Open Access Research Journal of

Engineering and Technology O A RJ OPEN ACCESS
) - S . RESEARCH
Journals home page: https://oarjpublication/journals/oarjet/

ISSN: 2783-0128 (Online) JOURNALS

(REVIEW ARTICLE) M) Check for updates

Carbon pricing mechanisms and their global efficacy in reducing emissions: Lessons
from leading economies

Precious Oluwaseun Okedele 1", Onoriode Reginald Aziza 2, Portia Oduro 3 and Akinwale Omowumi Ishola *

1 Independent Researcher, New Jersey, USA.

2 Independent Researcher, Lagos Nigeria.

3 Energy Law Center, Paul M. Hebert Law Center, Louisiana State University, USA.
4 Department of Sustainability, Eastern Illinois University Charleston Illinois, USA.

Open Access Research Journal of Engineering and Technology, 2024, 07(02), 114-125
Publication history: Received on 28 October 2024; revised on 01 December 2024; accepted on 05 December 2024

Article DOI: https://doi.org/10.53022 /oarjet.2024.7.2.0064

Abstract

As climate change intensifies, carbon pricing mechanisms (CPMs) have emerged as crucial policy tools to mitigate
greenhouse gas emissions and foster a transition to low-carbon economies. This study analyzes the efficacy of various
CPMs, including carbon taxes, emissions trading schemes (ETS), and hybrid models, in reducing emissions across
leading economies such as the European Union, United States, China, and Canada. By examining the economic,
environmental, and social outcomes of each model, the paper highlights the successes and challenges faced by these
countries in implementing CPMs. The analysis reveals that, while CPMs have been effective in curbing emissions to
varying degrees, their success is contingent on factors such as pricing levels, regulatory enforcement, and policy
integration with renewable energy and energy efficiency measures. Additionally, this study investigates the role of
complementary policies, the impact on energy-intensive industries, and the socio-economic considerations necessary
for equitable implementation. Insights from this comparative analysis offer valuable lessons for other nations
considering CPMs, emphasizing the need for flexible, context-specific approaches that balance environmental goals with
economic growth and social equity. Recommendations include enhancing international collaboration, adjusting pricing
mechanisms to reflect local economic conditions, and increasing transparency to build public trust in carbon pricing as
a long-term climate solution.
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1. Introduction

The escalating urgency of addressing climate change has propelled the adoption of diverse policy instruments to
mitigate greenhouse gas (GHG) emissions [1]- [6]. Among these instruments, carbon pricing mechanisms have gained
prominence as an economically efficient tool to internalize the social costs of carbon emissions and incentivize
reduction. Carbon pricing, whether in the form of carbon taxes or cap-and-trade systems, establishes a market-driven
approach that influences corporate and individual behavior, ultimately aiming to reduce emissions and foster
sustainable development [1]. By assigning a monetary cost to emitting carbon, these mechanisms create financial
incentives for entities to adopt cleaner practices, invest in renewable energy, and reduce reliance on fossil fuels [8].

Numerous leading economies, including those in the European Union, Canada, and Japan, have implemented carbon
pricing mechanisms, with varying designs, scopes, and intensities [9]. The rationale behind these policies is to shift the
economic balance towards low-carbon technologies and create a pathway to meeting climate targets, such as those set
forth by the Paris Agreement [10]. However, the efficacy of these mechanisms has been the subject of ongoing debate.
Differences in economic structures, regulatory environments, and political will across countries lead to variability in
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the impacts and challenges of carbon pricing systems. Evaluating the global efficacy of these mechanisms thus requires
a comparative analysis of case studies from economies with well-established carbon pricing systems [11]- [14].

This paper explores the global efficacy of carbon pricing mechanisms by examining empirical evidence from leading
economies. By reviewing the successes, limitations, and challenges encountered in these case studies, we aim to derive
insights and lessons applicable to both developed and developing countries [15]. This analysis provides an
understanding of the critical design features and policy frameworks that enhance or limit the effectiveness of carbon
pricing in reducing emissions. The findings could inform future policy decisions, particularly as more countries consider
adopting or scaling up carbon pricing to meet their climate targets.

2. Literature Review

2.1. Carbon Pricing Mechanisms: An Overview

The two primary forms of carbon pricing mechanisms—carbon taxes and cap-and-trade systems—have distinct
approaches but share the goal of reducing emissions by increasing the cost of emitting carbon dioxide (CO,) [16]. Carbon
taxes establish a fixed price per ton of CO, emitted, providing predictability in pricing but without guaranteeing a
specific reduction in emissions [17]. Cap-and-trade systems, on the other hand, set a limit on total emissions (the "cap")
and allow companies to buy and sell emissions allowances, creating a dynamic market that incentivizes reductions as
the price of allowances rises with increasing demand [18]. Research indicates that the choice between these
mechanisms depends on national priorities, economic structure, and administrative capacities [19].

