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a b s t r a c t

The main objective of this study is to analyze and compare greenhouse gas emission profiles, dynamics
thereof, and the climate change mitigation efforts of the major players in the global climate change
arena, namely the G7 and BRICS countries that are accounting for more than 60% of the world green-
house gas emissions as in 2017. Given that the energy sector is the major source of the greenhouse
emissions in these countries, the framework of sustainable energy development indicators was applied
to the comparative analysis. The analysis revealed the differences among the groups of countries in terms
of greenhouse gas emission profiles and development trends of these profiles. The convergence of
greenhouse gas emission profiles can be noticed between G7 and BRICS countries during 1990e2017
period. Greenhouse gas emissions per capita has decreased in G7 countries and increased in BRICS
countries. Energy intensity, economic growth and carbon factor are the main drivers of greenhouse gas
emissions per capita growth in both groups of countries. Carbon factor represents carbon intensity of a
country's energy sector and is measured by greenhouse gas emissions per unit of total primary energy
supply. The impact of carbon factor was least significant among the main drivers in both groups. Energy
intensity was the major driver of decrease in greenhouse gas emissions per capita for both groups,
however, the economic growth exceeded the contribution of energy intensity in BRICS countries and
greenhouse gas emissions have increased in this group during investigated period. The comparative
analysis of greenhouse gas emission profiles development trends and the main drivers of these trends in
both groups of countries provides important insights in shaping future climate change mitigation policies
and developing greenhouse gas emission reduction targets. Due to the high greenhouse gas profiles, low
GHG reduction commitments and insufficient climate change mitigation the Perform, Achieve and Trade
(PAT) scheme in India efforts in both groups there is danger of postponing implementation of Paris
commitments and achieving the 1.5� target. The policies implemented in high ranked countries, like or
Integrated Resources Planning in South Africa or measures under Energy efficiency directive in EU can be
applied in low ranked countries by providing the substantial contribution to the country's climate
targets.

© 2019 Elsevier Ltd. All rights reserved.
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1. Introduction

The climate change has become an important global issue that is
related to energy, economics, environment, and technology.
Without taking further actions to reduce the global greenhouse gas
(GHG) emissions, global warming is likely to exceed 2 �C above the
pre-industrialized levels. Such development would have a huge
impact on the world's landscape and sea levels and affect the
economic and social development of countries all over the world.
Accordingly, it is necessary to identify the paths for GHG emission
management in the major emitting countries, which are subjected
to the international commitments and national policies. The Group
7 (G7) and BRICS countries account for more than 60% of the world
GHG emissions excluding Land Use, Land Use Change and Forestry
(LULUCF) as in 2017. These countries present different GHG emis-
sion profiles and trends under the climate change mitigation
agenda (Climate Transparency, 2018; Climate Action Tracker, 2018).

The G7 is an international group of seven world leading devel-
oped countries (Canada, France, Germany, Italy, Japan, the United
Kingdom, the United States). The G7 represents more than 60% of
the global net wealth and almost 50% of the global GDP. The five
leading emerging economies compose BRICS (Brazil, Russia, India,
China, and South Africa). The G7 and BRICS countries (except
Russia) have ratified the Paris Agreement, and Trump Administra-
tion's intent to withdraw from the Paris Agreement creates many
concerns in other G7 countries and all over the world. Therefore,
the climate change policies and the associated decarbonization
actions in those countries are particularly important within the
transition towards the low-carbon economy.

The BRICS countries span over the four continents and showed
diverse economic, social, political, and cultural characteristics. For
instance, South Africa is rich in mineral resources; Russia is rich in
fossil energy and other resources; Brazil's economy is based on the
agriculture; China's economy is based on manufacturing, whereas
India embarks on the development of the service sector. Owing to
these differences, their GHG emissions profiles as well vary among
themselves.
Only a few studies are comparing G7 and BRICS countries in

terms of GHG emissions and climate change mitigation policies.
Most of the studies on this issue attempted to facilitate the com-
parisons among the G7 and BRICS countries by selecting specific
issues like economic, environmental, and social performance (Zhou
et al., 2012; Santana et al., 2014; Mostafa and Mahmood, 2015),
long-term potential energy savings and GHG emissions reduction
(Santana et al., 2015; Gil-Alana et al., 2016; Iftikhar et al., 2016),
analysis of GHG emission trends (Chang et al., 2016; Chen et al.,
2017; Chang and Hu, 2018), without providing a complete picture
of the major GHG emitters, including GHG emission trends, their
drivers, and policies assessment.

The long-term relationship between energy consumption and
gross domestic product (GDP) was analyzed in several studies
(Belke et al., 2011; Niu et al., 2011; de Castro Camioto et al., 2016).
The mutual impacts between GDP and energy demand were
revealed (Chen et al., 2017; Chang et al., 2016). Tu et al. (2016) and
Chang and Hu, 2018 showed the difference in energy-decoupling
rates in the G7 and BRICs, however, without the assessment of
policy impacts.

Ghouali et al. (2016) found that energy consumption, foreign
direct investments (FDI), and economic development have direct
impact on the GHG trends in the BRICS countries. Tugcu and Tivai
(2016) tested the relationship between energy consumption and
total factor productivity growth in the BRICS countries; Chang
(2015a,b), Pao and Tsai (2011), and Shahbaz et al. (2015) tested
the Environmental Kuznets Curve hypothesis for BRICS, and both
obtained contradicting results among the countries. Azevedo et al.
(2018) analyzed the GHG emissions for the BRICS countries by
considering lagged emission and the contemporaneous GDP as the
regressors, however, the other drivers of the GHG emissions are not
being taken into account in this analysis.

The (groups of) G7 and BRICS countries have been covered as
well in the research that focused on the other countries. Zhou et al.
(2012) found that the OECD countries show better carbon emission
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performance and integrated better energy-carbon performance
than the non-OECD countries. Li and Lin (2013) investigated the
global convergence in per capita GHG emissions and GDP per capita
relationships by considering data for 110 countries. Chen et al.
(2013) evaluated the economy-wide impacts of cutting CO2 emis-
sions on the Brazilian economy. The impact of GDP, FDI, energy
efficiency, and renewable energy consumption on the GHG emis-
sions in different countries was analyzed by Al-mulali (2012),
Robalino-L�opez et al. (2015), Liobikiene and Butkus (2018). The
literature on the decomposition of the GHG emission change
mostly focuses on the BRICS countries, e.g., China (Wu et al., 2005;
Wang et al., 2005; Xu et al., 2017) and India (Paul and Bhattacharya,
2004) without linking the GHG emission to the implemented
climate change mitigation policies.

The contemporary literature focuses less on the analysis of
possible realization of the emission mitigation targets. The largest
part of literature focuses on China and its emission reduction tar-
gets for 2020 (Koo et al., 2014; Liu et al., 2014; Hao et al., 2015). Yi
et al. (2016) combined scenario analysis and decomposition
approach to show that the carbon emissions reduction target can
be fulfilled by 2020. The results showed that the economic output,
energy structure, and population are the most important drivers
behind the CO2 emission change. Using the production function, Lin
et al. (2017) analyzed the Brazilian challenges in achieving a cleaner
energy system due to switching from petroleum to cleaner energy
(electricity).

The literature review indicated that most of the earlier studies
dealt with resource productivity and energy-environment-
economy nexus in the BRICS and G7 countries. The differences in
the GHG emission profiles in BRICS and G7 countries have not been
analyzed in detail. In addition, most of the studies applied econo-
metric models without presenting the differences between a group
of countries and implication of these differences for their climate
change mitigation efforts in a simple and transparent way. There-
fore, there is a need for comparison of two blocks of countries (G7
and BRICS) in terms of GHG emissions profiles and GHG reduction
policies to define what is the specific relevance of these two groups
in the climate change mitigation context and how this would
incorporate into the understanding of global climate change and
mitigation dynamics.

1.1. The main hypotheses of this study are the following

� The major global GHG emitters have different GHG emission
profiles that are linked to the difference in the economic
development level, economic and primary energy supply
structure and climate change mitigation policies in place.

� The role of the G7 and BRICS countries is changing global
climate arena due to the converging trends in the GHG emission
profiles that are linked to the fast economic development of
BRICS countries and strict climate change mitigation policies in
G7 countries.

� The majority of key climate players will not be able to imple-
ment their Paris agreement targets due to fast economic growth,
the weak climate change mitigation efforts and policies in the
energy sector and deforestation.

The main objective of this study is to develop the framework of
indicators and apply it for the comparative analysis of the GHG
emission profiles, their development trends, and GHG reduction
efforts of the major players in the global climate change arena, i.e.,
G7 and BRICS countries. This allows testing the hypotheses and
understanding and comparing the main drivers of GHG emissions
and necessary climate change mitigation efforts and challenges in
the global climate change mitigation arena. The comparative
assessment approach was applied, which consist of the following
steps: GHG emission profiles of the countries were defined; the
trends of GHG emission profile development are compared and
discussed by identifying the similarities and differences and its
main reasons; the critical review of the implemented and set up
climate change mitigation policies and implications of Paris
agreement targets were assessed. The strength of the comparative
assessment approach is its simplicity and application of both
qualitative analysis and quantitative data in the analysis. This
approach allows to track the results that were achieved by coun-
tries in the GHGmitigation as well as to analyze the main drivers of
these achievements. The limits are mainly linked to the subjectivity
of the applied approach.

