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H I G H L I G H T S G R A P H I C A L  A B S T R A C T

• Strong and stable policies are key for 
sustaining decarbonisation initiatives.

• Inclusive stakeholder engagement fos-
ters support for climate policies.

• International cooperation and capacity 
building empower developing nations.

• Harmonising climate strategies with 
development goals ensures just 
transitions.

• Case studies from industrialised and 
developing countries offer valuable 
insights.
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A B S T R A C T

Decarbonisation strategies are crucial for mitigating the adverse effects of climate change and achieving sus-
tainable development. However, the successful implementation of these strategies in developing countries re-
mains a significant challenge due to resource constraints, competing development priorities, and institutional 
barriers. This paper provides a comprehensive overview of decarbonisation efforts and impacts through an 
extensive review of existing research, reports, and case studies. The research includes a detailed examination of 
decarbonisation initiatives, complemented by case studies from seven industrialised (USA, EU27, Germany, Italy, 
France, Finland, and Australia) and six developing countries (China, Brazil, South Africa, India, Mexico, and 
Kenya). These case studies showcase practical efforts and illustrate current trends in decarbonisation. The 
findings underscore the importance of political will, financial resources, technological capacity, and social 
acceptance as critical requirements for the successful implementation of decarbonisation strategies in developing 

* Corresponding author.
E-mail addresses: walter.leal2@haw-hamburg.de (W. Leal Filho), thassen@qu.edu.qa (T. Ben Hassen), ang@ibu.ca (A. Ng). 

Contents lists available at ScienceDirect

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

https://doi.org/10.1016/j.scitotenv.2025.179409
Received 20 May 2024; Received in revised form 2 April 2025; Accepted 9 April 2025  

Science of the Total Environment 977 (2025) 179409 

Available online 15 April 2025 
0048-9697/© 2025 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ). 

https://orcid.org/0000-0002-1241-5225
https://orcid.org/0000-0002-1241-5225
https://orcid.org/0000-0002-6451-8568
https://orcid.org/0000-0002-6451-8568
https://orcid.org/0000-0002-1388-5835
https://orcid.org/0000-0002-1388-5835
mailto:walter.leal2@haw-hamburg.de
mailto:thassen@qu.edu.qa
mailto:ang@ibu.ca
www.sciencedirect.com/science/journal/00489697
https://www.elsevier.com/locate/scitotenv
https://doi.org/10.1016/j.scitotenv.2025.179409
https://doi.org/10.1016/j.scitotenv.2025.179409
http://crossmark.crossref.org/dialog/?doi=10.1016/j.scitotenv.2025.179409&domain=pdf
http://creativecommons.org/licenses/by/4.0/


countries. The paper emphasises the need for international cooperation, capacity-building, and aligning decar-
bonisation goals with broader socio-economic objectives to ensure these strategies contribute meaningfully to 
sustainable development.

1. Introduction: The goal of decarbonisation

The threat of global climate change has emerged as one of the most 
pressing challenges confronting humanity in the 21st century. The 
adverse impacts of rising temperatures, sea-level rise, extreme weather 
events, and ecological disruptions pose grave risks to human well-being, 
economic stability, and environmental sustainability (World Bank, 
2014). While industrialised nations have historically been the primary 
contributors to global greenhouse gas (GHG) emissions, the trajectory of 
future emissions is anticipated to shift toward the developing world 
(Pigato et al., 2020). In response to this existential crisis, countries 
across all income levels have implemented various policies over the past 
thirty years, including setting ambitious targets to decarbonise their 
economies (World Bank, 2023). Accordingly, decarbonisation became 
central to efforts aimed at combating climate change and minimising 
global warming, aligning closely with the broader goals of sustainable 
development (Cernev and Fenner, 2020; Mahadevia et al., 2024).

Decarbonisation refers to the process of reducing carbon dioxide 
(CO2) emissions released into the atmosphere, primarily through human 
activities such as burning fossil fuels for energy, industrial processes, 
and transportation (Babaniyi et al., 2024). The primary goal of decar-
bonisation is to achieve a low-carbon economy where the output of CO2 
emissions is significantly reduced, ideally to net-zero levels (Dixon et al., 
2022). Achieving net zero means that any CO2 emissions are balanced by 
an equivalent amount of CO2 removal from the atmosphere, either 

through natural processes like afforestation or through technological 
solutions like carbon capture and storage (CCS) (Dixon et al., 2022; Lau 
et al., 2021). The timeline for many countries and organisations to reach 
net zero is typically set around the mid-century, following international 
agreements like the Paris Accord, which seeks to limit global tempera-
ture rise to below 2 degrees Celsius above pre-industrial levels (Sadai 
et al., 2022). Fig. 1 presents some components that showcase the many 
elements associated with decarbonisation and link them with some of 
the relevant UN Sustainable Development Goals (SDGs). The outer cir-
cles represent critical categories influencing decarbonisation strategies, 
derived from a synthesis of existing research and reports on sustainable 
development and climate action.

Switching from fossil fuels to renewable energy sources such as wind, 
solar, and hydroelectric power is one of the most significant steps 
(Rahman et al., 2022). Improving energy efficiency in buildings, trans-
portation, and manufacturing processes also plays a crucial role in 
reducing overall energy demand (Economidou et al., 2020; Godil et al., 
2021; Jahanger et al., 2023). Developing and adopting new technologies 
like electric vehicles, green hydrogen, and advanced battery storage 
systems are critical components of a decarbonised future (Waldron et al., 
2022). The central goal of decarbonisation is to reduce carbon emis-
sions, thereby mitigating the adverse effects of climate change and 
limiting the rise of global temperature in alignment with international 
agreements such as the Paris Agreement. This is an essential step in ef-
forts to reduce the frequency of extreme events (Leal Filho et al., 2023). 

