Climate Policy and Green Economy Journal| Volume 1 | Issue 1 | November 2025

~CIENTIFIC
n;) Publishing Limated
Article

The Role of Carbon Pricing Mechanisms in Synergizing
Green Technology Innovation and Regional Climate Gover-
nance

Carlos Mendez*
Institute for Climate and Energy Policy, Universidad de Buenos Aires, Buenos Aires, Argentina

ABSTRACT

Carbon pricing has emerged as a key policy tool for mitigating greenhouse gas emissions, but its effectiveness in
driving green technology innovation and coordinating regional climate governance remains contested. This paper
examines the interplay between carbon pricing mechanisms, technological innovation, and cross-border climate
cooperation, using case studies from the European Union Emissions Trading System (EU ETS), Japan’s carbon tax,
and the Western African Carbon Market Initiative (WACMI). It identifies three critical factors shaping synergies:
price signal stability, revenue recycling strategies, and institutional alignment across jurisdictions. The analysis
reveals that carbon pricing can catalyze innovation when combined with targeted R&D investments and suppor-
tive regulatory frameworks, while regional coordination enhances cost-effectiveness and reduces carbon leakage.
Findings highlight the need for differentiated pricing designs that account for economic development gaps and
institutional capacities in global climate action.
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tax; policy synergies

1. Introduction

A central debate in climate policy is whether carbon pricing alone can stimulate sufficient green
technology innovation to meet long-term decarbonization targets. While theoretical models suggest that
price signals should encourage innovation by increasing the returns to low-carbon solutions (Acemoglu
et al, 2012), empirical evidence is mixed. Some studies find that carbon pricing correlates with increased
patenting in renewable energy and energy efficiency (Calel & Dechezleprétre, 2016), while others highlight
the need for complementary policies like R&D subsidies or technology standards (Jaffe et al., 2005).

Equally contentious is the role of carbon pricing in regional climate governance. Cross-border
coordination of pricing mechanisms can reduce competitiveness concerns and carbon leakage (the

relocation of emissions to jurisdictions with lax regulations), but it requires alignment of monitoring,
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reporting, and verification (MRV) systems, as well as agreement on equity considerations (e.g., differentiated
responsibilities between developed and developing economies) (Flachsland et al., 2020). Regional initiatives
like the EU ETS have demonstrated potential for coordination, but smaller economies and developing
regions face unique challenges in implementation.

This paper addresses three research questions: (1) How do different carbon pricing mechanisms
(emissions trading systems vs. carbon taxes) influence the direction and pace of green technology
innovation? (2) What institutional arrangements enable effective regional coordination of carbon pricing,
and how do they address equity concerns? (3) What design features maximize synergies between carbon
pricing, innovation, and regional climate cooperation?

To explore these questions, the paper compares three distinct carbon pricing regimes: the EU ETS (a
cap-and-trade system covering 31 countries), Japan’s hybrid carbon tax and emissions trading approach,
and the nascent WACMI (a voluntary market initiative involving 15 West African nations). These cases
represent varying levels of economic development, institutional capacity, and regional integration, providing
insights into the adaptability of carbon pricing across contexts.

The remainder of the paper is structured as follows: Section 2 reviews theoretical frameworks linking
carbon pricing, innovation, and regional governance. Section 3 outlines the methodology, including case
study selection and data sources. Section 4 analyzes the impact of each pricing mechanism on green
technology innovation. Section 5 examines regional coordination dynamics and equity considerations.
Section 6 discusses design principles for synergistic carbon pricing policies. Section 7 concludes with

implications for global climate policy.
2. Theoretical Frameworks

2.1 Carbon Pricing and Technological Innovation

The relationship between carbon pricing and innovation is rooted in induced innovation theory, which
posits that relative price changes drive technological change by altering the profitability of alternative
inputs (Hicks, 1932). In the context of climate policy, a higher carbon price increases the cost of fossil fuel
use, creating incentives for firms to adopt existing low-carbon technologies and invest in new ones (Popp,
2002).

However, the strength of this effect depends on two factors: price level and stability. A sufficiently
high price signal (estimated at $40-80/tCO, by the High-Level Commission on Carbon Prices, 2017) is
needed to justify investments in capital-intensive technologies like carbon capture and storage (CCS) or
hydrogen production. Price volatility, conversely, can deter long-term innovation by creating uncertainty
about future returns—firms may delay R&D investments if carbon prices are expected to fluctuate (Newell
& Pizer, 2003).