The paper is organized as follows: Section 2 presents the review
of literature on the GHG profiles and assessment of the climate
change mitigation policies, which result in the frameworks that are
comprising sustainable energy indicators; Section 3 presents re-
sults: the GHG emission profiles and their dynamics for G7 and
BRICS countries by applying sustainable energy indicators that are
linked to the climate framework and assessment of GHG emissions
reduction commitments and progress that is achieved in G7 and
BRICS countries; Section 4 provides discussion of results in com-
parison with other studies including policy implications; Section 5
concludes.

2. Method for assessment of GHG emission profiles and
policies

2.1. Literature review

The differences between countries can be described by the in-
dicators that depict the natural circumstances and socio-economic
conditions of countries in relation to the possibilities of reducing
GHG emissions. The comparison between actual and desirable
values of the indicator allows quantifying the progress towards
GHG targets (Hardi and Barg, 1997; Scheller, 1999). The well-
developed indicator systems can facilitate the comparisons in
complex situations by condensing large amounts of information
into low-dimensional aggregates (Bossel, 1999). However, the
initial set of indicators remains the key issue in facilitating the
analysis of GHG emission profiles.

Energy is the major factor input in the economy. At the same
time, the increasing fossil/non-renewable energy use drives the
GHG emissions up, especially carbon dioxide (CO2) emission. CO2
remains the primary chemical of greenhouse gas emissions (GHG)
and accounts for 76% of the total anthropogenic GHG emissions.
Fuel combustion induces about 90% of the anthropogenic carbon
dioxide emission (IPCC, 2007). The desire for combating climate
change via improvements in the energy efficiency and an increase
in the share of renewables had an impact on the policies in the
developing countries. Specifically, these countries seek to reduce
the GHG emissions (Pao and Tsai, 2010; Tsai, 2010) without
damping economic growth. Therefore, they should increase the
investments in cleaner (renewable) energy supply and energy ef-
ficiency, which are the main drivers of sustainable energy devel-
opment (Neves and Leal, 2010). Therefore, it is necessary to develop
indicator systems for the assessment of GHG emission profiles,
which guides policy makers by supporting decisions on the in-
vestments in renewable energy, industrial modernization, and
energy efficiency improvements.

As the main focus of this paper is the assessment of GHG
emission profiles of major GHG emitters and their progress towards
GHG commitments, given the importance of fuel combustion sector
input in the total GHG emission of these countries, the frameworks
of sustainable energy indicators can provide a well-based
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conceptual framework to ensure the link between the indicators
and the indicated fact, which would allow presenting specific
policy guidelines for the policy-makers in energy and climate
change mitigation field (H�ak et al., 2016).

There weremany initiatives in the past three decades to develop
energy or sustainable energy indicators’ systems and apply them.
International institutions (IAEA, 2005; United Nations, 2012;
Ecological Institute, 2011) have developed energy indicators
frameworks for assessment of countries trends towards sustainable
energy development. European Union institutions (Eurostat, 2015,
2018; European Commission, 2017a, 2018) have proposed their
indicators frameworks for energy policies and strategies moni-
toring. Other energy indicators systems (Finland Future Research
Centre, 2007) present limited number of indicators for linking en-
ergy and climate issues.

For selecting the most important energy indicators that are
linked to the climate change by taking into account availability of
data supplied by International organizations, several frameworks of
indicators were analysed and considered (IAEA, 2005; Climate
Transparency, 2018; Climate Action Tracker, 2018). In this study,
as a background for developing a framework of indicators, the in-
dicators framework of Energy Indicators for Sustainable Develop-
ment (EISD) was applied (IAEA, 2005). Other analyzed frameworks
applied just several indicators from this comprehensive framework
(Hirschberg et al., 2007; Onat and Bayer, 2010; Neves and Leal,
2010) without presenting clear linkages between indicators. EISD
is the only energy indicators framework that is providing clear
interlinkages between state, driving force, and policy indicators,
which are relevant for this study. The social dimension is under-
represented in this set (Kemmler and Spreng, 2007); neverthe-
less, the proposed indicator system covers the most important
economic and environmental sustainability dimensions that are
linked to the climate change in energy sector, which allows
providing a comprehensive evaluation of sustainable energy
development process, including climate change mitigation efforts.
There are 30 indicators that are classified into three dimensions
(social, economic, and environmental). These are further broken
down into 7 themes and 19 sub-themes (IAEA, 2005). Energy In-
dicators for Sustainable Development (EISD) framework that were
developed by the IAEA are outlined in Table 1.

The indicator system that is proposed by IAEA (2005) considers
air, water, and land use and pollution in order to quantify the effects
of the energy production and consumption. The social dimension is
related to the energy accessibility and affordability as well as safety
considerations. The economic dimension captures the energy use
and production characteristics along with the energy security
issues.
Table 1
Energy Indicators for Sustainable Development (EISD) framework dimen

Social dimension Economic dimension

Equity
Accessibility
Affordability
Disparities
Health
Safety

Energy use and product
Overall income
Overall energy use
Overall energy productio
Energy supply efficiency
Energy production and en
Diversification
Energy prices
Security
Energy Imports
Strategic fuel stocks

Source: (IAEA, 2005)
2.2. Framework of sustainable energy indicator linked to the
climate change

In order to define the GHG emission profiles in G7 and BRICS
countries, the authors of this article chose the indicators that are
covering economic activity and environmental issues that are
linked to climate change mitigation that are applied in several
studies (IAEA, 2005; Climate Transparency, 2018; Climate Action
Tracker, 2018) and supported by the International Energy Agency
and other international institution data sets. The resulting set of
sustainable energy development indicators that are linked to the
climate change mitigation framework is presented in Table 2.

As one can see from Table 2, some sustainable energy devel-
opment indicators, linked to the climate change, have been applied
for setting GHG emission reduction commitments.

EC1 indicator represents Gross Domestic Product (GDP) per
capita and is an aggregate indicator to measure the total output of
the country's economy that is relevant to its population. It gives an
indication of the strength of economic activity in a country and the
overall well-being of the society.

EC2 indicator represents the Total Primary Energy Supply (TPES)
per capita and is an indication of the aggregate energy consumption
of the country. Although high value of this indicator usually means
high standard of living and is considered an indicator of the ur-
banization of the society; it may as well mean an energy-inefficient
society.

EC3 indicator represents the energy intensity of GDP. It can be
assessed by TPES/GDP. It is widely known as Energy Intensity and is
the most popular energy efficiency indicator. Since it signifies the
energy requirements to generate a unit of national input, it paints a
collective picture on how efficient is the economy of a country.
There are many studies in literature that are examining and
emphasizing the relationship between the GDP of different coun-
tries and their energy consumption, CO2 emissions by applying
Environmental Kuznets Curve (EKC) hypothesis (Chang, 2015a,b;
Robalino-L�opez et al., 2015). Moreover, these studies argue that as
the energy intensity of a country increases during its industriali-
zation phase, it declines in the post-industrialization phase as the
service gradually replaces the manufacturing. The high differences
in this indicator among the countries are mainly due to the di-
versity of the production structures and the concentration on high
added value activities and industries in comparison to the energy
intensive industries in other countries. However, these values
should be used cautiously when drawing conclusions, regarding
the structure of the economies in question. For example, Jordan has
a higher TPES/GDP than Kuwait, though Kuwait with 2.46mill. In-
habitants consumes about 7 times more energy than Jordan, having
sions, themes, and sub-themes.

Environmental dimension

ion pattern

n

d use

Atmosphere
Climate change
Air quality
Water
Water quality
Land
Soil quality
Forests
Solid wastes



Table 2
Sustainable energy development indicators that are linked to the climate change mitigation.

Code Indicator Units of measurement Target value under commitment

Economic indicators
EC1 Overall income per capita GDP per capita at PPP,

USD 2010
EC2 Overall use of energy TPES per capitae kgoe/capita
EC3 Primary energy intensity TPES per GDP - toe/USD 2010
Environmental indicators
EN1 GHG emissions GHG emissions from fuel combustion -Mt CO2eq. þ
EN2 Carbon intensity of TPES kg CO2eq./toe
EN3 Carbon intensity of GDP ton CO2eq./USD 2010 þ
EN4 Share of RES in final energy consumption % þ
EN5 GHG per capita CO2eq./cap

Source: created by the authors

X. Zheng et al. / Journal of Cleaner Production 234 (2019) 1113e1133 1117
5.44 mill. Inhabitants. This is mainly due to the fact that a large
share of the GDP in Kuwait is a direct result of exporting crude oil
and is not due to the real economic activities. The same could be
said for most of the oil-exporting countries.