Fig. 1. Key factors shaping decarbonisation efforts 
(Source: author’s elaboration).
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Beyond its climate benefits, decarbonisation can also foster sustainable 
economic growth by creating new industries and job opportunities in 
green technologies (Hanna et al., 2024; Oyewo et al., 2020). It also seeks 
to improve public health by reducing air pollution associated with fossil 
fuel combustion (Penn et al., 2022). It also aims to ensure energy se-
curity by diversifying energy sources and reducing dependence on vol-
atile fossil fuel markets (De Rosa et al., 2022; Holechek et al., 2022). By 
pursuing decarbonisation, societies aim not only to mitigate the adverse 
effects of climate change but also to create a sustainable, resilient, and 
equitable future for all (Abram et al., 2020, 2022).

However, substantial disparities exist between developing nations’ 
pronounced decarbonisation objectives and the myriad structural chal-
lenges that hinder their practical implementation, often rendering such 
commitments “empty promises”. These challenges encompass insuffi-
cient fiscal resources, deficient technological infrastructure, and the 
competing exigencies of economic development and social welfare im-
peratives (Das and Ghosh, 2023; Yan et al., 2023). In many cases, these 
structural barriers undermine the feasibility of achieving the ambitious 
decarbonisation targets set by developing countries, highlighting the 
critical need for comprehensive support, international collaboration, 
and capacity-building efforts to transform these “empty promises” into 
tangible actions.

A comprehensive understanding of the critical requirements for 
successful decarbonisation in developing countries is imperative to 
capitalise on these opportunities and overcome the multi-faceted chal-
lenges. This research paper aims to contribute to this understanding by 
conducting an extensive review of existing literature, reports, and case 
studies, complemented by an in-depth examination of decarbonisation 
initiatives and experiences across various industrialised and developing 
nations. Firstly, the paper will explore decarbonisation efforts through 
the lens of seven industrialised countries and regions: the United States, 
the European Union (EU27), Germany, Italy, France, Finland, and 
Australia. These case studies will provide insights into the strategies, 
policies, and best practices employed by nations at the forefront of 
decarbonisation efforts, highlighting successes, challenges, and lessons 
learned. Further, the inclusion of both the EU27 and individual member 
states allows for an analysis of decarbonisation strategies at both 
regional and national scales, highlighting collective EU efforts as well as 
unique national approaches within the same policy context.

Secondly, the paper will examine the decarbonisation trajectories of 
six key developing countries: China, Brazil, South Africa, India, Mexico, 
and Kenya. These countries were selected based on their geographical 
diversity, varying economic development levels, and roles as key con-
tributors or emerging leaders in global decarbonisation efforts, ensuring 
a representative analysis of the Global South. These countries represent 
diverse geographical regions and development stages, with varying 
natural resource availability, industrial bases, and socio-economic 
challenges. This allows for a comprehensive analysis of how devel-
oping nations approach decarbonisation within their unique constraints 
and opportunities. This comparative analysis will illuminate the distinct 
challenges faced by developing economies in their transition to low- 
carbon pathways.

This comprehensive research paper provides a novel and timely 
addition to the discourse on climate change mitigation in developing 
countries. Although numerous studies have investigated the technical 
aspects of decarbonisation strategies and projected emission reduction 
pathways, this paper adopts a holistic and interdisciplinary approach. It 
goes beyond the narrow focus on technological solutions to explore the 
complex political, economic, social, and institutional factors that influ-
ence the successful implementation of decarbonisation efforts in the 
Global South.

This paper is structured into three main sections. Section 2 outlines 
the study methodology. Section 3 presents the findings, and Section 4 
summarises this study’s implications in the conclusion.

2. Methods

In order to provide a comprehensive overview of trends related to 
decarbonisation, this paper deployed an extensive review of existing 
research, reports, and case studies on decarbonisation trends. The aim 
was to document the current situation and identify gaps in current 
knowledge. Accordingly, the paper is based on a comprehensive review 
of scientific literature, policy documents, and technical reports pub-
lished between 2015 and 2024. The choice of 2015 as our starting point 
aligns with the adoption of the Paris Agreement, a pivotal moment in 
global climate action that fundamentally reshaped national approaches 
to decarbonisation. We searched major academic databases, including 
Web of Science, Scopus, and Google Scholar, using combinations of key 
search terms: ‘decarbonisation’ OR ‘decarbonisation’ AND ‘[country 
name]’ AND (‘policy’ OR ‘strategy’ OR ‘implementation’). Additional 
searches included terms specific to each country’s energy transition 
initiatives. We limited our search to English-language publications. We 
supplemented these academic sources with grey literature, including 
government policy documents, international organisation reports 
(UNEP, World Bank, IEA), and national climate action plans. By doing 
so, the authors could identify and analyse themes and patterns, drawing 
insights on decarbonisation efforts and impacts. The work was com-
plemented by the use of a set of case studies aimed at showcasing 
practical efforts being made by seven industrialised countries and re-
gions (USA, EU27, Germany, Italy, France, Finland and Australia) and 
six developing countries (China, Brazil, South Africa, India, Mexico, and 
Kenya) as shown in Fig. 2, which serves the purpose of illustrating 
current trends.

The selection of these countries as case studies for decarbonisation 
was based on three main factors: 

1. Diverse economic and energy profiles: the chosen countries represent 
a broad spectrum of economic development and energy consumption 
patterns. This diversity allows for examining decarbonisation stra-
tegies across different contexts, making the findings more universally 
applicable. For instance, gathering information from a highly 
industrialised nation such as Germany and a developing country such 
as Brazil, with growing renewable energy initiatives can provide 
insights into varied approaches and challenges.

2. Policy and commitment to decarbonisation: These selected countries 
have shown strong political will and commitment to decarbonisation 
through policies, international agreements, and national targets. 
Their engagement in initiatives such as the Paris Agreement and 
their ambitious national plans for reducing carbon emissions make 
them exemplary cases for studying the effectiveness of different 
decarbonisation strategies. Describing their policy frameworks and 
implementation can offer valuable lessons for other nations.

