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Abstract

mproving environmental quality remains a significant

challenge for nations worldwide. Energy productivity

is widely considered as one of the main indispensable
solutions to control greenhouse gas emissions and improv-
ing environmental quality. However, the debate between
consumption-based accounting and production-based
accounting of carbon emissions has gained increasing
prominence in climate policy discussions, as the tradition-
al production-based approach often overlooks emissions
embodied in international trade. Against this backdrop,
this study examines the role of energy productivity as a cli-
mate policy instrument in mitigating both consumption-
based and territorial (production-based) CO, emissions in
BRICS economies over the period 1990-2023. This study

Keywords: energy productivity; environmental sustainability;
renewable energy consumption; climate policy

presents a novel methodology to capture distributional ef-
fects, offering new insights into how energy productivity
influences environmental sustainability at different emis-
sion levels. Using the method moment quantile regression
approach, we find that energy productivity is an important
determinant of both consumption-based carbon emissions
and territorial carbon emissions. Moreover, renewable
electricity output and exports reduce both types of carbon
emissions. Interestingly, imports increase consumption-
based carbon (CCO2) emissions while decrease territo-
rial-based carbon (TCO2) emissions in sample countries.
Based on the results, it is inferred that increasing energy
productivity lower the need for energy utilization, which
ultimately improve environmental performance.

Citation: Ali S., Anwar H., Solarin S.A., Sara¢ T.B. (2026)

The Role of Energy Productivity in Green Transition: Evidence
from BRICS Economies. Foresight and STI Governance, 20(2),
31636. https://doi.org/10.17323/fstig.2026.31632

© 2026 by the authors. This article is an open access article distributed under the terms and conditions of the Creative Commons
5 Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).

50 | FORESIGHT AND STI GOVERNANCE | Vol.20 No 2 | 2026



Introduction

Improving environmental quality remains a significant chal-
lenge for nations worldwide. During the Paris Agreement
of 2015, over 140 nations committed to achieving net-zero
emissions by the year 2050'. Aiming to achieve the target of
carbon neutrality, nations are formulating and executing an
array of environmental and energy policies. It is argued that
the excessive energy use is the main cause rising CO2 emis-
sions over the last few decades. To fulfill the Paris Agree-
ment, countries around the globe have introduced various
strategies. Despite various international agreements and
national policies, emissions are persistently rising. Hence,
these strategies are not sufficient to meet the targets set by
the Paris Agreement. The essence of energy productivity is
another phrase added to the policy framework of nations.
The changing circumstances of modernization has put pres-
sure on markets in terms of economic competition as new
technologies, innovations, and new services have entered
the market and a shift to a low-carbon energy system is un-
derway. Against this backdrop, countries around the globe
have been devising transformational strategies in the energy
sector such as switching from fossil fuels to renewable en-
ergy, practicing energy efliciency, and adopting energy pro-
ductivity (Hassan et al., 2022; Gunawan et al., 2023; Norman
etal., 2024). Energy productivity is widely considered one of
the main indispensable solutions for controlling greenhouse
gas emissions. Improving energy productivity is one of the
central points of discussions among policymakers and re-
searchers. An increase in energy productivity implies lower
use of energy in producing output, which ultimately leads
to a reduction of CO2 emissions (Aduba et al., 2025). To
enhance social welfare and the quality of life, policies pro-
moting secure, affordable, and sustainable energy, reduced
fossil fuel imports, and improved energy efficiency is impor-
tant (Hajiyev et al., 2023; Melnik et al., 2023; Wahab et al,,
2020; Safi et al., 2022). An improvement in energy produc-
tivity is generally linked with progress in economic growth
while minimizing environmental degradation (Kirikkaleli
et al., 2023). Moreover, energy productivity is also an effec-
tive way to reduce energy consumption and CO2 emissions
(Liu et al., 2022). Improving energy productivity helps firms
lower their energy costs (Al-Mulali, Ozturk, 2016). Energy
productivity is a crucial policy tool used by governments all
over the world. The efficient utilization of energy enables
countries to maximize financial gains while reducing envi-
ronmental problems (Shabalov et al., 2021).

The BRICS countries hold substantial significance in the
global environmental landscape as they are among the top
contributors to global CO, emissions. This makes them
critical to any analysis of energy productivity and CO, emis-
sions. The BRICS countries account for approximately 38%
of global GDP, 22% of global trade, 50% of global energy
consumption, 46% of the world’s population, and 48% of
global CO2 emissions (IMFE, 2023). While BRICS countries
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contributed over 24% of global CO, emissions in 1990, they
now account for approximately 48% (Norman et al., 2024).
Since 2000, energy-related CO, emissions in the BRICS have
grown more than economic output, largely due to industri-
alization and rapid economic growth. Moreover, the BRICS
nations have experienced an increase in energy-related CO,
emissions, largely due to energy supply and consumption
patterns, often influenced by relatively low energy prices®

Figure 1 shows the trend in energy productivity for BRICS
countries. Energy productivity shows an increasing trend in
all BRICS nations, which indicates improved efficiency in
converting energy into economic output over time. Among
the BRICS nations, Brazil has the highest energy produc-
tivity as more output is produced by using one unit of en-
ergy. One reason for Brazil’s high energy productivity is its
dependence on cost-effective renewable energy to generate
electricity. Russia has the lowest energy productivity with
lowest GDP per unit of energy use. On the other hand, the
China’s energy mix has been dominated by coal for decades,
which is energy-intensive and polluting.