Studies have analyzed both approaches, noting that while carbon taxes offer simplicity and transparency, cap-and-trade
systems may provide greater flexibility and cost-effectiveness in achieving emissions targets [20]. The success of carbon
pricing mechanisms relies heavily on proper design, including coverage of key sectors, price stability, and consideration
of socio-economic impacts, especially on vulnerable populations [21].

2.2. Global Efficacy of Carbon Pricing: Empirical Evidence

Empirical evidence from different economies highlights the varied effectiveness of carbon pricing in reducing emissions.
The European Union's Emissions Trading System (EU ETS), the world’s largest cap-and-trade market, has achieved
notable emissions reductions in the power sector [22]. Studies show that since its inception in 2005, the EU ETS has
been instrumental in driving a shift towards renewable energy, particularly in coal-dependent regions [23]- [27].
However, the EU ETS has also faced criticism for initial oversupply of allowances, which led to low carbon prices and
limited impact in early years [28].

Similarly, Canada’s carbon pricing framework, which includes both a federal carbon tax and provincial cap-and-trade
programs, has demonstrated promising results [29]. British Columbia’s carbon tax, introduced in 2008, is often cited as
a model for effectively reducing emissions without stifling economic growth. Studies attribute this success to the tax's
revenue-neutral design, which returns revenue to taxpayers through rebates and offsets [30]- [33]. Canada’s experience
suggests that transparency and revenue recycling can improve public acceptance of carbon pricing policies [34].

Japan’s experience with carbon pricing highlights challenges faced by economies heavily reliant on fossil fuels. Japan
implemented a carbon tax in 2012, but its relatively low price and narrow sectoral coverage have limited its impact on
emissions reduction [35]. The Japanese case underscores the importance of aligning carbon pricing with broader energy
policies to effectively reduce emissions in fossil-fuel-intensive economies [36].

2.3. Key Factors Influencing the Success of Carbon Pricing Mechanisms

A review of literature reveals several critical factors influencing the efficacy of carbon pricing [37]. First, price stability
is crucial; systems prone to excessive price volatility, such as the early EU ETS, struggle to incentivize long-term
investments in clean technology [38]. Policymakers are increasingly using price floors and ceilings to address this issue,
as observed in California’s cap-and-trade program [39].

Second, the comprehensiveness of sectoral coverage directly affects outcomes. A system that excludes major emitters,
such as transportation or industry, may achieve only partial reductions [40]- [43]. For example, New Zealand’s
Emissions Trading Scheme initially excluded agriculture, the country’s largest emissions source, which limited its
overall impact [44].
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Third, the integration of carbon pricing into a broader policy framework enhances effectiveness. Carbon pricing
mechanisms are most successful when accompanied by complementary policies, such as subsidies for renewable
energy, energy efficiency standards, and R&D funding for low-carbon technologies [45]. Sweden, which introduced both
a carbon tax and aggressive clean energy subsidies, has managed to significantly reduce emissions while maintaining
economic growth, demonstrating the synergistic effect of such policies [46].

2.4. Social and Economic Considerations

A critical challenge in implementing carbon pricing is addressing socio-economic impacts. Studies emphasize that
carbon pricing disproportionately affects low-income households, as these households spend a larger share of their
income on energy and other essentials [47]. Redistribution measures, such as Canada’s rebates and Sweden’s tax
adjustments, have shown to improve the public acceptability of carbon pricing and mitigate negative distributional
effects [48].

Moreover, carbon pricing can impact competitiveness for industries exposed to international trade [50]- [54]. This has
led some countries to introduce border carbon adjustments (BCAs) to prevent “carbon leakage” (whereby emissions-
intensive industries relocate to jurisdictions with laxer regulations) [55]. The EU is currently developing a BCA
mechanism to address this issue, though the effectiveness and trade implications of such adjustments remain under
examination [56]. The study demonstrates that while carbon pricing is a powerful tool for reducing emissions, its
success is contingent on careful policy design, sectoral coverage, price stability, and integration with broader climate
policies. Lessons from leading economies illustrate both the potential and the limitations of carbon pricing mechanisms,
providing insights for policymakers globally [57]. As countries intensify efforts to combat climate change,
understanding the factors that influence the efficacy of carbon pricing will be essential in guiding future policy design
and fostering a low-carbon transition.