3. Innovative technological and financial mechanisms: Some selected 
countries are at the forefront of developing and deploying innovative 
technologies and financial mechanisms to support decarbonisation. 
This includes advancements in renewable energy technologies, smart 
grids, carbon capture and storage (CCS), and green finance in-
struments. Describing these innovations provides insights into how 
technological and financial solutions can be scaled and adapted in 
different regions to achieve decarbonisation goals.

These factors collectively ensure that the case studies provide a 
comprehensive understanding of the multi-faceted approaches to 
decarbonisation and the potential pathways for other countries to follow 
suit. The results obtained are described in the next section.

3. Results and discussion: Current status of decarbonisation

The literature analysis has revealed that the transition toward 
decarbonisation and a low-carbon economy presents distinct challenges 
for developed and developing nations. In advanced economies such as 
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Germany, ample financial resources, technological prowess, and estab-
lished infrastructures enable the extensive uptake of renewable energy 
sources and the enactment of carbon mitigation measures. As the largest 
economy in Europe and the primary contributor to carbon emissions, 
Germany has set the ambitious goal of achieving greenhouse gas 
neutrality by 2045. Germany has also demonstrated notable advance-
ments in this realm, setting ambitious goals to retire coal-fired power 
plants and emphasising the expansion of its renewable energy sector, 
particularly in wind and solar energy (Husarek et al., 2021; Keles and 
Yilmaz, 2020; Sgarciu et al., 2023). However, Germany’s temporary 
return to coal during the 2022–2023 winter energy crisis raised concerns 
about its decarbonisation targets and the durability of its climate pol-
icies. This move underscored the importance of accelerating renewable 
energy investments to enhance energy security (Wiertz et al., 2023).

In contrast, a developing country like Brazil faces more significant 
challenges due to its rapidly growing energy demands and limited 
financial capacity to deploy clean technologies. As the 11th largest 
economy globally and with a population exceeding 200 million, Brazil 
has committed itself to an ambitious target of reducing its greenhouse 
gas emissions by half by the year 2030. However, its decarbonisation 
efforts are further complicated by the need to balance environmental 
sustainability with providing affordable energy access to its sizeable 
population, many of whom still lack reliable electricity. Indeed, Brazil’s 
climate strategy is deeply tied to land use and deforestation policies. 
Historical reliance on hydroelectric power has enabled significant 
progress in renewable energy, but political shifts have undermined 
consistent enforcement of anti-deforestation efforts. Further, Brazil’s 
advancements in biodiesel production have contributed to reducing 
emissions in the transportation sector, yet deforestation remains a sig-
nificant barrier, undermining its overall emissions reduction targets 
(Hebeda et al., 2023; Köberle et al., 2020; da Silva et al., 2022). Thus, 

while both nations acknowledge the urgency of climate action, the 
relative ease or difficulty of executing decarbonisation strategies can 
vary substantially between developed and developing countries 
(Hebeda et al., 2023; Köberle et al., 2020).

In fact, decarbonisation efforts in developing nations are beset by 
several challenges, notably financial constraints, technological deficits, 
and the imperative for economic development. Firstly, financial limi-
tations (Emodi et al., 2022) and lack of infrastructure (Di Silvestre et al., 
2018) hinder substantial investments in requisite infrastructure and 
innovative solutions. Like other technological innovations, low-carbon 
technologies require substantial upfront capital investments in 
research and development, adaptation to local contexts, and large-scale 
deployment (Pigato et al., 2020). Further, many competing economic 
and social priorities, such as healthcare, education, and poverty allevi-
ation, put immense pressure on public funds (Hadfield and Cook, 2019). 
Indeed, developing countries often face the dual challenge of driving 
economic growth through industrialisation and infrastructure develop-
ment while meeting urgent social welfare needs, such as reducing 
poverty and expanding access to education and healthcare. These pri-
orities can sometimes compete with decarbonisation efforts, as re-
sources are diverted to immediate socio-economic challenges. 
Accordingly, policymakers must balance mitigating environmental im-
pacts and fostering economic growth, job creation, and poverty allevi-
ation. This precarious position makes it difficult to allocate sufficient 
funds toward decarbonisation initiatives. Additionally, access to 
affordable financing and investment capital for renewable energy pro-
jects may be limited, hindering the scaling up of renewable energy 
deployment in developing countries and, more so, the high upfront cost 
needed (Warren, 2020).

Secondly, the lack of access to cutting-edge clean energy technolo-
gies and insufficient technological capacity perpetuate reliance on 

Fig. 2. Geographic scope of the study 
(Source: author’s elaboration).
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Table 1 
Overview of decarbonization efforts in various developed and developing countries and regions.

Case study 
country

Nature of the effort Main challenges Source

USA - Despite significant regional and partisan divisions, the USA has 
implemented landmark legislation like the Inflation Reduction 
Act 2022, representing a major federal-level shift toward 
decarbonisation. This is complemented by state-level initiatives, 
showcasing the complex multi-level governance landscape 
shaping U.S. climate action.

- In 2021, The USA has re-joined the Paris Agreement and set a 
target to reduce greenhouse gas emissions by 50–52 % below 
2005 levels by 2030. However, on Jan 20, 2025, the new Trump 
administration withdrew from the Paris Agreement.

- The Inflation Reduction Act 2022 provides $369 billion in 
climate incentives and tax credits for clean energy projects and 
technologies.

- Efforts have been sector-specific and driven at the state/local 
level, with significant regional variations.

- Carbon capture and storage (CCS) and hydrogen are important 
tools.

- The lack of cohesive nationwide policies and partisan 
divisions pose hurdles for accelerated, economy-wide 
decarbonisation efforts.

(Bang, 2021; Bayulgen, 2020)

EU 27 - The EU is a global leader in climate policy, driven by the 
European Green Deal targeting net-zero emissions by 2050. Le-
gally binding laws and funding mechanisms, like the Innovation 
Fund, support its goals. However, balancing diverse member 
states’ energy needs remains challenging despite progress in 
phasing out coal and advancing cross-border energy 
infrastructure.

- The EU has set legally binding targets to reduce greenhouse gas 
emissions by at least 55 % by 2030 compared to 1990 and 
achieve net-zero emissions by 2050.