The BRICS nations contribute significantly to global green-
house gas (GHG) emissions. While fossil fuels account for a
significant portion of for their energy supply, the bloc’s reli-
ance has declined in recent years and is currently close to
50% (Norman et al., 2024). To fulfill the Paris Agreement,
the reduction of carbon emissions has not made enough
progress. This dependence makes the environment vulner-
able due to greenhouse gas emissions. Carbon emissions are
stabilizing but still increasing globally. While some precau-
tionary measures or concepts are being introduced to tackle
the challenge of carbon emissions such as renewable energy,
although its use is increasing, it still accounts for less than
20% of energy supply and 30% of power generation in the
BRICS.

Table 1 presents the proportions and variations of carbon
emissions based on consumption and territorial measures
for BRICS economies. The ratio of consumption-based
(CCOy,) to territorial (TCO,) emissions is lower for the ma-
jority of BRICS nations, implying that most are net carbon
exporters. However, Brazil is a net carbon importer because
its ratio of CCO, to TCO; is greater than 1. Analyzing the
difference between CCO; and TCO, also leads to a similar
conclusion. Since the difference is consistently positive, the
majority of BRICS countries are classified as net carbon ex-
porters.

Currently, carbon emissions can be measured using two
principal approaches such as production-based accounting
(PBA) and consumption-based accounting (CBA). Existing
studies have predominantly relied on PBA, as it assigns re-
sponsibility for carbon emissions to the producing country
by accounting for total domestic emissions, including those
embodied in exports (Qin et al., 2021). This approach en-
ables producers to mitigate emissions by adopting more
energy-efficient production processes. However, despite its

! The Paris Agreement is an initiative that urges the swift consideration of carbon mitigation and adaptation measures. It brings together countries to collec-
tively address climate change. One of the important goals of the Paris agreement is to keep the long-term temperature increase below 2°C. https://www.

un.org/en/climatechange/cop26, accessed 29.03.2026.
? https://www.iea.org/data-and-statistics, accessed 29.03.2026.
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Figure 1. Energy Productivity for BRICS

Countries (GDP Per Unit of Energy Use,
constant 2021 PPP $ per kg of oil equivalent)

—o-—Brazil —e— China India —e— Russia  —e— South Africa

Source: https://data.worldbank.org/indicator/EG.GDP.PUSE.
KO.PPKD/, accessed: 17.02.2026.

apparent advantages, PBA overlooks the fact that the coun-
try producing a good is often not the country that ultimately
consumes it (Steininger et al., 2016). Consequently, there
has been growing academic and policy interest in shifting
from PBA to CBA. Consumption-based accounting calcu-
lates emissions by adding emissions from domestic use of
fossil fuels to embodied emissions from net imports. The
use of CBA provides a more equitable stance during inter-
national negotiations on climate change targets, which also
reduces the impact of any influence by higher per capita in-
come countries. This study, with a similar finding on CBA
and PBA, does not amplify the notion that policymakers
should not adopt the CBA approach; instead, it provides
a more insightful understanding as to how an individual
country’s imports and exports can play a pivotal role in the
transfer of emissions. In contrast to PBA, CBA measures to-
tal emissions by incorporating emissions embodied in im-
ports while excluding those associated with exports.

To the best of our knowledge, the role of energy productivity
in influencing consumption-based CO, emissions has not
been explored in previous studies. Most existing research
relies solely on production-based CO, emissions as the de-
pendent variable, overlooking these alternative accounting
approaches. This study contributes to the existing body of
research by examining the impact of energy productivity on

Table 1. Emission Ratios

Countries CCO,mt TCO,mt (;I%%zz' %%(())22/ QOutcome
: Net Carbon
Brazil 401.211 | 389.20 | 12.00 | 1.03 | Importer
g Net Carbon
China 5992.27 | 6812.11 | -819.84 0.87 | Exporter
g Net Carbon
India 1424.51 | 1542.42  -117.91 092 | Exporter
g Net Carbon
Russia ' 130512  1684.75 -379.63 077 | Exporter
South Net Carbon
Africa 300.165  410.21  -110.05 0.73 Exporter

Source: authors.

both CCO, emissions and TCO, emissions by investigating
the impact of energy productivity on environmental perfor-
mance across BRICS economies over the period 1990-2023.
We consider green innovation, renewable electricity out-
put, exports, imports, and GDP as control variables in the
models. Our study presents a novel methodology to capture
distributional effects, offering new insights into how energy
productivity influences environmental sustainability at dif-
ferent emission levels.