3. Methodology

3.1. Research Design and Approach

This study employs a comparative case study approach, focusing on leading economies with established carbon pricing
mechanisms. The methodology involves a combination of quantitative data analysis and qualitative case study
evaluation to comprehensively examine the global efficacy of carbon pricing in reducing emissions. This mixed-methods
approach enables an in-depth assessment of various carbon pricing schemes, their structural differences, effectiveness,
and lessons for future implementation.

3.2. Data Collection

3.2.1. Quantitative Data Collection

Quantitative data were collected from several key sources

e Carbon Pricing Data: Information on carbon pricing (e.g., carbon taxes and emissions trading systems) was
obtained from the World Bank Carbon Pricing Dashboard and the International Carbon Action Partnership
(ICAP) [58].

o Emissions Data: Historical and recent emissions data were sourced from the Global Carbon Project,
International Energy Agency (IEA), and national databases [59].

e Macroeconomic Data: Relevant macroeconomic data, such as GDP growth, energy consumption, and sector-
specific emissions, were gathered from sources like the World Bank and the Organisation for Economic Co-
operation and Development (OECD).

3.2.2. Qualitative Data Collection

e Policy Documents and Reports: Reports from leading economies implementing carbon pricing (such as the
European Union, Canada, Japan, and South Korea) were analyzed to understand policy design, regulatory
frameworks, and the institutional context of these mechanisms [60]- [64].

o ExpertInterviews: Interviews with policy experts, economists, and environmental scientists were conducted
to gain insights into the operational aspects, challenges, and successes of carbon pricing mechanisms in various
countries.

o (Case Studies: In-depth case studies of selected economies were developed, examining the unique design and
effectiveness of carbon pricing mechanisms, implementation challenges, and adaptations over time [65]- [70].
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3.3. Case Study Selection

The study focuses on leading economies with established carbon pricing mechanisms to draw comparative insights.
Selection criteria include:

e Length of Carbon Pricing Implementation: Economies with at least five years of carbon pricing experience
were chosen to assess mid- to long-term impacts.

e Diversity of Mechanisms: Economies with diverse pricing mechanisms (carbon tax, cap-and-trade systems,
hybrid models) were selected to examine variations in design.

e Global Influence: Economies that significantly impact global emissions (e.g., the EU, Canada, Japan) were
prioritized to understand the global potential of carbon pricing [71].

The selected case studies include the European Union (EU ETS), Canada (federal and provincial systems), Japan (carbon
tax), and South Korea (emissions trading scheme).

3.4. Analytical Framework

To evaluate the effectiveness of carbon pricing mechanisms, this study employs three main analytical lenses:

o Environmental Efficacy: Measures the actual reduction in greenhouse gas emissions attributed to carbon
pricing, using emissions data before and after the implementation of mechanisms. Reduction trends are
compared with national or regional targets [72].

e Economic Impact: Assesses the economic impact of carbon pricing, focusing on sectors most affected by
carbon prices (e.g., energy, transportation). Key indicators include changes in industry competitiveness, energy
prices, and GDP growth [73].

e Social Equity and Political Feasibility: Evaluates the social equity implications, including how carbon pricing
affects different income groups, and political feasibility, focusing on public acceptance and political support
[74].

3.5. Data Analysis

3.5.1. Quantitative Analysis

e Statistical Analysis: Econometric models are used to analyze the relationship between carbon pricing and
emissions reductions. Regression models control for economic growth, energy intensity, and policy changes in
order to isolate the effect of carbon pricing [75].

e Comparative Analysis: Emission trends from carbon-pricing economies are compared to trends in non-
carbon-pricing economies to assess efficacy. The study applies propensity score matching to compare
economies with similar economic profiles and emissions baselines.

3.5.2. Qualitative Analysis

e Thematic Analysis: Policy documents, reports, and interview transcripts are analyzed thematically to identify
key factors influencing the effectiveness and adaptability of carbon pricing mechanisms.

o Cross-case Analysis: A cross-case analysis of selected economies is conducted to identify common success
factors and barriers, along with unique contextual adaptations in each case.

3.6. Validity and Reliability

The study ensures reliability by using consistent data sources across cases and by cross-referencing data with multiple
official sources. Validity is strengthened through triangulation, where quantitative emissions data, qualitative policy
insights, and expert opinions are cross-checked to draw robust conclusions [76].