- The European Green Deal, approved in 2020, is the EU’s strategy 
to transition to a sustainable economy, aiming to decarbonise all 
sectors while enhancing competitiveness.

- Wind, solar, and bioenergy, among other renewable sources, 
rapidly expand to achieve a 32 % share in final energy 
consumption by 2030.

- Another central focus area is improving energy efficiency.
- The European Commission has proposed phasing out internal 

combustion engine cars by 2035.
- Funding mechanisms like the Innovation Fund support low- 

carbon technologies and industrial decarbonisation projects.
- Individual EU member states have also set national energy and 

climate plans.

- Ensuring a just transition for sectors/regions 
dependent on fossil fuels.

- Mobilising investments and strengthening cross-border 
energy infrastructure.

(European Commission, 2018, 
2019; Giannakis and Zittis, 2021; 
Lagioia et al., 2023)

Germany - Germany has long been a pioneer in renewable energy, with its 
Energiewende (energy transition) policy leading to significant 
investments in wind and solar power.

- The country’s ambitious goals to achieve greenhouse gas 
neutrality by 2045 and reduce emissions by 65 % compared to 
1990 levels by 2030 under its Climate Action Plan 
(Klimaschutzgesetz, reflect its leadership.

- Energy efficiency measures across industries, buildings, and 
transportation are the major focus.

- Germany will gradually phase out coal to generate electricity by 
2038.

- Renewable energy sources are being rapidly expanded, with a 
target of 80 % share in electricity by 2030.

- High costs, impacts on industries/jobs, upgrading 
energy infrastructure, and integrating renewable 
energy sources.

(Husarek et al., 2021; Keles and 
Yilmaz, 2020; Sgarciu et al., 2023)

Italy - Italy’s decarbonisation journey has been shaped by its 
dependence on natural gas and EU climate commitments.

- Italy has set a target to reduce greenhouse gas emissions by 55 % 
by 2030 compared to 1990 levels and achieve net-zero emissions 
by 2050.

- The National Integrated Energy and Climate Plan outlines 
strategies across sectors like increasing renewable energy 
sources, improving energy efficiency, sustainable mobility, and 
promoting circular economy principles.

- Phasing out coal-fired power plants and decarbonising the 
electricity sector is a priority.

- Industrial decarbonisation focuses on energy-intensive sectors.

- Italy still relies heavily on natural gas and faces 
infrastructure upgrades to accelerate its 
decarbonisation in line with EU climate commitments.

(Frilingou et al., 2023; Pastore 
et al., 2022; Vellini et al., 2020)

France - France’s low-carbon electricity grid, dominated by nuclear en-
ergy, has long provided a foundation for its climate policy. The 
government’s focus on increasing renewable capacity while 
maintaining nuclear reliance showcases its dual strategy.

- France has set a target to achieve carbon neutrality by 2050 as 
part of the Paris Agreement and the European Green Deal goals.

- Nuclear power accounts for around 70 % of France’s electricity 
generation, providing a relatively low-carbon baseload supply.

- Phasing out remaining fossil fuels, ensuring a just 
transition for affected sectors and workers, and 
managing intermittency from increased renewable 
energy.

(International Energy Agency, 
2021; Mathy et al., 2015)

(continued on next page)
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Table 1 (continued )

Case study 
country 

Nature of the effort Main challenges Source

- The country aims to install over 100 GW of solar and 34 GW of 
onshore wind capacity by 2050.

- Energy efficiency measures target the building sector through 
renovation programs and stricter construction standards.

Finland - Finland’s decarbonisation strategy is among the most ambitious, 
aiming for carbon neutrality by 2035. The country seeks to 
become the world’s first fossil fuel-free welfare society, 
leveraging its leadership in biomass gasification and sustainable 
forestry practices to drive innovation.

- In the energy sector, Finland aims to phase out coal by 2029 and 
increase the share of renewable energy sources to over 50 % by 
2030.

- Finland has pioneered technologies like biomass gasification and 
sustainable forestry practices.

- Finland is exploring emerging technologies like hydrogen, 
Power-to-X, and Carbon Capture and Storage (CCS) for hard-to- 
abate sectors.

- Overreliance on forest biomass
- Decarbonising energy-intensive industries remains a 

major technological and economic challenge.
- High energy consumption.
- Integrating variable renewable energy.

(Groundstroem, 2023; Pilpola 
et al., 2019; Sillman et al., 2023)

Australia - Australia has indicated its intent to attain a net zero emissions 
target by 2050 in alignment with its sustainable development 
goals.

- However, the country has not planned or determined to 
eliminate generation entirely from fossil fuel. It continues to be 
one of the world’s main exporters of coal and gas to other 
countries.

- Carbon sequestration augmented by carbon capture technologies 
is considered a potential solution to mitigate carbon emissions, 
but its overall efficacy as a grand solution is not yet entirely 
convincing.

- Among renewable energies, solar, wind and hydro energies are 
considered significant potential ones to reduce emissions from its 
current energy mix as such adoption on a large scale is subject to 
supportive policies as well as plans for grid integration and 
expansion in various regions of the country.

- Fossil fuels remain a hegemony attached to the 
country’s economy.

- Renewable energies are options subject to 
complementary policies.

- Carbon sequestration and related technologies to offset 
emissions from fossil fuel utilisation require further 
examination of its viability.

(Elavarasan et al., 2024; Heesh, 
2021; Lucas, 2022; Wright et al., 
2021)

China - China is the world’s second-largest economy in East Asia, char-
acterised as a developing economy, China has pledged to achieve 
carbon neutrality by 2060 under the Paris Agreement.

- Such a decarbonisation attempt is crucial in alignment with the 
country’s emphasized sustainable development initiatives, 
which have measurable implications for global climate change 
given the evidence that the world has been experiencing more 
severe climate crises than before.

- China has scaled its utilisation of renewable energy in its energy 
mix in electric power generation to support its carbon 
neutralisation target. It is expected to reach its carbon emission 
peak in 2030.