Literature Review

The issue of energy productivity and its role in shaping en-
vironmental performance have become a critical concern
among academics and researchers (Wang, 2011; Atalla,
Bean, 2017; Santra, 2017; Wahab et al., 2020; Lei et al., 2021;
Safi et al., 2022; Wang et al,, 2021). The existing literature
agrees that an upsurge in economic growth, population size,
international trade volume, and urbanization deteriorates
environmental quality (Ali et al., 2021). As these factors typ-
ically lead to higher energy use, energy consumption emerg-
es as the primary driver of CO, emissions. In recent years,
researchers have been working to identify the factors that
improve environmental performance. Many studies have
examined additional variables that influence the nexus be-
tween energy productivity and CO, emissions. Table 2 sum-
marizes the findings from selected works. One can see that
few studies have examined the impact of energy productiv-
ity on carbon neutrality and the ecological footprint. This
suggests that there is limited literature on the link between
energy productivity and environmental performance. The
role of energy productivity in influencing both CCO, and
TCO, emissions has not been explored in previous studies.
Most existing research relies solely on production-based
CO, emissions as the dependent variable, overlooking these
alternative accounting approaches. This study contributes to
the existing body of research by examining the impact of en-
ergy productivity on both consumption-based (CCO,) and
territory-based (TCO,) emissions.

Material and Methods
Data Description

The existing literature finds that energy productivity has a
significant role in reducing CO, emissions. Therefore, this
study examines the impact of energy productivity on carbon
emissions in the presence of environmentally related tech-
nological innovation (hereafter DERTTI), renewable electric-
ity output (REO), exports (EXP), imports (IMP), and Gross
Domestic Product (GDP) for a sample of BRICS economies
from 1990 to 2023. We selected BRICS economies because
they account for approximately 38% of global GDP, 22% of
global trade, 50% of global energy consumption, 46% of the
world’s population, and 48% of global CO2 emissions (IMF,
2023). Over the years, an upward trend in CO2 emissions
has been observed in BRICS economies, with China by far
being the largest emitter of CO,. The BRICS nations have
experienced an increase in energy-related CO, emissions,
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Table 2. Summary of the Key Selected Studies

Studies Subject of the study

Azizi et al., 2025; Considered energy efﬁcienc%r and
Paramati etal,, | energy productivity as vital factors of
2022 environmental performance

Leietal. (2021) | Inspected the dynamic impacts of
energy efficiency and renewable energ%l
consumption (REC) on CO, emission for

China over the period of 1991 to 2019

Hassan et al. Examined the impact of ener%ly efficiency

(2022) on environmental quality in the case of
OECD countries

Wahab et al Investigated the impact of ener}gg

(2020) Eroductivity, trade with and GDP on

CO, emissions for a time period of 1996-

2017

Ding et al. Examined the impact of energy

(2020) productivity along with ecofriendl
innovation, international trade and REC
on CO, emissions for G7 countries

Amin et al. Considered eco-friendly innovation in the

(2022)

relationship between energ¥\]productivity
on CCO, emissions for the N-11
economies from 1995-2019

Safi etal. (2022) | Considered key variables in the
relationship between energy productivity

and CCO, emissions for E-7 economies

Ozbugday,

Considered REC as important variable in
Erbas (2015)

the nexus between energy efficiency and
carbon emissions in advanced and lagging
economies

Ahmadi, Frikha | Considered REC and environmental

(2023) innovation as important variables in the
relationship between eneégg productivity
and consumption-based CO, emissions

Ding et Utilized energy intensity to measures a

al. (2020) country’s energy productivity

Kelly (2006) Using the regression analysis, explored

the impact of energy efficiency on CO,
emissions in Scotland and the United
Kingdom

Lietal (2022) | Examined the nonlinear impact of energy
efficiency on the CO, emission in the

transportation sector

Blesl et al. (2007) | Examined the impact of energy efficiency
on the CO, emissions of Germany’s

different séctors
Source: authors.

Key Findings

Confirmed the role of energy productivity or energy efficiency as a
significant measure to address the problem of carbon emissions

A negative shock to energy efficiency leads to an increase in CO,
emissions. Additionally, a positive shock in the REC abates CO,
emissions, but negative shock in REC augments CO, emissions over
time. Additionally, positive shocks to REC and energy efficiency have
a favorable negative impact on CO, emissions. While a short-term
increase in energy efficiency has only undetectable effects on the
dynamics of CO, emissions

Energy efficiency along with renewable energy consumption (REC)
and technological advancement are important factors for improving
environmental quality in advanced OECD economies

Imports and GDP have a significant association with CCo,, whereas
technical innovation, energy productivity, and exports have a negative
correlation with these emissions in G7 economies

Energy productivity, eco-innovation, REC, income, and trade are the
main factors influencing CO, emissions.

