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Abstract

Purpose: The aim of the study was to assess
the influence of renewable energy adoption
on carbon emission reduction in developed
economies.

Methodology: This study adopted a desk
methodology. A desk study research design
is commonly known as secondary data
collection. This is basically collecting data
from existing resources preferably because of
its low cost advantage as compared to a field
research. Our current study looked into
already published studies and reports as the
data was easily accessed through online
journals and libraries.

Findings: The study found that increasing
the share of renewable sources, such as wind,
solar, and hydropower, leads to a notable
decrease in greenhouse gas emissions. For
instance, a report by the International
Renewable Energy Agency (IRENA) found
that global carbon dioxide emissions could be
reduced by up to 70% by 2050 if countries
transition to renewable energy systems.
Furthermore, a study conducted in the
European Union demonstrated that countries
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with higher renewable energy investments
had significantly lower per capita emissions
compared to those relying heavily on fossil
fuels. These findings suggest that
transitioning to renewable energy not only
supports sustainability goals but also plays a
crucial role in mitigating climate change by
reducing overall carbon footprints.

Implications to Theory, Practice and
Policy:  Innovation  diffusion  theory,
sustainable development theory and social
practice theory may be used to anchor future
studies on assessing the influence of
renewable energy adoption on carbon
emission reduction in developed economies.

In practice, implementing robust policy
frameworks is essential for stimulating
investment in renewable energy

technologies. Policymakers should prioritize
the creation of coherent renewable energy
policies across different levels of government
to enhance effectiveness.
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INTRODUCTION

The influence of renewable energy adoption on carbon emission reduction in developed economies
has become a key focus in global climate change mitigation efforts. In developed economies such
as the United States, carbon emissions have exhibited both decline and fluctuation over recent
years. As of 2022, the U.S. reported approximately 4.9 billion metric tons of CO2 emissions, which
marked a significant decrease from a peak of 6.0 billion metric tons in 2007 (U.S. Energy
Information Administration, 2023). This decline is attributed to a transition towards renewable
energy sources and improvements in energy efficiency. Furthermore, the UK has implemented
rigorous climate policies, resulting in a dramatic reduction of its CO2 emissions by 47% from 1990
to 2020, with 2021 emissions estimated at 408 million metric tons (Department for Business,
Energy & Industrial Strategy, 2022). Japan, however, experienced a temporary rise in emissions
after the Fukushima disaster, but has since committed to net-zero emissions by 2050, aiming to
reduce emissions by 46% from 2013 levels by 2030 (Ministry of the Environment, Japan, 2021).
These trends reflect a growing awareness and responsiveness among developed nations to combat
climate change. For instance, renewable energy sources accounted for nearly 20% of the U.S.
energy consumption in 2021, which demonstrates a substantial shift from fossil fuels (U.S. Energy
Information Administration, 2023). Similarly, the UK's efforts in offshore wind and solar energy
significantly contribute to their emission reductions. While developed countries lead in
technological advancements and policy frameworks, challenges remain, particularly concerning
their reliance on fossil fuels for transportation and heating. Continued monitoring and adaptation
of strategies will be essential in maintaining downward trends in carbon emissions across these
nations.

In developing economies, carbon emissions have been rising due to increased industrialization and
urbanization. For example, India has seen a dramatic increase in CO2 emissions, which reached
approximately 2.65 billion metric tons in 2021, a rise of nearly 30% from 2015 levels (Global
Carbon Project, 2022). This rise is largely attributed to a surge in coal consumption, which
represents about 70% of the country’s electricity generation. In contrast, Brazil has managed to
maintain relatively stable emissions around 0.5 billion metric tons, with its emissions showing
slight reductions due to increased adoption of biofuels and reforestation efforts (World Resources
Institute, 2021). Despite these efforts, Brazil's emissions still reflect pressures from deforestation
and agricultural expansion, underscoring the complexity of reducing carbon footprints in
developing regions. The increase in carbon emissions in these countries highlights the tension
between economic growth and environmental sustainability. In many cases, the drive for
development leads to an over-reliance on fossil fuels, exacerbating emissions. However,
international support for clean energy technologies and policies aimed at emission reductions
could help alleviate some of these pressures. Furthermore, as global climate discussions progress,
developing nations are increasingly called upon to participate in emission reduction commitments
while balancing their economic aspirations. The need for sustainable practices and international
cooperation remains critical in addressing carbon emissions effectively.

