumption by source,
both Japan and Singapore have overall positive correlations as well. Japan’s energy consumption and
emissions are decreasing; Japan consumes nearly twice the amount of energy per capita than Singapore for
both residential, commercial, and public services sectors.
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Singapore's buildings final energy consumption by source (ktoe) and buildings emissions (Mt)
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Figure 31 - Singapore's buildings final consumption by source (ktoe) and buildings emissions (Mt). Adapted from International
Energy Agency data and Climate Watch data

Starting from 2005, Japan’s residential total final consumption shows a downwards trend that
continues until 2009. The same downwards trend is observed from 2010 until 2017. Japan’s buildings
emissions decrease is possibly caused by commercial and public sectors less use of oil and increased use of
natural gas and electricity. Singapore’s buildings emissions decreased in 2005 may be caused by
commercial and public sectors introducing natural gas and using less oil. During that period, oil still
consisted of a quarter of the energy mix (Figure 31).

Factors potentially influencing emissions-reduction choices in Japan and Singapore
Electricity

Electrification of the economy is a common practice taken towards greening the economy.
However, when the nation’s energy mix mainly consists of fossil fuels like Japan and Singapore, simply
altering electricity sources may not be the most sustainable way of producing energy. Therefore, to further
understand the rationale of Japan and Singapore’s energy mix, the electricity’s qualitative analysis focused
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on interpreting quantitative analysis findings to examine the practical factors that have positively or
negatively influenced Japan and Singapore’s electricity mix, power carbon intensity, and emissions.
Table 4 - Summary of Electricity Sector’s Qualitative Analysis

Observation area

Japan

Singapore

Regulatory reforms

•

Feed-in Tariff (FIT) scheme has
contributed to increasing energy
generated
from
renewables,
especially solar.
Commitment to the Kyoto Protocol
has resulted in decreasing Japan’s
carbon intensity.

•

The low and stable cost of nuclear
(before the Great East earthquake)
and coal has caused high reliance on
these energy sources.
The lack of growth in hydropower
installment is caused by the
expensive initial investments and
maintenance costs.
The nuclear meltdown caused by the
Great East earthquake has caused the
dependence on oil, coal, and natural
gas to increase.
Frequent earthquakes and typhoons
make wind power generation
complex.
Mountainous land challenges the
installments of onshore wind power
plants.
Deep shores complicate installments
of offshore wind power plants.
Limited land has encouraged the
installments of solar PV.

•

•

Economic factors

•

•

Climate change and

•

Natural disasters

•

Geographic limitations

•
•
•

•

•
•

Exposure to extreme weather has
limited Singapore’s ability to
implement various renewables, such
as wind, tidal, and nuclear power
generation.

•

Singapore’s land does not have the
potential for geothermal power
generation.
Small
river
streams
make
hydropower generation inefficient.
Slow average wind is not suitable for
wind power generation.
Limited land has made nuclear
power unsuitable.
Solar power has the most significant
potential for Singapore.

•
•

•
•

•

Energy efficiency improvements for
natural gas and coal have contributed
to decreasing emissions from energy
generation.
Japan is currently working on
lowering carbon capture and storage
cost to decrease emissions from
fossil fuels.

GDP growth correlates with the
energy consumption increase.
Singapore has been successful in
increasing and diversifying its
natural gas sources to rely less on oil.
Coal has also been utilized because
of its stable and low price point.

•

•

Technology

Electricity market liberalization has
facilitated switching energy sources
from oil to natural gas resulting in
energy emission and carbon intensity
decrease.
Solar power generation has been the
only renewable energy.

•

Technology
improvement
is
reflected in the solar power
generation capacity growth.
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Regulatory reforms and decarbonization efforts

Changes in Japan’s electricity mix and electricity carbon intensity show a strong relationship with
introducing and discontinuing specific critical regulatory measures. For example, Feed-in Tariff (FIT)
system shows successful incorporation of solar energy (Cyranoski, 2012); however, the program has ended
in 2019 (METI, 2020). This program is positively correlated with the growth of solar power. Japan’s
commitment to the Kyoto Protocol is why Japan decreased its carbon intensity between 2007 to 2009.
Conversely, expansions of geothermal and hydroelectricity have been unsuccessful despite the targets set
for the FY2030 energy mix (METI, 2020).
Singapore's electricity market liberalization in 2003 has contributed to increasing the share of
greener and efficient energy source because it influenced the energy source to switch from oil to natural
gas-fired power generation (Ali et al., 2017), which is evident from the decreasing share of oil and increased
share of natural gas 2003 onwards. Singapore’s strategy to switch from oil to natural gas (National Climate
Change Secretariat, 2016; Su et al., 2017) is a primary factor behind Singapore’s decreasing electricity
emission and carbon intensity since the beginning of the study period. This fuel alternation confirms that
Singapore’s energy policy direction (Ministry of the Environment and Water Resources & Ministry of
National Development, 2009, 2015; National Climate Change Secretariat, 2016) and pledges (Ministry of
Trade and Industry Singapore, 2019), and climate mitigation efforts have shown great success. Solar PV
installments have been increasing as well (Energy Market Authority, 2020c).
Cost and other economic factors