Energy productivity and eco-friendly innovation are important factors
affecting CO, emissions

Energ?f groductivity along with eco-innovation and institutional quality
are helpful in affecting CCO, emissions

Both REC and energy efficiency are helpful in abating CO2 emissions.
An increase in energy efficiency implies lower use of energy in
producing output, which ultimately leads to reduced CO, emissions

Energy productivity along with REC and eco-innovation are helpful in
affecting CCO, emissions

Energy productivity improves environmental performance in G7
countries. Further, GDP and imports deteriorate environmental
performance in G7 countries

Scotland has an energy-intensive economy and hence, the effects of
energy efficiency on reducing CO, emissions is more pronounced in
Scotland than in the UK

The nexus between energy efficiency and CO, emissions is nonlinear,
where emissions initially reduce as energy efficiency improves, and the
reduction becomes more pronounced once energy efficiency exceeds a
certain threshold in million RMB per unit of useg energy. However, the
impact of energy efficiency on CO, emissions is less than the stimulating
impact of income growth

Energy efficiency is more helpful in reducing CO, emissions in the
building sector and the transportation sector due'to the low economic
cost of energy efficiency in these sectors

largely due to energy supply and consumption patterns,
often influenced by relatively low energy prices. The data
utilized in this research is obtained from the World Bank
database’.

Model Specification and Theoretical Rationale
The basic functional form is:
CO2 = f (ER, EXP, IMB, GDB, REO, DERTI) (1)

Where, CO, represents CO, emissions. EP is energy produc-
tivity, which is measured as GDP per unit of energy con-
sumed. EP measures the economic output generated per

* https://databank.worldbank.org/, accessed 29.03.2026.

2026 | Vol.20 No 2

unit of primary energy consumed, typically expressed as
GDP divided by total primary energy supply (TPES).

EP =1/ Energy Intensity = GDP / TPES (2)

It reflects how efficiently a country converts its energy re-
sources into economic value and is the inverse of energy in-
tensity. DERTI, EXP, IMP, and GDP represent the develop-
ment of environment related technological innovation, ex-
ports, imports, and GDP, respectively. This study estimates
the model for both consumption-based carbon emissions
and production-based carbon emissions. Both empirical
models rely on one and the same algorithm:
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CCO2, =B, + B, EP, + B, REO, + B, EXP, + f3, IMP, + 3,

GDP,+ B, DERTI, +¢,, (3)
TCO2, = B, + B, EP, + , REO, + B, EXP, + f3, IMP, +
GDP,+ B, DERTI, +¢,, (4)

where f, is the multivariate linear regression coefficient,
€, is the error term. For empirical estimation, the variables
are transformed into natural logarithm in order to get the
estimated coeflicients as elasticities. Furthermore, the log
transformation is helpful in dealing with problems of het-
eroscedasticity.

The selection of these variables is grounded in strong theo-
retical justification, as evidenced in both recent and histori-
cal literature, as reflected in the equations presented above.
Based on the analysis of Khan et al. (2020), this study takes
in account exports and imports in the models of CCO, and
TCO, emissions for BRICS countries. There is a consensus
among researchers that exports tend to increase TCO, emis-
sions while reducing CCO, emissions. Moreover, imports
have a direct relationship with CO, emissions, as import-
ing energy-intensive products leads to higher consumption-
based emissions. Therefore, it is projected that imports in-
crease CCO, emissions, while exports reduce them. Further,
this study includes eco innovation in the models of CCO,
and TCO, emissions for BRICS countries. It is generally
argued that eco innovation can mitigate emissions from
production and consumption. Hence, we expect a negative
impact from renewable energy output on both CCO, and
TCO2 emissions. The panel dataset for BRICS countries over
the time period of 1990 to 2022 has been compiled from the
World bank database, and international energy agency. The
description of variables and their sources are given in Table
3. Table 4 presents the descriptive statistics of the key vari-
ables of the study, based on 170 observations.

Analytical framework

This study adopts different analytical tools to empirically
establish the relationship between energy productivity and
CO, emissions. However, before estimating the models, this
study examines the cross-sectional dependence between
cross sections. Ignoring cross-sectional dependence could
lead to unexpected results (Coskun et al., 2018). Further-
more, this study evaluates the slope heterogeneity (SH) in
the models.