Indonesia has emerged as one of the largest emitters in Southeast Asia, with approximately 1.3
billion metric tons of CO2 emissions reported in 2021, a notable increase of 10% from 2015 levels
(Global Carbon Project, 2022). The surge in emissions is largely attributed to deforestation for
palm oil production, which not only contributes to carbon emissions but also significantly impacts
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biodiversity. In contrast, Mexico has made strides in reducing its emissions, with 2021 figures
showing approximately 0.45 billion metric tons, reflecting a slight decline due to increased
investments in renewable energy sources and energy efficiency (Secretaria de Medio Ambiente y
Recursos Naturales, 2021). Nevertheless, Mexico continues to face challenges in reducing
emissions from transportation and industrial sectors.

Other countries, such as the Philippines, are experiencing similar trends, with carbon emissions
reaching around 0.13 billion metric tons in 2021, primarily driven by coal-fired power generation
and rapid urbanization (Department of Energy, Philippines, 2022). This increase underscores the
difficulties in balancing development needs with climate commitments. Additionally, while many
developing economies have recognized the importance of transitioning to renewable energy,
financial and technological constraints often hinder their progress. Increased international
collaboration, investment in clean energy technologies, and capacity-building efforts are critical
to helping these nations achieve meaningful reductions in carbon emissions while fostering
economic growth.

Vietnam has experienced rapid industrialization and urban growth, resulting in CO2 emissions of
approximately 0.24 billion metric tons in 2021, a rise of about 25% since 2015 (Global Carbon
Project, 2022). This increase is largely attributed to the country's reliance on coal for electricity
generation, which accounts for approximately 60% of its energy mix. In an effort to mitigate
emissions, Vietnam has set ambitious targets to develop renewable energy sources, aiming for
20% of its electricity generation to come from renewables by 2030. However, balancing economic
growth and environmental sustainability remains a challenge, particularly as the country continues
to urbanize rapidly.

Egypt's CO2 emissions reached approximately 0.3 billion metric tons in 2021, reflecting a steady
increase driven by urbanization and energy demands (Global Carbon Project, 2022). The country's
energy production is heavily reliant on natural gas and oil, which has raised concerns regarding its
long-term sustainability. However, Egypt has recognized the importance of transitioning to
renewable energy and aims to generate 20% of its electricity from renewable sources by 2022 and
42% by 2035. Initiatives such as the Benban Solar Park demonstrate Egypt's commitment to
expanding its renewable energy capacity, although challenges remain in terms of financing and
infrastructure development.

South Africa, as the largest emitter in Africa, has CO2 emissions estimated at around 0.45 billion
metric tons in 2021, driven predominantly by its coal-intensive energy sector (Department of
Environmental Affairs, South Africa, 2021). The government has committed to reducing emissions
through initiatives like the Renewable Energy Independent Power Producer Procurement
Programme, which aims to increase the share of renewables in the energy mix. Despite these
efforts, the transition has been slow due to socio-economic factors, such as unemployment and
energy poverty. The complexity of South Africa's energy landscape highlights the need for targeted
policies that consider both economic and environmental objectives. Thus, while some developing
countries are making strides towards sustainable energy, the path is fraught with challenges that
require concerted efforts at both national and international levels.

In Sub-Saharan Africa, carbon emissions levels are considerably lower than in developed and
many developing nations, but they are on an upward trend due to population growth and
urbanization. Countries such as Nigeria emitted approximately 0.15 billion metric tons of CO2 in
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2021, reflecting a 30% increase since 2015 (Global Carbon Project, 2022). The rise is primarily
driven by the increasing energy demand for electricity and transportation, which heavily relies on
fossil fuels. Conversely, South Africa remains the largest emitter in the region, with emissions
around 0.45 billion metric tons, largely attributed to its coal-dependent energy sector (Department
of Environmental Affairs, South Africa, 2021). Although the region has vast renewable energy
potential, progress towards cleaner energy sources remains slow due to financial and
infrastructural constraints. The challenge for Sub-Saharan economies lies in balancing
development needs with climate action. While initiatives for renewable energy, such as solar and
wind projects, are gaining traction, they are often hindered by lack of funding and technology
transfer. Additionally, issues such as deforestation and agricultural practices contribute
significantly to regional emissions. International cooperation and investment in sustainable
technologies are vital for helping these nations reduce their carbon footprints while continuing to
develop. As global attention shifts toward addressing climate change, the importance of
incorporating sustainable practices in Sub-Saharan economies cannot be overstated.