The economic crisis in 2008 and recovery is the primary reason behind Japan’s electricity
generation growth fluctuation between 2009 to 2010, which is also evident from the increased use of nuclear
due to its low and stable cost (Agency for Natural Resources and Energy, 2017). Additionally, the low cost
of coal explains the steady overall increase of coal despite more than 99% imported (Lesbirel, 2004; METI,
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2020; Oshiro et al., 2016). In contrast, installments of hydro have high initial and maintenance costs (D.
Zhu et al., 2020), which is most likely impacting the slow growth.
Singapore’s consistent electricity generation increase throughout the study period is caused by the
increased energy demand from the GDP growth (Su et al., 2017). To meet these demands, Singapore has
diversified its natural gas importing countries since 2013. This diversification explains the increased share
of natural gas and decreased oil share from 2013 onwards. The lack of diversity of renewable energy from
2000 to 2018 seemed to be caused by the unprofitable cost of wind and hydroelectricity generation (Ali et
al., 2017; National Environment Agency, 2018). Singapore using renewable energy with high first cost
results in increasing the electricity bills for citizens. Coal power was introduced in 2013 to diversify the
energy source and the stable cost of coal (G. Chua, 2013).
Climate change, natural disasters, and other environmental factors

The Great East earthquake in 2011, which caused a nuclear meltdown in Fukushima, shows
significant disruptions in Japan’s electricity mix, carbon intensity, and total electricity generation. The
energy shortage due to the non-operational nuclear plant (Amagai et al., 2014; Mclellan et al., 2013)
explains the increase in oil, coal, natural gas, and carbon intensity from 2011 to 2012. Moreover, the
frequent earthquakes (Live Science, 2011) and typhoons (Agency for Natural Resources and Energy, 2018;
Maeda & Kamada, 2009) challenges the growth of wind (onshore and offshore) power, which is evident
from the lower share of wind throughout the study period.
Singapore’s high exposure to extreme weather (Chow, 2018) events is one of the reasons for
Singapore’s lack of diversity of renewables and alternative energy sources, observing the given data. For
example, the frequent tropical storms and floods (Chan et al., 2018) have seemed to prevent the
development of wind, tidal, and nuclear energy (National Climate Change Secretariat, n.d.; Quek, Ee, Ng,
et al., 2018)
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Geographic limitations

Several geographic factors have impacted Japan’s growth or decline of certain energy source
generation capacity. Firstly, Japan’s limited land (Oshiro et al., 2016) on top of mountainous regions, which
accounts for 70% of the land, seems to have impacted the slight growth of onshore wind generation (Maeda
& Kamada, 2009) and increased installments of solar panels which could be easily placed on residential
rooftops (Cyranoski, 2012). Secondly, the deepness of oceans surrounding Japan is not suitable for offshore
wind power installments (Agency for Natural Resources and Energy, 2018). These limitations are evident
from the limited growth of wind generation and the continued development of solar PV within the study
period.
Several spatial limitations have been impacting the suitability of renewable sources used in
Singapore from 2000 to 2018. Firstly, the geographic area where Singapore is located has affected
geothermal energy development (Quek, Ee, Chen, et al., 2018; Quek, Ee, Ng, et al., 2018). Secondly,
Singapore’s river streams are not suitable for hydroelectricity development (National Climate Change
Secretariat, n.d.; National Environment Agency, 2018). Thirdly, Singapore’s slow wind speed prevents it
to efficiently generate wind power (National Climate Change Secretariat, n.d.; National Environment
Agency, 2018). Lastly, limited land area impacts the lack of space to store nuclear waste produced by
nuclear power generation (National Climate Change Secretariat, n.d.), solar power generation potential
(Quek, Ee, Ng, et al., 2018), and other large scale development of renewable energy. All of the suitability
of the renewable source for Singapore mentioned above besides solar are evident from the non-existent data
of geothermal, hydroelectricity, wind, and nuclear energy in the total electricity mix. Solar has increased
its electricity generation; however, it remains to have a meager share of the entire electricity generation.
Technological innovations

The gradual lowering of electricity emissions after the nuclear meltdown in 2011 is likely due to
the technological improvements in the energy efficiency of natural gas and coal-fired power plants (Agency
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for Natural Resources and Energy, 2015). Moreover, Japan’s long-term climate strategies introduced in
2019 are heavily focused on carbon capture and storage, which will help reduce carbon emissions from
fossil fuels (METI, 2020; The Government of Japan, 2019).
Singapore’s continuous efforts to improve solar PV generation (Ali et al., 2017) are reflected in the
year by year growth of solar PV generation from 2013 onwards. The solar generation share remains
insignificant in the energy mix; however, it is projected to increase the generation capacity to 2GW by 2030
from the current 350MW generation capacity (Energy Market Authority, n.d.). The continuous decrease of
power’s carbon intensity from 2010 onwards may be influenced by several electricity providers beginning
to incorporate cogeneration and trigeneration technology in their electricity generation (National
Environment Agency, 2007).
Industry

Japan and Singapore’s manufacturing industry has been export-driven over the past three decades
(World Bank Open Data, n.d.-b). As a provider of various goods for the rest of the global world, Japan and
Singapore must reduce their industry carbon intensity. The industry qualitative analysis focused on
interpreting quantitative analysis findings to understand further the practical factors that have positively or
negatively influenced Japan and Singapore’s industry’s emissions, fuel mix, and carbon intensity.
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Table 5 - Summary of Industry Sector’s Qualitative Analysis

Observation area

Japan

Singapore

Regulatory
reforms

•

•

•

Economic factors

•
•

The Energy Efficiency Act and the voluntary
“Low-Carbon Society Action Plan” targeted
towards private sectors have improved the
industry sector’s energy efficiency.
Especially the chemical manufacturing
industry has improved the average energy
efficiency and the metal industry has become
less carbon-intensive.
The financial crisis has caused Japan's exports
and production to decrease and lower
industrial energy consumption.
The shift from material industry to process
and assembly industry contributed to lower
energy consumption.

•

•
•

The Energy Conservation Act has
influenced industrial sectors to
improve their energy efficiency.
The petroleum refining sector has
significantly improved its energy
efficiency.

Regarding the financial crisis,
Singapore was not hit hard as Japan.
Singapore has continued to be one of
the global hubs for petroleum
refining, hence the high oil
consumption.