The test statistics of Pesaran’s test is given in Equation 5:

€D = [ T Bhosea T iy ~N O )

where, p; ; is the correlation coefficient of residuals between
scross-section i and j. N'and T represent the number of cross-
sectional units (countries), and the number of time periods,
respectively. To check the slope heterogeneity (SH) in the
models, this study uses the SH test advanced by Pesaran
and Yamagata (2008). The test equations of the P&Y test are
given in Equation 6 and Equation 7:

K= (N)2(2K) 77 (25 — k) (6)

Table 3. Description of Used Variables

Variables Description Units

World Bank (2024)*

GDP per unit of energ
consumed (PPP $ per kg

EP Energy Productivity
of oil equivalent)

Exports of goods and

EXP 8 % of GDP
Imports of goods and

IMP o % of GDP

GDP Gross Domestic Product
REO  Renewable electricity

constant 2010 US$
% of total electricity

output output
OECD (2024)**

Development of environ-
DERTI mentalF related Techno- Bl/"(:e g}flﬁ%tﬁ)l Iirelélovated

logical Innovation 8

Global Carbon Atlas (2024)***

CCo, ggélsglnrggstiiggs-based €4 Metric tonnes of CO,
TCO, E;l;ﬁtsci)éz-sbased carbon | \retric tonnes of CoO,

* https://databank.worldbank.org/, accessed 29.02.2026.

** https://www.oecd.org/en/topics/green-technology-and-innovation.
html, accessed 29.02.2026.

*** https://globalcarbonatlas.org/, accessed 29.02.2026.

Source: authors.

Table 4. Descriptive Statistics

Variable Mean @ Std. Dev.  Min Max

CCO2 6.905 1.083 5.39 9.242
PCO2 7.081 1.11 5.424 9.492
EP 1.626 0.6 0,238 2.663
GDP 27.809 1.059 25.913 30.424
EXP 2.985 0.425 1.907 4.132
IMP 2911 0.357 1.94 3.876
REO 2.724 1.345 -2.482 4.558
DERTI 2.219 0.301 1.105 2.828
Note: Number of observations = 170.

Source: authors.

~ L ok(T—k-1 _% 1z

Agus= (N)2 ( T+1 ) (NS B Zk) 2

Where, 5 gr and A s represents delta and adjusted delta
statistics. S is the estimated measure of slope heterogeneity.

This study uses second generation Cross-section augment
Im, Pesaran, and Shin (CIPS) unit root tests to check the
stationarity of the panel series. The CIPS panel test, popular-
ized by Pesaran (2007), deals with CSD of units and SH in
the model.

The test equation of CIPS is given in Equation 8:
Aie= @i +@iZip1+PiZi g + € (8)

Z, is the variable of interest for country i at time t. Z,_ is
the cross-sectional mean lag. €ir is the error term. The CIPS
test statistics is given in Equation 9:

CIPS = ~Y™ , CADF, 9)
N
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Where, CADF represents Cross-Sectionally Augmented
Dickey-Fuller. Cointegration tests are essential for establish-
ing long-term relationships between the variables. Tradition-
al cointegration tests, such as those proposed by Johansen
(1988) and Kao (1999), include some biases that can lead to
inaccurate results when cross-sectional dependence (CSD)
exists among the series. We use the cointegration approach,
which accounts for slope heterogeneity, cross-sectional de-
pendence, and mix-order of integration (Westerlund, 2007).
The Westerlund’s test uses the bootstrap technique to eradi-
cate CSD effects between the variables, as opposed to other
cointegration tests (Johansen,1988; Kao0,1999), which lack
these characteristics. The test statistics of Westerlund’s test
are given in Equation 10-13:

_ Llyn &
G = N“1 ey (10)
1 Ta;
Ga = NZ{\I_ldl(l) (11)
&
Pe = SE(&) (12)
P, = Ta (13)

Where, G,and G_ represent the group test statistics. P and P,
represent the panel test statistics. For a robustness check, we
use the bootstrapping quantile regression (BSQR) approach
and the augmented mean group estimator (AMG) approach,
proposed by Pesaran (2006). The test is resilient to slope het-
erogeneity, endogeneity, and CSD (Cao, Zhou, 2022).

Results

Table 5 presents the results of the CSD test. The findings in-
dicate that the variables are statistically significant, suggest-
ing the presence of cross-sectional dependence among the
panel units. Furthermore, the correlation coeflicients, which
range from 0.135 to 0.889, confirm the existence of strong
associations across the cross-sectional units. This implies
that all panel variables exhibit a high degree of interdepen-
dence, meaning that shocks in one BRICS country are likely
to transmit to others. Table 6 shows the results of slope het-
erogeneity in the model. We find ample evidence of slope
heterogeneity in the model, evident from the significant test
statistics.