Complementary policies play a critical role in amplifying innovation effects. Carbon pricing provides
a broad incentive to reduce emissions but may not target specific technological bottlenecks (e.g., battery
storage efficiency). Policies like R&D grants, feed-in tariffs, and public procurement can address these gaps
by lowering the risk of early-stage innovation or creating markets for emerging technologies (Rennings
& Rammer, 2011). For example, Germany’s combination of EU ETS participation and renewable energy

subsidies has driven leadership in solar photovoltaic (PV) technology (Neuhoff et al., 2019).
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2.2 Regional Climate Governance and Carbon Pricing Coordination

Regional coordination of carbon pricing can enhance efficiency by expanding the market for emission
allowances, reducing abatement costs through geographic flexibility, and preventing carbon leakage
(Tietenberg, 2010). Coordination can take multiple forms, from full integration (e.g., the EU ETS, where
allowances are traded across borders) to linking of separate systems (e.g., California’s cap-and-trade system
linking with Quebec’s) or voluntary cooperation (e.g., information sharing on MRV practices).

Institutional economics highlights the importance of transaction costs in coordination. These include
costs of negotiating rules, monitoring compliance, and resolving disputes. Successful regional initiatives
require strong institutional frameworks—such as supranational bodies (e.g., the European Commission) or
regional agreements (e.g., the Paris Agreement’s Article 6 on cooperative approaches)—to manage these
costs (Ostrom, 2010).

Equity considerations are also central to regional coordination. Developing economies often resist
harmonized carbon prices, arguing that they disproportionately burden countries with lower historical
emissions and less capacity to decarbonize. Differentiated approaches, such as free allocation of allowances
to energy-intensive industries in lower-income regions or financial transfers to support green technology

adoption, can address these concerns (Stede et al,, 2021).

2.3 Distributional Impacts and Revenue Recycling

The distributional effects of carbon pricing—who bears the costs and who benefits—shape political
acceptability and long-term sustainability. Carbon pricing can be regressive, as low-income households
spend a larger share of income on energy and carbon-intensive goods (Mathur & Morris, 2014). However,
revenue recycling strategies can mitigate these impacts and enhance innovation synergies.

Common recycling options include: (1) reducing distortionary taxes (e.g., income or corporate taxes),
which can boost economic growth and free up private capital for green investments; (2) direct transfers to
households (e.g., dividend checks), which protect low-income groups and maintain consumer demand for
low-carbon products; (3) investing in green infrastructure and R&D, which directly supports technological
innovation and climate adaptation; and (4) international climate finance, where revenues from developed
economies support decarbonization in developing regions (Bowen, 2018).

The choice of recycling strategy depends on regional priorities: for example, Sweden’s carbon tax
revenue is primarily used to reduce income taxes, while British Columbia’s revenue-neutral carbon tax
includes dividend payments to households. These differences influence both public support for carbon

pricing and its effectiveness in driving green innovation (Pizer & Sexton, 2019).

3. Methodology

3.1 Case Study Selection

The three case studies were chosen to represent diversity in carbon pricing design, regional
integration, and economic development:

¢EU ETS: The world’s largest cap-and-trade system, covering 40% of EU greenhouse gas emissions
(2023) across 31 countries (EU member states plus Iceland, Liechtenstein, and Norway). It has undergone
multiple reforms to strengthen the price signal, including the Market Stability Reserve (MSR) introduced in
2019.

eJapan’s Carbon Pricing System: A hybrid approach combining a national carbon tax (introduced in
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2012, currently ¥2,920/tC0;) and voluntary emissions trading systems at the prefectural level (e.g., Tokyo’s
Cap-and-Trade Program). Japan aims to achieve carbon neutrality by 2050.
eWestern African Carbon Market Initiative (WACMI): A voluntary market launched in 2021 by the

Economic Community of West African States (ECOWAS), involving 15 countries. It focuses on nature-based

solutions and renewable energy projects, with credits sold to international buyers.

Table 1 summarizes key features of each case.