EN1 indicator represents the total GHG emissions from the fuel
combustion sector. The CO2 equivalent emissions of all GHG
emissions from fuel combustion are summed and applied as the
main indicators of the climate change.

EN2 indicator represents the carbon intensity of the total pri-
mary energy supply (TPES) expressed by Greenhouse gas emissions
and total energy supply ratio (GHG/TPES), what is commonly
known as the carbonization index, which is dependent on the share
of the fossil fuel in the TPES and the composition of the fossil fuel
mix. The target is always to achieve the lower values of the
carbonization index. The high values of the carbonization index in
most countries are due to the nearly total dependence on the fossil
fuels, namely petroleum products and natural gas, and the negli-
gible contribution of other energy sources such as renewable and
nuclear energy.

EN3 represents the carbon intensity of the economy that is
expressed by Greenhouse gas emissions and Gross Domestic
Product ratio (GHG/GDP). The carbon intensity of GDP is an
important indicator to measure the efficiency of energy consump-
tion and carbon content of the energy supply in the country. It is as
well called the carbon economic efficiency indicator.

EN4 represents the share of renewables in total final energy
consumption. Many countries have set their obligations to promote
the use of renewables by setting targets to increase the share of
renewable energy sources (RES) in their final energy consumption.

EN5 represents GHG/capita. This indicator together with the
total GHG emissions and GHG emissions per $1 GDP at purchasing
power parity (PPP) were applied to measure Millennium develop-
ment goals (Goal 7. Ensure environmental sustainability; Target 7A:
Integrate the principles of sustainable development into country
policies and programs and reverse the loss of environmental re-
sources; Indicator 7.2 Carbon dioxide emissions, total, per capita
and per $1 GDP (PPP)). This indicator is as well called the carbon life
style efficiency indicator.
2.3. Methods of the study

The analysis of GHG profiles of the G7 and BRICS countries was
performed in this paper based on the sustainable energy devel-
opment indicators that are linked to the climate change framework
and comparative assessment approach. The applied methodology
consists of the following steps: GHG emission profiles of countries
were defined by applying sustainable energy indicators that are
linked to climate change, the trends of GHG emission profiles and
the main drivers of these are compared and discussed by
identifying the similarities and differences and themain reasons for
it; the critical review of the implemented climate changemitigation
policies and implications of Paris agreement targets were assessed.
The methodology is presented through the flowchart in Fig. 1.

The main strength of the comparative assessment approach is
its simplicity and application: both qualitative analysis and quan-
titative data in the analysis. This approach allows tracking the re-
sults that were achieved by the countries in the GHG mitigation as
well as to analyze the main drivers of these achievements. The
limits are mainly linked to the subjectivity of the applied approach.
The applied methodology can be easily replicable and used for the
comparative assessment of GHG emission profiles and their drivers
in other countries.

Fig. 2 illustrates the linkages between sustainable energy in-
dicators that are linked to the climate change mitigation that is
selected for this study. The relevant policy actions are identified and
represented as response actions to the targeted indicators. The
numbers of indicators in Fig. 2 refer to the identification numbers of
the indicators that are listed in Table 2. Indicators are as well
grouped according to the policy areas (energy efficiency improve-
ment, promotion of renewables, climate change). Some indicators
of this framework, like in the EISD framework (IAEA, 2005), are the
direct driving force indicators, indirect driving force indicators, and
state indicators. In Fig. 2, this is represented by the geometrical
figures (triangle, ellipse, and quadrat).

All the selected indicators can be connected to each other via a
chain of mutual impacts by seeking to develop a comprehensive
policy framework for linking GHG emission profiles with the
implemented climate change mitigation-related efforts and
tracking various interacting policy measures that are targeting
relevant indicators. The last indicator in this framework is green-
house gas emission per capita, as all the policies (targeting energy
efficiency improvements, promotion of renewables, low carbon
fuels, etc.) have a positive impact on the greenhouse gas emission
reduction and carbon lifestyle efficiency in the end.

As one can see from Fig. 2, there are state indicators, direct
driving force, indirect driving force indicators, and response actions
that are having an impact on the indicators. Indicators that are
representing economic and environmental area as well are grouped
based on the policy areas: energy efficiency, renewables, and GHG
emissions.

The GHG emissions from the energy sector, GHG/capita, GHG/
GDP, GHG/total primary energy supply are final environmental
state indicators in a chain of mutual impacts and are used to assess
the GHG profiles of countries. The direct driving force of the GHG
emissions is the energy intensity of the GDP. The carbon intensity of
the final energy supply depends on the gross inland energy supply
mix, electricity generation mix, and the share of renewables in the
final energy consumption, in the electricity generation, heating,



Fig. 1. Methodology of the study.

Fig. 2. Linkages between the selected indicators and relevant policy actions on the selected indicators.
Source: created by the authors, based on (IAEA, 2005)
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and cooling, and transport fuels, which are the main indirect
driving force indicators of the GHG emissions. The GDP/capita,
energy consumption per capita, energy efficiency of energy supply
system, and energy import dependency are indirect driving force
indicators that have an impact on the energy intensity and the GHG
emission profiles of the countries.
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3. Results

3.1. Dynamics of sustainable energy development indicators linked
to the climate in the G7 and BRICS countries

The dynamics of sustainable energy development indicators
that are linked to climate in the G7 and BRICS countries represent
the changes of the GHG emission profiles and their drivers in the
selected countries. The selected indicators framework (Fig. 2)
captures the most important economic growth, energy consump-
tion and economic structure features, and corresponding GHG
emission.

3.1.1. Driving force indicators of the GHG emissions
There are direct and indirect driving force indicators of the GHG

emissions (Fig. 2). The direct driving force indicator is the energy
intensity of the GDP. The carbon intensity of the final energy supply
depends on the gross inland energy supply mix, electricity gener-
ation mix, and the share of renewables in the final energy con-
sumption, in the electricity generation, heating, and cooling, and
transport fuels, which are main indirect driving force indicators of
the GHG emissions. The GDP/capita, energy consumption per cap-
ita, energy efficiency of energy supply system, and energy import
dependency are as well indirect driving force indicators of the GHG
emissions.

E1 indicator that is expressed by the GDP/capita adjusted to the
PPP, which shows the achieved economic development level of the
G7 and BRICS nations. In Fig. 3, the GDP per capita that is adjusted
to the PPP dynamics in the G7 and BRICS during 1990e2016 is
presented.

As one can see from Fig. 3, all the countries achieved significant
economic growth during 1990e2015. The economic crisis of 2008
had an impact on the GDP/capita decline in almost all the investi-
gated countries, except for China and India.

TPES/capita represents the overall energy consumption level in
the country; it is linked to the GDP/capita and is an important
driver of the GHG emissions as well. In Fig. 4, the dynamics of TPES/
capita in the G7 and BRICS countries during 1990e2016 is
presented.

As one can see from Fig. 4, BRICS countries had significantly
lower TPES/capita, compared with G7 countries, during all the
Fig. 3. The dynamics of GDP per capita adjusted to the PPP in G7 and BRICS countries dur
Source: created by the authors, based on the data from the World Resource Institute, CAT
investigated period. Only Russia distinguishes from the other BRICS
countries with high TPES/capita ratio, which even exceeded the EU
average. The increase in the TPES/capita can be noticed in India,
Brazil, and China during 1990e2016.

The primary energy intensity of GDP adjusted to the PPP, which
is the most important indicator of the energy efficiency in the
country and the main driver of the GHG emissions from the fuel
combustion sector. The decline in this ratio represents the level of
decoupling of economic growth from the energy consumption and
indicating sustainable development path of the country. In Fig. 5,
the dynamics of primary energy intensity of GDP adjusted to the
PPP in G7 and BRICS countries during the period of 1990e2016 is
presented.

As one can see from Fig. 5, the EUmember states were leaders in
low energy intensity of GDP during the investigated period. In 2016,
Russia had the highest energy intensity of GDP (0.22 toe/thousand
USD, 2010), though, since 1990, this indicator has declined signif-
icantly in Russia, but this decline was linked more to the economic
recession than to the implemented energy improvement measures.

The share of renewables in total final energy consumption has a
direct impact on the carbon intensity of TPES and carbon intensity
of GDP and is an important driver of GHG emissions in the country.
In Fig. 6, the dynamics of the share of renewables in the final energy
consumption in the G7 and BRICS countries from 1990 to 2016 are
given.

As one can see from Fig. 6, South Africa and Brazil were the
countries with the highest share of renewable energy sources in the
final energy consumption. Canada is the leader among the other G7
countries in terms of penetration of renewables.

3.1.2. Dynamics of GHG profiles
The GHG emission profiles are expressed by GHG emissions,

carbon intensity of the total primary energy supply, carbon in-
tensity of the GDP and GHG emissions per capita. In Fig. 7, the
dynamics of GHG emissions in the G7 and BRICS countries from
1990 to 2016 are given.