The results of IPS unit root test, presented in Table 7, show
that variables such as CCO,, IMP, DERTT, and GDP are sta-
tionary at level i-e., I (0) while the rest of variables (TCO,,
EP, EXP, and REO) are 1* difference stationary. Furthermore,
the results of CIPS test show that the variables such as CCO,,
IMP, DERTI, and GDP, are stationary. While the rest of vari-
ables, EP, TCO,, EXP, and REO, are stationary at the first
difference.

Table 8 provides the results of Westerlund’s cointegration ap-
proach. The value of error correction parameter (a = Pa/T)
is -0.553 for Model 1, and 0.440 for Model 2. This implies
that the speed of adjustments towards a long-run equilib-
rium is 55% and 44% for Model 1 and Model 2, respectively.

We employed the quantile regression (QR) method to es-
timate the models. The QR method is used to determine
elasticities at different levels of CCO, and TCO, emissions.

2026 | Vol. 20 No 2
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Table 5. Cross-Sectional Dependence

Variable CD-test Correlation
CCO2 16.17%%* 0.494
TCO, 17.99%%* 0.135
EP 118.78*** 0.889
EXP 77.26*** 0.578
IMP 79.48%** 0.595
REO 55.55%** 0.416
DERTI 1.430 0.078
GDP 57.88%** 0.433

Source: authors.

Table 6. Slope Heterogeneity

Test- statistics

Models D(eAlta Ail;glsttaed P-values
(adjA)

Model 1.1

CCO, =f (EP, REO, DERTI, 17.940 21.797 0.000

EXP, IMP, GDP)

Model 1.2

TCO, =f (EP, REO, DERTI, 24.301 27.619 0.000

EXP, IMP, GDP)

Source: authors.

Table 7. Unit Root Tests

Variables Level First-Difference

Im, Pesaran and Shin (IPS)

CCo, =005 oos

TCO, -1.790 —4.431%4%

EP -0.8094 -4.268%**

EXP -2.267% —5.643%**

IMP —2.589*** —

REO -1.765 -6.567***

DERTI —3.288*** -

GDP -1.764 —3.387%**

Cross-Sectionally Augmented IPS (CIPS)

CCO, -2.763*** -—

TCO, -1.471 -3.308%**

EP -2.210 -4.614 ***

EXP -2.218 -4.102%

IMP -2.826*** -

REO -1.943 —5.493%**

DERTI -3.870*** -

GDP -3.086*** —_—

Source: authors.

The empirical estimates, presented in Table 9, conclude that
EP, REO, IMP, EXP, and DERTT significant affect both CCO,
emissions and TCO, emissions. In case of Model 1, energy
productivity, REO and DERTI lower CCO, emissions. On
the contrary, IMP and GDP augment CCO, emissions. These
findings highlight the importance of promoting energy effi-
ciency and renewable energy use, while carefully managing
trade and economic activities, to achieve carbon emission
reductions from both consumption-based and territory-
based perspectives. In case of Model 2, energy productiv-
ity, REO and DERTT abate TCO, emissions. On the contrary,
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Table 8. Cointegration Results

Model 1 Model 2
Statistics Statistics
Kao test
Modified DF -9.9121*** -4.0119***
DF —7.2353%** -2.0584**
ADF —5.0914*** -1.126
Unadjusted modified DF —-13.1251%%* | -3.6343***
Unadjusted DF ~7.6081*** -1.9618**
Pedroni test
Modified PP 0.3460 2.3527%**
PP —3.7514*** 1.7102**
ADF -2.5025%** 2.2550**
Westerlund test
Variance ratio -0.7498 2.2321**

Source: authors.

GDP augments affect TCO, emissions. However, the coef-
ficients of IMP and EXP are insignificant for most of the
quantiles. TCO, emissions account for emissions produced
within a country’s borders, regardless of whether goods are
exported or imported. Hence, exports and imports may
not show a strong or direct influence on TCO, because the
emissions embodied in trade (especially imported goods)
are often produced outside the country and thus excluded
from the TCO, measure.

Figures A1 and A2 (see Annex) present the graphical repre-
sentations of the results of the MMQR method, presented in
table 9. The graphs clearly demonstrate the visible pattern,
which reaffirms the results of the QR method. GDP and
imports augment CCO, emissions in highly pollutant coun-
tries. On the contrary, exports and REO positively affects
CCO, emissions. In case of Model 2, EP, REO and DERTI
negatively influence TCO, emissions. On the contrary, GDP
positively affect TCO, emissions.

We employed the bootstrapping quantile regression (BSQR)
technique to check the robustness of the model and tech-
nique. It is evident that the BSQR estimates are aligned
with the MMQR estimates (Table 10). We find that energy
productivity and renewable electricity output are effective
in abating both CCO, and TCO, emissions. However, GDP
and imports increase them.

Figures A3 and A4 (see Annex) present the graphical rep-
resentation of the results of the BSQR method, presented in
Table 10. The graphs clearly demonstrate a visible pattern,
which confirms the results of the BSQR method.