- Policy uncertainties could affect scaling up the adoption of 
renewable energy, and coal is likely to remain a significant fuel 
source for power generation to ensure the stability of its power 
grid and support the escalating demand from ongoing economic 
activities. Clean coal technologies are deployed to mitigate 
carbon emissions from such facilities.

- Continued reliance on coal despite efforts to scale up 
the use of renewable energy.

- Economic development still considered a priority.
- Policy uncertainties in balancing between economic 

and sustainable development.

(Lin and Liu, 2024; Pata, 2024; 
Zhang et al., 2022)

Brazil - Brazil’s climate strategy is heavily tied to land use, with 
deforestation being a central challenge. The country’s abundant 
renewable energy resources, such as hydropower and biofuels, 
position it as a leader in the global south.

- Brazil’s advancements in biodiesel production have contributed 
to reducing emissions in the transportation sector, yet 
deforestation remains a significant barrier, undermining its 
overall emissions reduction targets.

- Brazil committed to reducing its GHG emissions by 50 % by 
2030.

- The agriculture, forests, and land use sector forms the core of 
Brazil’s Nationally Determined Contributions (NDCs) to the 
Paris Agreement (PA).

- Brazil has also pledged to end illegal deforestation, while energy 
targets aim for increased renewable energy shares and improved 
efficiency by 2030.

- Brazil intends to prioritise decarbonisation efforts in sectors that 
pose significant challenges for emissions reduction, such as its 
steel, cement, aluminium, and aviation industries.

- Deforestation and land use change
- Dependence on fossil fuels
- Expansion of agribusiness
- Renewable energy supply reliability and affordability
- Lack of infrastructure

(Hebeda et al., 2023; Köberle 
et al., 2020; da Silva et al., 2022)

South 
Africa

- South Africa’s decarbonisation is heavily constrained by its 
reliance on coal, which accounts for over 80 % of its electricity. 
While the government has initiated renewable energy programs, 
transitioning coal-dependent communities and managing the 
economic impacts remain significant challenges.

- High reliance on coal accounts for over 80 % of its 
electricity generation.

- Funding constraints ensuring a just transition for coal 
communities

(Msimango et al., 2023; Tyler and 
Hochstetler, 2021)

(continued on next page)
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carbon-intensive sources (Babayomi et al., 2022). Indeed, since a sub-
stantial proportion of patented inventions about clean energy solutions 
originate from advanced industrialised nations such as the European 
Union member states, Japan, the United States, as well as China, a sig-
nificant technology gap exists wherein developing countries are mainly 
dependent on developed economies for the transfer of cutting-edge in-
novations (Babayomi et al., 2022).

Thirdly, for power generation, most developing countries still rely on 
old, inefficient infrastructure prone to high GHG emissions (Kabeyi and 
Olanrewaju, 2022), and no new investments are being made into sus-
tainable green grids. Transitioning away from fossil fuels requires sig-
nificant policy reforms, investment, and restructuring of energy systems, 
which is still challenging as sometimes countries are reluctant due to the 
reasons above. Fossil fuels remain high contributors to air pollutants 
such as carbon dioxide, nitrogen oxide, and other GHGs (Matandirotya 
and Burger, 2023).

The case studies have also revealed some interesting trends. Firstly, it 
can be seen that while certain countries have achieved notable progress 
in curtailing their carbon emissions, others grapple with fundamental 
challenges that impede the implementation of effective decarbonisation 
strategies. Also, the interaction between the economy, energy systems, 
and environment is different under different decarbonisation scenarios. 
Furthermore, while countries like Kenya and South Africa prioritise 
renewable energy expansion to improve energy security, others, such as 
Brazil and Mexico, face significant challenges in addressing deforesta-
tion and land-use change. These unique contexts highlight the diverse 
pathways and barriers to decarbonisation in the Global South. Table 1
provides an overview of some of the sampled developing and industri-
alised countries’ efforts to achieve decarbonisation.

It can be seen that decarbonisation involves multiple strategies and 
technologies, a trend also outlined in the literature (Nurdiawati and 
Urban, 2021). There are five main lessons learned from the case studies 

Table 1 (continued )

Case study 
country 

Nature of the effort Main challenges Source

- The government has set a target to reduce greenhouse gas 
emissions by at least 28 % by 2030.

- South Africa is pursuing renewable energy sources like solar, 
wind, and concentrating solar power (CSP) to diversify its energy 
mix and reduce reliance on coal.

- In the transportation sector, efforts include promoting biofuel 
blending and adopting electric vehicles.

- Restoring ecosystems and better land management practices in 
agriculture and forestry are also part of the mitigation strategy.

- Managing the impacts of decarbonisation on energy- 
intensive industries.

India - India faces the dual challenge of meeting growing energy 
demand while decarbonising its economy. Its ambitious 
renewable energy targets have made it a leader in solar and wind 
power, yet reliance on coal and economic constraints hinder 
progress.

- India ranks the third-largest emitter worldwide despite its low 
per-capita emissions, which stand at 1.8 tons of CO2 (versus the 
United States at 14.7 and China at 7.6).

- In 2021, at COP26, India announced its ambition to become a 
net-zero emitter by 2070.

- India has established ambitious goals to derive 50 % of its 
installed power generation capacity from non-fossil fuel-based 
energy resources.

- India is currently ranking fifth globally in installed solar power 
capacity and fourth in wind power capacity, with its combined 
renewable energy capacity surpassing 100 gigawatts.

- Rapid energy demand growth.
- Reliance on coal
- Financing constraints.
- Energy access
- Agriculture and land use.
- Public awareness and behaviour change.

(McKinsey, 2022; Shankar et al., 
2022)

Mexico - Mexico’s energy transition has been shaped by its heavy reliance 
on oil and gas, which remain central to its economy. While the 
country has made strides in expanding renewable energy and 
energy efficiency programs, political shifts and an ageing energy 
infrastructure limit its progress.

- Mexico aims to generate 35 % of its electricity from clean energy 
sources by 2024 and 50 % by 2050.

