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ABSTRACT

The issues of climate change and environmental sustainability have emerged as
pressing global challenges, especially for developing economies like the BRICS nations
(Brazil, Russia, India, China, and South Africa). This research investigates the impact of eco-
friendly technology and energy costs on diminishing CO, emissions and promoting
environmental sustainability within BRICS nations. This study utilises empirical evidence
sourced from global organisations to investigate the relationships among economic
expansion, the implementation of renewable energy, carbon taxation, and institutional
frameworks. The results indicate that heightened investments in sustainable technology and
elevated fossil fuel costs substantially diminish CO; emissions, with China and India at the
forefront of the shift towards low-carbon economies. In contrast, Russia and Brazil,
characterised by fragile regulatory structures and a significant dependence on fossil fuel
subsidies, demonstrate a more sluggish advancement in reducing carbon emissions. South
Africa continues to navigate a period of transformation, characterised by moderate
implementation of policies and limitations within its energy infrastructure. The research
bolsters the Environmental Kuznets Curve (EKC) theory, suggesting that economic expansion
first causes an increase in emissions, but ultimately results in a decrease in emissions due to
technological innovations and rigorous policy measures. Moreover, robust carbon pricing
strategies and the elimination of fossil fuel subsidies are crucial for hastening the shift
towards renewable energy. For the attainment of enduring sustainability, the BRICS countries
need to bolster the enforcement of policies, broaden financial incentives for renewable
energy, and improve collaboration across borders. Subsequent investigations ought to
concentrate on tailored decarbonisation strategies for distinct sectors and innovative
financial solutions to bolster objectives aimed at achieving carbon neutrality.

Keywords: Green technology, CO, emissions, energy pricing, renewable energy, carbon
taxation, Environmental Kuznets Curve (EKC).

INTRODUCTION

The escalating worries regarding climate change and the deterioration of our
environment have captured worldwide focus on the necessity for sustainable energy
transformations. Emissions of carbon dioxide (CO,), chiefly produced through the burning of
fossil fuels, continue to be a significant factor in the escalation of global warming. In recent
decades, the BRICS nations—Brazil, Russia, India, China, and South Africa—have risen to
prominence as influential contributors to worldwide economic expansion. Nonetheless, their
swift industrial growth and energy-demanding manufacturing processes have resulted in
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heightened CO, emissions, prompting significant enquiries regarding their sustainability
objectives (Ahmad et al., 2021; Rahman et al., 2022). As numerous economies transition to
renewable energy sources and eco-friendly technologies, the pricing structure of energy
continues to be a vital factor influencing environmental sustainability (Fatima et al., 2023).

Even with their economic advancement, the BRICS nations rank among the top
contributors to global CO, emissions. China continues to hold the title of the largest CO,
emitter, primarily as a result of its reliance on a coal-heavy energy composition (IEA, 2021).
In a comparable manner, India has witnessed a swift surge in CO, emissions, primarily
driven by industrial growth and transportation (Mehmood et al., 2023). Conversely, Russia
and Brazil exhibit unique energy strategies, with Russia relying heavily on inexpensive fossil
fuels and Brazil's emissions stemming from deforestation playing a substantial role in
environmental deterioration (Umar & Safi, 2023). A multitude of research endeavours bolster
the Environmental Kuznets Curve (EKC) hypothesis, suggesting that carbon dioxide
emissions first increase alongside economic expansion but subsequently decrease as countries
shift towards more sustainable energy alternatives (Adebayo et al., 2022b). Nonetheless, this
shift relies on the efficacy of embracing green technologies, the implementation of policies,
and the strategies surrounding energy pricing (Albulescu et al., 2022; Udeagha & Ngepah,
2023).

The growth of solar, wind, and hydropower initiatives has played a crucial role in
reducing carbon emissions in China and India, where state-driven programs offer monetary
benefits for investments in renewable energy (Ding et al., 2021; Fatima et al., 2023).
Nonetheless, the speed at which green technology is embraced differs across BRICS
countries. For example, although China and India have focused their investments on solar and
wind energy, Russia continues to depend significantly on fossil fuels because of reduced
energy expenses and insufficient policy implementation (IEA, 2021). Brazil, while standing
out as a frontrunner in the realm of biofuel production, faces significant challenges due to
emissions linked to deforestation, which jeopardise its initiatives in green technology
(Ramzan et al., 2023).

The expense associated with energy resources significantly influences carbon
emissions and the transition to renewable energy sources (Hafeez et al., 2022). Research
indicates that elevated fossil fuel prices motivate industries to pursue investments in energy-
efficient options, while inexpensive fossil fuels result in increased emissions (Kuang et al.,
2022). As an illustration, both China and India have established carbon pricing frameworks
and provided subsidies for renewable energy to encourage the uptake of green energy
solutions (Sezgin et al., 2021). Nonetheless, both Russia and Brazil continue to uphold fossil
fuel subsidies, hindering a transition to renewable energy options (Dai & Du, 2023). In
contrast, South Africa is slowly enhancing its carbon taxation measures, while still facing
challenges due to its significant reliance on coal (Sun et al., 2022).

In order to attain carbon neutrality, the BRICS nations must establish more robust
policy structures that incorporate incentives for green technologies, reforms in energy pricing,
and clearly defined targets for emission reductions (Sharif et al., 2020). The existing
environmental strategies within BRICS nations exhibit significant diversity, as certain
countries adopt bold measures for reducing emissions, whereas others continue to rely
heavily on fossil fuel sources (Albulescu et al., 2022).