3.7. Limitations
The study acknowledges several limitations:
e Data Availability: Emissions data and economic metrics vary in availability and reliability across countries,
potentially impacting the comparative analysis.

e Attribution Challenge: Isolating the specific impact of carbon pricing on emissions is challenging due to
confounding factors, such as concurrent environmental policies and market changes.
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e Temporal Constraints: As carbon pricing mechanisms are relatively recent, the long-term impacts may not be
fully captured within this study’s timeframe.

3.8. Ethical Considerations

This study adheres to ethical research standards by ensuring informed consent for expert interviews and maintaining
data confidentiality [77]. It also respects diverse perspectives by including interviews with stakeholders representing
industry, government, and environmental advocacy. The methodology combines quantitative and qualitative data to
explore the efficacy of carbon pricing mechanisms in leading economies. By analyzing the environmental, economic, and
social dimensions of carbon pricing, this study aims to provide a comprehensive evaluation of global lessons for
reducing emissions.

4. Results and discussion

4.1. Carbon Pricing Mechanisms: Overview and Types

The results of this study show that the implementation of carbon pricing mechanisms, particularly carbon taxes and
cap-and-trade systems, has varied in impact based on design, economic context, and political will. Carbon taxes, which
set a direct price on emissions, have been effective in providing clear cost signals to polluters and encouraging shifts
toward cleaner energy [78]. Cap-and-trade systems, which set emission limits and allow for the trading of allowances,
have had mixed success, often influenced by the initial cap levels and flexibility measures. For example, the European
Union Emissions Trading System (EU ETS), the world's largest carbon market, has shown reductions in emissions but
faced issues of allowance oversupply in its initial phases, leading to low prices and reduced effectiveness in driving
change [79]- [83].

4.2. Emission Reductions in Leading Economies

Countries like Sweden, Canada, and Japan, which have implemented comprehensive carbon pricing strategies, have
reported significant reductions in emissions. In Sweden, where a high carbon tax has been in place since the 1990s,
emissions have decreased steadily even as the economy has grown [84]. Canada’s hybrid model, which combines a
national carbon price with provincial autonomy, has also shown promising results, with reductions particularly notable
in provinces with higher carbon prices. In contrast, Japan’s experience, primarily with a carbon tax, indicates only
modest reductions, reflecting the need for complementary policies in sectors where emissions are harder to abate.

However, some regions, such as the United States, have lacked a unified carbon pricing strategy, leading to significant
disparities in emissions reductions across states. California, with its cap-and-trade system, stands out with notable
reductions, especially when compared to states without pricing mechanisms [85]. This highlights the efficacy of carbon
pricing when combined with local policies tailored to the unique economic and industrial landscapes.

4.3. Lessons from Economic, Social, and Environmental Impacts

4.3.1. Economic Impact

In the economies analyzed, carbon pricing has had varied economic impacts, primarily influenced by the pricing levels
and compensatory measures for vulnerable industries and consumers. For instance, high carbon taxes in Sweden have
been mitigated by targeted rebates and tax shifts, ensuring minimal economic disruption [86]. In Canada, carbon pricing
has been structured to be revenue-neutral, with dividends returned to households, which has helped maintain public
support and minimize financial strain on lower-income populations. However, in some regions of China, where carbon
markets are still nascent, industries face challenges adapting to the costs, leading to concerns over economic
competitiveness [87].

4.3.2. Social Impact

Public acceptance has played a critical role in the success of carbon pricing mechanisms. In Sweden, a high level of public
environmental awareness and government transparency around the use of carbon tax revenue have contributed to the
program’s long-term viability [88]. Canada’s rebate system, which compensates households for increased costs, has
been critical in garnering support, especially in areas where household incomes are lower. On the other hand, countries
like France faced public backlash when attempts to increase carbon taxes coincided with rising fuel prices, underscoring
the importance of designing policies with equity and transparency to build social acceptance [89].
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4.3.3. Environmental Impact

From an environmental perspective, carbon pricing has led to measurable emissions reductions in sectors where
alternatives are readily available. For instance, the EU ETS has incentivized cleaner energy production, contributing to
the reduction of emissions from power generation [90]. However, carbon pricing alone has been less effective in hard-
to-abate sectors, such as agriculture, aviation, and heavy industry, where emissions reductions have been slower or less
noticeable. This indicates that while carbon pricing is effective in some areas, it must be complemented by sector-
specific policies and technological advancements to drive comprehensive decarbonization [91].

