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Executive Summary

This case study examines the development, structure, and effectiveness of carbon

markets, carbon credits, and carbon pricing systems as key tools for reducing

greenhouse gas emissions and supporting global climate goals. The study explores

major carbon market mechanisms including cap-and-trade systems, carbon taxes,

and voluntary carbon markets, with comparative analysis of leading frameworks

such as the European Union Emissions Trading System (EU ETS), California Cap-and-

Trade Program, and China’s National Emissions Trading System.

The report finds that carbon pricing mechanisms can drive emissions reductions,

encourage investment in clean energy technologies, and promote cost-effective

climate action when supported by strong policy design, transparent monitoring

systems, and long-term regulatory certainty. However, significant challenges

remain, including weak carbon prices, market fragmentation, carbon leakage,

over-allocation of allowances, and concerns regarding the environmental integrity

of voluntary carbon credits.

The study further highlights the importance of equity, just transition policies, and

international cooperation in ensuring the long-term success of carbon markets. It

concludes that while carbon markets alone cannot fully address climate change,

they remain a critical component of global climate governance and will play an

increasingly important role in achieving net-zero emissions and sustainable

economic transformation.
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1.1 Background and Context

Climate change represents one of the most pressing challenges of the 21st century,

with greenhouse gas (GHG) emissions driving global temperature increases,

extreme weather events, and ecosystem disruptions (Intergovernmental Panel on

Climate Change, IPCC, 2023). The atmospheric concentration of carbon dioxide

has risen from approximately 280 parts per million (ppm) in pre-industrial times to

over 420 ppm today, fundamentally altering Earth's climate systems (National

Oceanic and Atmospheric Administration NOAA, 2024).

Carbon markets emerged as a market-based mechanism to address this externality

problem. Unlike conventional pollutants, carbon dioxide is a global pollutant—

emissions anywhere affect climate everywhere. This characteristic makes unilateral

action economically challenging while creating opportunities for coordinated,

market-based solutions (Stavins, 2020). The theoretical foundation rests on

environmental economics and Coase's theorem, which suggests that if property

rights are clearly defined and transaction costs are low, private bargaining can

lead to efficient outcomes (Coase, 1960; Dales, 1968). Applied to carbon, this

means creating a "price" for carbon emissions allows market forces to identify the

lowest-cost abatement opportunities (Metcalf & Stock, 2020).

1.2 Definition and Scope

Carbon markets are trading systems where carbon credits or allowances are

bought and sold. These markets operate on two fundamental mechanisms (World

Bank, 2023):

1.Cap-and-Trade Systems (Compliance Markets): Regulatory bodies set a cap on

total emissions and distribute or auction allowances. Entities must surrender

allowances equal to their emissions, creating scarcity and price signals (Ellerman et

al., 2016).

CHAPTER ONE
INTRODUCTION TO CARBON MARKET 

https://www.canva.com/design/DAHGnuUcBLc/aGoGBbDc1_azU4fUloSu6A/edit
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2.Baseline-and-Credit Systems: Projects reducing emissions below a baseline

generate credits that can be sold to entities seeking to offset their emissions

(Schneider et al., 2020).

The scope extends beyond CO₂ to include other greenhouse gases measured in

CO₂-equivalent (CO₂e) using Global Warming Potential (GWP) metrics over 100-

year horizons (IPCC, 2021). Methane (CH₄), nitrous oxide (N₂O), and fluorinated

gases are thus integrated into carbon market frameworks (United Nations

Framework Convention on Climate Change, UNFCCC, 2015).

1.3 Historical Evolution

The conceptual origins trace to the 1960s-70s environmental economics literature,

but practical implementation began with the U.S. Acid Rain Program (1990), which

successfully reduced sulfur dioxide emissions through tradable permits

(Schmalensee et al., 1998). This demonstrated that market mechanisms could

achieve environmental goals cost-effectively (Burtraw et al., 2005).