Regulatory reforms and decarbonization efforts

Japan’s emission mitigation strategies have been successful in terms of energy efficiency. The
continuous revisions of the energy efficiency act (International Energy Agency, 2017) and the voluntary
“Low-Carbon Society Action Plan” (The Government of Japan, 2019) for industrial sectors appears to have
reduced the total final energy consumption, particularly from 2013 onwards despite the GDP growing
25.75% in 2018 compared to 2000 (Cabinet Office, 2019). Reduction of emissions is caused by the less
energy use in the chemical manufacturing and metal industry becoming less carbon-intensive (Matsumoto
et al., 2019).
Singapore’s industry emissions and final energy consumption has nearly tripled over the study
period. However, the improved energy efficiency, especially in the petroleum refining sector, which is the
most carbon-intensive sector (Tan, 2019), has contributed to preventing the industrial emissions from
increasing even more notably (Su et al., 2017) during the study period. One of the key policies for
transitioning the industrial sector was the Energy Conservation Act implemented in 2013, which obligated
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registered cooperates to submit energy management plans and GHG inventories (National Environment
Agency, n.d.).
Cost and other economic factors

The financial crisis in 2008 has heavily impacted Japan’s industrial sector exports (Matsumoto et
al., 2019). Motor vehicles accounted for 17% of Japan’s exports in 2008, then decreased by 51.3% of its
export value in the coming year, which was the most significant drop among all sectors (Saito, 2018). This
economic event explains the substantial decrease in the industry’s final energy consumption at that period.
The increase of carbon intensity for industry energy in 2011 was caused by the Great East earthquake,
resulting in shutting down nuclear power plants. Stopping nuclear operation drove the increase of carbon
intensity in power, accounting for 37% of the industry’s energy source. Japan’s industry structural shift
from material industry to process and assembly industry (Ministry of Economy Trade and Industry, 2020)
has influenced the continuous reduction of industrial energy consumption despite the steady GDP growth
(World Bank Open Data, n.d.-a).
The 2008 financial crisis has not significantly impacted Singapore’s manufacturing production as
Japan. The overall increase of industry’s emissions, final energy consumption, and carbon intensity of
industrial energy usage reflects the 116% output growth in the manufacturing industry from 2000 to 2018
(Department of Statistics Singapore, 2021). The 123% growth of the output of the petroleum refining sector
alone is one of the reasons for increased oil consumption.
Transportation

Japan and Singapore have one of the most developed transportation networks globally. However,
emissions from private vehicles remain high, and EV shares are relatively behind western country's
standards. To further understand Japan and Singapore’s approach towards decarbonizing citizen’s means
of transport, the transportation qualitative analysis focused on interpreting quantitative analysis findings to
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comprehend the practical factors that have positively or negatively influenced Japan and Singapore’s
transportation emissions, fuel mix, and road transport carbon intensity.
Table 6 - Summary of Transportation Sector’s Qualitative Analysis

Observation area

Japan

Singapore

Regulatory reforms

•

The “Top-Runner Programme” has
been successful in improving the fuel
efficiency of vehicles.
Initially concentrating in the urban
areas, old diesel vehicles were
restricted to prevent air pollution.

•

The eco-car tax break implemented
to aid the automobile industry
facilitated Japanese citizens to shift
to vehicles with higher fuel
efficiency.
The limited land with a high
population has allowed Japan to
develop a rich rail network
efficiently.
Well-established public transport
prevents citizens from owning
automobiles.

•

Focusing on rail networks has
supported commuters to use more
public transport.

•

The limited land and high population
have required Singapore to restrict
the private vehicles used.
Additionally, the high population
density
has
contributed
to
developing transport with a high
boarding rate.

The improved fuel efficiency has
contributed to decreasing the
transport
sector’s
energy
consumption and carbon intensity.

•

•

Economic factors

•

Geographic limitations

•

•

Technology

•

•

•

•

The Certificate of Entitlement
(COE) contributed to reducing the
overall private vehicles owned.
Electronic Road Pricing (ERP)
successfully decreased the number
of vehicles running in the city.

Introducing buses running with
compressed natural gas has resulted
in the carbon intensity decreasing.
Shares of EVs and hybrid vehicles
remain at 6.8%.

Regulatory reforms and decarbonization efforts

The continuous decrease of Japan’s transport final energy consumption per capita and reduction of
carbon intensity for road transport throughout 2000 to 2018 was impacted by the revision of the energy
efficiency act in 1998 (Kimura, 2010; Lu et al., 2007). The introduction of the “Top-Runner Programme”
(which creates efficiency standards for manufactures to follow based on the most efficient merchandise in
the market) (International Energy Agency, 2017) has contributed to the improvement of fuel efficiency
despite the fact oil remains to be the key energy source for transportation. From 2000 onwards, starting in
urbanized regions, municipal laws began to regulate the use of old diesel vehicles for air pollution control
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which accelerated the speed of phasing out more polluting vehicles (Shiraki et al., 2020). Also, in rural
areas where private cars are necessary, municipalities offered tax rebates towards lightweight vehicles that
use less fuel (Lipscy & Schipper, 2013).
Singapore’s policies towards traffic control and mobility increase have successfully limited total
final energy consumption through the study period considering the continuous population growth. Firstly,
the certificate of entitlement (COE) assisted in controlling the increase of vehicle ownership (Barter, 2005;
Goh, 2002). Secondly, electronic road pricing (ERP) reduced the number of vehicles driving in the central
business district during peak hours (Goh, 2002; Menon & Guttikunda, 2010; Omar & Rahman, n.d.;
Timilsina & Shrestha, 2009). In 2014, private passenger vehicles decreased by 3000 compared to the
previous year (Massier et al., 2018).
Cost and other economic factors