- Mexico is investing heavily in expanding its renewable energy 
capacity, particularly wind and solar power.

- Mexico has programs to improve energy efficiency across sectors 
like housing, transportation, and industry to reduce emissions.

- The government provides subsidies and tax incentives to 
promote private investment in clean energy projects.

- High reliance on fossil fuels, especially oil and gas, 
which are critical to its economy.

- Deforestation and land-use change.
- Ageing grid infrastructure.
- Regional disparities.

(Buira et al., 2021; Elizondo et al., 
2017; Veysey et al., 2016)

Kenya - Kenya has positioned itself as a renewable energy leader in 
Africa, with over 70 % of its electricity already derived from 
renewables, such as geothermal and hydropower. However, 
infrastructural limitations and financing constraints hinder the 
scaling of clean energy technologies.

- Kenya has set a target to achieve 100 % renewable energy for its 
overall electricity supply by 2030.

- The country is already a regional leader in renewable energy, 
with around 73 % of its electricity coming from renewable 
sources as of 2020.

- Kenya aims to increase ethanol and biodiesel blending with 
gasoline and diesel in the transportation sector to reduce 
emissions.

- Kenya is working to restore its forest cover through initiatives 
like banning logging and promoting agroforestry to increase 
carbon sinks.

- Challenges remain regarding financing, technological 
capabilities, and infrastructural constraints to 
accelerate decarbonisation across all sectors.

(Kehbila et al., 2021; Ogeya et al., 
2021; Wambui et al., 2022)
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on decarbonisation.
Firstly, policy and regulatory frameworks are essential for catalysing 

and sustaining decarbonisation efforts. Mitigating climate change has 
evolved beyond mere rhetorical commitments and high-level pledges. 
Tangible progress now hinges on the formulation and execution of 
transformative policies that catalyse concrete action across all sectors 
and segments of society (World Bank, 2023). Effective climate policies 
necessitate consistent, predictable, and long-term policy signals that 
provide clarity and certainty to investors, businesses, and consumers. 
Frameworks prone to frequent changes or lack a long-term vision tend to 
create uncertainty, deterring investment in low-carbon technologies. 
The substantial investments and entrenched interests in existing fossil 
fuel supply chains and carbon-intensive industries both economic in-
centives and political pressure to keep the high-carbon status quo 
(Pigato et al., 2020). For example, the United States’ repeated shifts in 
climate policy—including rejoining and later withdrawing from the 
Paris Agreement—have created policy instability, undermining long- 
term investments (Table 1). In contrast, stable and well-designed pol-
icies, bolstered by robust enforcement mechanisms, instil confidence 
among stakeholders, encourage the adoption of clean technologies, and 
support the behavioural changes necessary for a successful transition to 
low-carbon economies. The right policies can make investments in 
cleaner industrial processes more profitable and significantly expedite 
emissions reductions. Effective policies can also disseminate innovations 
through international supply chains, benefiting companies in countries 
that lack robust policies of their own (Rissman et al., 2020). For 
instance, Germany’s Energiewende policy and its legally binding climate 
commitments have demonstrated how long-term policy stability fosters 
investment in renewable energy (Table 1).

Secondly, well-designed incentive structures and support mecha-
nisms are pivotal for driving the widespread adoption of clean tech-
nologies and catalysing innovation in the low-carbon sector. Successful 
decarbonisation strategies often encompass a judicious blend of regu-
latory instruments and financial incentives. On the regulatory front, 
policies like obligatory objectives, strict emissions regulations, and 
carbon pricing structures give businesses and consumers strong financial 
incentives to switch to sustainable alternatives. Financial incentives, 
such as grant programs, tax credits, and targeted subsidies, support these 
regulatory initiatives by helping to lower the upfront costs of clean en-
ergy and developing technologies. This method, adequately calibrated 
and adapted to national circumstances, acts as a potent catalyst, pun-
ishing carbon-intensive processes while rewarding and encouraging the 
development, implementation, and growth of low-emission technology 
and business models (Pigato et al., 2020). For example, the EU’s Inno-
vation Fund provides substantial financial support for industrial decar-
bonisation projects, ensuring that firms can transition toward low- 
carbon production methods (Table 1).

The third critical factor is the transfer of low-carbon technologies 
from industrialised countries to the developing world. Leveraging and 
scaling up the deployment of currently available low-carbon technolo-
gies (LCTs) across four pivotal sectors—energy, industry, transportation, 
and construction—holds immense potential for reducing global emis-
sions by almost two-thirds (Pigato et al., 2020). Successful technology 
transfer in the context of low-carbon transitions extends far beyond the 
mere physical acquisition of hardware components like solar panels or 
wind turbines. For effective adoption and sustained impact, the transfer 
process must also encompass the dissemination of technical knowledge, 
expertise, and capabilities necessary to comprehend, operate, and 
maintain these advanced technologies. This capacity-building dimen-
sion is crucial for enabling local communities and industries to fully 
harness the potential of imported innovations and adapt them to 
context-specific needs (Cirera and Maloney, 2017; Lema and Lema, 
2012). China’s large-scale expansion of renewable energy and battery 
storage illustrates how policy-backed technology transfer can accelerate 
low-carbon transitions in developing economies. Likewise, Kenya’s 
leadership in geothermal energy reflects how targeted investments in 

technology can enhance a country’s renewable energy capacity, even in 
resource-constrained settings (Table 1).

Fourthly, adopting inclusive and participatory approaches 
throughout the policy-making and implementation phases of decar-
bonisation initiatives is essential. A fundamental transformation is un-
likely to happen without a high level of stakeholder engagement in the 
policy development process (Dorian et al., 2006). Strategies formulated 
through processes that actively engage diverse stakeholders, encom-
passing industries, local communities, civil society organisations, and 
environmental advocacy groups, tend to yield more comprehensive and 
widely accepted decarbonisation roadmaps. For example, Brazil’s 
decarbonisation strategy heavily depends on land use policies, but 
conflicting interests between agribusiness and environmental conser-
vation have created challenges in achieving deforestation reduction 
goals (Table 1). Participatory approaches generate a feeling of owner-
ship and buy-in among stakeholders by addressing problems from all 
parts of society, embracing various viewpoints, and encouraging open 
communication. This reduces the likelihood of opposition or reaction 
and strengthens the final policy’s resilience, context-sensitivity, and 
legitimacy. Ultimately, these inclusive governance models raise the 
chances of effective implementation by coordinating decarbonisation 
activities with the requirements, goals, and circumstances of the many 
stakeholders affected by the shift (Linton et al., 2020).