The Kyoto Protocol (1997) established the first international carbon market

framework, introducing:

·International Emissions Trading (IET) between Annex I countries

·Clean Development Mechanism (CDM) for developed-developing country

projects

·Joint Implementation (JI) for projects between developed countries (Grubb et al.,

1999)

The European Union Emissions Trading System (EU ETS), launched in 2005, became

the world's largest carbon market and the primary model for cap-and-trade design

(Convery, 2009). Despite early challenges including over-allocation and price

collapses, it has matured into a functioning price mechanism covering

approximately 40% of EU emissions (European Commission, 2023).
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The Paris Agreement (2015) marked a paradigm shift toward nationally determined

contributions (NDCs) and Article 6 mechanisms for international transfers, replacing

the Kyoto top-down approach with a bottom-up, country-driven framework

(Rajamani, 2016).

1.4 Research Objectives and Questions

This case study examines:

Primary Research Question: How effective are carbon market mechanisms in

achieving emissions reductions while maintaining economic efficiency and equity?

Secondary Questions:

·What design features determine carbon market effectiveness?

·How do pricing mechanisms interact with complementary climate policies?

·What are the distributional impacts of carbon pricing on industries and households?

·How can carbon markets be scaled globally while ensuring environmental

integrity?

1.5 Methodological Approach

This study employs:

·Comparative case analysis of major carbon markets (EU ETS, California Cap-and-

Trade, China's National ETS, voluntary carbon markets) (Yin, 2018)

·Economic modeling of price formation and abatement cost curves (Goulder &

Schein, 2013)

·Policy document analysis of design evolution and regulatory frameworks (Bryman,

2016)

·Stakeholder interviews (synthesized from secondary literature) on implementation

challenges (Newell & Paterson, 2010)



AFRICAN ENERGY RESEARCH SERIES                                                                                  Vol. 01 | AER-PB-2026-001

PAGE 5

2.1 Cap-and-Trade System Design

2.1.1 Cap Setting and Trajectory

The emissions cap is the foundational parameter determining environmental

integrity. Effective caps must be:

·Ambitious: Aligned with science-based targets (typically 1.5°C or 2°C pathways)

(IPCC, 2018)

·Declining: Following a predictable trajectory to create long-term price signals

(Newell et al., 2013)

·Binding: Below business-as-usual emissions to create scarcity (Betz & Sato, 2006)

The cap trajectory involves critical decisions on:

·Linear reduction factors: Annual percentage decreases (e.g., EU ETS 4.4% annually

post-2021) (European Commission, 2021)

·Review mechanisms: Periodic adjustments based on progress and new science

(Haites, 2018)

·Banking provisions: Allowing intertemporal flexibility through allowance carryover

(Montero, 1999)

2.1.2 Allowance Allocation Methods

Three primary allocation mechanisms exist with distinct economic and political

implications (Böhringer & Lange, 2005):

Grandfathering (Free allocation based on historical emissions)

·Advantages: Reduces industry opposition, protects competitiveness, smooths

transition (Ellerman & Buchner, 2007)

·Disadvantages: Rewards past polluters, creates windfall profits, weakens price

signal (Sijm et al., 2006)

·Example: Early EU ETS phases allocated ~95% freely (Kruger et al., 2007)

CHAPTER TWO
CARBON MARKET MECHANISMS AND ARCHITECTURE
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Benchmarking (Free allocation based on performance standards)

·Advantages: Rewards efficiency, maintains competitiveness for trade-exposed

sectors (Fischer & Fox, 2007)

·Disadvantages: Complex to administer, requires detailed sectoral data (Böhringer

et al., 2009)

·Example: Current EU ETS uses benchmarks updated every 5 years (European

Commission, 2020)

Auctioning (Sale of allowances)

·Advantages: Generates public revenue, strong price signal, economic efficiency

(Goulder et al., 1999)

·Disadvantages: Political resistance, potential competitiveness concerns (Muller et

al., 2017)

·Example: EU ETS auctions ~57% of allowances, rising over time; RGGI auctions ~100%

(Regional Greenhouse Gas Initiative [RGGI], 2023)

2.1.3 Market Stability Mechanisms

Price volatility threatens investment planning and policy credibility. Stability

mechanisms include (Wood & Jotzo, 2011):

Price Floors: Minimum auction prices (e.g., California's $22.90/tonne in 2024, rising 5%

annually plus inflation; RGGI's $2.26 reserve price) (California Air Resources Board

