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Abstract: Climate change has emerged as one of the most critical global challenges of the twenty-first century, primarily driven
by anthropogenic greenhouse gas emissions resulting from fossil fuel combustion, industrial activities, and land-use changes.
Reducing carbon footprints while ensuring sustainable development has therefore become a central objective of global climate
policy and research. This paper critically examines key climate change mitigation strategies that contribute to emission
reduction and promote long-term sustainability. Drawing upon recent peer-reviewed literature, international reports, and
empirical studies, the research analyzes renewable energy transitions, energy efficiency improvements, carbon capture,
utilization and storage (CCUS), nature-based solutions, and policy instruments such as carbon pricing and climate finance.

The study highlights that large-scale deployment of renewable energy technologies, particularly solar and wind power, combined
with improvements in energy efficiency across buildings, industry, and transport sectors, can significantly reduce global
emissions. Complementary strategies such as CCUS and ecosystem-based approaches play a vital role in addressing residual and
hard-to-abate emissions while offering co-benefits for biodiversity and livelihoods. The paper further explores the alignment of
mitigation strategies with the United Nations Sustainable Development Goals (SDGs), emphasizing the importance of equity, just
transition, and inclusive growth.

Despite technological progress, the research identifies major challenges, including scalability constraints, financial and
technological gaps in developing countries, and weak policy implementation. The paper concludes that an integrated, multi-
sectoral mitigation framework supported by strong governance, international cooperation, and equitable climate finance is
essential to achieve net-zero emissions and advance sustainable development in line with the Paris Agreement goals.

Keywords: Climate Change Mitigation; Carbon Footprint Reduction; Renewable Energy Transition; Sustainable Development;
Net-Zero Emissions

I. INTRODUCTION
Climate change has emerged as one of the most pressing and complex challenges of the twenty-first century, posing severe risks to
natural ecosystems, socio-economic systems, and human well-being. The rapid increase in anthropogenic greenhouse gas (GHG)
emissions-primarily driven by fossil fuel combustion, industrial production, land-use change, and unsustainable consumption
patterns- has significantly altered the Earth’s climate system (IPCC, 2023). Atmospheric concentrations of carbon dioxide (CO.),
which remained relatively stable at around 280-285 ppm during the pre-industrial period, have risen sharply to over 430 ppm by
2025, marking the highest levels observed in at least the past 800,000 years (NOAA, 2026). This unprecedented rise has contributed
to a global mean temperature increase of approximately 1.4-1.5°C above pre-industrial levels, intensifying the frequency and
severity of extreme weather events, sea-level rise, biodiversity loss, and disruptions to food and water security.
Recent assessments indicate that global GHG emissions reached a record high of over 53 GtCO:e in 2024, reflecting a persistent
post-pandemic rebound despite growing investments in clean energy and climate policies (EDGAR, 2025; IEA, 2025). Without
immediate and sustained mitigation efforts, current trajectories are projected to exceed the remaining carbon budget consistent with
limiting warming to 1.5°C within this decade (UNEP, 2025). The implications of such overshoot are profound, particularly for
vulnerable populations and developing countries that contribute least to historical emissions yet face disproportionate climate
impacts.
Climate change mitigation-defined as human interventions to reduce the sources or enhance the sinks of GHGs-has therefore
become a central pillar of global environmental governance.
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The Paris Agreement, adopted in 2015, commits signatory nations to holding the increase in global average temperature to well
below 2°C and pursuing efforts to limit warming to 1.5°C. As of 2025, more than 140 countries have announced net-zero emission
targets, most aiming for mid-century neutrality (Net Zero Tracker, 2025). However, significant gaps remain between political
commitments and actual implementation, underscoring the need for evidence-based, scalable, and equitable mitigation strategies.
Reducing carbon footprints-the total amount of GHG emissions associated with human activities, expressed in carbon dioxide
equivalents (COze)-is a critical pathway toward achieving climate stabilization. Importantly, mitigation efforts must be aligned with
sustainable development objectives to ensure that climate action does not exacerbate existing socio-economic inequalities. The
United Nations Sustainable Development Goals (SDGs) provide a comprehensive framework for integrating climate action (SDG
13) with poverty alleviation, energy access, economic growth, and environmental protection. Effective mitigation strategies can thus
generate multiple co-benefits, including improved public health, employment generation, energy security, and ecosystem resilience
(WRI, 2024).