The enactment of the eco-car tax break in 2009 (International Energy Agency, 2019) has
contributed to decreasing Japan’s transport final energy consumption per capita and carbon intensity for
road transport in the study period. This policy was initially implemented to support the automobile industry
heavily hit by the financial crisis (Lipscy & Schipper, 2013). Eco cars subject to the tax reduction accounted
for 65% and 74% of the new car sales in 2009 and 2010, respectively (SC-ABeam Automotive Consulting,
2010). Combined with the energy efficiency act, these measures seem to have created market competition
among vehicle retailers to improve their fuel efficiency (SC-ABeam Automotive Consulting, 2010) and
have made efficient vehicles more affordable to consumers.
Most of Singapore’s initial policies for controlling traffic have focused on creating financial
burdens to own and drive private automobiles and generate a modal shift (Massier et al., 2018). Menon et
al. (2010) state that the COE and ERP were successful due to public transport availability as an alternative
commute option. With the continuous expansion of the rail network (National Climate Change Secretariat,
2016), Land Transport Authority (LTA) has achieved 67% of the commuters to use public transport during
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peak hours (Land Transport Authority, 2019). Emissions from freight transport are likely another factor
contributing to road transport's high carbon intensity. According to Shafique et al. (2020), Singapore’s
freight transport and GDP growth have positive correlations, explaining the overall upward trend of total
final consumption of the transportation sector.
Geographic limitations

The high use of rail transport as the means of transport (Lipscy & Schipper, 2013) has caused the
low road transport carbon intensity within the study period. Japan’s small land (Lipscy & Schipper, 2013)
and highly populated urban areas (Shiraki et al., 2020) has enabled to continue the development of public
transportation that is suitable for workers and students that commute from distant regions (Luo et al., 2017).
Moreover, when an area could offer public transport that is well established, citizens are less likely to
acquire private vehicles (Shiraki et al., 2020).
Singapore’s small and limited land space greatly impacted traffic control's success (Chin, 1996)
and the development of public transport (Faishal Ibrahim, 2003). However, due to the continuous growth
of population (World Bank Open Data, 2019) and GDP (World Bank Open Data, n.d.-a), the modal shift
efforts have not resulted in an overall decrease in total final consumption and emissions for the transport
sector within the study period.
Technological innovations

The technology improvement of fuel efficiency for vehicles (Luo et al., 2017) is reflected in the
decrease of Japan’s transport final energy consumption and carbon intensity of road transport energy
consumption from 2000 to 2018. There has been an increase of 78% in fuel efficiency over the last two
decades (Ministry of Economy Trade and Industry, 2018). However, vehicle ownership in Japan has
continued to grow (Japan Automobile Service Promotion Association, 2020), and oil has remained the
primary energy source for transport throughout the study period.
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LTA has supported technology innovations for greener options in Singapore’s transportation sector
(Ministry of the Environment and Water Resources & Ministry of National Development, 2009). The
introduction of buses running with compressed natural gas (CNG) in 2002 (The Ministry of Environment
and Water Resources, 2012) seems to be the reason for the gradual increase of natural gas as an energy
source for transportation from 2002. Such efforts to green public transport may be why the carbon intensity
decreased from 2005 to 2008, regardless of the total final consumption increase during that period. LTA
has conducted phased trials to test the suitability of electric vehicles (EVs) in Singapore since 2011 (Massier
et al., 2018; Xue & Gwee, 2017); however, the current share of EVs and hybrid vehicles in Singapore are
still 6.8% (Zhu, 2021). Singapore’s more significant share of electricity consumption compared to Japan
seems to be caused by the lower car population per capita (Data.gov.sg, 2020; Japan Automobile Service
Promotion Association, 2020) due to the COE.
Buildings

Japan and Singapore are both heavily urbanized and have high population density. However, on
the one hand, Japan experiences overly populated suburban areas and depopulated rural areas with empty
accommodations. On the other hand, Singapore experiences overpopulation resulting in soaring rental
payments. To further understand Japan and Singapore’s approach to mitigate building emissions, the
building's qualitative analysis focused on interpreting quantitative analysis findings to study the practical
factors that have positively or negatively influenced Japan’s and Singapore’s building fuel mix, energy
consumption, and emissions.
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Table 7 - Summary of Buildings Sector’s Qualitative Analysis

Observation area

Japan

Singapore

Regulatory reforms

•

“The Top Runner Programme” was successful
in reducing emissions and energy
consumption.
The most significant improvement was
observed in the commercial and public
service’s energy consumption for heating.

•

A growing trend of younger populations
moving to urban areas has resulted in more
working-age generation to accommodate
smaller residents that consume less energy.
However, the increase in the number of
households contributes to more significant
energy consumption per household.
The Great East earthquake has impacted
energy usage by causing financial damage and
forced the young population to move from
disaster areas.
Warm winters have contributed to decreasing
residential energy consumption.
The commonality of small accommodations
in the urban areas has contributed to lowering
the emissions per household.
Citizens residing in metropolitan areas with
high population density have greater access to
new appliances with high energy efficiency,
resulting in lower energy consumption.
The improved energy efficiency for
appliances has reduced energy consumption
for residential, commercial, and public service
sectors.

•

The GDP growth has resulted
in increased energy usage
among
residential,
commercial,
and
public
services.

•

The
increased
average
temperature has resulted in
more energy usage for air
conditioning.

•

Limited land space with high
population density requires
compact
housing,
which
resulted in lower energy
consumption per household.

•

Improvement of appliance’s
energy efficiency has resulted
in
decreasing
residential
sector’s energy consumption.

•

Economic factors

•

•

Climate change and

•

Natural disasters

•
Geographic limitations

•
•

Technology

•

•

Labeling appliance's energy
performance
and
setting
minimum
performance
standards have contributed to
decreasing
energy
consumption.
Greening the buildings have
also been a significant focus
for
Singapore’s
decarbonization strategies.