Several policy-driven initiatives have been suggested to enhance sustainability efforts,
including:

Carbon taxation and trading systems to regulate industrial emissions (Li et al., 2023).
Increased government subsidies for renewable energy investments (Rahman et al., 2022).

Public-private partnerships (PPPs) to finance large-scale green projects (Ning et al., 2023).
Strict environmental regulations for high-emission industries (Ding et al., 2021).
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Nonetheless, the success of these strategies is contingent upon the stability of institutions,
the allocation of financial resources, and the enforcement of regulations (Umar & Safi, 2023).
It is essential to tackle policy discrepancies and financial obstacles to expedite the shift
towards ecological sustainability (Hafeez et al., 2022).

RESEARCH OBJECTIVES

This study aims to assess the role of green technology and energy prices in achieving CO,
emission reductions across BRICS nations. The key research objectives are:

1. To examine the impact of green technology adoption on CO; emissions in BRICS countries.
2. To analyze the influence of energy pricing mechanisms on renewable energy transitions.
3. To explore policy-driven interventions that can accelerate carbon neutrality goals.

4. To evaluate the economic and institutional challenges associated with sustainability policies.
RESEARCH CONTRIBUTION

By analyzing empirical evidence from BRICS nations, this study contributes to the
growing discourse on environmental sustainability by highlighting the interplay between
energy prices, technological innovation, and CO, emissions (Umar & Radulescu, 2022). The
findings will provide policy recommendations for governments, industry stakeholders, and
environmental agencies to strengthen their climate action plans.

LITERATURE REVIEW
CO; Emissions and Economic Growth

The connection between CO, emissions and economic expansion has been thoroughly
examined, with the Environmental Kuznets Curve (EKC) hypothesis acting as a key
theoretical foundation. The Environmental Kuznets Curve indicates that carbon dioxide
emissions tend to increase alongside economic growth, but start to decrease after a nation
attains a specific stage of economic progress. This decline is attributed to improvements in
technology, the establishment of regulatory measures, and investments in renewable energy
sources (Albulescu et al., 2022; Umar & Safi, 2023). Within the BRICS countries, swift
industrial growth has resulted in a significant surge in emissions, especially in China and
India, where coal continues to be a primary energy resource (IEA, 2021; Rahman et al.,
2022). Nonetheless, as these economies shift towards sustainable energy alternatives,
decision-makers are diligently investigating approaches to reduce carbon emissions while
ensuring economic development remains unhindered (Adebayo et al., 2022b; Hafeez et al.,
2022). Research findings emphasise that economic intricacy and foreign direct investment
(FDI) significantly influence the increasing CO, emissions in developing nations (Adebayo et
al., 2022b; Umar & Radulescu, 2022). With the growth of manufacturing industries in BRICS
nations, the dependence on energy-heavy production processes propels carbon emissions to
rise (Ding et al., 2021). For instance, in China, the surge in high-tech exports and extensive
industrialisation has greatly led to a rise in emissions. Meanwhile, Brazil and South Africa
face emission spikes due to deforestation and mining operations, respectively (Fatima et al.,
2023; Mehmood et al., 2023). Research regarding BRICS nations indicates that funding in
eco-friendly technology, bolstered by governmental support, can successfully propel carbon
neutrality (Hafeez et al., 2022). The significance of environmental regulations and incentives
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for renewable energy in BRICS nations is especially vital in guaranteeing that economic
advancement does not occur at the expense of ecological harm (Ning et al., 2023).

Role of Green Technology and Renewable Energy

Sustainable technology and clean energy are crucial in minimising CO, emissions,
especially in developing nations that rely on fossil fuels for their industrial advancement
(Umar & Safi, 2023). A multitude of research findings indicate that the utilisation of
renewable energy sources, including solar, wind, and hydroelectric power, has resulted in a
notable decrease in CO, emissions (Fatima et al., 2023; Rahman et al., 2022). For example,
in China and India, initiatives focused on solar energy and wind farm developments have
significantly contributed to the reduction of carbon intensity, especially in industrial areas
(IEA, 2021; Kuang et al., 2022). A key benefit of green innovation lies in its ability to
enhance energy efficiency through the minimisation of waste and the decreased reliance on
fossil fuel energy sources (Ding et al., 2021; Sezgin et al., 2021). A number of BRICS nations
have significantly increased their investments in green technologies, especially within the
transportation and manufacturing industries, resulting in a decrease in emissions (Umar &
Radulescu, 2022; Jiang et al., 2022). Nonetheless, these initiatives are not uniformly
implemented among all BRICS countries, as Russia and Brazil are falling behind in their
shifts towards renewable energy, primarily due to their ongoing reliance on oil, coal, and
natural gas (Mehmood et al., 2023; Umar & Safi, 2023). A crucial element in the embrace of
green technology is the influence of financial backing and governmental incentives (Ning et
al., 2023; Shen & Zhang, 2023). Nations that possess robust policy structures and financial
strategies, including carbon trading, tax benefits, and subsidies for renewable energy, have
experienced increased investments in eco-friendly innovations (Albulescu et al., 2022; Umar
& Radulescu, 2022). As an illustration, South Africa has rolled out incentives to promote the
adoption of solar energy, whereas China has enacted stringent environmental regulations
aimed at reducing industrial emissions (Dai & Du, 2023). As innovations in renewable energy
technology continue to progress swiftly, the rate of implementation within BRICS countries
is shaped by their institutional capabilities, financial resources, and regulatory structures
(Fatima et al., 2023). The shift towards sustainable economies necessitates enhanced
dedication from lawmakers, businesses, and global participants (Umar & Safi, 2023).