[CARB], 2023; RGGI, 2023)

Price Ceilings/Reserve Prices: Maximum prices or cost containment reserves (e.g.,

California's Allowance Price Containment Reserve with tiered release prices) (CARB,

2021)

Market Stability Reserves: Automatic adjustments to future auction volumes based

on accumulated surplus (e.g., EU ETS MSR removes excess allowances when surplus

exceeds 833 million tonnes) (European Commission, 2019)

Borrowing and Banking: Temporal flexibility mechanisms allowing entities to borrow

future allowances or bank current surpluses (Kling & Rubin, 1997)
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2.2 Offset and Credit Mechanisms

2.2.1 Project-Based Mechanisms

Clean Development Mechanism (CDM):

·Generated Certified Emission Reductions (CERs) from projects in developing

countries (Michaelowa & Jotzo, 2005)

·Registered over 8,000 projects, issuing 2.3 billion CERs by 2021 (UNFCCC, 2022)

·Criticized for additionality failures (projects that would have occurred anyway) and

permanence risks (reversal of carbon storage) (Schneider, 2007; Haya, 2007)

·Market collapsed post-2012 due to low demand and quality concerns (Kossoy et

al., 2015)

Joint Implementation (JI):

·Generated Emission Reduction Units (ERUs) between developed countries

(Michaelowa, 2005)

·Suffered from "hot air" issues—credits from countries with surplus Kyoto targets (e.g.,

Russia) lacking environmental integrity (Schneider et al., 2010)

Gold Standard and Verified Carbon Standard (VCS):

·Private voluntary standards governing carbon credit quality (Gillenwater, 2012)

·VCS is the largest voluntary program with 2,000+ projects and 500+ million tonnes

issued (Verra, 2023)

·Focus on additionality testing, monitoring, and third-party verification (Broekhoff et

al., 2007)

2.2.2 Sectoral and Results-Based Mechanisms

Reducing Emissions from Deforestation and Forest Degradation (REDD+):

·Framework for compensating developing countries for forest conservation

(Angelsen et al., 2012)

·Challenges in baseline setting, leakage prevention, and MRV (monitoring,

reporting, verification) (Skutsch et al., 2011)

·Norway's bilateral payments (e.g., $1 billion to Indonesia) demonstrate

government-to-government models (Lee & Pistorius, 2015)
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Article 6 of the Paris Agreement:

·Article 6.2: Bilateral/country-to-country transfers with corresponding adjustments to

avoid double counting (Obergassel et al., 2018)

·Article 6.4: Centralized mechanism replacing CDM, with sustainable development

criteria and share of proceeds for adaptation (Kreibich et al., 2022)

·Article 6.8: Non-market approaches (currently underdeveloped) (UNFCCC, 2021)

2.3 Carbon Tax and Hybrid Systems

2.3.1 Pure Carbon Taxes

Carbon taxes set explicit prices on emissions, providing price certainty but quantity

uncertainty (Metcalf, 2009). Notable implementations:

Sweden: Implemented 1991, currently ~$130/tonne CO₂, covering transport and

heating fuels. Achieved 35% emissions reduction while GDP grew 60% (1990-2019)

(Government Offices of Sweden, 2021; Andersson, 2019)

British Columbia: Revenue-neutral carbon tax since 2008, starting at $10/tonne,

rising to $50/tonne. Reduced emissions 5-15% relative to counterfactual with minimal

economic impact (Murray & Rivers, 2015; Metcalf & Stock, 2020)

France: Carbon tax on fossil fuels, but suspended after 2018 "Yellow Vest" protests

revealed distributional and social acceptance challenges (Douenne, 2020; Barrage,

2020)

2.3.2 Hybrid Approaches

Carbon Tax with Price Collar: Minimum and maximum prices within a trading system

(e.g., California's floor plus APCR ceiling) (Burtraw et al., 2013)

Emissions Trading with Price Management: Allowance reserves that release at fixed

prices (e.g., RGGI's Cost Containment Reserve) (RGGI, 2017)

Linked Systems: Connecting cap-and-trade systems to create larger, more liquid

markets (e.g., California-Quebec linkage since 2014; EU-Switzerland linkage)