We further checked the validity of the model and economet-
ric techniques by employing the augmented means group

(AMG) technique to estimate the models (Table 11). The

AMG method is used to determine elasticities that are a little

bit high over the long run.

Discussion

This study determines the elasticities of energy productivity,
exports, imports, GDP, and renewable energy output, and
eco-innovation at different level of CCO2 and TCO2 emis-
sions. It is evident that promoting energy productivity is ef-

Table 9. Estimates of Quantile Regression-MMQR

Variables | Quantile Coefficients [Dependent Variable: CCO,]

QO.ZS QU.SO Q0.75 Q0.90
EP -0.683* -0.669% -0.630% | -0.620*
[0.054] [0.048] [0.052]  [0.058]
GDP 1.167* 1.156* 1.125% 1.117*
[0.034] [0.031] [0.033]  [0.037]
EXP —0.422** —0.443% —0.498* -0.513**
[0.190] [0.167] [0.182]  [0.203]
IMP 0.755* 0.730* 0.664* 0.647*
[0.215] [0.189] [0.207] [0.231]
REO -0.220* -0.219% -0.216* -0.215*
[0.033] [0.029] [0.032] [0.035]
DERTI  -0.001 -0.055 —0.201%%* | —0.239***
[0.127] [0.114] [0.124]  [0.137]
Constant | —24.981* -24.310% -22.515% | -22.044*
[0.975] [0.898] [0.966]  [1.051]
Variables | Quantile Coefficients [Dependent Variable: TCO,]
Q0.25 Q0.50 Q0.75 Q0.90
EP -0.765* -0.733% -0.656* -0.625*
[0.165] [0.122] [0.049] [0.063]
GDP 1.158* 1.138* 1.091* 1.071*
[0.106] [0.078] [0.032] [0.041]
EXP -0.127 -0.104 -0.049 -0.027
[0.646] [0.476] [0.186]  [0.248]
IMP 0.778 0.683 0.456** 0.364
[0.726] [0.537] [0213]  [0.279]
REO -0.216*** -0.218%* -0.224* -0.227*
[0.115] [0.085] [0.033]  [0.044]
DERTI  -0.011 -0.095 -0.296** | -0.377**
[0.439] [0.326] [0.133] [0.170]
Constant = -25.332* -24.305* -21.858* | -20.863*
[3.074] [2.300] [0.998]  [1.206]

% p<0.01, ** p<0.05, * p<0.1. Values in [] are standard errors.
The dependent variable of model 1 is CCO, while the dependent
variable in model 2 is TCO,.

Source: authors.

fective. Higher energy productivity means producing more
output with less energy input, leading directly to lower car-
bon emissions both from a consumption and territorial per-
spective. Improving energy productivity is one of the cen-
tral points of discussions among BRICS countries. Among
BRICS countries, Brazil is the most successful country in
improving its energy productivity over the years. Overall,
the BRICS countries have abated CO2 emissions in recent
years by producing more output with less energy. How-
ever, the coefficient of energy productivity, in both models,
gradually weakens at higher quantiles, reflecting that energy
productivity plays a greater role in reducing emissions in
lower polluting countries. These results support the findings
of (Lei et al., 2021; Ahmadi, Frikha, 2023; Paramati et al.,
2022). Due to significant investment in renewable electricity
output, BRICS countries have successfully decreased their
reliance on fossil fuels and thus abated both CCO2 emis-
sions and TCO2 emissions in recent times. We find that eco
innovation, presented by DERTI, is important in abating
both CCO2 and TCO2 emissions in BRICS countries. The
studies (Alola et al., 2019; Atasoy, 2017; Rahman et al., 2019;
Lei et al., 2021; Ahmad et al., 2021) also find similar results.
The results indicate that exports reduce CCO, emissions,
while imports increase them. Imports also raise TCO, emis-
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Table 10. Estimates of Quantile Regression-BSQR