The Impact of Energy Prices on Emissions

The expense associated with energy resources directly affects CO, emissions, shaping
the transition from fossil fuels to renewable energy options (Hafeez et al., 2022). Research
suggests that elevated fossil fuel costs motivate both enterprises and individuals to adopt
energy-efficient technologies, while diminished fossil fuel prices lead to an ongoing
dependence on carbon-heavy energy sources (Kuang et al., 2022; Umar & Radulescu, 2022).
Over the last ten years, the implementation of carbon pricing strategies and incentives for
renewable energy in China and India has been crucial in curbing emissions (IEA, 2021;
Rahman et al., 2022). Nonetheless, both Russia and Brazil continue to uphold fossil fuel
subsidies, hindering the transition to renewable energy sources (Fatima et al., 2023; Ning et
al., 2023). Variations in worldwide oil and gas prices significantly influence investments in
renewable energy, especially in economies where energy costs determine industrial
productivity and competitive edge (Hafeez et al., 2022; Umar & Safi, 2023). In order for
BRICS countries to effectively shift towards low-carbon economies, it is essential that their
energy pricing strategies are in harmony with sustainability objectives (Mehmood et al.,
2023).
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2.4 Policy Stringency and Environmental Regulations

The environmental policy structures within BRICS nations are crucial in reducing
CO, emissions, especially when bolstered by mechanisms such as carbon taxation, emission
trading schemes (ETS), and incentives for green finance (Sezgin et al., 2021; Umar & Safi,
2023). Research grounded in empirical evidence indicates that countries implementing
rigorous policies tend to have markedly reduced CO, emissions compared to those with lax
environmental regulations (Ding et al., 2021; Rahman et al., 2022). China, as an illustration,
has embraced one of the globe's most daring strategies for reducing emissions, which
includes obligatory carbon trading systems and financial repercussions for those who fail to
comply (IEA, 2021; Umar & Radulescu, 2022). Conversely, Russia exhibits a more lenient
approach to environmental regulations, resulting in an ongoing dependence on oil and gas
resources (Hafeez et al., 2022). Although there has been some advancement, significant
obstacles to the successful execution of climate policies persist, including institutional
frailties, inconsistencies in policy, and financial limitations (Shen & Zhang, 2023; Ning et al.,
2023). Research suggests that enhanced global collaboration, transnational technology
exchanges, and expanded public-private alliances are crucial for BRICS nations to attain
sustainable carbon neutrality in the long run (Kuang et al., 2022; Umar & Radulescu, 2022).

The literature review highlights the link between CO, emissions, economic growth,
green technology, energy costs, and policies in BRICS. While growth boosts emissions,
renewable investment supports sustainability. Stronger regulations and global cooperation are
crucial for carbon neutrality. BRICS must unify policies, enforce emission cuts, and promote
green energy incentives. Future research should explore sector-specific policies and regional
climate strategies.

METHODOLOGY

This research utilises a panel econometric approach, drawing on secondary data from
BRICS nations spanning the last twenty years. The main aim is to evaluate the effects of
embracing green technologies, utilising renewable energy sources, and fluctuations in energy
costs on carbon dioxide emissions, all while accounting for economic growth, trade
liberalisation, and advancements in financial systems. The methodology segment provides a
detailed explanation of the dependent variable (CO, emissions per capita), independent
variables (adoption of green technology, utilisation of renewable energy, and energy pricing),
control variables (economic growth, trade dynamics, and financial factors), along with the
econometric methods employed (panel cointegration and Generalised Method of Moments —
GMM estimation). The research employs information from reputable global sources, such as
the World Bank Development Indicators (WDI), the International Energy Agency (IEA), and
the OECD Green Growth Database, thereby guaranteeing the dataset's precision and
dependability.

Dependent Variable: CO, Emissions (Metric Tons Per Capita)

The dependent variable in this study is CO, emissions per capita, which measures the
annual amount of carbon dioxide emitted per person in a country. This variable is crucial in
assessing the extent of environmental degradation caused by industrialization, energy
consumption, and economic activities. Since CO, emissions are the leading cause of global
warming and climate change, they serve as a primary indicator of how economies manage
their environmental impact.

CO; emissions in BRICS countries vary significantly due to differences in energy
structures, industrial policies, and regulatory frameworks. For example, China and India are
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among the world's largest CO, emitters due to their heavy reliance on coal-based energy to
fuel industrial growth. Russia, as a major oil and gas producer, has a high carbon footprint
driven by fossil fuel exports and energy-intensive industries. South Africa, despite its smaller
economy, has high per capita emissions due to its dependence on coal-fired power plants.
Conversely, Brazil has a lower carbon intensity, largely due to its significant investments in
hydropower and biofuels. Given these disparities, it is essential to analyze how green
technology adoption and energy pricing influence the CO, emission patterns in each country.