(Ranson & Stavins, 2016; Flachsland et al., 2009)
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2.4 Coverage and Sectoral Scope

Effective carbon markets require careful decisions on point of regulation and

sectoral coverage (Borghesi et al., 2020):

Upstream vs. Downstream:

·Upstream: Regulating fuel suppliers (fewer entities, comprehensive coverage,

harder to monitor product use) (Metcalf, 2015)

·Downstream: Regulating emission sources (more entities, direct measurement,

potential gaps in supply chains) (Calel & Dechezleprêtre, 2016)

Sectoral Inclusion:

·Power and heat: Ideal candidates—large sources, abatement alternatives,

monitoring feasibility (Fowlie et al., 2012)

·Industry: Complex—trade exposure concerns, process emissions, carbon leakage

risks (Dechezleprêtre & Sato, 2017)

·Transport: Growing inclusion; challenges with dispersed sources and behavioral

responses (Fontaras & Samaras, 2010)

·Buildings: Difficult due to fragmentation; often addressed through building codes

and standards instead (Rosenow & Galvin, 2013)

·Agriculture: Rarely included due to measurement challenges and political sensitivity

(Kim et al., 2016)

Thresholds: Minimum size requirements balance administrative burden against

coverage completeness (e.g., EU ETS covers facilities >20MW thermal capacity)

(European Commission, 2003)
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3.1 Price Formation Mechanisms

Carbon prices emerge from the interaction of supply (cap stringency, offset

availability, banking behavior) and demand (economic activity, abatement costs,

fuel prices, complementary policies) (Hintermann, 2016).

3.1.1 Fundamental Price Drivers

Marginal Abatement Cost (MAC) Curve: The cost of the last tonne of abatement

required to meet the cap determines the equilibrium price (Kesicki & Ekins, 2012).

MAC curves typically show:

·Low-cost options: Energy efficiency, fuel switching (coal to gas) (McKinsey &

Company, 2009)

·Medium-cost options: Renewable energy deployment, industrial process

improvements (Nelson et al., 2012)

·High-cost options: Carbon capture and storage, hydrogen, deep industrial

transformation (Bataille et al., 2018)

Policy Interaction Effects: Overlapping policies (renewable mandates, energy

efficiency standards) reduce demand for allowances, lowering prices unless caps

adjust. This "waterbed effect" requires quantitative adjustments to maintain price

signals (Böhringer et al., 2021; Perino, 2018)

Economic Cycles: Recessions reduce emissions and allowance demand, creating

surpluses (e.g., EU ETS price collapse to €3/tonne during 2008-09 financial crisis)

(Hintermann, 2010)

3.1.2 Market Structure and Liquidity

Market Concentration: Few large players can influence prices. EU ETS has ~11,000

installations but trading concentrated among utilities, traders, and financial

institutions (Löschel et al., 2010)

CHAPTER THREE
CARBON PRICING DYNAMICS AND ECONOMICS



Liquidity Metrics:

·Trading volume relative to cap size (Mansanet-Bataller et al., 2011)

·Bid-ask spreads (Uhrig-Homburg & Wagner, 2009)

·Price volatility (standard deviation of daily returns) (Paolella & Taschini, 2008)

Financial Market Development: Futures, options, and swaps enable hedging and

price discovery but introduce speculation concerns (Chevallier, 2009). EU ETS futures

trade on ICE with maturities extending 10+ years (Intercontinental Exchange [ICE],

2023)

3.2 Price Levels and Effectiveness

3.2.1 The Social Cost of Carbon Benchmark

The Social Cost of Carbon (SCC) represents the monetized damages from emitting

one tonne of CO₂. U.S. government estimates (2023):

·Near-term: ~$51/tonne (3% discount rate)

·Long-term: ~$190/tonne (2% discount rate, reflecting climate damages)

(Interagency Working Group on Social Cost of Greenhouse Gases [IWG], 2023;

Nordhaus, 2017; Ricke et al., 2018)

Carbon prices below the SCC suggest insufficient climate ambition; prices above

may indicate excessive near-term costs (Tol, 2019).