Renewable energy adoption has become a critical component of global strategies to mitigate
carbon emissions, with countries increasingly recognizing its role in achieving sustainability goals.
Key sources of renewable energy include solar, wind, hydroelectric, biomass, and geothermal
energy, each contributing to the overall energy mix and affecting CO2 emission levels. For
instance, countries such as Denmark and Germany have successfully increased the percentage of
energy derived from renewables to over 40% and 42%, respectively, leading to significant
reductions in their carbon footprints (International Renewable Energy Agency, 2022). By
transitioning to renewables, these countries have reported decreases in CO2 emissions of
approximately 30% and 25% over the past decade, demonstrating the positive correlation between
renewable energy adoption and reduced greenhouse gas emissions. Moreover, the increasing
affordability of renewable technologies has accelerated their adoption, further contributing to
emission reductions.

In contrast, developing economies often face challenges in transitioning to renewable energy due
to infrastructural limitations and financial constraints. Countries like India and Brazil have made
strides in renewable energy adoption, with renewables constituting about 23% and 18% of their
energy mixes, respectively (International Energy Agency, 2022). This transition is linked to
reductions in CO2 emissions, with India reporting a 21% decrease and Brazil achieving a 15%
reduction in emissions since 2015. As these nations work towards increasing their renewable
energy shares, the potential for significant emissions reductions becomes evident. Therefore,
enhancing access to renewable energy technologies and investments will be crucial for both
developed and developing economies to achieve their climate objectives.

Problem Statement

The increasing urgency to address climate change has led to a growing emphasis on the role of
renewable energy adoption in reducing carbon emissions in developed economies. Despite the
recognition of renewable energy's potential to mitigate climate change, many developed nations
continue to rely heavily on fossil fuels, contributing significantly to global CO2 emissions
(International Energy Agency, 2022). For instance, while countries such as the United States and
the United Kingdom have made strides in integrating renewable energy sources into their energy
portfolios, the pace of adoption is often insufficient to meet international climate targets, such as
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those outlined in the Paris Agreement (United Nations Environment Programme, 2021). Moreover,
barriers such as policy inertia, lack of investment, and technological challenges hinder the effective
implementation of renewable energy solutions, resulting in continued high emissions levels
(Gonzélez et al., 2021). Therefore, understanding the influence of renewable energy adoption on
carbon emission reduction is essential for developing effective strategies to accelerate the
transition toward a sustainable energy future in developed economies.

Theoretical Framework
Innovation Diffusion Theory

Originated by Everett Rogers in 1962, innovation diffusion theory (IDT) explains how, why, and
at what rate new ideas and technology spread. The theory posits that the adoption of innovations,
such as renewable energy technologies, follows a predictable pattern influenced by factors like
perceived benefits, compatibility, complexity, trialability, and observability. In the context of
renewable energy, understanding these factors can help identify barriers to adoption in developed
economies and facilitate strategies for enhancing uptake (Rogers, 2020). This theory is particularly
relevant as it provides insights into the mechanisms through which renewable technologies can be
effectively integrated into existing energy systems to reduce carbon emissions (Pérez-Lopez,
Rodriguez & Rodriguez, 2021).

Sustainable Development Theory

Sustainable development theory emphasizes the need for a balanced approach to economic growth,
environmental protection, and social equity. Originating from the Brundtland Commission's report
in 1987, it underscores the interconnectedness of economic development and ecological
sustainability. This theory is crucial for understanding how the transition to renewable energy can
contribute to sustainable economic growth while simultaneously reducing carbon emissions in
developed economies (Dahl, 2020). It provides a framework for evaluating the social and
environmental impacts of renewable energy initiatives, fostering policies that promote both
economic and environmental objectives.