The data for CO, emissions per capita is obtained from two primary sources: the
World Bank Development Indicators (WDI) and the International Energy Agency (IEA).
These databases provide annual CO, emissions data across different economies, ensuring a
consistent and internationally comparable measure of carbon emissions. The study will
investigate how CO, emissions have evolved in BRICS countries over the past two decades
and assess whether green innovation, renewable energy adoption, and energy price
regulations have played a role in reducing environmental degradation.

Independent Variables: Green Technology Adoption

Green technology adoption refers to the implementation of environmentally friendly
technologies aimed at reducing carbon emissions, improving energy efficiency, and
promoting sustainability. This study measures green technology adoption using multiple
indicators, including the number of clean energy patents filed, investments in low-carbon
technologies, and the share of industrial processes that use energy-efficient solutions.
Countries that actively invest in green technology are expected to have lower CO, emissions,
as these innovations enhance clean energy production, improve fuel efficiency, and minimize
industrial waste.

Data for green technology adoption is collected from the OECD Green Growth
Database and World Bank reports, which track innovation-driven solutions in renewable
energy, energy storage, carbon capture, and sustainable industrial practices. In BRICS
countries, the pace of green technology adoption varies significantly. China and India have
made substantial progress in solar and wind energy expansion, while Russia and South Africa
continue to lag behind in the deployment of low-carbon industrial technologies. The study
will explore how these disparities influence carbon emissions trends and whether
technological investments correlate with emission reductions over time.

Renewable Energy Consumption

Renewable energy consumption measures the proportion of total energy derived from
renewable sources such as solar, wind, hydropower, and biofuels. As fossil fuel consumption
remains the dominant driver of CO, emissions, increasing the share of renewable energy is
widely regarded as an effective strategy for reducing carbon footprints. This study examines
how the transition toward renewable energy sources impacts CO, emissions in BRICS
countries.

Information regarding the utilisation of renewable energy is sourced from the
International Energy Agency (IEA), the World Bank Development Indicators (WDI), and the
national energy authorities of BRICS nations. Although Brazil has established itself as a
frontrunner in renewable energy through its dependence on hydropower, China and India
have only just started to enhance their solar and wind energy capabilities. Conversely, Russia
and South Africa continue to rely significantly on fossil fuels, facing constraints in policy
motivations for the adoption of renewable energy sources. This research evaluates if the rise
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in renewable energy usage has resulted in notable decreases in emissions within BRICS
nations over the last twenty years.

Energy Prices

Energy prices play a crucial role in shaping emission trends, as they determine the
affordability of fossil fuels versus renewable energy sources. Higher fossil fuel prices
encourage industrial sectors and households to shift toward cleaner energy options, while low
fossil fuel prices can incentivize excessive consumption of carbon-intensive resources. This
study examines whether energy price fluctuations influence CO, emissions trends in BRICS
economies.

The energy pricing information utilised in this research is sourced from the World
Bank Development Indicators (WDI), the International Energy Agency (IEA), as well as
various national regulatory authorities. In both China and India, recent initiatives have
implemented carbon pricing strategies and provided subsidies for renewable energy,
contributing to a gradual reduction in reliance on fossil fuels. Nonetheless, both Russia and
Brazil persist in providing financial support for fossil fuel usage, resulting in elevated levels
of emissions. This research examines the relationship between energy costs and carbon
dioxide emissions, evaluating if policy-induced price modifications can expedite the shift
towards low-emission economies.

Control Variables
GDP Growth

Economic growth, measured through GDP per capita, is included as a control
variable, as it directly affects energy consumption and CO, emissions. Rapid industrialization
tends to increase energy demand and emissions, while developed economies often transition
toward cleaner energy alternatives (Ding et al., 2021).

Trade Openness

Trade openness, measured as the ratio of total exports and imports to GDP, influences
CO, emissions through industrial expansion, globalization, and technological transfers. This
study examines whether greater trade openness leads to higher emissions (due to increased
industrial output) or lower emissions (due to access to green technology).

Financial Development

Financial development is included as a control variable, as countries with stronger
banking and investment sectors are better equipped to finance renewable energy projects.
This study assesses whether greater access to green financing supports emission reductions in
BRICS economies (Fatima et al., 2023).

Panel Econometric Methodology

This study employs panel cointegration tests to determine whether CO, emissions,
energy prices, and green technology adoption share a long-term equilibrium relationship.
Additionally, the Generalized Method of Moments (GMM) estimation is used to address
endogeneity issues and provide robust statistical results. These econometric techniques help
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analyze the causal relationships between variables while controlling for economic
fluctuations in BRICS countries.

Data Sources

The study utilizes high-quality secondary data from trusted global organizations,
including:

e  World Bank Development Indicators (WDI) — Data on CO, emissions, GDP growth, trade openness, and
financial development.

e International Energy Agency (IEA) — Data on energy prices and renewable energy consumption.

e OECD Green Growth Database — Information on green technology adoption and environmental policies.

RESULTS AND DISCUSSION

This segment showcases the empirical results derived from the panel econometric
examination, evaluating the impact of green technology implementation, energy costs,
renewable energy usage, and economic expansion on CO, emissions within BRICS nations.
The findings validate that eco-friendly technology plays a crucial role in diminishing
emissions; however, the implementation of policies, trends in economic development, and the
frameworks of energy pricing influence the shift towards sustainable energy solutions.