Regulatory reforms and decarbonization efforts

The Top-Runner Program which was also targeted towards appliances (International Energy
Agency, 2017), has reduced Japan’s residential, commercial, and public services emissions and energy use
in 2006, 2008, and 2011. Buildings’ energy consumption trends correlate with the timing of the appliance’s
energy efficiency standard’s revisions (Kimura, 2010) as the energy usage decreases (2005, 2008, and 2010).
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One of the most drastic efficiency improvements was seen in the commercial and public services sector’s
energy consumption for heating which consumed half the energy in 2018 compared to 2005 (International
Energy Agency, n.d.-b).
Singapore’s efforts to increase household appliance’s energy efficiency have effectively reduced
residential energy consumption throughout the study period regarding the continuous population growth.
The key policies to improve efficiency were labeling targeted appliance's energy performance; and
implementing minimum standards for selected appliances energy performance (National Climate Change
Secretariat, 2020; National Environment Agency, 2007). Green Mark Scheme was launched in 2005 to
increase green buildings (Deng et al., 2011). Singapore aims to achieve 80 percent of the building's gross
floor area to be green by 2030. Currently, 40 percent has been reached (National Climate Change Secretariat,
2020). However, due to the building's long life span, immediate emission reduction results are unlikely to
be observed within the study period.
Cost and other economic factors

Japan’s commercial and public sector’s total final consumption decrease in 2008 has been impacted
by the 2008 financial crisis. Regarding residential energy consumption, the demographic trend of urbanized
areas increasing their population while rural area’s population shrinking (Ministry of Internal Affairs and
Communications, 2015) has had positive and negative impacts on energy consumption. It is common
among citizens who move to suburban areas seeking job opportunities (Luo et al., 2017) to accommodate
in small apartment buildings that consume less energy than independent houses (Post, 2014). However, in
many cases, the rest of the family members continue to reside in the rural areas, which contributes to
increasing the nation’s household numbers. This trend has led to residential emissions increase throughout
the study period since the number of households has strong positive correlation with Japan’s household
emissions (Shigetomi et al., 2018).
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Singapore’s exquisite GDP growth has impacted the overall increase of commercial and public
services and the residential sector's electricity usage. Studies have shown that GDP growth has caused a
rise in the average expenditure, especially for the higher-income households, as a result, increases the
buildings emissions (Su et al., 2017).
Climate change, natural disasters, and other environmental factors

The Great East earthquake has impacted Japan’s commercial and public services energy
consumption decrease and residential energy consumption increase in 2012. The former seems to be due to
the financial impact. The latter may be caused by the younger population leaving the disaster area, which
has led to increased household numbers (Shigetomi et al., 2018). According to the MOE, the particularly
warm winter Japan in 2018 experienced influenced the residential emissions decrease (Ministry of
Environment, 2020b), which explains the reduction in energy consumption in the residential sector in 2018.
Singapore’s humid and hot climate is one of the reasons for residential, commercial, and public
services electricity consumption’s continuous increase from 2000 to 2018. With an average of 26 to 28
degrees all year round (Karthikeya et al., 2015), air conditioning accounts for nearly 40% of the building's
energy consumption in Singapore (Hill, 2018). Moreover, with the global warming effects, Singapore’s
buildings have increased their air conditioning usage (K. J. Chua & Chou, 2009).
Geographic limitations

Japan’s limited land area has contributed to buildings emissions reduction, mainly in the overly
populated urban areas. According to Shigetomi et al. (2018), per capita energy usage in the metropolitan
area has decreased over the last two decades. The small land results in expensive land prices in these areas,
which causes citizens to live in smaller residents. As mentioned earlier, apartments capable of
accommodating a large number of households tend to decrease the emissions per household for people
living in these residents (U.S. Energy Information Administration (EIA), 2013).
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Singapore’s limited land is one of the causes of Singapore’s low residential energy consumption
throughout the study period. Because of the restricted spatial area, nearly 80% of citizens accommodate in
publicly owned residents (Housing & Development Board (HDB), n.d.). Accommodation buildings with a
large volume of households are more energy-efficient than independent house’s building emissions per
household (Post, 2014)
Technological innovations

The Top Runner program has contributed to facilitating energy efficiency improvement among
appliances which is relevant to the overall decrease seen in Japan’s building's energy consumption. All
targeted devices achieved the set efficiency standards, including air conditioners and refrigerators that are
energy-intensive appliances. Moreover, these appliances accounted for 70% of the residential energy
consumption in 2004 (Kimura, 2010), which reflects household’s efforts to save energy and alter to more
efficient appliances (Shigetomi et al., 2018).
The implementation of the energy efficiency policies mentioned above has contributed to
improving refrigerators, air conditioners, and dryers' efficiency by 46%, 42%, and 14%, respectively, in
Singapore. The estimated energy saving accounts for nearly $200 million in total (National Climate Change
Secretariat, 2020) based on the usage of more efficient residential appliances. The efficiency improvement
is apparent from the overall decrease in residential energy consumption.
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Table 8 - Summary of Similarities and Differences in Japan and Singapore’s Decarbonization Efforts

Sectors

Similarities

Differences

Energy

•

The market-based approach has contributed to
shifting to cleaner energy sources
Shifting away from oil and relying more on
natural gas and coal
Increasing exposure to typhoons has made it
challenging to install wind power plants
Limited space has prevented large scale
renewable energy generation and stimulated
small scale solar PV installments
Reliance on fossil fuel import has influenced
both countries to invest in improving energy
efficiency
Both countries are hopeful for using carbon
capture and storage to cap their emissions from
fossil fuel
Regulatory reforms to improve energy
efficiency in the industry sector has been
successful
Importing the majority of the raw material for
manufacturing requires being more energy
efficient to compete with the global market
Export
driven
manufacturing
forces
manufacturers to meet western environmental
standards (such as ISO14001) to continue their
exports to western countries