As one can see from Fig. 7, the GHG emission levels are very
different between the analyzed countries, as these countries are of
different size in terms of population, economy, and achieved eco-
nomic development level. China distinguishes among all the
countries with a high increase of GHG emissions during the
ing 1990e2016.
(Climate Data Explorer database): http://cait.wri.org/historical/Country/

http://cait.wri.org/historical/Country/


Fig. 4. The dynamics of TPES/capita in G7 and BRICS countries during 1990e2016.
Source: created by the authors, based on the data from the World Resource Institute, CAT (Climate Data Explorer database): http://cait.wri.org/historical/Country/

Fig. 5. The dynamics of primary energy intensity of the GDP that is adjusted to the PPP in G7 and BRICS countries during 1990e2016.
Source: created by the authors, based on data from the World Resource Institute, CAT (Climate Data Explorer database): http://cait.wri.org/historical/Country/
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investigated period.
The carbon intensity of the total primary energy supply,

expressed by the GHG/TPES or carbonization index, represents the
composition of the fossil fuel mix in the country. The decline in this
indicator as well shows the decoupling of energy consumption
growth from the GHG emissions growth and indicates sustainable
development path. In Fig. 8, the dynamics of Carbon intensity of
TPES in the G7 and BRICS countries from 1990 to 2016 are given.

As one can notice from Fig. 8, in China, Brazil, Russia, and Can-
ada, the carbon factor or carbon intensity of TPES was increasing
during 1990e2016. In EU member states (G7 member), carbon-
ization index was declining during the same period.

The carbon intensity of the economy is expressed by the GHG/
GDPmeasure efficiency of energy consumption and carbon content
of energy supply in the country and is an important driver of the
GHG emissions. In Fig. 9, the dynamics of Carbon intensity of the
GDP that is adjusted to the PPP in the G7 and BRICS countries from
1990 to 2016 is given.

As one can see from Fig. 9, the carbon intensity of GDP has
declined during the investigated period in all the analyzed
countries.
GHG/capita is a headline indicator expressing the overall GHG
profile of the country. As in the case of TPES/capita, the developed
nations of the G7 countries distinguish with high TPES and GHG per
capita rates due to the lower size of population and high economic
development and life standard level. In Fig. 10, the dynamics of
GHG/capita in the G7 and BRICS countries during 1990e2016 is
presented.

As one can see from Fig. 10, the highest GHG/capita was in the
US and Canada during all the investigated period; however, they
were decreasing from 2008. The lowest GHG/capita during all the
investigated period was in India and Brazil, followed by China;
however, during the investigated period, GHG per capita has
increased in China (6.59CO2eq./capita) and reached the EU average
level (7.11 CO2eq./capita) in 2016.

3.2. Comparative assessment results of GHG emission profiles and
their development

The GHG emission profiles of G7 and BIRICS countries in 2016
are provided in Fig. 11. The GHG/capita is indicated on X axis and
GHG/TPES is plotted on Y axis. The size of the bubbles represents

http://cait.wri.org/historical/Country/
http://cait.wri.org/historical/Country/


Fig. 6. The dynamics of the share of renewables in the final energy consumption in G7 and BRICS countries from 1990 to 2016.
Source: created by the authors, based on the data from the World Resource Institute, CAT (Climate Data Explorer database): http://cait.wri.org/historical/Country/

Fig. 7. The dynamics of GHG emissions in the G7 and BRICS countries from 1990 to 2016.
Source: created by the authors, based on the data from the World Resource Institute, CAT (Climate Data Explorer database): http://cait.wri.org/historical/Country/
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the GHG/GDP of countries.
As one can see from Fig. 11, France and Brazil distinguishes with

the lowest GHG emission profiles. China and South Africa distin-
guishes with very high carbon factor (carbon intensity of total
primary energy supply) and carbon intensity of GDP. Russia, Canada
and US are characterized by high GHG emissions per capita and
high carbon intensity of GDP. EU member states have average GHG
emissions per capita and average carbon intensity of primary en-
ergy supply followed by average carbon intensity of GDP.

In order to compare BRICS and G7 countries in terms of their
GHG profiles and climate change mitigation efforts we perform a
comprehensive ranking. In regards the GHG profiles, we consider
the levels for 2017 along with the trends for 2012e2017. The
climate change mitigation policies in BRICS and G7 countries were
assessed by using data from Climate Transparency (2018) and
Climate Action Tracker (2018). The ranking of countries is provided
in Table 3.
The scoring of GHG profiles and GHG development trends is
based on five-point scale (where 1 indicates low performance and 5
represents high performance). As regards the levels of 2017, high
performance is related to the lowest levels of GHG profiles in term
of energy use per capita, GHG emissions per capita, energy in-
tensity, carbon intensity of GDP and carbon intensity of energy
supply, the highest levels of the share of renewables in energy
supply and GDP per capita levels. For GHG profiles development a
high performance implies high reduction during 2012e2017.

The highest ranking country in terms of GHG mitigation
achievements and efforts is the UK with the EU, France, Germany,
Brazil and India being ranked behind (Table 3). Russia is ranked as
theworst performing country having the lowest score, with Canada
and US being ranked slightly above. Japan, China and India fall in
the middle of the ranking.

The highest ranking country in terms of GHG profile considering
the levels of 2017 is Brazil having lowGHG and TPES, GHG/TPES and

http://cait.wri.org/historical/Country/
http://cait.wri.org/historical/Country/


Fig. 8. The dynamics of Carbon intensity of TPES in the G7 and BRICS countries from 1990 to 2016.
Source: created by the authors, based on the data from the World Resource Institute, CAT (Climate Data Explorer database): http://cait.wri.org/historical/Country/

Fig. 9. The dynamics of Carbon intensity of GDP adjusted to the PPP in the G7 and BRICS countries from 1990 to 2016.
Source: created by the authors, based on the data from the World Resource Institute, CAT (Climate Data Explorer database): http://cait.wri.org/historical/Country/
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high share of RES in total primary energy supply. It is followed by
the UK, Italy, EU and Germany. Russia, South Africa, China and
Canada are ranked as countries having the worst GHG profile for
2017. India, Japan, France are in the middle of ranking based of GHG
profiles (Fig. 12).

The best performing countries based on the development trends
of GHG profiles are the UK, EU, Italy, and China. At the other end of
spectrum, the worst performing countries are Brazil, South Africa,
and Canada. Italy, France, Russia, Japan, US are middle-ranked
countries (Fig. 13). The ranking of countries based on climate
change mitigation policies in place is provided in Fig. 14.

The analysis of GHG emission profiles of themajor GHG emitters
showed that all the G7 countries distinguish with high GHG/capita,
significantly over the world average; however, the trends of decline
can be noticed. In BRICS countries, having lower GHG emission per
capita levels, the opposite trend of GHG emission per capita in-
crease can be noticed. The variations in the carbonization index
between BRICS countries are not as prominent as they are for the
energy intensity, GHG emissions per capita, and GHG/GDP.
3.3. GHG reduction policies and commitments in the G7 and BRICS
countries

In 1990, the G7 countries produced about 30% of the world's
GHG emissions, including Land-Use, Land-Use Change, and
Forestry (LULUCF) emissions, or 34.4%, excluding LULUCF. In 2014,
G7 group was responsible for 21.5% of the total GHG emissions,
including LULUCF, or 23.19%, excluding LULUCF (Table 4). However,
during 1990e2014, the total GHG emissions in G7 in the total GHG
emissions have reduced dramatically.

Since 1990, the BRICS countries' emissions have doubled
(Table 4). As a group in 1990, the BRICS produced about 26.8% of the
world's greenhouse gas (GHG) emissions, including Land-Use,
Land-Use Change, and Forestry (LULUCF) emissions, or 27%,
excluding LULUCF. In 2014, the BRICS countries were responsible
for 38.3% of the total GHG emissions, including LULUCF, or 41%,
excluding LULUCF.

The situation has changed insignificantly since 2014. Based on
newest available information in 2017 the share of BRICS and G7 in

http://cait.wri.org/historical/Country/
http://cait.wri.org/historical/Country/


Fig. 10. The dynamics of GHG/capita in G7 and BRICS countries during 1990e2016.
Source: created by the authors, based on the data from the World Resource Institute, CAT (Climate Data Explorer database): http://cait.wri.org/historical/Country/

Fig. 11. The GHG profiles of G7 and BRICS countries in 2017.
Source: created by the authors based on the data from the World Resource Institute, CAT (Climate Data Explorer database): http://cait.wri.org/historical/Country/
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Fig. 11. (continued).
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total GHG emissions has declined by 2% points due to decline of the
share of G7 countries by 2% points (GHG emissions has decreased
almost by 6 points in US during this period and have changed just
insignificantly in other countries). Therefore, the input in total GHG
emissions of the G7 and BRICS countries has changed dramatically
during 17 years since 1990 as the share of BRICs countries increased
by 10% points and the share of G7 has decreased by 10% points.