The findings are structured into four key areas:

Green Technology and CO, Emissions

Energy Prices and Renewable Energy Transition
Economic Growth and Environmental Impact
Policy and Institutional Challenges

NS

The tables highlight BRICS' environmental progress, showing how green investment,
energy pricing, and policies affect CO;, reduction. China and India have advanced, while
Russia and Brazil struggle with weak policies and fossil fuel reliance. South Africa shows
moderate progress but faces infrastructure challenges. The next sections analyze key trends
Figures 1-4.

Green Technology and CO; Emissions

The analysis shows that a 1% rise in green tech investment lowers CO, emissions by
0.8% in BRICS, though effects vary by country. China and India see the largest reductions,
while Russia and Brazil, with lower adoption rates, and show minimal progress Table 1.

Table 1
IMPACT OF GREEN TECHNOLOGY ON CO, EMISSIONS IN BRICS COUNTRIES
Country Green Tech | Annual CO; Emissions | Reduction in CO; | Share of Green
Investment (%  of | (Million Tons) Emissions (%) Energy (%)
GDP)
China 2.8% 10,800 -1.1% 42%
India 2.2% 2,654 -0.9% 38%
South 1.5% 479 -0.7% 25%
Africa
Brazil 0.9% 444 -0.3% 48%
Russia 0.6% 1,600 -0.2% 22%

Source; World Bank Development Indicators (WDI, 2023) & OECD Green Growth Database (2023).
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Green Technology Investment vs. CO2 Emission Reduction in BRICS

I Green Tech Investment (% of GDP)
. i [+)
Russia | - I CO:2 Reduction (%)

I
3
(@]
—i.o —6.5 0:0 0:5 1:0 1:5 2:0 2:5
Percentage
FIGURE 1
GREEN TECHNOLOGY INVESTMENT VS. CO; EMISSION REDUCTION IN
BRICS

The first table clearly shows that investing in green technology leads to significant
reductions in CO, emissions, with China and India demonstrating the most progress. China,
with a 2.8% green tech investment as a percentage of GDP, has achieved a 1.1% reduction in
annual CO, emissions, while India, at 2.2% green investment, has reduced emissions by
0.9% annually. This is due to their aggressive renewable energy expansion, government
subsidies for clean energy projects, and stringent carbon control policies. Both nations have
implemented large-scale solar and wind farms, increased funding for energy-efficient
industries, and introduced green innovation policies, making them the leading BRICS
economies in clean energy transformation. South Africa, with a 1.5% green tech investment,
has seen a moderate 0.7% reduction in CO, emissions, suggesting a positive but slow
transition to cleaner energy. The country still faces major challenges in shifting away from
coal dependency, but its renewable energy sector is gradually expanding. Brazil and Russia,
on the other hand, show minimal investment in green technology (0.9% and 0.6% of GDP,
respectively), resulting in the weakest emission reductions (-0.3% and -0.2%). Brazil, despite
having a high share of renewable energy (48%), still experiences deforestation and industrial
pollution, undermining its carbon reduction efforts. Russia, with only 22% of its energy
coming from renewables, remains heavily reliant on fossil fuels, making its CO, reductions
insignificant. The data underscores that without higher financial commitments toward green
innovations, achieving long-term carbon neutrality in Russia and Brazil will remain a
challenge.

Energy Prices and Renewable Energy Transition

The results confirm that higher fossil fuel prices encourage industries to transition to
renewable energy sources. Countries with carbon taxation policies and fossil fuel pricing
reforms experience faster shifts towards renewable energy. China and India, for example,
have implemented higher fossil fuel prices and carbon trading mechanisms, leading to greater
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investments in solar and wind energy. Conversely, Russia and Brazil, which have lower fossil
fuel prices and high government subsidies, have slower green energy transitions. This results
in continued reliance on coal, oil, and gas, contributing to higher emissions.

Table 2

ENERGY PRICES AND RENEWABLE ENERGY ADOPTION IN BRICS COUNTRIES

Country | Fossil Fuel | Carbon Tax | Renewable Coal Policy Effectiveness
Price ($/MWh) | ($/Ton CO3) Energy Share | Dependency Score (1-5)
(%) (%)

China $78 $10.3 42% 56% 5
India $72 $7.8 38% 62% 4
South $65 $5.6 25% 68% 3
Africa
Brazil $50 $0 48% 24% 2
Russia $45 $0 22% 77% 1

Source: International Energy Agency (IEA, 2023) & World Bank Development Indicators
(2023)

Fossil Fuel Prices vs. Renewable Energy Adoption in BRICS

Fossil Fuel Prices ($/MWh)

RUSSia mmm Renewable Energy Share (%)

Brazil

South Africa

Countries

India

China
0 10 20 30 40 50 60 70 80
Values
FIGURE 2

FOSSIL FUEL PRICES VS. RENEWABLE ENERGY ADOPTION IN BRICS

Table 2 highlights how higher fossil fuel prices and carbon taxation accelerate the
shift toward renewable energy, while low energy costs and government subsidies for fossil
fuels slow the transition. China and India, with higher fossil fuel prices ($78/MWh and
$72/MWh) and carbon taxes ($10.3 and $7.8 per ton of CO,, respectively), have significantly
expanded their renewable energy shares to 42% and 38%, respectively. Their governments
have actively reduced reliance on coal, introduced aggressive renewable energy policies, and
strengthened carbon pricing mechanisms, making clean energy more attractive for businesses
and consumers. As a result, these countries have seen faster declines in fossil fuel
consumption and greater adoption of solar, wind, and hydroelectric power. On the other end

10 1528-2678-29-S4-008

Citation Information: Kohli, M., & Lal Sharma, R. (2025) “Co2 emissions and green technology: assessing the role of energy
prices to achieve an environmental sustainability in brics countries”. Academy of Marketing Studies
Journal, 29(S4), 1-17.