Case Type of Mechanism | Price Level (2023) Coverage Regional
Coordination
EU ETS Cap-and-trade €90/tCO2 Energy, industry, | Full integration via
aviation EU institutions
Japan Carbon tax + | ¥2920/tCO:($20) Energy, large | Prefectural
voluntary ETS industry coordination, no
national ETS
WACMI Voluntary carbon | $15-25/tC O 2 | Forestry, renewable | Informal cooperation
market (credits) energy, agriculture via ECOWAS

Source: EU ETS Authority (2023); Ministry of Environment, Japan (2023); ECOWAS (2023)

3.2 Data Collection and Analysis

Data were collected through three methods: (1) quantitative analysis of innovation metrics (e.g.,
patent counts in renewable energy, energy storage, and CCS) before and after pricing implementation, using
data from the European Patent Office (EPO) and World Intellectual Property Organization (WIPO); (2)
document analysis of policy texts, including carbon pricing regulations, regional agreements, and evaluation
reports (n=32 documents); and (3) semi-structured interviews with 20 stakeholders per case, including
policymakers, industry representatives, and academic experts.

The innovation impact analysis used a difference-in-differences approach to compare technology
patenting trends in sectors covered by carbon pricing versus uncovered sectors, controlling for other policy
changes (e.g., R&D subsidies). For regional coordination, institutional analysis focused on rule-making
processes, compliance mechanisms, and dispute resolution procedures. Stakeholder interviews explored

perceptions of equity, effectiveness, and barriers to coordination.
4. Carbon Pricing and Green Technology Innovation: Case Study Findings

4.1 EU ETS: Price Stability and Targeted Innovation

The EU ETS has driven significant innovation in energy efficiency and renewable energy, particularly
in sectors directly covered by the system (e.g., power generation, iron and steel). Patent applications for
carbon capture technologies in the EU increased by 78% between 2005 (ETS launch) and 2022, outpacing
global growth of 45% (EPO, 2023). This correlation is strongest in countries with higher allowance prices

and complementary policies—for example, Germany’s combination of ETS participation and feed-in tariffs
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for solar energy has led to a 30% higher rate of solar PV patents compared to EU averages (Neuhoff et al,,
2023).

The introduction of the MSR in 2019, which adjusts the supply of allowances to stabilize prices, has
strengthened innovation incentives. Post-2019, investments in industrial decarbonization technologies (e.g.,
hydrogen-based steelmaking) increased by 45% in the EU, compared to 12% in countries without price-
stabilization mechanisms (International Energy Agency [IEA], 2023). Stakeholder interviews highlighted
that price stability reduced uncertainty, enabling firms to commit to long-term R&D projects.

However, innovation gaps persist in hard-to-abate sectors like aviation and heavy industry, where high
abatement costs and limited technological options have slowed progress. Despite ETS coverage, aviation
patents for sustainable aviation fuel (SAF) remain 20% lower than in sectors with more mature low-carbon
alternatives (EPO, 2023).

4.2 Japan: Hybrid Pricing and Incremental Innovation

Japan’s carbon tax, combined with voluntary prefectural ETS, has driven incremental innovation in
energy efficiency but limited breakthroughs in transformative technologies. Energy intensity in Japan’s
manufacturing sector (a key tax target) fell by 18% between 2012 and 2022, with firms adopting existing
technologies like high-efficiency motors and heat recovery systems (Ministry of Economy, Trade and
Industry [METI], 2023). Patent data shows a 25% increase in energy efficiency patents, but minimal growth
in renewable energy or CCS patents—likely due to the tax’s low price level ($20/tCO), which is below
estimates of abatement costs for these technologies (IEA, 2022).

Voluntary ETS in regions like Tokyo have achieved greater innovation impacts by setting stricter
targets than the national tax. Tokyo’s program, which covers buildings and industry, has spurred 35% more
green building patents (e.g., smart grid integration, low-carbon materials) compared to national averages,
as participants compete to reduce emissions below their caps (Tokyo Metropolitan Government, 2023).
However, limited participation (only 1,400 facilities as of 2023) restricts scale.

Stakeholders noted that revenue recycling—primarily used to reduce corporate taxes—has freed
up capital for green investments but lacks direct support for R&D. This contrasts with EU countries like
Denmark, which earmark ETS revenues for renewable energy research, resulting in faster innovation in

offshore wind technology (Danish Energy Agency, 2023).
4.3 WACMI: Voluntary Markets and Technology Transfer

WACMTI’s voluntary carbon market has focused on scaling existing low-carbon technologies rather than
driving innovation, reflecting the region’s limited industrial base and R&D capacity. Most projects supported
by WACMI involve distributed renewable energy (e.g., small-scale solar, biogas) or forest conservation,
which rely on proven technologies rather than new innovations (ECOWAS, 2023). Between 2021 and
2023, WACMI credits funded 200 solar mini-grid projects in rural areas, increasing energy access but not
advancing technology beyond current standards (African Development Bank, 2023).