Social Practice Theory

Social practice theory (SPT) examines how everyday practices shape and are shaped by social
contexts, including cultural norms and values. Developed by scholars such as Elizabeth Shove,
SPT highlights that energy consumption is influenced by social practices rather than merely
individual behavior. This theory is relevant to the topic as it can help researchers understand how
social norms surrounding energy use impact the adoption of renewable energy technologies in
developed economies, ultimately influencing carbon emission levels (Shove, 2020). By exploring
these social dimensions, researchers can identify levers for promoting renewable energy adoption
at the community level.

Empirical Review

Zhang and Xie (2018) assessed the impact of renewable energy adoption on carbon emissions
specifically within the European Union. Utilizing a comprehensive panel data analysis from 2000
to 2017, the authors explored the correlation between renewable energy capacity and CO2
emissions across EU member states. Their findings indicated a significant inverse relationship,
demonstrating that an increase in renewable energy capacity correlates with a notable reduction in
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carbon emissions. Moreover, the study highlighted that countries with more aggressive renewable
energy policies showed more substantial decreases in emissions. The authors underscored the
importance of continued investments in renewable energy infrastructure to achieve climate targets
set forth by international agreements. They emphasized that transitioning from fossil fuels to
renewables is not only necessary for environmental sustainability but also presents economic
opportunities in job creation and energy security. The study concluded by recommending that EU
policymakers enhance support for renewable energy projects to further accelerate the reduction of
emissions. Zhang and Xie’s research contributes to understanding how a cohesive renewable
energy strategy can effectively mitigate climate change impacts.

Kusiak and Xu (2019) focused on the role of wind energy adoption in the United States and its
correlation with carbon emission reductions. The authors utilized regression analysis on wind
energy data spanning from 2008 to 2016, evaluating the impact of increasing wind energy capacity
on overall emissions levels across various states. Their results demonstrated that states with higher
wind energy adoption significantly experienced lower carbon emissions, reinforcing the role of
renewables in combating climate change. Furthermore, the study suggested that the benefits of
wind energy extend beyond emissions reductions, including economic benefits like job creation in
the renewable sector. The authors emphasized that while progress has been made, continued
investment and supportive policy frameworks are essential for sustaining and increasing wind
energy adoption. Recommendations included enhancing federal and state incentives for wind
energy projects and addressing barriers to entry for new players in the market. Kusiak and Xu’s
findings highlight the critical nature of wind energy as a viable solution for emission reduction in
the U.S. energy landscape. This study illustrates the broader implications of adopting renewable
technologies for both environmental and economic sustainability.

Bhanja and Mandal (2020) evaluated the effectiveness of solar energy adoption in reducing
emissions specifically within Germany. The authors employed a mixed-methods approach,
combining qualitative interviews with quantitative analysis of solar capacity data collected over
several years. Their findings revealed a strong relationship between solar energy uptake and
reduced CO2 emissions, showcasing how solar energy can play a pivotal role in Germany’s energy
transition. Additionally, the research highlighted that regions with higher solar capacity not only
benefited from lower emissions but also experienced economic advantages, such as job creation
in the renewable sector. The authors noted that public awareness and community engagement are
critical in driving the adoption of solar technologies. They recommended that policymakers
enhance solar infrastructure to maximize these environmental and economic benefits. Bhanja and
Mandal's study contributes to the discourse on how effective solar energy policies can lead to
significant carbon emission reductions. Their insights into public engagement underscore the
social dimensions of renewable energy adoption, suggesting that collaborative efforts can amplify
the benefits of technology deployment.

Xuand Yang (2021) explored the influence of hydroelectric power on carbon emissions in Canada.
The authors utilized a time-series analysis covering the period from 2005 to 2019, focusing on the
relationship between hydroelectric capacity and CO2 emissions reduction. Their findings indicated
that hydroelectric energy significantly contributed to lowering emissions, especially in provinces
where hydropower comprises a large portion of the energy mix. The study emphasized that
investment in hydroelectric infrastructure is critical for further emissions reductions, given its low
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environmental impact compared to fossil fuels. Furthermore, the authors highlighted the
importance of integrating hydroelectric power with other renewable sources to create a balanced
energy portfolio. Recommendations included enhancing public policy frameworks to facilitate
increased investments in hydro projects and promoting hydroelectricity as a sustainable alternative
to fossil fuels. Xu and Yang’s research illustrates how renewable energy sources like hydropower
can effectively contribute to national emissions reduction targets. Their findings underscore the
potential of Canada’s vast water resources in achieving a sustainable energy future.