This paper aims to provide a comprehensive and systematic review of contemporary climate change mitigation strategies, focusing
on their potential to reduce carbon footprints while promoting sustainable development. By synthesizing recent peer-reviewed
literature published between 2020 and 2026, the study critically examines technological, policy-based, and nature-based mitigation
approaches, including renewable energy transitions, energy efficiency improvements, carbon capture, utilization and storage
(CCUS), behavioral change, and ecosystem-based solutions. The analysis emphasizes mitigation potential, economic feasibility,
scalability, and equity considerations, with particular attention to their alignment with the Paris Agreement and the SDGs.

A. Objectives of the Study

The specific objectives of this study are to:

1) Examine major technological and policy-driven climate change mitigation strategies for reducing carbon footprints.
2) Assess the mitigation potential, costs, and scalability of key strategies across sectors.

3) Analyse the role of mitigation in advancing sustainable development and achieving the SDGs.

4) Identify key challenges, equity concerns, and implementation gaps in current mitigation efforts.

5) Propose evidence-based recommendations for strengthening integrated and equitable mitigation pathways.

B. Research Questions

The study is guided by the following research questions:

1) What are the most effective strategies for reducing global carbon footprints in the context of climate change mitigation?
2) How do different mitigation approaches compare in terms of emission reduction potential, cost, and scalability?

3) In what ways do mitigation strategies contribute to or hinder sustainable development objectives?

4) What structural, technological, and policy barriers limit the effective implementation of mitigation measures?

Il. METHODOLOGY
This study adopts a systematic literature review methodology in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA 2020) guidelines. A comprehensive search was conducted across major academic databases,
including Scopus, Web of Science, and Google Scholar, to identify peer-reviewed studies published between January 2020 and
March 2026. Search strings combined keywords such as “climate change mitigation,” “carbon footprint reduction,” "renewable
energy,"” "energy efficiency,” "carbon capture,” and "sustainable development.”
The initial search yielded 345 records. After removing duplicates and screening titles and abstracts for relevance, 132 articles were
retained for full-text review. Based on inclusion criteria—empirical rigor, relevance to mitigation outcomes, and peer-reviewed
publication-89 studies were selected for final analysis. Exclusion criteria included non-empirical papers, opinion pieces, and studies
lacking clear methodological transparency.
Data extraction focused on mitigation strategies, sectoral coverage, emission reduction potential, cost estimates, policy instruments,
and links to sustainable development outcomes. A mixed-method synthesis approach was employed, combining quantitative
aggregation of mitigation potentials with qualitative thematic analysis of implementation challenges and equity dimensions. To
enhance reliability, findings were cross-validated using authoritative reports from the IPCC, IEA, UNEP, and IRENA.
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1. LITERATURE REVIEW
A. Global Trends in Climate Change Mitigation Research
The volume of academic research on climate change mitigation has increased substantially over the past decade, reflecting
heightened scientific, political, and societal concern. Bibliometric analyses reveal a sharp rise in mitigation-related publications
since 2017, with dominant contributions from energy systems modeling, policy analysis, and sustainability science (Wiedenhofer et
al., 2025). China, the European Union, and the United States emerge as leading contributors, though interdisciplinary collaboration
across regions remains essential for addressing global mitigation challenges.

B. Technological Pathways for Carbon Footprint Reduction

Technological innovation constitutes a core pillar of mitigation efforts. Renewable energy technologies—particularly solar
photovoltaic (PV) and wind—have experienced dramatic cost declines, with solar PV costs falling by over 80% and wind energy by
nearly 40% since 2010 (IEA, 2024). These reductions have accelerated global deployment and improved the economic
competitiveness of renewables relative to fossil fuels.

Energy efficiency technologies in buildings, transport, and industry are widely recognized as among the most cost-effective
mitigation options. According to Urge-Vorsatz et al. (2020), efficiency improvements alone could deliver nearly one-third of the
emission reductions required by 2030 in 1.5°C-consistent pathways. Behavioral changes, including shifts toward low-carbon diets,
reduced air travel, and sustainable consumption patterns, further amplify mitigation potential, particularly among high-income
populations (Ivanova et al., 2020).

C. Carbon Capture and Negative Emission Technologies

Carbon capture, utilization and storage (CCUS) and negative emission technologies have gained prominence in mitigation scenarios
addressing residual emissions from hard-to-abate sectors such as cement, steel, and chemicals. While post-combustion capture
technologies demonstrate capture efficiencies exceeding 90%, high capital costs, energy penalties, and limited large-scale
deployment remain major constraints (Lilliestam et al., 2024). Direct Air Capture (DAC) technologies offer long-term potential but
are currently constrained by high costs and limited capacity.