•

Compact urban planning has made public
transport development cost-effective, which also
lowers the dependence on private vehicles for
means of transport
The short distance between major cities has
enabled public transport to connect urban areas
High reliance on fossil fuel for power has
prevented both countries from decreasing
transportation’s carbon intensity despite the
well-established rail network
Energy efficiency policies for appliances have
successfully reduced energy consumption,
which was especially effective for air
conditioning which has high installment rates
because of its humid climates

•

•
•
•
•
•

Industry

•
•
•

Transportation

•

•
•

Buildings

•

•

Energy efficiency policies for appliances were
much needed because increased economic
growth results in increased energy demand

•

•

•
•

•

Japan has more diversity in the
types of renewable energy
sources compared to Singapore
Singapore has international
pipelines with Malaysia to
import natural gas; however,
Japan does not currently share
any transnational power grid or
international pipeline
Singapore’s energy consumption
is continuously increasing, and
Japan reached its peak in 2010

Both countries have different
competitive industries in the
manufacturing sector
Strong pressure from the
Japanese Business Federation to
decarbonize the private sector
caused larger manufacturers to
request GHG inventories from
suppliers
Japan used policies to facilitate
fuel efficiency for lowering
emissions
from
the
transportation sector; however,
Singapore focused on regulating
vehicle ownership to reduce the
number of cars on the road
Many of Singapore’s policies are
focused on land use planning

•

Singapore has pledged more
substantial
commitments
towards increasing the green
buildings gross floor area