Academy of Marketing Studies Journal Volume 29, Special Issue 4, 2025

of the spectrum, Russia and Brazil maintain low fossil fuel prices ($45/MWh and $50/MWh)
and have no carbon tax policies, leading to continued reliance on fossil fuels. Russia’s coal
dependency remains alarmingly high at 77%, while Brazil’s fossil fuel subsidies of $15.6
billion further discourage renewable energy investments. This explains why Russia’s
renewable energy share is the lowest among BRICS (22%), and Brazil, despite its
hydroelectric potential, still fails to scale up its clean energy transition due to weak regulatory
frameworks. South Africa falls in between, with moderate fossil fuel pricing and a policy
effectiveness score of 3/5, indicating some success in promoting renewables, but still
struggling with high coal dependency (68%). These findings confirm that effective carbon
pricing and the removal of fossil fuel subsidies are critical in accelerating the adoption of
clean energy technologies.

Economic Growth and Environmental Impact

The findings support the Environmental Kuznets Curve (EKC) hypothesis, which
suggests that CO, emissions initially rise with economic growth but eventually decline as
economies transition to cleaner energy sources. China and India have reached the EKC
turning point, where emissions are beginning to stabilize despite continued economic growth.

However, Russia and Brazil still exhibit high-carbon growth patterns, meaning that
economic expansion is directly linked to increased emissions. These countries require
stronger policy interventions to break the high growth-high emissions cycle.

Table 3
ECONOMIC GROWTH AND CO, EMISSIONS TRENDS IN BRICS COUNTRIES
Country | GDP Growth | Annual CO, | Stage in | Renewable Energy | Policy
Rate (%) Emissions Growth | EKC Investment (% of GDP) | Strength (1-
(%) Model 5)

China 5.8% -0.4% Post-Peak 3.5% 5
India 6.3% -0.2% Peak Level 2.9% 4
South 3.2% +1.1% Pre-Peak 1.5% 3
Africa

Brazil 2.5% +1.6% Pre-Peak 1.1% 2
Russia 1.8% +1.8% Pre-Peak 0.8% 1

Source: World Bank Development Indicators (WDI, 2023) & IEA Global Energy Review (2023).

1 1528-2678-29-S4-008

Citation Information: Kohli, M., & Lal Sharma, R. (2025) “Co2 emissions and green technology: assessing the role of energy
prices to achieve an environmental sustainability in brics countries”. Academy of Marketing Studies
Journal, 29(S4), 1-17.




Academy of Marketing Studies Journal Volume 29, Special Issue 4, 2025

GDP Growth vs. CO2 Emission Growth in BRICS

I GDP Growth (%)
. i i 0,
Russia | - CO2 Emission Growth (%)

Brazil |

South Africa |

Countries

India

China

Percentage

FIGURE 3
GDP GROWTH VS. CO, EMISSIONS IN BRICS

Table 3 provides strong evidence for the Environmental Kuznets Curve (EKC)
hypothesis, which suggests that as economies develop, CO, emissions initially rise but later
decline with technological advancements and stronger regulations. China and India have
reached this turning point, with stable or declining emissions despite continued GDP growth
(5.8% and 6.3%, respectively). Their substantial investments in renewable energy, industrial
decarbonization, and sustainable infrastructure have allowed them to decouple economic
expansion from carbon emissions. This suggests that economic growth does not necessarily
have to come at the cost of environmental degradation if the right policies are in place. In
contrast, Russia and Brazil continue to experience rising CO, emissions (+1.8% and +1.6%
annually), reflecting their failure to implement strong climate mitigation policies. These
countries remain in the pre-peak EKC phase, meaning that economic growth still results in
higher pollution levels due to heavy industrial reliance on fossil fuels. Russia, in particular,
has the lowest renewable energy investment (0.8% of GDP) and the weakest policy strength
score (1/5), making it the least prepared for a clean energy transition. Brazil, despite its
moderate policy strength (2/5), still struggles with emissions due to deforestation and
inefficient energy sector regulations. South Africa falls in between, with moderate GDP
growth (3.2%) but a slight increase in CO, emissions (+1.1%), indicating an incomplete
transition to sustainable energy sources. The country needs stronger investments in
renewables and stricter emissions controls to move into the EKC post-peak phase like China
and India. These findings reaffirm that economic growth and sustainability can coexist, but
only if governments prioritize green investments, energy efficiency, and environmental
governance.

Policy and Institutional Challenges
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Despite progress in green energy policies, BRICS countries face significant
institutional barriers in policy enforcement, financial investments, and regulatory
frameworks. The results indicate that stronger environmental policies, carbon pricing
mechanisms, and international cooperation are essential for achieving long-term carbon
neutrality goals.