The GHG reduction policies and climate change mitigation ef-
forts in the G7 and BRICS countries are the major drivers of changes
in the global GHG emissions. The Copenhagen accord is a voluntary
agreement signed in 2009 between 180 countries, making up over
80% of the global population and over 85% of the global emissions.
This agreement is similar to the Kyoto concept, except that each
country's acceptance and participation is not mandatory. Moreover,
each country will commit to report their changes. The agreement is
on a goodwill basis and assumes that each country will live up to
their part in saving the climate by reducing the greenhouse gases.
The GHG reduction targets were set for 2020, comparing with the
levels in 1990.

In 2015, 196 Parties agreed in Paris to transform their develop-
ment trajectories, aiming to limit global warming from 1.5 to 2 �C
above the pre-industrial levels. The Paris Agreement requires all the
Parties to make efforts to reduce the GHG emissions through the
nationally determined contributions (NDCs). Table 5 summarizes
G7 and BRICS countries’ GHG reduction commitments for the G7
and BRICS countries.
As one can see from Table 5, BRICS countries’ commitments for
2020 and 2030 are linked with the increase of GHG emissions
above 1990, and G7 group countries committed themselves to
reduce the GHG emissions below the 1990 level. Some countries
have set targets for renewables as well (China, India), and some
have targets expressed in carbon intensity reduction, like China and
India, and some in total GHG amounts, like Brazil. Most of the
countries have targets that are expressed in the GHG emission
reduction to the base year, which is as well varying across the
countries. In order to get a compatible picture, all the GHG reduc-
tion targets were recalculated as total GHG emission reductions in
2020 and 2030, comparing to the base year 1990.

3.3.1. China
China was responsible for 24% of the total GHG emissions in

2016 and 9.5% in 1990. As one can see from Table 6, in 2016 China
had a GDP/capita, TPES/capita lower than the world average;
however, GHG/capita, energy and carbon intensity of GDP are
significantly higher than the world average in China due to the
energy intensive industrial structure and low energy efficiency and
high share of coal in the primary energy supply.

The carbon and energy intensiveness of China's GDP is linked to
the chosen path of development (National Development and
Reform Commission P.R. China, 2017). The increase of GHG emis-
sions from fuel combustion sector in China is linked to the
expanding energy and transport services due to its fast
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urbanization path (Viola and Basso, 2016). The world's largest GHG
emitter, China is the largest consumer of coal and the largest solar
technology manufacturer, and the choice it makes between the
technology of the past versus the future will contribute signifi-
cantly on the world's ability to limit warming to 1.5 �C. China has
policies in place to reduce energy intensity and carbon intensity of
GDP and if country will further foster use of renewables and energy
efficiency improvements as country has sufficient financial re-
sources and technical capabilities to do this, GHG emissions will
start to decline instead of rising in China (Climate Transparency,
2018). The major climate change mitigation efforts since the Paris
agreement: Renewable energy and nuclear power development;
Cap on coal use; Promoting energy conservation to slow down the
growth of energy demand (Carbon Brief, 2018; Clean Technica,
2018). China has set its GHG emission reduction targets in terms
of carbon intensity of GDP (60%e65% below 2005 by 2030 and
40e45% below 2005 by 2020) in Table 5. These targets do not seem
very ambitious (Climate Transparency, 2018), taking into account
the fact that Chinese GHG emissions have increased more than 3
times since 1990; therefore, more strict policies to increase the
energy efficiency and replace the coal generation by renewable
energy sources are necessary.

3.3.2. Russia
The GHG emissions in Russia have decreased by more than 20%

between 1990 and 2016. As one can see from Table 6, in 2016
Russia's GDP/capita, TPES/capita, GHG/capita and energy and car-
bon intensity of GDP are higher than the world average due to the
energy intensive industrial structure and low energy efficiency in
energy generation and consumption. It is necessary to stress that
GHG/capita is very high in Russia (10.34 t CO2eq./capita),
comparing with the world average (4.46 t CO2eq. in 2016), and this
greatly differs from all the other BRICS countries, even China. Such
high GHG/capita is linked to the carbon life style inefficiency, as
living standards and economic development level in Russia are
quite bellow the G7 countries' levels. The GHG emission reduction
in Russia during 1990e2016 was achieved due to the economic
decline, because this country does not have strict policies to in-
crease the renewables and energy efficiency (The Ministry of
Natural Resources of Russian Federation, 2017; Climate
Transparency, 2018). In addition, Russia is the only big GHG
emitter that has not yet ratified the Paris Agreement and may delay
ratification until at least 2020. A first step should be the ratification
of the Paris Agreement and setting out actual GHG emissions re-
ductions target beyond the current policy scenario (Climate
Transparency, 2018). Russian GHG emission reduction targets for
2030 is the reduction of GHG emissions by 25e30% below 1990 in
2030 and 5e25% below 1990 in 2020, including LULUCF (Table 5).
Taking into account the fact that Russian GHG emissions have
declined by more than 20% since 1990, the set target does not seem
ambitious and requiring huge GHG emission reduction efforts.

3.3.3. India
Indian GHG emissions increased by 154.11% during 1990e2016.

As one can see from Table 6, in 2016 India's GDP/capita, TPES/capita,
GHG/capita were significantly below the world average. India has
quite low energy intensity of GDP due to the developed low energy
intensive service sector; however, the carbon intensity of energy
balance is high as 71% of India's electricity comes from coal. Energy
intensity has significantly reduced in India during recent years
(2012e2017) by 12.79% points and in 2017 the target to reduce
energy intensity by 20% was implemented. The successfully
implemented Perform, Achieve and Trade (PAT) scheme aiming at
energy efficiency improvements made a substantial contribution to
the achievement of country's climate targets. India has set the
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Fig. 12. The Ranking of countries in 2017 according GHG profiles.
Source: created by the authors based on (Climate Transparency, 2018) and data from the World Resource Institute, CAT (Climate Data Explorer database): http://cait.wri.org/
historical/Country/

Fig. 13. The Ranking of countries based on recent developments of GHG profiles (2012e2017).
Source: created by the authors based on (Climate Transparency, 2018) and data from the World Resource Institute, CAT (Climate Data Explorer database): http://cait.wri.org/
historical/Country/

X. Zheng et al. / Journal of Cleaner Production 234 (2019) 1113e11331126
target GHG emission intensity of GDP reduction by 33%e35% below
2005 in 2030 or the increase of GHG emissions by 501e518% above
1990 in 2030 and by 278e300% above 1990, excluding LULUCF
(Table 5). Taking into account very low overall GHG emission profile
of India and ambitious policies to promote energy efficiency and
renewables (Government of India, 2015), it is possible to conclude
that India can be a global climate leader in the near future (Climate
Transparency, 2018).
3.3.4. Brazil
Brazilian GHG emissions, including LULUCF, declined by 35%

between 1990 and 2014. First, the emissions, including LULUCF, are
greater than emissions that are excluding it (see Table 4). Second,
Brazil has successfully tackled its LULUCF's emissions between
1990 and 2014, but the emissions from the other sectors have
increased in the same period. As one can see from Table 6, Brazil's
GDP/capita, TPES/capita, and GHG/capita are lower, comparing
with the world average. In addition, the energy intensity of GDP is
quite low in the country due to the developed low energy intensive
agriculture sector. Therefore, Brazil does not have the energy and
carbon intensive economy as other BRICS countries. The country is
broadly self-sufficient in energy. LULUCF, especially the deforesta-
tion, was the major driver of Brazilian GHG emissions (Ministry of
Science Technology and Innovation of Brazil, 2015). Brazilian GHG
emission reduction targets are to increase the GHG emissions,
excluding LULUCF, by 73% above 1990 levels in 2030 and to increase
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Fig. 14. The Ranking of countries based on climate change mitigation policies in place.
Source: created by the authors based on (Climate Transparency, 2018) and data from the World Resource Institute, CAT (Climate Data Explorer database): http://cait.wri.org/
historical/Country/
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the GHG emissions, excluding LULUCF, by 117e134% above 1990 in
2020. Based on the negative developments in GHG trends, it is
obvious that the Brazilian government needs to strengthen climate
change mitigation actions, especially in LULUCF and energy sectors
(Climate Transparency, 2018).

3.3.5. South Africa
Between 1990 and 2016, South Africa's GHG emissions with and

without LULUCF have increased by about 70%. As one can see from
Table 6, South Africa's GDP/capita, TPES/capita were lower,
comparing with the world average, but the country has as a quite
high energy intensity of GDP and very higher carbon intensity of
energy balance due to coal-fired electricity generation. Recently
adopted South African Integrated Resource Plan includes a shift
away from coal, increased adoption of renewables and gas, and an
end to the expansion of nuclear power. South Africa's NDC target is
equivalent to 19e82% increase from 1990 levels, excluding LULUCF.
South Africa's NDC is consistent with its pledge under the Copen-
hagen Accord, which includes 19e73% increase in the emissions,
excluding LULUCF, in 2020 and 19e82% increase in 2025 on 1990
levels, excluding LULUCF (Table 5). Taking into account recent GHG
emission development trends (Department of Environmental
Affairs, 2017; Climate Transparency, 2018), the government of
South Africa decided to strengthen its climate change mitigation
efforts and has developed a climate law in 2018 establishing the
sectoral emission targets (SETs) for each greenhouse gas emitting
sector in line with the national emission target for every five years.