Fifthly, monetising social impacts is key to decarbonisation efforts 
for both developing and industrialised countries. Monetising social im-
pacts is an increasingly relevant approach to evaluating and justifying 
policies, especially for interventions focusing on decarbonisation, 
climate change mitigation, and sustainable development (Yao et al., 
2020). By assigning monetary value to social benefits or costs, this 
framework bridges the gap between economic analysis and social out-
comes therefore providing a foundation for comprehensive decision- 
making (Diaz-Sarachaga, 2021). For most developing countries, there 
is often a lack of capital to transition to clean energy; however, through 
monetising benefits such as improved air quality, reduced health ex-
penditures, and job creation in the renewable sector, governments can 
justify subsidies and attract international financing. Monetising social 
impacts remains a powerful tool for demonstrating the value of decar-
bonisation as well as sustainable development initiatives (Arendt et al., 
2020). Translating social and environmental benefits into monetary 
terms bridges the gap between economic decision-making and social 
outcomes (Yao et al., 2020). For instance, India has emphasized the co- 
benefits of decarbonisation in job creation and public health to justify its 
ambitious renewable energy targets despite financial constraints 
(Table 1). However, the process must be approached carefully, with 
attention to data quality, equity, and methodological rigor. When done 
effectively, monetisation can unlock funding, guide policy, and ensure 
social benefits are central to development strategies. Monetising social 
impacts is a transformative tool that connects economic analysis with 
social and environmental priorities (Thi et al., 2016). By quantifying 
benefits such as improved health, reduced inequality, and enhanced 
climate resilience, monetisation enables better-informed decision-mak-
ing and appropriate resource allocation (Ghorbani Pashakolaie et al., 
2023). At the same time, challenges such as the unavailability of data 
limitations and equity considerations remain, and the utilisation of 
monetised social impacts into policy frameworks worldwide, including 
the global south.

A key lesson emerging from this analysis is the value of addressing 
decarbonisation strategies at both regional and national scales, as 
illustrated through the inclusion of the EU27 and some member states. 
Although the EU27 operates under common climate policies like the 
European Green Deal, member states like France and Germany often 
implement these frameworks differently due to varying energy profiles, 
economic conditions, and domestic political considerations. For 
instance, Germany’s reliance on coal contrasts with France’s nuclear- 
dominated energy mix, necessitating distinct approaches to achieve 
EU-wide decarbonisation targets. Accordingly, the regional framework 
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provided by the EU27 highlights the benefits of collective action, shared 
resources, and coordinated policies, which align member states under 
common objectives. However, the national-level analysis reveals the 
importance of tailoring strategies to account for each country’s unique 
challenges, priorities, and resource capacities (European Commission, 
2020; Jordan and Moore, 2023). This multi-scale approach underscores 
the necessity of balancing regional coordination with localised imple-
mentation to effectively address the diverse socio-economic and insti-
tutional contexts in which decarbonisation occurs. These findings 
suggest that successful decarbonisation efforts require robust regional 
frameworks complemented by adaptive, country-specific strategies to 
ensure both alignment with overarching goals and responsiveness to 
local needs. This lesson has broader implications for other regions 
seeking to harmonise collaborative efforts with individual nation-state 
initiatives.

Further, social acceptance is a critical element in implementing 
decarbonisation measures. Its added value for decarbonisation strategies 
in developing countries lies in enhanced community engagement and 
cooperation. When local populations support these initiatives, imple-
mentation becomes smoother and more effective. Social acceptance 
fosters trust, encourages participation, and aligns projects with com-
munity needs, leading to better resource allocation and sustainability. 
For instance, South Africa’s dependence on coal has created significant 
resistance to decarbonisation policies among affected communities, 
underscoring the need for inclusive transition strategies (Table 1). 
Similarly, in Brazil, balancing decarbonisation with agribusiness in-
terests has been a challenge, as deforestation linked to agricultural 
expansion directly conflicts with the country’s emissions reduction 
goals. Efforts to enforce environmental policies have faced pushback 
from industry stakeholders, underscoring the importance of social and 
economic alignment in climate strategies (Table 1). Furthermore, it 
helps mitigate resistance, ensuring long-term commitment to climate 
goals and creating a shared vision for a greener future that benefits 
everyone (Milani et al., 2024; Neves et al., 2022).

Moreover, it is essential to emphasize that while case studies from 
industrialised nations offer valuable insights, their direct applicability to 
developing economies is often constrained by significant differences in 
institutional capacity, financial resources, and socio-economic prior-
ities. Decarbonisation strategies developed in the Global North cannot 
simply be transplanted into the Global South without thoughtful adap-
tation. The diverse socio-economic systems, governance structures, and 
limited resources in the Global South require tailored strategies suitable 
for local needs and capabilities. Recent studies highlight this issue, 
displaying the need to keep global consumption within planetary limi-
tations (Tian et al., 2024b) and the unequal consequences of rising en-
ergy costs on vulnerable populations, like the elderly and low-income 
groups (Tian et al., 2024a). The findings underscore the need for 
adapted and equitable climate policies for developing countries—strat-
egies stressing scalable, affordable solutions, use of international coop-
eration, and progressively strengthening institutional capacities.