Li and Ouyang (2021) focused on the adoption of biomass energy in the UK and its effect on
carbon emissions. The authors conducted a comparative analysis between regions with high and
low biomass utilization, using data collected from 2010 to 2020. Their findings revealed that
regions employing biomass energy experienced significant reductions in carbon emissions
compared to those reliant on fossil fuels. The study emphasized the potential of biomass as a
sustainable energy source that can help meet the UK’s climate objectives while supporting rural
development and energy security. The authors recommended that the UK government enhance
policies promoting biomass utilization, including incentives for biomass energy projects and
public awareness campaigns. They suggested that improving technology and infrastructure for
biomass conversion can further maximize its emissions reduction potential. Li and Ouyang's
research underscores the importance of diversifying the renewable energy mix to achieve
significant emissions reductions. Their findings provide a framework for understanding how
biomass can complement other renewable technologies in a comprehensive energy strategy.

Jansen and Kral (2022) assessed the impact of renewable energy policy frameworks on emissions
reduction across Scandinavian countries. Using a case study approach, the authors analyzed the
effectiveness of various renewable energy policies implemented between 2000 and 2021. Their
findings indicated that robust policy frameworks, including subsidies and tax incentives for
renewables, significantly facilitated renewable energy adoption and correspondingly reduced
emissions. The study highlighted the importance of governmental commitment to achieving
renewable energy targets and creating a stable investment climate. Recommendations included
enhancing policy coherence across different levels of government and increasing public awareness
of the benefits of renewable energy adoption. Jansen and Kral's findings contribute to the
understanding of how strategic policy interventions can effectively drive emissions reduction
through renewable energy adoption. Their insights can inform policymakers in other regions
seeking to replicate Scandinavia’s success in renewable energy implementation.

Brown and Caldera (2023) evaluated the impact of solar panel incentives on carbon emissions in
Australia. The authors conducted an econometric analysis of data from 2010 to 2022, focusing on
the relationship between government incentives for solar panel installation and reductions in
carbon emissions. Their results revealed that states with strong solar panel incentives experienced
substantial decreases in emissions, demonstrating the effectiveness of such policies in promoting
renewable energy adoption. The authors noted that the success of these programs relies on public
acceptance and participation in solar initiatives. They recommended maintaining and expanding
these incentive programs to further achieve emissions reduction goals. Brown and Caldera’s
research highlights the critical role of government policies in facilitating the transition to
renewable energy and addressing climate change. Their findings contribute to the growing body

https://doi.org/10.47672/ajcs.2498 7 Silam (2024)


http://www.ajpo.org/

American Journal of Climatic Studies A J P@

ISSN 2520-0471 (Online)
Vol.4, Issue 4, pp 1 - 12, 2024 www.ajpojournals.org

of literature advocating for targeted renewable energy policies as effective tools for emissions
reduction.

METHODOLOGY

This study adopted a desk methodology. A desk study research design is commonly known as
secondary data collection. This is basically collecting data from existing resources preferably
because of its low cost advantage as compared to a field research. Our current study looked into
already published studies and reports as the data was easily accessed through online journals and
libraries.

RESULTS

Conceptual Gaps: While the existing literature establishes a clear correlation between renewable
energy adoption and carbon emissions reduction, there is limited exploration of the underlying
mechanisms that drive this relationship. Most studies focus on the direct impacts of specific
renewable technologies, such as solar or wind energy, without delving into how factors like public
perception, social acceptance, and community engagement influence adoption rates and,
consequently, emissions reductions. Additionally, the role of policy frameworks is often treated as
a supporting element rather than a critical factor driving the adoption of renewable technologies.
Future research could benefit from a comprehensive conceptual framework that integrates social,
economic, and political dimensions to explain how renewable energy adoption translates into
tangible carbon emission reductions (Brown & Caldera, 2023; Jansen & Kral, 2022).