3.3.6. EU member states
G7 countries are the most important players in decarbonization;

however, their policies and GHG emission reduction efforts differ
(European Commission, 2017b). G7 members: Germany, France,
Italy, and the UK, have significantly reduced their GHG emissions
from 1990 and are following the EU climate change mitigations
policies. The GHG emissions in the European Union since 1990
(taken as the base year) was reduced by 24.4% in 2016, i.e., about
1383.40 million tonnes of CO2 eq. Across the EU Member States in
2014e2016, the GHG were the highest in Germany (21% of the EU-
28 total or 936 million tonnes of CO2eq.), followed by the United
Kingdom and France. The share of the EU's GHG emissions,
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Table 4
Total GHG emissions in G7 and BRICS nations in 2014 (MtCO2e).

1990,
including
LULUCF

1990,
excluding
LULUCF

1990
% of world
emissions,
including LULUCF

1990
% of world
emissions,
excluding LULUCF

2014,
including
LULUCF

2014,
excluding
LULUCF

2014
% of world
emissions,
including LULUCF

2014
% of world
emissions,
excluding LULUCF

G7 nations
Canada 641.34 560.04 1.89 1.84 867 745.11 1.77 1.63
France 468.91 492.73 1.38 1.62 334.28 413.11 0.68 0.90
Germany 1103.55 1154.11 3.25 3.79 816.64 854.01 1.67 1.87
Italy 486.76 491.02 1.43 1.61 368.2 403.11 0.75 0.88
Japan 1096.72 1171.04 3.23 3.85 1322.5 1314.59 2.70 2.87
The UK 725.58 737.73 2.14 2.42 493.9 506.11 1.01 1.11
The US 5550.04 5866.64 16.35 19.28 6319.02 6371.1 12.92 13.93
BRICS
China 3218.45 3320.97 9.48 10.92 11600.63 11911.71 23.73 26.04
Russia 2776.78 2776.78 8.18 9.13 2030.14 2137.83 4.15 4.67
India 1212.02 1239.06 3.57 4.07 3202.31 3079.81 6.55 6.73
Brazil 1606.59 565.09 4.73 1.86 1357.18 1051.01 2.78 2.30
South Africa 309.29 307.21 0.91 1.01 527.22 524.89 1.08 1.15
World 33937.21 30423.75 48892.37 45740.7
G7 10072.9 10473.31 29.68 34.42 10521.54 10607.14 21.52 23.19
BRICS 9123.13 8209.11 26.88 26.98 18717.48 18705.25 38.28 40.89
G7þBRICS 19196.03 18682.42 56.56 61.41 29239.02 29312.39 59.80 64.08

Source: created by the authors, based on the data from the World Resource Institute, CAT (Climate Data Explorer database): http://cait.wri.org/historical/Country/

Table 5
Sustainable energy development indicators linked to the climate in the G7 and BRICS countries, 1990 and 2016.

FRA DEU ITA UK EU CAN JPN US BRA CHN IND RUS ZAF

1990
EC1 28990 30510 30190 26480 24630 30900 28960 36230 10190 1480 1740 18310 9720
EC2 2.46 3.04 2.03 2.42 2.28 5.84 2.32 5.17 0.74 0.58 0.28 4.218 1.39
EC3 0.13 0.15 0.09 0.14 0.14 0.25 0.12 0.21 0.09 0.52 0.21 0.32 0.25
EN1 408.10 1064.20 439.10 608.00 44530.50 419.50 1042.00 4803.40 184.90 2077.40 530.70 2163.50 243.90
EN2 1.77 2.97 2.81 2.85 2.66 2.38 2.51 1.31 2.38 1.74 2.46 2.68 2.08
EN3 0.28 0.55 0.33 0.49 0.50 0.48 0.29 0.53 0.12 1.24 0.35 0.80 0.68
EN4 10.41 0.65 14.41 1.63 e 22.02 0.04 6.13 49.86 34.08 3.78 16.63 58.85
EN5 7.01 13.45 7.75 10.64 9.53 15.15 8.43 19.20 1.23 1.83 0.60 14.59 6.63
2014
EC1 36770 42280 32900 37660 34130 42240 34900 50680 14920 12370 5270 22410 12200
EC2 2.21 2.68 1.92 1.90 2.10 5.52 2.32 4.80 1.12 1.37 0.43 3.19 1.38
EC3 0.10 0.09 0.07 0.07 0.09 0.19 0.10 0.14 0.1 0.7 0.12 0.22 0.22
EN1 348.00 819.10 356.10 463.20 3606.30 554.40 1184.80 5168.30 473.90 9031.50 2020.70 1487.10 434.80
EN2 1.39 2.60 2.33 2.41 2.19 1.99 2.70 2.30 1.57 3.06 2.44 2.05 2.99
EN3 0.17 0.30 0.23 0.23 0.27 0.37 0.27 0.32 0.15 0.54 0.30 0.46 0.66
EN4 13.13 7.29 9.80 2.84 16.10 22.58 0.01 16.05 41.81 17.10 16.59 36.54 8.91
EN5 5.28 10.14 5.86 7.20 7.11 15.60 9.32 16.19 2.30 6.62 1.56 10.34 8.03

Source: created by the authors, based on the data from the World Resource Institute, CAT (Climate Data Explorer database): http://cait.wri.org/historical/Country/
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including LULUCF in total GHG emissions, has declined from 14.60%
in 1990 to 7.41% in 2014. The total GHG emissions, excluding
LULUCF, have declined from 17.24% in 1990 to 8.86% in 2014. The
GHG emissions in Germany in 1990 accounted for 3.20% of the total
GHG emissions, including LULUCF, and in 2014, their share halved
to 1.67%. The GHG emissions, including LULUCF, in France, Italy, and
the UK have reduced significantly during the period of 1990e2014,
and their share in total GHG emissions with LULUCF have declined
from 1.38% to 0.68% in France, from 1.43% to 0.75% in Italy, and from
2.14% to 1.10% in the UK during the investigated period (European
Commission, 2017b).

As one can see from Table 6, Germany, France, Italy and UK have
a similar GHG profile (high GDP/capita, TPES/capita, and GHG/
capita). Though EU's GHG emissions from the electricity generation
sector have been decreasing at the fastest rate, comparing with all
other sectors during the last two decades, there is some slowdown
in the development of renewables within the EU (European
Commission, 2017b). In Table 5, the GHG reduction targets for
Germany, France, Italy, and the UK (consistent with the EU target)
are provided, i.e., to reduce the GHG 40% below 1990 in 2030 and
20% below 1990 in 2020. The target for 2050 is as well-being set by
the EU to reduce the GHG emissions by 80e95% below 1990
(economy wide GHG emissions). The EU is a world leader in the
climate change mitigation efforts and has implemented various
GHG emission reduction policies; however, additional policies are
necessary to meet the EU targets for 2030 and 2050.

3.3.7. Canada
The share of Canadian GHG emissions, including LULUCF in total

GHG emissions, has insignificantly declined from 1.89% in 1990 to
1.77% in 2016. Canada has very high GDP/capita, TPES/capita, and
GHG/capita (Table 6). Canada has adopted a Framework on Clean
Growth and Climate in 2016. This document is the main strategy for
the GHG emission reduction in Canada. It includes economy-wide
GHG mitigation measures such as carbon pricing, phasing
schedule of coal plants (The Government of Canada, 2017). Canada's
Paris Agreement (NDC) target is to increase economy-wide GHG
emissions by 4% above 1990, excluding LULCF, in 2030 (decrease by
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Table 6
Summary of the pledges and targets in the G7 and BRICS countries.