D. Nature-Based Solutions and Sustainable Development

Nature-based solutions (NbS), including afforestation, reforestation, soil carbon sequestration, and wetland restoration, are
increasingly recognized for their dual role in mitigation and adaptation. Griscom et al. (2017) estimate that NbS could contribute up
to one-third of cost-effective mitigation required by 2030 while delivering substantial co-benefits for biodiversity, water regulation,
and livelihoods. However, concerns regarding land-use competition, permanence, and social equity highlight the need for careful
governance and community engagement.

V. RESULTS AND ANALYSIS
This section synthesizes empirical findings from the selected literature to evaluate the effectiveness of major climate change
mitigation strategies in reducing carbon footprints. Results are organized across key sectors and mitigation pathways, emphasizing
emission reduction potential, cost efficiency, and scalability.

A. Sector-wise Mitigation Potential
The analysis reveals that the energy sector holds the largest mitigation potential, followed by industry, transport, buildings, and
land-use systems. Renewable energy expansion and energy efficiency measures dominate near-term mitigation pathways, while
CCUS and negative emission technologies become increasingly important post-2035.
Table 1 presents estimated sector-wise mitigation potential consistent with 1.5°C pathways by 2050.
Table 1: Sector-wise Global Mitigation Potential by 2050

Sector Key Mitigation Measures Estimated Potential (GtCO.e/year)
Energy Supply | Solar, wind, hydro, grid decarbonization 12-15

Industry Energy efficiency, CCUS, electrification 7-9

Transport EVs, modal shift, fuel efficiency 5-7

Buildings Efficiency, heat pumps, retrofitting 4-6
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| AFOLU Afforestation, soil carbon, REDD+ | 6-8 |

These findings align with IPCC ARG6 estimates, confirming that integrated sectoral approaches are essential to achieve deep
decarbonization.

B. Renewable Energy Transitions
Renewable energy deployment has accelerated rapidly over the past decade, driven by technological innovation and cost reductions.
Global renewable electricity capacity increased from approximately 1,200 GW in 2005 to over 3,900 GW by 2024, accounting for
nearly 40% of global power generation. Solar photovoltaic (PV) and wind energy dominate this expansion, with installed capacities
reaching approximately 1,050 GW and 900 GW respectively.
Cost analysis indicates that levelized costs of electricity (LCOE) for solar PV declined to around USD 0.068/kWh, while onshore
wind reached approximately USD 0.053/kWh, making renewables competitive with or cheaper than fossil fuel-based generation in
most regions.

Figure 1 illustrates the global growth of renewable energy capacity between 2005 and 2024.

Figure 1: Growth of Global Renewable Energy Capacity (2005-2024)
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C. Energy Efficiency and Demand-Side Measures

Energy efficiency improvements emerge as the most cost-effective mitigation strategy across sectors. Building retrofits, appliance
efficiency standards, and industrial process optimization offer immediate emission reductions with negative or low marginal costs.
Literature indicates that efficiency measures could reduce global energy demand by up to 30% by 2040 compared to baseline
scenarios.

Behavioral interventions-such as reduced energy consumption, sustainable mobility choices, and dietary shifts-can further lower
carbon footprints, particularly in high-income economies. Studies suggest that lifestyle changes alone could reduce per-capita
emissions by 20-40% when supported by enabling policies.

D. Carbon Capture, Utilization, and Storage (CCUS)

CCUS technologies are critical for addressing residual emissions from hard-to-abate sectors. Post-combustion capture systems
demonstrate capture efficiencies exceeding 90%, while pre-combustion and oxy-fuel combustion technologies offer additional
flexibility. As of 2025, global CCUS capacity remains limited to approximately 45 MtCO: per year, highlighting a substantial gap
relative to modeled requirements of 3-6.8 GtCO:. annually by 2050.
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Direct Air Capture (DAC) technologies currently operate at pilot scales, capturing less than 0.02 MtCO: annually. Despite their
long-term potential, high energy requirements and costs exceeding USD 300 per ton of CO: pose significant barriers.

Figure 2 depicts projected CCUS deployment pathways under net-zero scenarios.
Figure 2: Projected CCUS Deployment in Net-Zero Pathwaws

0z Captured via CCUS (Gtjyear)

2020 2025 20=Z0 2035 20490 2095 2050
weEar

E. Nature-Based Solutions and Carbon Markets
Nature-based solutions contribute significantly to mitigation while delivering ecosystem and social co-benefits. Afforestation,
reforestation, and improved land management practices can sequester between 6 and 8 GtCO.e annually by mid-century. Market-
based mechanisms such as REDD+ and voluntary carbon markets facilitate financing for these interventions, particularly in
developing regions.
Table 2 summarizes key mitigation strategies, costs, and co-benefits.
Table 2: Comparison of Major Mitigation Strategies

Strategy Cost Range (USD/tCO-) | Co-benefits Scalability
Renewable Energy | 10-50 Energy security, jobs High
Energy Efficiency | -10 to 30 Cost savings, health Very High
CCuUs 60-150 Industrial continuity Medium
NbS 5-40 Biodiversity, livelihoods | Medium

F. Mitigation and Sustainable Development Goals
Mitigation strategies demonstrate strong alignment with the Sustainable Development Goals. Renewable energy expansion supports
SDG 7 (Affordable and Clean Energy) and SDG 8 (Decent Work), generating over 11 million jobs globally. Nature-based solutions
advance SDG 15 (Life on Land) while improving resilience and food security.