However, WACMI has facilitated technology transfer from developed economies, as project developers
bring expertise in renewable energy installation and monitoring. For example, a wind farm project in
Senegal, certified under WACMI, partnered with European firms to adopt advanced turbine efficiency
technologies, which were then adapted for local conditions (Senegal Ministry of Energy, 2023). This transfer
has built local technical capacity, with 300 Senegalese workers trained in wind turbine maintenance—a
foundation for future innovation.
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Challenges include low and volatile credit prices ($15-25/tC0O,), which limit investment in more
capital-intensive technologies. Stakeholders emphasized that international support for R&D capacity
building, paired with higher credit prices, is needed to move beyond technology adoption to local

innovation.
5. Regional Coordination and Equity in Carbon Pricing

5.1 EU ETS: Institutional Integration and Differentiated Adjustments

The EU ETS’s success in regional coordination stems from strong institutional integration, including
centralized allowance allocation, harmonized MRV standards, and enforcement by the European
Commission. This has reduced transaction costs and prevented carbon leakage—emissions from covered
sectors fell by 42% between 2005 and 2022, while industrial output grew by 25%, indicating no significant
relocation of production (EU ETS Authority, 2023).

Equity is addressed through several mechanisms: (1) free allocation of allowances to energy-intensive,
trade-exposed industries (e.g., steel, cement) in all member states, with higher allocations for countries
with lower GDP per capita; (2) the Just Transition Mechanism, which provides €100 billion (2021-2030) to
support regions dependent on fossil fuels; and (3) cohesion funds earmarked for renewable energy projects
in Eastern European countries. These measures have built political support, with 27 of 31 participating
countries voting to strengthen the ETS in 2021 (European Parliament, 2021).

Critics argue that free allocations to industry have reduced the price signal and slowed innovation,
prompting reforms to phase out allocations by 2030 in favor of a Carbon Border Adjustment Mechanism
(CBAM), which taxes imports based on their carbon content. The CBAM, launched in 2023, aims to prevent

leakage while encouraging trading partners to adopt similar carbon pricing (European Commission, 2023).

5.2 Japan: Decentralized Coordination and National-Level Targets

Japan’s regional coordination is decentralized, with prefectures designing their own voluntary ETS
while the national government sets overarching carbon tax and emission reduction targets. This approach
allows adaptation to local conditions—for example, Hokkaido’s ETS focuses on reducing emissions from
coal-fired heating, while Okinawa prioritizes renewable energy integration (Ministry of Environment, Japan,
2023). However, this fragmentation creates inconsistencies in price signals and MRV standards, with prefec-
tural ETS prices ranging from \(15 to \)40/tCO,, compared to the national carbon tax of $20/tCO, (METI,
2023).

National targets, including the 2050 carbon neutrality goal, provide a unifying framework, but coordi-
nation relies on voluntary cooperation rather than binding agreements. The Central Environment Council, a
national advisory body, facilitates information sharing between prefectures but lacks enforcement powers.
This has led to uneven progress: Tokyo, with strong institutional capacity, has achieved a 28% emission
reduction in covered sectors since 2010, while less developed prefectures like Tohoku have seen only a 9%
reduction (Japan Environment Agency, 2022).

Equity considerations in Japan’s system focus on supporting energy-intensive industries rather
than regional disparities. The carbon tax includes exemptions for sectors like agriculture and fishing,
which are economically vital in rural areas, but these exemptions reduce the overall price signal and slow
decarbonization (OECD, 2022). Stakeholders noted that greater financial transfers from wealthy prefectures

to less developed ones could enhance coordination and accelerate innovation diffusion.

25



Climate Policy and Green Economy Journal| Volume 1 | Issue 1 | November 2025

5.3 WACMI: Informal Cooperation and Capacity Building

WACMI’s regional coordination is informal, relying on ECOWAS'’s existing institutional framework
rather than new governance structures. This flexibility reduces transaction costs but limits enforceability—
compliance with MRV standards is voluntary, and only 60% of registered projects have completed
third-party verification (ECOWAS, 2023). Despite these challenges, WACMI has fostered cross-border
collaboration, such as a joint reforestation project spanning Senegal, Gambia, and Guinea-Bissau, which has
sequestered 2 million tons of CO, and improved regional climate resilience (African Development Bank,
2023).