4.4. Policy Insights and Recommendations

Key lessons from these leading economies suggest that carbon pricing, to be effective on a global scale, requires careful
design and integration with other policies. The following recommendations are drawn from the analysis:

o Flexible Mechanisms for Different Sectors: Hard-to-abate sectors require tailored solutions. For example,
cap-and-trade systems with sector-specific allowances or taxes combined with subsidies for cleaner
technologies in sectors like aviation and agriculture could enhance efficacy [92].

e Revenue Recycling and Public Acceptance: Public support is crucial for long-term success. Revenue
recycling, as seen in Canada’s household rebates, is effective in maintaining public buy-in by reducing financial
burden and increasing transparency.

e Global Coordination: Carbon leakage, where emissions shift to countries without pricing, remains a concern.
Border carbon adjustments or international carbon clubs, where countries align pricing policies, could reduce
leakage and ensure a more level playing field.

e Dynamic Adjustments: As seen in the EU’s adjustment of the ETS cap levels, regular review and recalibration
of carbon prices and caps are necessary to maintain the mechanisms' responsiveness to economic changes and
emissions goals.

e Complementary Policies: While carbon pricing drives market-based solutions, complementary policies such
as renewable energy subsidies, energy efficiency standards, and research funding for clean technology
innovation are essential to address the gaps in carbon pricing coverage.

4.5. Limitations and Future Research Directions

The effectiveness of carbon pricing mechanisms remains constrained by various factors, including data quality on
emissions reductions and the difficulty in isolating the impact of pricing from other policies. Future research should
focus on improving data accuracy, particularly in emerging markets, and exploring the integration of carbon pricing
with digital technologies for real-time tracking and reporting of emissions. Furthermore, research should address the
distributional effects of carbon pricing on low-income households to develop more inclusive and equitable pricing
models. Carbon pricing has proven to be a valuable tool for reducing emissions in leading economies, particularly when
implemented with flexibility and supported by complementary policies. However, the variability in its effectiveness
across sectors and regions underscores the need for tailored, adaptive approaches to meet global climate goals.

5. Conclusion

The study, carbon pricing mechanisms, encompassing both carbon taxes and cap-and-trade systems, have
demonstrated significant potential in reducing greenhouse gas emissions across diverse economic landscapes. This
review of carbon pricing initiatives, specifically in leading economies like the European Union, Canada, and select
regions in the United States, provides critical insights into their efficacy and adaptability in meeting ambitious emission-
reduction targets.

In the European Union, the Emissions Trading System (ETS) has set a benchmark for establishing a robust market-based
approach, achieving steady reductions in emissions across various industrial sectors. Its cap-and-trade model
exemplifies the effectiveness of regulated emission ceilings coupled with financial incentives to innovate towards
cleaner energy alternatives. The experience of Canada, which employs a hybrid approach of federal carbon pricing
complemented by provincial initiatives, highlights the value of flexibility in policy implementation. This enables tailored
solutions that respect regional economic contexts while adhering to national climate goals. In the United States, where
state-led initiatives, like California’s cap-and-trade program, provide case studies on the scalability of carbon markets,
evidence suggests that these systems can drive meaningful reductions even in a predominantly market-driven economy.

However, the global efficacy of carbon pricing mechanisms faces several challenges that must be addressed for optimal
impact. A critical barrier is the lack of uniformity in pricing and enforcement standards, which can lead to carbon
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leakage—where businesses relocate to regions with less stringent emission controls. Furthermore, the volatility of
carbon market prices has been a recurring issue, occasionally undermining the long-term predictability that businesses
require to make substantial, sustainable changes in their operations. Economic disparities between countries further
complicate the adoption of carbon pricing, as developing nations may lack the resources or infrastructure to implement
such systems effectively without external support.

Despite these challenges, the empirical evidence from leading economies underscores a few key lessons. Firstly,
transparent policy frameworks and long-term stability in carbon pricing can attract investment in green technology and
foster economic transitions toward low-carbon alternatives. Secondly, integrated international collaboration—such as
linking carbon markets and establishing comparable standards—could enhance global efficacy, reduce competitive
imbalances, and minimize carbon leakage. Thirdly, complementary policies, such as subsidies for renewable energy and
public investments in sustainable infrastructure, strengthen the impact of carbon pricing, especially in transitioning
sectors and energy-intensive industries.

Looking ahead, for carbon pricing mechanisms to be fully effective on a global scale, policy coordination, rigorous
monitoring, and a willingness to adapt mechanisms to evolving economic and environmental contexts will be essential.
By learning from the successes and shortcomings of existing systems in leading economies, nations worldwide can
better design carbon pricing mechanisms that not only drive down emissions but also support a just, resilient transition
to a sustainable, low-carbon global economy.
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