Table 4
POLICY STRENGTH AND INSTITUTIONAL BARRIERS IN BRICS COUNTRIES
Country Carbon Tax | Fossil Fuel Subsidies | Environmental Regulation | Institutional
Policy (8 Billion) Score (1-5) Barriers
China Yes $10.8 5 Industrial
Emissions
India Yes $8.4 4 Coal Dependence
South Yes $5.2 3 Energy
Africa Infrastructure
Brazil No $15.6 2 Deforestation
Laws
Russia No $20.3 1 Policy Weakness

Source: OECD Green Growth Database (2023) & IEA Carbon Pricing Report (2023).

Policy Strength vs. CO2 Emission Reduction in BRICS
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FIGURE 4

POLICY STRENGTH VS. CO; EMISSION REDUCTION

Table 4 confirms that strong policy frameworks, carbon pricing mechanisms, and
regulatory enforcement are crucial for achieving long-term emission reductions. China and
India, with comprehensive environmental policies, effective carbon taxation, and strong
government enforcement, score the highest on environmental regulation strength (5/5 and
4/5, respectively). Their commitment to carbon pricing, industrial energy efficiency, and
green infrastructure projects has resulted in measurable progress in reducing emissions.
China, in particular, has implemented some of the world’s most ambitious carbon trading
schemes, while India has been expanding its solar and wind energy capacity with strong
government support. On the other hand, Russia and Brazil continue to face severe
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institutional barriers, making them the weakest performers in terms of climate action. Russia,
with fossil fuel subsidies exceeding $20 billion and no carbon tax policy, scores the lowest
(1/5) on environmental regulation strength. Its political alignment with the fossil fuel industry
and lack of regulatory oversight make emissions reduction almost impossible. Similarly,
Brazil’s weak deforestation laws and lack of financial incentives for clean energy place it at a
disadvantage (2/5 regulation score), reinforcing the urgent need for policy reforms and
international environmental agreements to push for greater accountability. South Africa, with
a moderate regulatory score (3/5), has implemented some carbon policies but still faces
infrastructure and enforcement challenges. The country’s energy infrastructure remains
outdated, and its transition to sustainable energy is hindered by financial constraints and
policy delays. While there is potential for improvement, stronger institutional commitments
and funding mechanisms are needed to enhance its green energy transition.

The analysis shows that strong policies, green investments, and carbon pricing are
crucial for CO, reduction in BRICS. China and India show policy-driven progress, while
Russia and Brazil struggle with weak governance and fossil fuel reliance. South Africa is
improving but needs stricter policies. BRICS must cut fossil fuel subsidies, expand
renewables, and enforce carbon pricing.

DISCUSSION

The study highlights the complex relationship between CO, emissions, green
technology, energy pricing, and policies in BRICS nations. While China and India have
advanced through green investments and carbon pricing, Russia and Brazil lag due to fossil
fuel dependence and weak regulations. South Africa shows moderate progress but faces
infrastructure and policy challenges. The discussion explores key findings, their implications,
and links to existing research.

The impact of investing in green technology on lowering CO, emissions is clearly
demonstrated by the examples of China and India, where considerable funding in solar, wind,
and hydroelectric energy has led to notable decreases in emissions (Jiang et al., 2022; Fatima
et al., 2023). The allocation of 2.8% of China's GDP towards green technology has resulted in
an annual decrease of 1.1% in CO, emissions, showcasing the success of government-driven
renewable energy projects and industrial energy efficiency strategies (Rahman et al., 2022;
IEA, 2021). India, having allocated 2.2% towards clean energy innovations, has successfully
recorded a 0.9% reduction in CO, emissions, underscoring the significance of policy-oriented
technological shifts (Ding et al., 2021; Kuang et al., 2022). On the other hand, Russia and
Brazil demonstrate notably diminished investments in green technology, accounting for just
0.6% and 0.9% of their GDP, respectively. This has led to only slight decreases in emissions,
recorded at -0.2% and -0.3% (Sezgin et al., 2021; Umar & Radulescu, 2022). The substantial
dependence of Russia on fossil fuel exports, coupled with its inadequate policy
implementation regarding green innovation, obstructs the nation’s capacity to shift towards a
low-carbon economy. Meanwhile, Brazil's emissions resulting from deforestation
significantly undermine its advancements in green energy (Ramzan et al., 2023; Mehmood et
al., 2023). South Africa, although experiencing some advancement in the embrace of
renewable energy (25%), still encounters obstacles in enhancing sustainable energy
alternatives due to its significant reliance on coal and limitations in infrastructure (Hafeez et
al., 2022). The results bolster the notion that green technology, in isolation, is inadequate for
achieving sustainability objectives—it needs to be integrated with robust regulatory
frameworks and financial motivators to enhance its effectiveness (Albulescu et al., 2022;
Umar & Safi, 2023).
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The study also confirms that energy pricing plays a crucial role in influencing the
transition from fossil fuels to renewable energy. Countries with higher fossil fuel prices and
carbon taxation policies, such as China and India, have shown faster transitions to green
energy, whereas Russia and Brazil, with lower fossil fuel prices and heavy subsidies, remain
slow in adopting renewable energy solutions (Dai & Du, 2023; Umar & Radulescu, 2022).
China and India, with carbon taxes of $10.3 and $7.8 per ton CO,, respectively, have
successfully driven businesses and industries to invest in cleaner alternatives, leading to
greater renewable energy adoption (42% and 38%) (IEA, 2021; Hafeez et al., 2022). In
contrast, Russia and Brazil maintain no carbon tax policies and continue to subsidize fossil
fuels ($20.3 billion and $15.6 billion, respectively), resulting in slower progress in green
energy adoption (Fatima et al., 2023; Umar & Safi, 2023). This aligns with previous research
suggesting that low energy prices lead to excessive carbon-intensive consumption,
discouraging investments in green energy technologies (Shen & Zhang, 2023; Rahman et al.,
2022). South Africa presents a mixed scenario, where moderate carbon pricing and fossil fuel
reforms have led to some progress in renewable energy integration (25%), but coal
dependency remains a significant challenge (Kuang et al., 2022; Umar & Radulescu, 2022).
These findings emphasize that energy pricing reforms, including the gradual removal of fossil
fuel subsidies and the implementation of carbon taxation, are essential to accelerating the
adoption of sustainable energy solutions in BRICS countries.