Figure 3 presents the linkage between mitigation strategies and SDGs.

Figure 3: Linkages Between Climate Mitigation Strategies and SDGs
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V. DISCUSSION

The results underscore that no single mitigation strategy is sufficient to achieve deep decarbonization consistent with the Paris
Agreement. Instead, an integrated portfolio combining renewable energy expansion, energy efficiency, CCUS, and nature-based
solutions is required. Renewable energy and efficiency measures dominate near-term mitigation due to their cost-effectiveness and
scalability, while CCUS and negative emission technologies play a complementary role in addressing residual emissions from hard-
to-abate sectors. These findings are consistent with IPCC AR6 pathways, which emphasize rapid electrification, fossil fuel phase-
down, and innovation-driven transitions.

A key insight emerging from this synthesis is the strong interaction between mitigation strategies and socio-economic systems.
Energy transitions reshape labor markets, industrial competitiveness, and patterns of resource use. While renewable energy has
generated over 11 million jobs globally, these gains are unevenly distributed, highlighting the importance of just transition policies
that protect workers and communities dependent on carbon-intensive industries.

VI. CHALLENGES AND IMPLEMENTATION BARRIERS
Despite technological progress, several structural barriers hinder large-scale mitigation implementation. Scalability remains a
critical challenge, particularly for CCUS technologies, which lack sufficient large-scale operational experience. Renewable energy
deployment is constrained by geographic variability, grid integration challenges, and supply-chain dependencies for critical
minerals. Financial barriers are especially acute in developing countries, where annual climate finance needs exceed USD 100
billion, far surpassing current commitments.
Policy gaps further exacerbate these challenges. Many Nationally Determined Contributions (NDCs) remain misaligned with 1.5°C
pathways, lacking binding targets, monitoring mechanisms, and enforcement frameworks. Weak institutional capacity, regulatory
uncertainty, and limited stakeholder engagement undermine effective implementation. Addressing these barriers requires
coordinated governance, transparent monitoring systems, and sustained public and private investment.

VII. MITIGATION AND SUSTAINABLE DEVELOPMENT

Climate change mitigation is intrinsically linked to sustainable development. Renewable energy deployment advances SDG 7
(Affordable and Clean Energy) while supporting SDG 8 (Decent Work and Economic Growth). Energy efficiency improves public
health outcomes, contributing to SDG 3, while reducing energy poverty. Nature-based solutions enhance biodiversity conservation
(SDG 15) and strengthen climate resilience in vulnerable regions.

Carbon market mechanisms, including REDD+ and voluntary carbon credits, illustrate how mitigation can be integrated with
poverty reduction and community development. However, ensuring environmental integrity and social equity requires robust
governance frameworks and community participation. Equitable transitions must prioritize inclusivity, gender equity, and
intergenerational justice to ensure that no population group is left behind.

Table 3: Alignment of Mitigation Strategies with Sustainable Development Goals

Mitigation Strategy Key SDGs Supported | Development Co-benefits

Renewable Energy SDG 7, 8,13 Jobs, energy access

Energy Efficiency SDG 3, 11, 12 Health, affordability

CCUsS SDG 9, 13 Industrial resilience

Nature-based Solutions | SDG 2, 15 Livelihoods, biodiversity
VIII.  CONCLUSION AND FUTURE DIRECTIONS

Integrated climate change mitigation strategies offer a viable pathway to reducing global carbon footprints while advancing
sustainable development. The combined deployment of renewable energy, energy efficiency, CCUS, and nature-based solutions can
deliver substantial emission reductions across sectors. However, realizing this potential depends on overcoming financial,
technological, and governance barriers through equity-focused implementation.

Future research should prioritize scalable low-carbon innovations, robust assessment of negative emission technologies, and the
socio-political dimensions of just transitions. Strengthening international cooperation, enhancing climate finance mechanisms, and
aligning national policies with global climate goals are essential to meeting the objectives of the Paris Agreement and achieving the
Sustainable Development Goals.
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