•

Most of Singapore’s residence
being publically owned resulted
in the government having more
control over retrofitting the
buildings
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Discussion
Examining the results of this study from Tobler’s Law perspective (i.e., closer things are more
related than further things) could help conclude if spatial influence was a variable that contributed towards
the similar energy and emissions reduction approaches among the two countries. Several common
challenges including, energy source limitations, land scarcity, economic and income levels, and exposure
to natural hazards, makes spatial influence a unique common variable for Japan and Singapore. As the
study results suggest, several similar and comparable approaches adopted by both countries validate the
hypothesis that closer counties could be a better role model when local solutions and policies are not present.
However, as the results also demonstrate, not all energy and emission sectors show similarities to the same
degree, and not all decarbonization challenges and approaches show comparable results. These findings
indicate that applying Tobler’s law cannot be universal for policy and technical methods towards
decarbonization. The following content in this section provides an in-depth analysis of the study’s results
to support these arguments.
When it comes to electricity generation, the study’s results show that both, Japan and Singapore,
have used similar market-based approaches for their transition towards cleaner energy sources. Both have
seen relative success. Japan’s FIT scheme, as explained in the case study section, has been beneficial for
increasing renewable energy generation, especially solar PV (Cyranoski, 2012). Singapore has liberalized
the electricity market, which influenced the electricity generation sector to switch to less carbon-intensive
energy sources (Ali et al., 2017). However, both countries, similarly, still heavily rely on fossil fuel as their
primary energy source (see Figures 18 and 20), and both import majority of the fossil fuel used for
generating electricity from neighboring countries (METI, 2020; National Environment Agency, 2018). As
identified in the qualitative results section, the similar policy approach towards energy efficiency
improvements demonstrates how the lack of local fossil fuel resources has resulted in both countries’
comparable push towards reducing emissions by improving energy efficiency (e.g., reducing transmission
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losses). Both countries have access to natural gas and coal from neighboring countries (both import from
Indo-Pacific countries). As the quantitative data suggests, within the study period, both countries have
gradually shifted away from oil and have been relying more on natural gas and coal for electricity generation
(see Figures 18 and 20).
The study revealed that Japan and Singapore face similar struggles in expanding the share of
renewable energy due to their geographic similarities. The limited land has prevented any large-scale
implementation of renewable generation projects for both countries (National Climate Change Secretariat,
2020; The Government of Japan, 2019). Also, increased exposure to typhoons and other natural disasters
has made it challenging for both nations to install wind power plants (Maeda & Kamada, 2009; National
Environment Agency, 2016). Japan and Singapore both show a reasonable potential for small-scale solar
installments on rooftops, which, when compared to other renewable sources, gives solar power relatively
higher potential among all other renewables. These similarities are also evident from both countries’
increased installment of solar PV within the study period (Cyranoski, 2012; National Climate Change
Secretariat, 2020).
There are, however, specific analysis results that show few dissimilarities when comparing Japan
and Singapore’s approach towards reducing emissions from their electricity generation sector. Firstly, Japan
has more diversity in the types of renewable energy sources introduced than Singapore, such as wind, hydro,
and geothermal (see Figures 18 and 20). Secondly, Singapore’s energy consumption has continuously
increased throughout the study period, while Japan peaked in 2010 (see Figures 19 and 21), reflecting that
Singapore and Japan are at different stages of economic development. Lastly, Singapore has existing
international pipelines with Malaysia to import natural gas; however, Japan does not currently share any
transnational power grid or international pipeline (METI, 2020; National Environment Agency, 2018). This
impacts the countries’ ability to receive or offer excess renewable energy that was not used. As a result, the
option to use transnational power grids has dissimilarly influenced the countries’ energy policies.
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Based on the findings, as explained above, it would be reasonable to conclude that specific
strategies, including market-based approaches, availability of domestic fossil fuels resources, and energy
efficiency policies, demonstrate remarkable similarities and support the study hypothesis. This hypothesis
validity also revalidates previous studies on neighboring countries having similar economic tactics (Porter,
1990), terrestrial similarity (Miller, 2004), and alike public policy decisions (Brueckner, 2003). Therefore,
the study concludes that closer spatial areas use more similar decarbonization strategies targeting electricity
generation than distant locations. These findings suggest that it could be more suitable if neighboring
countries use similar decarbonization strategies that target electricity generation. However, the spatial
closeness may not be a reasonable indicator of appropriate methods needed to decarbonize the electricity
generation sector in some cases due to dissimilar development stages and the countries’ land access to fuel
exporting countries.
Regarding the decarbonization policies targeted towards the industry sector, results from the
qualitative analysis show that both countries have used somewhat similar regulatory measures to improve
energy efficiency in the industry sector. Japan’s Energy Efficiency Act initially targeted energy-intensive
industries and later revised the law to cover more sectors (International Energy Agency, 2017). Singapore’s
Energy Conservation Act obligated registered cooperates to submit energy management plans and GHG
inventories (National Environment Agency, n.d.). The study shows that these efforts towards energy
efficiency improvement have been successful in both countries, especially for the most carbon-intensive
sectors (National Environment Agency, 2007; The Government of Japan, 2019). Moreover, the study
revealed that Japan and Singapore have similar motivations for increasing energy efficiency besides
reducing their industry sector emissions - Both Japan and Singapore import most of their raw-material for
manufacturing. This raw-material import dependency has required the manufacturing industries in both
countries to become more energy-efficient to compete within the highly global market. Also, both countries’
manufacturing industries show similar attempts to meet western environmental standards (i.e., ISO14001)
to continue exporting to western countries (Su et al., 2017).
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Although both countries successfully improved the average energy efficiency for the industry
sector, Japan and Singapore have noteworthy dissimilarities in their strategies to reduce industrial emissions.
Firstly, the stronger sub-sectors within the manufacturing industry are different when comparing Japan with
Singapore. Japan’s major industries include automobiles, machinery, chemical, and metal industries
(Matsumoto et al., 2019). Singapore’s major industries include heavy machinery, petroleum refining,
pharmaceutical, and electronics (National Environment Agency, 2007). Therefore, based on the study’s
results, it is challenging to evaluate if similar decarbonization approaches were comparable. Another
influential factor on decarbonization measures, which is dissimilar among Japan and Singapore, is the
organization within the private-sector industry. There is a lobbying and top-down policy implementation
platform for the industry in Japan that consists of approximately 1500 large companies. The Japanese
Business Federation has a strong influence over the private cooperation members, which has pressured
large manufactures to participate in the voluntary Low-Carbon Society Action Plan (The Government of
Japan, 2019). This pressure has also resulted in participating businesses requesting GHG inventories from
suppliers to conduct a Life Cycle Assessment (LCA).
Given the results mentioned above, it would be rational to determine that certain decarbonization
policies when targeting similar commercial activities support the study hypothesis. The validity of the
hypothesis is also supported by Porter (1990), stating that neighboring regions show clusters of commercial
activities. However, the spatial closeness may not be a suitable variable when there are significant
dissimilarities within the industry sub-sectors. Consequently, the study concludes that, within the research
scope, the study cannot measure if neighboring countries use more similar decarbonization strategies
towards the industry than distant regions.
Regarding the transportation sector’s decarbonization efforts by Japan and Singapore, both
countries experience similar spatial contexts, which has resulted in both countries taking similar approaches
to reduce their transport sector emissions. The qualitative results demonstrate that Japan and Singapore’s
limited land has required both countries to achieve compact urban planning, making public transport
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development cost-effective and mass transit feasible for both countries (Lipscy & Schipper, 2013). As a
result, the well-established public transport seen in both countries has successfully lowered the dependence
on private vehicles for the means of transportation and facilitated a modal shift (Faishal Ibrahim, 2003;
Shiraki et al., 2020). Another similar factor observed in Japan and Singapore is that major cities have a
short distance between urban areas (Land Transport Authority, 2019; Lipscy & Schipper, 2013). As
identified in the qualitative results section, the spatial closeness of each city has enabled both Japan and
Singapore to develop public transport networks effectively. However, the study shows that despite both
Japan and Singapore having a well-established rail network, both countries’ energy mix for generating
electricity primarily consists of fossil fuel. This vital issue reduces the transport electrification benefits for
both countries and poses significant challenges to lower the transport sector’s carbon intensity.
Despite the similar approaches taken in both countries to lower emissions in the transportation
sector, the qualitative results indicated that Japan and Singapore had implemented dissimilar policy
measures suitable for their local spatial context. On the one hand, Japan’s energy efficiency programs
successfully reduced transport emissions and pollution (Lu et al., 2007). Automobiles are a necessity in
Japan’s rural areas where there is less public transport development (Shiraki et al., 2020). Singapore, on the
other hand, used measures to regulate vehicle ownership and increase the financial burden to use
automobiles in certain areas (Menon & Guttikunda, 2010) because there is not much land in Singapore to
build new roads and reduce the number of cars on the road (Barter, 2005). These dissimilarities in policies
identified from the qualitative analysis show that Singapore’s transportation policies are more focused on
land use planning than improving automobiles’ fuel efficiency.
In light of the findings stated above, it would be valid to assess that the decarbonization policies
focused on the transportation sector’s emission do not show remarkable similarities among Japan and
Singapore to support the hypothesis. Both countries used economic incentives to decrease emissions from
the transportation sector; however, these measures used in both countries are not interchangeable because
of Japan and Singapore’s different geographic characteristics. Consequently, the study concludes that closer
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spatial areas may not benefit from similar decarbonization strategies targeting the transportation sector than
far away locations when the terrain and the geography show significant dissimilarities.
In terms of decarbonization policies targeting the buildings sector, both Japan and Singapore have
used similar policy measures to decrease their carbon emissions. The study results demonstrate that both
countries have successfully and similarly reduced the residential sector’s energy consumption (see Figure
28) by introducing energy efficiency policies for appliances (International Energy Agency, 2017; National
Environment Agency, 2007). Similarly, these policies were especially effective for air conditioning since
both countries experience humid climates and have high installment rates of air conditioners (International
Energy Agency, n.d.-b; National Climate Change Secretariat, 2020). Furthermore, studies show that energy
efficiency policies for appliances were much needed in both nations because the continuous economic
growth has resulted in increased energy demand, especially among households with higher income
(Sakakibara, 2000; Su et al., 2017).
However, the study results also demonstrate few dissimilarities in the buildings sector’s
decarbonization policies. On the one hand, Singapore has pledged more substantial commitments towards
increasing the green buildings gross floor area as part of their buildings’ decarbonization policies (National
Climate Change Secretariat, 2020). However, it is worth mentioning that 80% of Singapore’s residence are
publicly owned, resulting in more control over retrofitting the existing buildings (Housing & Development
Board (HDB), n.d.). Such authority has resulted from Singapore’s minimal land. On the other hand, Japan
also has limited land but not as scarce as Singapore. Therefore, the urban population can sprawl in Japan
(Shigetomi et al., 2018) and accommodate in the suburbs to own larger houses.
According to the findings described above, it would be probable to determine that specific strategies,
including energy efficiency policies, energy-saving technology, consumer behavior, and locally
experienced climate, demonstrate noteworthy similarities and support the study’s hypothesis. Similar to the
other energy and emissions sector, this hypothesis validity is also supported by empirical studies on
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neighboring countries having similar public policy decisions (Brueckner, 2003), similar clean technology
development (Head & Gibson, 2012), alike economic activities (Porter, 1990), terrestrial similarity (Miller,
2004). Therefore, the study concludes that closer spatial regions could use more similar decarbonization
strategies targeting the buildings sector than distant regions. However, it is worth noting that the spatial
closeness may not be applicable in some cases when the size of the nation significantly differs.