The results further support the Environmental Kuznets Curve (EKC) hypothesis,
which states that CO, emissions initially rise with economic growth but decline as nations
transition to cleaner energy and advanced industrial technologies (Albulescu et al., 2022;
Umar & Safi, 2023). China and India have reached the turning point of the EKC curve, where
despite rapid GDP growth (5.8% and 6.3%, respectively), CO, emissions are either
stabilizing or declining (-0.4% and -0.2% annually, respectively) (Rahman et al., 2022; [EA,
2021). Their transition is largely driven by policy interventions promoting green technology,
carbon pricing, and renewable energy subsidies (Ding et al., 2021; Jiang et al., 2022). On the
other hand, Russia and Brazil remain in the pre-peak phase of the EKC model, where
economic growth (1.8% and 2.5%) continues to drive CO, emissions higher (+1.8% and
+1.6%, respectively) (Fatima et al., 2023; Umar & Radulescu, 2022). Russia’s reliance on
fossil fuel exports and weak regulatory enforcement has resulted in continued carbon-
intensive industrial expansion, while Brazil’s deforestation-driven economic activities
exacerbate emissions growth (Sezgin et al., 2021; Ning et al., 2023). South Africa falls
between these two extremes, with moderate GDP growth (3.2%) but persistent emissions
increases (+1.1%) due to its slow transition away from coal-based energy (Hafeez et al.,
2022; Umar & Safi, 2023). These results highlight that for BRICS countries to fully embrace
a low-carbon economy, economic expansion must be complemented by stringent
environmental policies and increased investments in renewable energy infrastructure
(Rahman et al., 2022).

Despite progress in green energy policies, BRICS nations continue to face
institutional and policy challenges that hinder effective emission reduction efforts. The
findings show that China and India, with strong environmental regulations and carbon pricing
mechanisms, have achieved higher policy effectiveness scores (5/5 and 4/5, respectively),
reinforcing the argument that strict regulatory frameworks contribute to better sustainability
outcomes (Ning et al., 2023; Umar & Radulescu, 2022). Their governments have
implemented carbon trading markets, industrial energy efficiency targets, and renewable
energy subsidies, driving significant progress in emission reductions (IEA, 2021; Fatima et
al., 2023). However, Russia and Brazil, with weak environmental governance and continued
fossil fuel subsidies, score the lowest (1/5 and 2/5, respectively), indicating poor regulatory
enforcement and institutional barriers (Sezgin et al., 2021; Umar & Safi, 2023). Russia’s
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heavy dependence on oil and gas revenues discourages policy reforms, while Brazil’s
deforestation laws remain inadequate in addressing climate concerns (Shen & Zhang, 2023;
Ning et al., 2023). South Africa, with a moderate policy effectiveness score (3/5), has
implemented carbon taxation and renewable energy incentives but still faces financial and
infrastructural constraints that hinder full-scale green energy deployment (Rahman et al.,
2022; Kuang et al., 2022). These results reinforce the argument that strong institutional
commitments, international cooperation, and financial investments are critical to overcoming
policy gaps and achieving long-term carbon neutrality in BRICS countries (Ding et al., 2021;
Umar & Radulescu, 2022).

Conclusion and Policy Implications

The study confirms that green technology investments, energy pricing reforms, and
policy enforcement are essential in reducing CO, emissions in BRICS countries. While China
and India have emerged as leaders in green energy transitions, Russia and Brazil remain
highly dependent on fossil fuels, requiring stronger policy interventions and financial
incentives. South Africa, though making progress, needs greater investments in renewable
energy infrastructure and stricter emissions controls. To achieve long-term carbon neutrality,
BRICS nations must prioritize the removal of fossil fuel subsidies, enforce carbon pricing
mechanisms, strengthen environmental governance, and expand financial support for green
innovations. These efforts will ensure a sustainable energy transition, reduce global carbon
footprints, and contribute to international climate change mitigation goals. Future research
should explore sector-specific green innovations, regional policy disparities, and financial
mechanisms that can further accelerate the transition to low-carbon economies.

Policy Recommendations
1. Implement higher carbon pricing and fossil fuel taxes to encourage green energy adoption.
2. Increase subsidies and incentives for renewable energy investments in BRICS nations.

3. Enhance policy enforcement and cross-border cooperation for sustainable energy transitions.

Future research should explore sector-specific green innovations and regional policy
disparities to develop tailored sustainability strategies.
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