Market
Price Range

($/tonne CO₂)
Assessment

EU ETS $80-100
Consistent with 1.5°C pathways; driving fuel
switching and investment (European
Commission, 2024)

UK ETS $50-70
Lower due to less stringent cap and market
design differences (UK Government, 2024)

California $30-35
Floor-constrained; below levels needed for deep
decarbonization (CARB, 2024)

AFRICAN ENERGY RESEARCH SERIES                                                                                  Vol. 01 | AER-PB-2026-001

PAGE 11



3.2.3 Price Impact on Decisions

Short-term (0-2 years): Fuel switching between existing assets (coal to gas, dispatch

optimization) (Delarue & Van den Bergh, 2018)

Medium-term (2-10 years): Investment in efficiency, renewable energy, process

improvements. EU ETS prices >€50 have accelerated coal phase-out and driven

hydrogen project announcements (Agora Energiewende, 2021)

Long-term (10+ years): Strategic transformation, R&D direction, infrastructure lock-in.

High carbon prices needed to justify CCS, green hydrogen, and industrial

electrification investments (Bataille et al., 2018; Hepburn et al., 2019)

3.3 Economic Efficiency and Cost-Effectiveness

3.3.1 Theory of Equalizing Marginal Costs

Carbon markets achieve cost-effectiveness when all covered entities face the

same carbon price, equalizing marginal abatement costs across sources. This

minimizes total abatement costs for a given environmental target (Montgomery,

1972; Tietenberg, 2006)

Efficiency Conditions:

·Uniform price across all covered emissions (Stavins, 1995)

·No exemptions or preferential rates (Fowlie et al., 2012)

·Competitive markets without market power abuse (Hahn, 1984)

·Full coverage of relevant emission sources (Weitzman, 1974)

RGGI $15-20
Limited to power sector; insufficient for
economy-wide transformation (RGGI, 2024)

China National
ETS

$8-12
Early phase; low price reflects generous
allocation and limited trading (Zhang et al.,
2019)

Voluntary
Markets

$5-100+
Highly variable based on project type and
quality (Trove Research, 2023)
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3.3.2 Transaction Costs and Market Frictions

Real-world carbon markets incur costs that reduce efficiency (Stavins, 1995):

Compliance Costs: Monitoring, reporting, verification (MRV) systems. EU ETS MRV

costs estimated at €0.05-0.50/tonne for large sources, higher for small installations

(European Commission, 2014)

Trading Costs: Brokerage fees, exchange fees, bid-ask spreads. Typically 1-5% of

allowance value for standard transactions (Uhrig-Homburg & Wagner, 2009)

Administrative Costs: Registry operation, enforcement, appeals. EU ETS

administrative costs ~€0.10/tonne (Heindl, 2012)

Information Asymmetries: Small entities may lack capacity to optimize compliance

strategies, leading to suboptimal abatement (Jaraite & Convery, 2011)

3.3.3 Comparative Cost-Effectiveness

Studies comparing carbon markets to alternative policies:

·EU ETS vs. renewable mandates: ETS achieved 35% power sector emissions

reduction at 50% lower cost than feed-in tariff approach (Böhringer et al., 2021)

·California Cap-and-Trade vs. sectoral regulations: Cap-and-trade provided cost

savings of $2-8 billion annually compared to command-and-control alternatives

(2015-2020) (CARB, 2017)

·Voluntary markets: Cost-effectiveness challenged by additionality concerns;

legitimate projects often deliver abatement at $5-20/tonne, but quality verification

costs add 20-50% (Calel et al., 2021)

3.4 Revenue Recycling and Economic Impacts

3.4.1 Revenue Generation Potential

Carbon pricing generates substantial public revenues (World Bank, 2023):

EU ETS: €50+ billion annually from auctioning (2022-2023 prices and volumes)

(European Commission, 2023)

California: $10-15 billion cumulative since 2012, funding climate investments and

GGRF (Greenhouse Gas Reduction Fund) (CARB, 2023)
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Carbon Taxes: Sweden's $130/tonne tax generates ~$2.5 billion annually; British

Columbia's revenue-neutral approach returns all proceeds via tax cuts

(Government Offices of Sweden, 2021; Murray & Rivers, 2015)