Variables  Quantile Coefficients [Dependent variable:
CCO2]
Q0.25 Q0.50 Q0.75 QO.QO
EP -0.700%** | -0.676*** | —-0.427** | -0.416***
[0.043] [0.101] [0.126] [0.045]
GDP 1.160%** 1.135%%* 1.059%** 1.051%*
[0.016] [0.035] [0.038] [0.026]
EXP —0.382%** -0.301 —0.458%** | —0.371***
[0.120] [0.258] [0.140] [0.080]
IMP 0.786*** 0.704** 0.406 0.331+%*
[0.178] [0.352] [0.269] [0.094]
REO —-0.198%%% | —0.22**%* -0.048 -0.033
[0.027] [0.055] [0.186] [0.157]
DERTI 0.016 -0.154 0.058 0.028
[0.048] [0.155] [0.142] [0.047]
Constant | —25.063%%* | —23.851*%* | —21.399%%* | —21.154***
[0.459] [1.358] [0.934] [0.682]
Variables | Quantile Coefficients [Dependent variable:
TCO2]
QO.ZS QO‘SO Q0‘75 Q0.90
EP —0.798%%% | —0.7307%% | -0.444F%% | -0.398%**
[0.038] [0.071] [0.086] [0.045]
GDP 1.181%** 1.145%%* 0.962*** 0.970***
[0.021] [0.034] [0.101] [0.053]
EXP -0.015 -0.046 -0.093 0.140
[0.087] [0.148] [0.074] [0.100]
IMP 0.560%** 0.733%%* 0.240 -0.012
[0.183] [0.273] [0.148] [0.133]
REO —-0.226%*% | —0.235%*%* -0.020 -0.019
[0.043] [0.056] [0.198] [0.074]
DERTI -0.010 -0.114 0.026 0.045
[0.040] [0.156] [0.148] [0.068]
Constant | —25.597%%* | 24,741 | —19.118%** | —19.377***
[0.394] [1.040] [2.474] [1.145]

% p<0.01, ** p<0.05, * p<0.1. Values in [] are standard errors.

Source: authors.

sions, whereas exports show no significant impact on TCO.,.
Many BRICS countries import energy-intensive goods from
abroad, which result in higher CCO2 emissions. Hence,
imports augment CCO2 emissions but reduce TCO2 emis-
sions. Export-oriented industries in BRICS countries are
often high-tech and may increase territorial emissions per
unit of output only. A previous study (Khan et al., 2020) also
found similar results.

Conclusions

This study has attempted to investigate the role of energy
productivity, renewable electricity output, eco-innovation,
exports, imports, and GDP on both consumption-based and
territorial carbon emissions for BRICS countries over the
period of 1990 to 2023. To estimate the models, this study
employed the quantile regression method. The empirical
results show that energy productivity, renewable electric-
ity output, and the development of environmentally related
technological innovations negatively influence CCO2 emis-
sions. On the contrary, imports and GDP positively affect
CCO2 emissions. These findings highlight the importance
of promoting energy efliciency and renewable energy use,
while carefully managing trade and economic activities, to
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achieve carbon emission reductions from both consump-
tion-based and territory-based perspectives. In case of
Model 2, energy productivity, renewable electricity output,
and eco-innovation negatively influence territorial CO2
emissions. On the contrary, GDP positively affects TCO2
emissions. However, trade-related factors do not influence
TCO?2 emissions. These findings highlight the need to pro-
mote energy efficiency and expand the use of renewable en-
ergy while carefully managing trade and economic activities,
to achieve environmental sustainability.

Based on the above results, this study suggests that BRICS
countries’ efforts to enhance energy efficiency in order to
reduce CO2 emissions might be a game changer in world
climate policy. Implementing energy productivity measures
would increase output and lower the need for energy uti-
lization, which would ultimately lower carbon emissions.
Another key takeaway is that focusing on conventional eco-
nomic growth alone is ineffective. Countries should focus
on growth models that address social and environmental
concerns while achieving economic growth. Hence, eco-
nomic growth may be accompanied by eco-innovation and
stronger energy systems to achieve environmental sustain-
ability in the long run. BRICS countries need to focus on
environmentally friendly sources of renewable energy, to
achieve zero carbon economy. They need to apply efficient
practices in their economic activities, which would enable
them to boost their exports and may help reduce CO-2
emissions. The governments’ support of investments in in-
novative technology would ensure minimal impact on the
ecosystem during the pursuit of development. These results
highlight the fact that BRICS countries should concentrate
not only on expanding eco-innovation and a strong renew-
able energy system, but also on improving energy productiv-
ity. A more comprehensive policy can support international
commitments such as the Paris Agreement.

As with any research, our study has its limitations. It covers
only the core BRICS countries. Moreover, this study mainly
uses aggregated data for the BRICS economies, potentially
neglecting country-specific differences in policy, institu-
tions, and technology. In the future, studies may be carried
out to examine the validity of these results in other regions
of the world.

Table 11. Results of Augmented Mean Group

Estimator

Augmented Mean Group Estimator

Variables
Model 1 Model 2
EP ~0.516*** [0.134] ~0.545** [0.096]
GDP 1.116*** [0.146] 1.096*** [0.088]
EXP ~0.333*** [0.051] ~0.012 [0.063]
IMP 0.136* [0.015] 0.015** [0.006]
REO -0.207* [0.114] -0.048 [0.136]
DERTI 0.012 [0.022] 0.008 [0.044]
Constant -21.859*** [3.851] -22.418*** [2.060]

X p<0.01, ** p<0.05, * p<0.1. Values in [] are standard errors.
Source: authors.
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