Equity is central to WACMI's design, with 70% of credit revenues directed to local communities and
30% to national governments for capacity building. This revenue-sharing model has built support among
participating countries, though implementation gaps exist—communities in remote areas often struggle
to access funds due to weak local governance (Oxfam, 2022). International support is critical: the Green
Climate Fund has provided $50 million to strengthen WACMI’'s MRV systems and train 1,000 local experts in
carbon accounting (UNFCCC, 2023).

A key challenge is preventing “carbon colonialism,” where international buyers dictate project
priorities. WACMI’s Technical Advisory Committee, composed of African scientists and policymakers, aims
to ensure local ownership by vetting projects for alignment with national development plans. For example,
a solar project in Nigeria was modified to include job training for women after community input, enhancing
both climate and social benefits (WACMI Secretariat, 2023).

6. Design Principles for Synergistic Carbon Pricing Policies

The case studies highlight six key design principles to maximize synergies between carbon pricing,

green technology innovation, and regional climate governance:

6.1 Price Stability and Adequacy

A stable, sufficiently high price signal (minimum \(40-80/tCO, for developed economies, \)15-40/
tCO, for developing regions) is essential to drive innovation. Mechanisms like the EU ETS’s MSR or price
floors (e.g., British Columbia’s carbon tax) can reduce volatility. For developing regions, international

support to raise credit prices (e.g., through results-based finance) can accelerate technology adoption.

6.2 Complementary Policy Packages

Carbon pricing should be paired with targeted R&D investments, technology standards, and public
procurement to address innovation gaps. The EU’s combination of ETS and renewable energy subsidies, and
Tokyo’s integration of ETS with green building codes, demonstrate this approach. In developing contexts,

technology transfer programs (like WACMI's partnerships) can complement pricing to build local capacity.

6.3 Differentiated Regional Coordination

Coordination mechanisms should match institutional capacity. Developed regions with strong
governance can pursue full integration (e.g., EU ETS), while developing regions may start with informal
cooperation (e.g., WACMI) and scale up as capacity improves. Supranational bodies or regional agreements

are critical to manage transaction costs and resolve disputes.
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6.4 Equity-Centered Revenue Recycling

Revenues should be used to mitigate regressive impacts and support just transitions. Options include
direct transfers to low-income households (e.g., British Columbia), investments in green infrastructure
(e.g., EU Just Transition Mechanism), and capacity building in developing regions (e.g., WACMI’s community
funds).

6.5 Strong MRV and Transparency

Harmonized monitoring, reporting, and verification systems build trust in regional initiatives and
prevent leakage. The EU’s centralized MRV framework and WACMI's capacity-building efforts in carbon

accounting provide models for different contexts.

6.6 Adaptive Governance

Carbon pricing systems should be regularly evaluated and adjusted based on innovation outcomes,
emission reductions, and equity impacts. Japan’s decentralized approach allows for local adaptation, while

the EU’s periodic ETS reforms ensure the system evolves with technological and economic changes.

7. Conclusion

This paper has analyzed the role of carbon pricing in driving green technology innovation and regional
climate governance, using case studies from the EU, Japan, and West Africa. The findings demonstrate
that carbon pricing can be a powerful tool for synergizing innovation and regional cooperation, but its
effectiveness depends on design features, complementary policies, and institutional context.

Key lessons include the importance of price stability in encouraging long-term innovation, the need
for differentiated coordination mechanisms that respect varying institutional capacities, and the centrality
of equity considerations in building political support. Carbon pricing alone is insufficient—targeted R&D
investments, technology transfer, and supportive regulations are critical to address innovation gaps,
particularly in hard-to-abate sectors.

For global climate policy, these findings underscore the need for a “differentiated universalism”
approach to carbon pricing: a shared commitment to pricing carbon, with designs tailored to economic
development, institutional capacity, and regional priorities. International frameworks like the Paris
Agreement should facilitate linkages between pricing systems, provide finance for capacity building in
developing regions, and establish common standards for MRV and equity assessment.

Future research should explore the long-term impacts of carbon pricing on innovation in emerging
technologies like hydrogen and advanced nuclear energy, as well as the potential for cross-continental
linking of pricing systems (e.g., between the EU ETS and China’s national ETS). By refining carbon pricing
designs and strengthening regional coordination, policymakers can accelerate the transition to a low-

carbon, innovation-driven global economy.
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