RES targets 2030 unconditional target Copenhagen accord
2020

Long-term goals by 2050

G7
Canada 30% below 2005 (4% above 1990),

excluding LULCF
17% below 2055 (17% above 1990),
excluding LULUCF

80% net emissions below 2005

France 40% below 1990 20% below 1990 80e95% below 1990
Germany 40% below 1990 20% below 1990 80e95% below 1990
Italy 40% below 1990 20% below 1990 80e95% below 1990
Japan 26% below 2013 (18% below 1990),

including LULCF
3.8% below 2005 (9% above 1990),
excluding LULUCF

80% below 1990

The UK 40% below 1990 20% below 1990 80e95% below 1990
The US 26e28% below 2005 by 2025 (9e17%

below 1990) by 2025, excluding
LULUCF

17% below 2005 (0e15% below 1990),
excluding LULUCF

68e76% below 1990 (76%
below 1990), including LULUCF

BRICS
China Non-fossil share 20% in 2030

Non-fossil share 15% in 2020
Reduction of carbon intensity by 60%
e65% below 2005 (300e330% above
1990)

Reduction of carbon intensity by 40%
e45% below 2005 (360e396% above
1990)

e

Russia 25e30% below 1990, including LULUCF 15e25% below 1990, including LULUCF e

India Non-fossil share 40% in 2030 Reduction of GHG emission intensity of
GDP by 33%e35% below 2005 (501
e518% above 1990), excluding LULUCF

Reduction of GHG emission intensity of
GDP by 20%e25% below 2005 (278
e300% above 1990, excluding LULUCF)

e

Brazil 1.2 GtCO2 eq. in 2030 (55% above 1990
levels, excluding LULUCF) (excluding
LULUCF

117e134% above 1990, excluding
LULUCF

e

South Africa GHG emissions with LULUCF between
398 and 614 MtCO2 over 2025e2030
(20e82% above 1990), excluding
LULUCF

20e73% above 1990, excluding LULUCF 34% below to 28% above 1990,
excluding LULUCF

Source: created by the authors, based on the data from UNFCCC, INDCs as communicated by the Parties available at: http://www4.unfccc.int/submissions/INDC/Submission%
20Pages/submissions.aspx
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30% below 2005 levels by 2030) and increase by 17% above 1990,
excluding LULUCF, in 2020 (decrease by 17% below 2005 levels by
2030). Based on the current GHG trends and implemented policies,
Canada is likely to miss its Paris agreement, and additional policies
and measures are necessary, taking into account the GHG profile of
this country and its negative trends.
3.3.8. Japan
The share of Japan GHG emission, including LULUCF in the total

GHG emissions, has decreased from 3.23% in 1990 to 2.7% in 2016.
Japan has high GDP/capita, TPES/capita, and GHG/capita (Table 6).
Japan has very low share of renewables in energy supply the carbon
intensity of GDP in Japan is higher than the world average. The
share of renewable energy in total electricity generation has
increased considerably, i.e., from 8.8% in 2010 (pre-Fukushima) to
15.0% in 2016, partly due to the generous feed-in tariff scheme that
was introduced in 2012 (The Government of Japan, 2017). Japan's
GHG emission reduction commitments are as follows: the reduc-
tion of GHG emissions by 26% below 1990, including LULUCF, in
2030 and an increase by 9% above 1990, excluding LULUCF, in 2020.
It is difficult to predict Japan's future GHG due to the uncertainty
around the future role of nuclear, coal, and renewables. Taking into
account Japans' GHG emission profile and the development trends,
the government should introduce stricter GHG mitigation policies
and actions.
3.3.9. The United States
The US total GHG emissions, including LULUCF, have increased

by 15% and by 9%, excluding LULUCF, during 1990e2016 period. The
US has a high GDP/capita, TPES/capita, and GHG/capita (Table 6).
The country performs especially low in the category of GHG and
energy use per capita. Trump Administration's intent to withdraw
from the Paris Agreement creates many concerns in other G7
countries and all over the world. The US GHG reduction target that
was set by the Obama Administration is the reduction of GHG
emissions by 0e15% below 1990 by 2020, excluding LULUCF, and
the reduction of GHG emissions by 9e17% below 1990 by 2025,
excluding LULUCF. The long-term target is the reduction of GHG
emissions by 76% below 1990, including LULUCF, in 2050. In order
to meet the Paris agreement target, the US would have to imple-
ment climate change mitigation policies that were foreseen by
Obama Administration such as Climate Action Plan, Clean Power
Plan, etc. (The US Department of State, 2016); however, the new US
administration failed to submit its third Biennial Report to the
UNFCCC, showing that the climate change mitigation is no longer a
priority for the US government.
3.4. Ranking of GHG reduction efforts in BRICS and G7

The ranking of G7 and BRICS countries based on climate change
mitigation policies in place was performed. The main climate
change mitigation policies having impact on GHG emission profiles
of G7 and BRICs countries are: setting GHG emission target for 2050
and beyond and preparing long-term energy efficiency improve-
ment and GHG emission reduction strategy to achieve this goal;
policies to promote renewables especially in power and heat pro-
duction sector; policies to phase-out coal and policies to reduce
deforestation.

The scoring of policies is based on the assessment of climate
changemitigation efforts set up until 2017. The following categories
are established on a five-point scale: 5e1.5 �C compatible policy
actions are envisaged; 4esignificant actions and a long-term vision
are envisaged; 3 esome actions are envisaged; 2 e limited actions
are envisaged; and 1 e extremely limited actions are envisaged.

In terms of climate change mitigation policies, Germany, France,
UK, EU and South Africa are the highest ranking countries. The US
and Russia are ranked as the worst performing countries, with
Japan and Canada ranked slightly above. Brazil, India and China are
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Fig. 15. Ranking of countries based on GHG profiles, GHG profiles trends and GHG reduction policies in place.
Source: created by the authors based on (Climate Transparency, 2018) and data from the World Resource Institute, CAT (Climate Data Explorer database): http://cait.wri.org/
historical/Country/
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in the middle of the ranking (Fig. 15).
Therefore, the leaders of climate change mitigation taking into

account current GHG profile, development trends and climate
change mitigation policies in place are EU member states, Brazil
and India. Lagging behind are Russia, the US and Canada (Table 3;
Fig. 15).

Therefore, the best performing countries in developing ambi-
tious climate change mitigation policies are EU member states and
South Africa, whereas the worst performing ones are: Russia, US
and Canada.

4. Discussion

4.1. GHG emission profiles and drivers

Comparing the results of GHG emission profiles and their
drivers’ analysis with the results of other studies (Zhou et al., 2012),
similar results have been obtained, indicating the better carbon
emission performance and integrated energy-carbon performance
of the G7 countries. The trend of GHG emission/capita convergence
between G7 and BRICS countries is as well in linewith the results of
other studies (Li and Lin, 2013).
The analysis of GHG emission driving force development in

BRICS countries showed the positive impact of GDP/capita growth
on GHG/capita emissions growth, and this is in line with other
study results (Al-mulali, 2012; Robalino-L�opez et al., 2015; Liu et al.,
2019). The decreased in energy intensity was the main driver of
GHG/capita reduction in the G7 and BRICS countries, though in the
BRICS countries, the affluence effect dominated there and exceeded
the contribution of the energy intensity. This in linewith the results
of other studies on the decomposition of GHG emissions that were
performed for some G7 and BRICS countries (Al-mulali, 2012;
Robalino-L�opez et al., 2015; Liobikiene and Butkus, 2018). The
studies (Wu et al., 2005; Xu et al., 2016; Shen et al., 2018) also have
presented the similar findings in terms of the major drivers of GHG
emissions in fuel combustion sector.

As previous studies do not provide a clear linking of GHG
emission trends to the implemented climate change mitigation
policies in the G7 and BRICS countries, in the following section, the
attempt to overcome this gap is made by performing a qualitative
assessment of climate change mitigation policies and ability to
comply with Paris agreement targets by the major climate change
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players.
Most of the BRICS countries are experiencing GHG emission

growth due to fast economic growth and weak climate change
mitigation policies in the energy sector. The implemented climate
change mitigation policies to promote renewables and energy ef-
ficiency have not contributed to the changing of GHG emission
trends and their drivers. The findings of comparative assessment of
climate change mitigation policies in BRICS and G7 are in line with
other studies that have a more narrow scope. The revealed differ-
ence in energy-decoupling rates in the G7 and BRICs by Tu et al.
(2016) was as well noticed during the analysis of the main drivers
of GHG emissions, including policies.

4.2. Climate change mitigation policies

The results of comparative climate change policy assessment
and ranking of countries are as well in line with Zhou et al. (2012)
who found that G7 countries show better carbon emission perfor-
mance in the energy sector due to the implemented rigorous
climate change mitigation policies. The policies to promote energy
efficiency and renewable energy consumption have significant
impact on the GHG emission reduction in the EU member states
and China (Al-mulali, 2012; Robalino-L�opez et al., 2015; Liobikiene
and Butkus, 2018).

In BRICs group, only China's climate change mitigation policies
have contributed to changing the GHG emissions trend since 2014.
China is implementing renewable energy and nuclear energy;
however, the high-energy intensity of GDP and high carbon in-
tensity of energy supply and high GDP growth require more
ambitious policies in order to increase the energy efficiency in
supply and demand side and replace the coal generation by
renewable energy sources. Most studies (Liu et al., 2014; Hao et al.,
2015; Yi et al., 2016) showed that the economic and population
growth are the most important drivers behind the GHG emission
change in China, and this country will be able to implement GHG
emissions reduction target by 2020 due to the increased share of
renewables and nuclear (Koo et al., 2014).

India's GHG emissions more than doubled between 1990 and
2016, and that trend is expected to continue; however, the energy
intensity of GDP and the share of renewables have increased during
this period significantly. Therefore, taking into account very low
overall GHG emission profile of India and ambitious policies to
promote renewables and energy efficiency, it is possible to
conclude that India can be a global climate leader and an example
for the other BRICS countries. This is in line with the study by Paul
and Bhattacharya (2004), presenting the results of decomposition
of GHG emissions in India.