3.4.2 Revenue Recycling Options and Economic Effects

Lump-sum rebates to households: Progressive distribution, maintains price signal, but

loses potential efficiency gains from tax interaction effects (Goulder, 2013)

Labor tax reductions: "Double dividend" hypothesis—environmental improvement

plus economic efficiency from reducing distortionary taxes. Empirical support mixed;

depends on initial tax structure (Bovenberg & Goulder, 2002; Goulder et al., 1999)

Green investments: Funding renewable energy, efficiency, adaptation. Popular

politically but may duplicate private market decisions (OECD, 2021)

Industry compensation: Free allocation or rebates to address competitiveness

concerns. Risk of over-compensation and windfall profits (Sijm et al., 2006)

Just transition support: Assistance to workers and communities in carbon-intensive

industries. Critical for political durability (Morena et al., 2020)

3.4.3 Distributional Analysis

Horizontal Equity: Carbon pricing is generally regressive as low-income households

spend higher shares of income on energy (Dorband et al., 2019). However:

·Lump-sum rebates can make overall policy progressive (Goulder et al., 2019)

·Energy efficiency investments disproportionately benefit low-income households

(Davis & Kilian, 2011)

·Rural households face higher burdens due to transport and heating needs (Beck et

al., 2015)

Vertical Equity: Wealthier households have larger carbon footprints (air travel, larger

homes), but lower expenditure shares (Grainger & Kolstad, 2010)

Intergenerational Equity: Carbon pricing benefits future generations through

climate mitigation; costs borne by current consumers (Howarth, 2001)
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4.1 European Union Emissions Trading System (EU ETS)

4.1.1 System Evolution and Design Phases

Phase I (2005-2007: Pilot Phase)

·Coverage: Power, industry (>20MW), aviation (added 2012)

·Allocation: ~95% free, based on grandfathering

·Outcome: Over-allocation led to price collapse to €0 in 2007; 1.6 billion tonne

surplus accumulated (Ellerman & Joskow, 2008; Kruger et al., 2007)

Phase II (2008-2012: Kyoto Compliance)

·CDM/JI offset use allowed (up to 50% of abatement in some states)

·Economic crisis reduced demand; surplus grew to 2 billion tonnes

·Prices averaged €15 but fell below €10 by 2012 (Hintermann, 2010)

Phase III (2013-2020: Centralized Allocation)

·Auctioning became default (57% by 2020) (Borghesi et al., 2020)

·Benchmarking replaced grandfathering for free allocation

·Linear reduction factor: 1.74% annually

·Market Stability Reserve established (2019) to address surplus (European

Commission, 2019)

Phase IV (2021-2030: Net Zero Alignment)

·Cap aligned with 55% reduction target by 2030 (vs. 1990)

·Linear reduction factor: 4.4% annually (European Commission, 2021)

·One-off rebasing removed 400 million tonnes from cap

·Carbon Border Adjustment Mechanism (CBAM) introduced for imports (Cosbey et

al., 2019)

·Free allocation phase-out for CBAM sectors (2034 full phase-out)

CHAPTER FOUR
CASE STUDIES OF MAJOR CARBON MARKETS
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4.1.2 Performance Assessment

Environmental Effectiveness:

·ETS sectors reduced emissions 35% (2005-2021) (European Environment Agency

[EEA], 2023)

·Power sector drove reductions through coal-to-gas switching and renewables

(Agora Energiewende, 2021)

·Industrial emissions declined less (15%), partly due to carbon leakage via

production shifts (Naegele & Zaklan, 2019)

Economic Efficiency:

·Price discovery functional: €80-100/tonne range (2022-2024) driving investment

decisions (ICE, 2024)

·Abatement cost estimates: €20-50/tonne for power sector, €50-150/tonne for

industry (Agora Energiewende, 2021)

·Minimal evidence of significant competitiveness impacts despite industry concerns

(Dechezleprêtre & Sato, 2017)

Innovation Impacts:

·Patent analysis shows 20% increase in low-carbon innovation in ETS sectors post-

2012 (Calel & Dechezleprêtre, 2016)

·CCS project development accelerated with price levels >€50 (Global CCS Institute,

2023)

·Green hydrogen project announcements correlate with forward price curves

(Hydrogen Council, 2023)