Contextual Gaps: The context in which renewable energy adoption occurs significantly
influences its effectiveness in reducing carbon emissions. However, current studies predominantly
focus on individual countries or regions, limiting the understanding of how contextual factors,
such as economic conditions, cultural attitudes towards renewable energy, and existing energy
infrastructures, shape the adoption and impact of renewables. For instance, while Zhang and Xie
(2018) and Kusiak and Xu (2019) provided valuable insights into the EU and U.S. contexts,
respectively, there is a lack of comparative studies that examine how different regulatory
environments or market structures influence renewable energy effectiveness in various economic
contexts. Additionally, many studies fail to consider the role of local community dynamics, which
can significantly affect renewable energy project outcomes (Bhanja & Mandal, 2020; Li &
Ouyang, 2021).

Geographical Gaps: The geographical focus of existing research primarily centers on developed
economies, such as those in the European Union, the United States, and Australia. This presents a
significant gap in understanding how renewable energy adoption impacts carbon emissions in
developing and emerging economies. For example, while studies like Xu and Yang (2021)
highlight the contributions of hydroelectric power in Canada, similar investigations in developing
nations where energy access and economic development are intertwined with energy choices are
lacking. Research that examines how renewable energy adoption can effectively reduce emissions
in contexts with different socio-economic challenges, infrastructure limitations, and energy needs
is essential to provide a holistic understanding of global energy transitions (Jansen & Kral, 2022;
Kusiak & Xu, 2019).
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CONCLUSION AND RECOMMENDATIONS
Conclusion

The influence of renewable energy adoption on carbon emission reduction in developed economies
is both profound and multifaceted. The substantial body of empirical research indicates that
increasing the share of renewables such as solar, wind, hydroelectric, and biomass in the energy
mix leads to significant reductions in carbon dioxide emissions. These findings underscore the
critical role that government policies, investment in renewable technologies, and public
engagement play in facilitating the transition from fossil fuels to cleaner energy sources.

Moreover, the studies emphasize that effective renewable energy strategies not only contribute to
environmental sustainability but also yield economic benefits, including job creation and energy
security. However, challenges remain, particularly regarding the integration of renewable sources
into existing energy infrastructures, public acceptance, and the need for cohesive policy
frameworks that promote innovation and investment. To achieve the ambitious climate targets set
forth in international agreements, it is essential for developed economies to continue prioritizing
renewable energy adoption. Future research should focus on the mechanisms underlying this
relationship, as well as the unique contextual factors that influence renewable energy effectiveness
across different regions. Ultimately, a collaborative approach that includes policymakers, industry
stakeholders, and communities is vital to fully harness the potential of renewable energy in
combating climate change and achieving a sustainable energy future.

Recommendations
The following are the recommendations based on theory, practice and policy:
Theory

Strengthening policy frameworks can enhance theoretical understanding of environmental
governance and sustainable development. By examining how various policy incentives, such as
subsidies and tax breaks, influence renewable energy adoption rates, researchers can develop new
theoretical models that reflect the complex interplay between regulatory measures and market
dynamics. This enriched theoretical landscape will provide insights into the mechanisms through
which effective policy can drive energy transitions, contributing to a more nuanced understanding
of climate change mitigation strategies.

Practice

In practice, implementing robust policy frameworks is essential for stimulating investment in
renewable energy technologies. Energy sector practitioners can leverage well-defined policies to
design business models that maximize returns while contributing to carbon reduction efforts. This
practical approach ensures that financial mechanisms align with environmental goals, thereby
enhancing the feasibility of renewable projects. By demonstrating successful case studies,
practitioners can showcase the economic viability of renewable energy, further encouraging
investment and adoption across various sectors.

Policy

Policymakers should prioritize the creation of coherent renewable energy policies across different
levels of government to enhance effectiveness. By ensuring that federal, state, and local policies
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are aligned, governments can create a supportive environment for renewable energy initiatives.
This alignment can facilitate smoother transitions towards renewable energy adoption, ultimately
leading to more substantial reductions in carbon emissions. Policymakers can also benefit from
assessing the impact of existing policies and making data-driven adjustments to optimize
outcomes, reinforcing the importance of evidence-based policy-making.
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