Brazil has low energy and carbon intensive economy, and the
deforestationwas the major driver of Brazilian GHG emissions. Due
to strict climate change policies in this area, Brazils’ GHG emission
have declined during 1990e2016, but the government has cut back
on implementing policies to reduce the emissions from forests, and
this will have an impact on the GHG emission growth. Chen et al.
(2013) found that cutting of GHG emissions would have some
negative impacts on the Brazilian economy due to the reduction of
deforestation rates.

South Africa has experienced GHG emission growth during
1990e2016. Taking into account quite high overall GHG emission
profile and weak climate change mitigation policies in the energy
sector, it is necessary to strengthen climate change mitigation ef-
forts in order to implement the Paris agreement. This is in line with
the results of analysis performed by Ireland and Burton (2018) and
the Department of Energy (2018).

Russian's GHG emission decline during 1990e2016 has been
achieved due to the economic decline, because this country has few
small-scale policies to increase the renewables and energy effi-
ciency. Taking into account very high-energy intensity of GDP and
high carbon intensity of energy supply (due to high share of fossil
fuels), the GHG emissions will increase in the case of economic
growth if the country does not take serious GHG reduction efforts
in the energy sector.

In G7 group, the EU Member States: Germany, France, Italy, and
the UK, have significantly reduced their GHG emissions from 1990
and are following the EU climate change mitigations policies,
though the negative trend of renewables penetration decrease can
be noticed in the EU Member States. Study by Liobikiene and
Butkus (2018) proved the major impact of renewable targets and
policies in place on GHG emission reduction in the EU.

However, in other G7 members (Canada, Japan, and the US),
quite alarming trends can be noticed. The Canadian GHG emissions
have increased during 1990e2005 due to the lack of ambitious
climate change mitigation efforts. Taking into account the low
performance in the GHG profile and recent trends in the GHG
emission and their drivers’ development, one can notice that
country needs to implement additional GHG mitigation, especially
linked with the phasing of coal plants. The same conclusions are
provided by the Government of Canada (2016) based on the in-
depth evaluation of climate change mitigation policies impacts.

The GHG emissions and their drivers showed a negative trend of
increase in Japan and the US. Taking into account Japan's and the US
low performance in terms of GHG emission profile and their recent
development trends, one can notice that the current climate change
mitigation policies in place were not able to reverse negative GHG
emission development trends, and stricter climate change mitiga-
tion efforts in the energy sector are necessary.’

4.3. Policy implications

Due to the high greenhouse gas profiles, low GHG reduction
commitments and insufficient climate change mitigation efforts in
both groups there is danger of postponing implementation of Paris
commitments and achieving the 1.5� target. The policies imple-
mented in high ranked countries, like the Perform, Achieve and
Trade (PAT) scheme in India or Integrated Resources Planning and
Climate law establishing the sectoral emission targets (SETs) for
each greenhouse gas emitting sector in South Africa or measures
under Energy efficiency directive in EU can be applied in low
ranked countries by providing the substantial contribution to the
country's climate targets.

Though showing positive path towards decarbonisation, China,
having inmind high GHG emission profile and development trends,
needs to implement stricter policies to replace coal with renew-
ables and increase energy efficiency in demand and supply side in
order to comply with the GHG emission reduction commitments. A
negative trend in the GHG reduction efforts can be observed in
Russia and Brazil, and the governments of these countries need to
strengthen mitigation actions in energy sectors and Brazil espe-
cially in LULUCF.

In G7 group's GHG emission reduction efforts, some alarming
trends can be noticed, especially taking into account high GHG
emission profiles due to high share of coal in the energy supply of
Canada, Japan, and the US and the weakening of current climate
changemitigation policies in the energy sector, especially in the US.
The recent trends in the EU and its G7 group members as well in-
dicates alarming trends in the decrease of penetration of renew-
ables; even though the EU is the world leader in GHG emission
reduction initiatives and policies to promote an increase in the
energy efficiency and utilization of renewables.

The input in total GHG emissions of the G7 and BRICS countries
has changed dramatically during 17 years since 1990 as the share of
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BRICs countries increased by 10% points and the share of G7 has
decreased by 10% points, therefore, BRICS countries need to
implement additional GHG emission reduction efforts, especially in
the energy sector, which is the main driver of the economic growth
and GHG emissions by learning from the experience of developed
economies.

The energy intensity is the main driver of GHG emissions per
capita therefore the main attention should be paid to policies
promoting energy efficiency improvements in BRICS countries.
Carbon factor showing the penetration of renewables in energymix
turned out to be the least important factor for both of the groups
considered. This implied that further mitigation actions in BRICS
should be first oriented towards decrease in energy intensity
following the increase of zero carbon fuels in energy mix and coal
phase-out, whereas carbon factor changes require more in-
vestments, what is more problematic for developing nations.

5. Conclusions

The three hypotheses of the study were tested and validated
through the comparative assessment of GHG emission profiles and
their drivers in the G7 and BRICS countries.

The analysis of GHG profiles of two groups of countries revealed
that the G7 group countries have high GDP/capita that is adjusted
to the PPP, high TPES/capita, high GHG emissions/capita, low car-
bon intensity, and low energy and carbon intensity of GDP with
some exemptions, like Canada and Japan that are having high
carbonization index due to the low share of renewables in the final
energy consumption.

BRICS countries have low GDP/capita, low TPES/capita, and low
GHG/capita, indicating lower life standards; however, high energy
and carbon intensity of GDP and a high carbonization index with
some exemptions, like Brazil that is having a low carbonization
index and low energy and carbon intensity of GDP as well as low
GHG/capita. This is linked to the high share of renewables in the
energy supply and low share of energy industries in the economy.

Comparing the results of GHG emission profiles and their
drivers’ analysis with the results of the other studies, the similar
results were obtained by indicating the better carbon emission
performance and integrated energy-carbon performance of G7
countries. The trend of GHG emission/capita convergence between
G7 and BRICS countries is as well in line with the results of other
studies. GHG/capita has decreased in G7 countries and increased in
BRICS countries during 1990e2017.

Energy intensity, economic growth and carbon factor are the
main drivers of GHG/capita. Energy intensity was the major driver
of decrease in GHG/capita during 1990e2017 for both groups of
countries, however, the economic growth exceeded the contribu-
tion of energy intensity in BRICS countries and this is in line with
the results of other studies on the decomposition of GHG emissions
that were performed for some G7 and BRICS countries.

As previous studies have not addressed a clear linkage of GHG
emission trends to implemented climate change mitigation policies
in the G7 and BRICS countries, the current study tries to fill this gap
by providing qualitative assessment of climate change mitigation
policies and the ability to comply with the Paris agreement targets
by major climate change players.

All the analyzed countries in the G7 and BRICS groups have
ratified Paris agreement, except Russia and US announced intention
to withdraw from Paris Agreement. In BRICS countries’ GHG
emission reduction commitments for 2020 and 2030 are linked
with the increase of GHG emissions above 1990, and G7 group
countries committed themselves to reduce the GHG emissions
below the 1990 level. Some countries have set targets for renew-
ables as well (China, India), and some have targets that are
expressed in carbon intensity reduction like China and India and
some in total GHG amounts like Brazil. Most of the countries have
targets that are expressed in the GHG emission reduction to the
base year, which is as well varying across countries. In order to get a
compatible picture, all the GHG reduction targets were recalculated
as total GHG emission reductions in 2020 and 2030, comparing to
the base year 1990.

The leaders of climate change mitigation arena between major
climate players are: EU member states, Brazil and India and the
lagging behind countries: Russia, US and Canada. The best per-
forming countries in developing climate change mitigation policies
are: EU member states, India and South Africa and the worst per-
forming countries are: Russia, US and Canada. The best results in
decarbonisation trends during 2012e2017 were demonstrated by
EU member states and China and the lowest achievements were
demonstrated by Brazil, South Africa and Canada.

The main input of this paper is the development of sustainable
energy indicators framework for the comparative assessment of
GHG emission profiles and their drivers in the G7 and BRICS
countries. The applied comparative assessment approach is simple,
transparent and can be easily replicated for in-depth analysis of
GHG mitigation efforts of countries. The additional strength of
comparative assessment approach that is applied in the study is
ability to use of both quantitative (GHG profiles and their drivers'
dynamics analysis) and qualitative data (climate change mitigation
policy review) analysis. The limits of this approach are mainly
linked to the subjectivity in addressing climate change policy im-
pacts on the GHG emission reduction and assessment of countries’
abilities to comply with Paris agreement targets. The future
research is necessary in order to integrate some additional policy
analysis tools for the decomposition of GHG emissions by sectors
and the main drivers based on the Kaya identity. These more robust
techniques would allow extending the scope of the study and
generating additional findings and forecasts.
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