Conclusions, limitations, and next steps
Due to globalization, the growing western-scientific influence on climate solutions in non-western
countries is undeniable (Mahony & Hulme, 2018). However, it is also true that, in an attempt to localize
measures to meet their regional needs, many East Asia and the Pacific countries have diverse and
interconnected knowledge systems that uniquely mix indigenous and western approaches to innovate and
use technology (Head & Gibson, 2012). This delicate balance could be threatened if decarbonization efforts
do not adequately consider the significance of regional knowledge that typically amalgamate neighboring
countries’ knowledge banks, practices, and experiences. The globalization of technology solutions and the
power of innovation to solve global issues could very well make the spatial influence argument invalid.
However, such an ideological approach to conducting science and innovation may also result in modelbuilding approaches that disregards local practices.
In an attempt to determine the spatial influence on decarbonization policies, this paper used case
studies of Japan and Singapore to identify and compare the similarities and dissimilarities of
decarbonization measures. The findings support the theory that spatially closer countries could benefit from
similar emissions mitigation strategies to achieve improved decarbonization results. Therefore, spatial
influence could be a valuable indicator when introducing sector-specific climate strategies and could
provide insight for East Asia and the Pacific countries that seek to reduce their emission. The spectrum of
similarities within a region varies among the energy and emissions sector; therefore, the degree of how
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spatially close an area should be to observe similarities in emission mitigation strategies depends on the
energy and emissions sector.
This study was limited in its nature due to certain data-related challenges. Firstly, the lack of
comparable secondary data remained a challenge since Singapore and Japan both seem to use a different
structure for collecting and publishing climate data. While Singapore has published many climate action
reports compared to Japan, it was challenging to collect continuous historical emissions data for Singapore.
Moreover, the lack of clarification on each emission’s definition among international databases made it
complex to combine data from different climate and emissions databases to compensate for the missing
data using proxy data. Moreover, this study heavily relied on the grey literature and the government reports
for analyzing emissions and policy information. The credibility of this secondary data is, at times,
questionable as the reports and plans may not show any coherence or practical application beyond planning.
The further need to examine the spatial implications of emission mitigation strategies from a social
science perspective is evident from the dearth of information on this subject in the literature. The study
recommends considering the availability, comparability, and quality of secondary data before defining the
scope of any study that attempts to investigate the spatial influence on public policy. Data availability and
how data is presented varies among countries. Even at the national level, categorization of emissions (which
emissions include what), types of climate impact indicators used (emissions, oil equivalent energy
consumption, or electricity consumption) differs from country to country. Since these indicators tend to be
used to compare national-level climate efforts with other nations, governments are likely to use indicators
that reflect their improvements the most.
Despite the depth of research being surface level due to the study's large scope covering the four
most prominent sectors, the study attempted to question the conventional north-south knowledge transfer
seen in international development and study the (possibility of seeking regional “climate role models”)
similarities of decarbonization strategies among neighboring countries. The research revealed policies that
76

impacted reducing emissions or energy consumption through the study period were policies originally
applied to resolve climate-related issues that local areas were facing. For example, air pollution from the
industry and transport sector resulting pollution control; lack of energy sources resulting in energy
efficiency improvement; lack of land influencing modal shift (Singapore), etc. These local matters show
that effective and socioeconomically sustainable policies are policies derived from the country's local needs
and local knowledge systems. This factor indicates that successful policies that have been pledged as part
of the national climate action plan are effective because such policies are targeted to solving urgent issues
within the country and not merely because of global pressure to reduce emissions. This circles back to the
challenge of dominant ideologies of climate action universalism, which risk discounting scientific solutions
that emerge from non-dominant societies by not giving adequate importance to the unique home-grown
climate action solutions.
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