4. Conclusion: The way ahead

Drawing upon an extensive review of literature, reports, and case 
studies from industrialised and developing countries, this research has 
elucidated the multi-faceted requirements for successfully implementing 
decarbonisation strategies in the Global South. The findings underscore 
that there are now some clear signs of engagement toward decarbon-
isation, but these are not even. Some countries are quite active, but 
others are lagging behind. The case studies of industrialised nations, 
such as the United States, the European Union, Germany, Italy, France, 
and Finland, have shed light on the innovative policies, technologies, 
and best practices employed by countries at the forefront of decarbon-
isation efforts. These experiences offer valuable lessons for developing 
economies, highlighting the potential pitfalls, challenges, and opportu-
nities inherent in the low-carbon transition.

Countries aiming to decarbonise their economies can systematise 
efforts through comprehensive and multi-faceted strategies. Firstly, they 
should establish clear, long-term goals aligned with international 
agreements like the Paris Agreement. These goals need to be legally 
binding to ensure accountability. Secondly, countries must develop 
detailed roadmaps that outline sector-specific targets, timelines, and 
policies. These roadmaps should be adaptable to incorporate techno-
logical advancements and changing economic circumstances.

Another critical step is the creation of robust regulatory frameworks 
that incentivise low-carbon technologies and penalise high-carbon 
emissions. This can include carbon pricing mechanisms such as carbon 
taxes or cap-and-trade systems. Governments must further promote 
research and development in clean energy technologies, offering grants 
and tax incentives to stimulate innovation in renewable energy, energy 
storage, and energy efficiency. Public investment in infrastructure is 
another key step in attempts to decarbonise economies. This involves 
upgrading national grids to accommodate renewable energy sources, 
expanding public transportation systems, and retrofitting buildings for 
energy efficiency. Strategic investment in smart grids, electric vehicle 
charging networks (especially in industrialised countries with the 
infrastructure to support electric vehicles), and hydrogen production 
facilities may also support the transition to a low-carbon economy.

Moreover, countries should foster public-private partnerships to 
leverage private-sector investment. Additionally, green finance mecha-
nisms, like green bonds and sustainability-linked loans, should be pro-
moted to attract investment from institutional investors and 
international development banks. Education and workforce training 
programmes also are necessary to ensure that the labour force is 
equipped with the skills needed for new green jobs. Social policies 
should also be implemented to support communities and industries 
adversely affected by the transition, ensuring a just and inclusive 
transition.

The need to tackle global climate change via coordinated decar-
bonisation initiatives cannot be overstated. Rising temperatures, sea- 
level rise, severe weather events, and ecological changes threaten 
human well-being, economic stability, and environmental sustainabil-
ity. While the need for decarbonisation is widely recognised, the ap-
proaches and implementation obstacles differ significantly across 
industrialised and developing countries. Significant investment is 
required, potentially amounting to trillions of dollars globally, to sup-
port decarbonisation efforts fully. This investment is not merely a cost 
but an opportunity to stimulate economic growth, create jobs, and 
enhance energy security. By taking a systematic and well-coordinated 
approach, countries can effectively decarbonise their economies while 
fostering sustainable development.

Further, the social acceptance of decarbonisation strategies in 
developing countries is important for successful implementation. 
Engaging national governments and local communities in decision- 
making fosters trust and ensures that initiatives align with their needs. 
Education and awareness campaigns can help demystify carbon reduc-
tion efforts, highlighting benefits such as improved air quality, job 
creation, and energy security. Additionally, policymakers should 
consider cultural values and socio-economic contexts to promote in-
clusive strategies. By prioritising community involvement and trans-
parency, developing countries can enhance social support, leading to 
more effective and sustainable decarbonisation efforts that address both 
environmental goals and local development priorities (Sovacool et al., 
2021).

The task of reconciling decarbonisation initiatives with pressing so-
cial and economic priorities is especially difficult in developing coun-
tries. As previously stated, limited financial resources frequently force 
governments to choose between investing in renewable energy and 
meeting immediate social needs. Ensuring that decarbonisation mea-
sures do not jeopardize social acceptance is critical to their long-term 
viability. Policies must be crafted to match climate goals with socio- 
economic growth in order to gain widespread public support and 
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ensure long-term implementation.
Furthermore, to ensure the successful implementation of decarbon-

isation strategies in developing economies, it is important to adapt les-
sons and solutions from industrialised nations to local contexts. This 
requires leveraging international support, such as climate finance ini-
tiatives and cooperation programs, to address financial and technical 
resource gaps. Partnerships can help fund renewable energy projects, 
provide advanced technologies, and build local expertise through 
training programs. Developing regionally appropriate regulatory 
frameworks is equally essential. These frameworks should align with 
local priorities, focusing on scalable solutions, such as small-scale 
renewable energy systems or sustainable agriculture practices, while 
fostering economic resilience. Additionally, education and community- 
driven approaches are essential for social acceptance and participa-
tion. Public awareness campaigns, inclusive policy-making, and 
capacity-building programs can empower communities and ensure 
alignment with societal goals.

Adapting these lessons ensures decarbonisation efforts are feasible, 
equitable, and sustainable, addressing the unique challenges of devel-
oping economies while contributing to global climate goals.

Another important requirement for successful decarbonisation in 
developing countries is the need for a holistic, integrated approach that 
addresses the intersections between energy, water, and food systems, 
often conceptualised as the Water–Energy–Food (WEF) nexus. Sustain-
able development in the Global South cannot be achieved through iso-
lated efforts in a single sector; instead, it requires a systemic 
understanding of how energy production affects water availability, how 
water use impacts food security, and how agricultural practices influ-
ence energy demand (Dupar and Oates, 2012; Hoff, 2011; White et al., 
2018). By incorporating the WEF nexus into decarbonisation strategies, 
policymakers can ensure that efforts to reduce emissions are not only 
practical but also equitable, addressing the broader needs of commu-
nities and enhancing resilience against climate-related challenges.

Finally, it is equally important to recognise that the decarbonisation 
landscape is rapidly evolving, and new challenges, opportunities, and 
best practices will likely emerge as nations embark on this trans-
formative journey. Continuous monitoring, evaluation, and adaptation 
of strategies will be necessary to ensure their relevance and effectiveness 
over time.
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