4.1.3 Challenges and Reforms

Carbon Leakage: Production shifts to non-ETS jurisdictions threatening

environmental integrity and domestic industry. Addressed through:

·Free allocation to trade-exposed sectors (risk of carbon leakage >30% triggers

higher allocation) (Böhringer et al., 2012)
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·CBAM implementation (2026 full operation) leveling playing field for imports

(Cosbey et al., 2019; Mehling et al., 2019)

Over-allocation and Price Suppression: Historical surplus creation required MSR

intervention, removing 1.4 billion tonnes (2019-2023) (European Commission, 2023)

Political Economy: Industry lobbying for free allocation; member state disputes over

auctioning revenue sharing; aviation sector exemptions (Wettestad, 2014;

Bäckstrand & Lövbrand, 2019)

4.2 California Cap-and-Trade Program

4.2.1 Design Features

Coverage: 85% of state GHG emissions including electricity (in-state and imports),

industry, transportation fuels, natural gas distribution (CARB, 2021)

Cap Trajectory: 2013 start at 400 million tonnes CO₂e, declining 3% annually to 2030

target of 200 million tonnes (40% below 1990 levels) (CARB, 2017)

Price Management:

·Auction Reserve Price: $22.90/tonne (2024), escalating 5% annually plus inflation

(CARB, 2023)

·Allowance Price Containment Reserve: Three tiers releasing additional allowances

at $41.40, $53.25, $65.10/tonne (2024 prices) (Burtraw et al., 2013)

·Hard Price Ceiling: No explicit ceiling, but APCR provides soft ceiling function

Offset Usage: Limited to 4-8% of compliance obligation depending on sector;

domestic offsets only (forestry, livestock, ozone depleting substances, mine

methane) (CARB, 2014)

Linkage: Linked with Quebec's system since 2014, creating joint market with shared

auction platform and mutual recognition of allowances (Ranson & Stavins, 2016)

4.2.2 Performance and Innovation

Emissions Trends: Covered emissions declined 15% (2013-2022), though evaluation

complicated by concurrent renewable portfolio standard, vehicle standards, and

other policies (CARB, 2023)
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Price Performance: Auction clearing prices consistently at or near reserve price

floor, suggesting cap may be above business-as-usual emissions or complementary

policies are doing heavy lifting (Borenstein et al., 2019)

Revenue Use: $20+ billion generated, funding high-speed rail, affordable housing

near transit, urban forestry, and direct benefit programs for disadvantaged

communities (CARB, 2023)

4.2.3 Equity and Environmental Justice

California Context: Heavy industry and fossil fuel infrastructure concentrated in

disadvantaged communities; carbon pricing alone insufficient to address local

pollution (Shonkoff et al., 2018)

Complementary Measures: Cap-and-Trade operates alongside:

·AB 197 requiring direct emission reductions in disadvantaged communities

(California Legislature, 2016)

·Community air monitoring and emission reduction programs (CARB, 2018)

·Mandatory 25% of GGRF benefits to disadvantaged communities (CARB, 2015)

Criticism: Environmental justice advocates argue market mechanisms allow

continued pollution in overburdened communities; "hot spots" persist despite

aggregate reductions (Cushing et al., 2018; Pastor et al., 2010)

4.3 China's National Emissions Trading System

4.3.1 Rapid Scale-Up

Launch: July 2021, becoming world's largest carbon market by covered emissions

(4.5 billion tonnes CO₂, ~40% of national emissions) (Zhang et al., 2021)

Coverage: Power sector only initially (2,200+ entities, 10,000+ installations)

·Planned expansion to steel, cement, chemicals, aluminum, paper, aviation (Ministry

of Ecology and Environment [MEE], 2021)

Design Characteristics:
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·Intensity-based allocation: Allowances based on generation output and carbon

intensity benchmarks rather than absolute mass-based cap (Zhang et al., 2019)

·Rate-based approach: Compliance based on meeting carbon intensity standards

rather than absolute quantity limits (Goulder et al., 2017)

·Grandfathering: Free allocation based on historical output and benchmarks (Lo,

2022)

·Limited trading: Low liquidity; primarily compliance-driven transactions (Duan et al.,

2021)

4.3.2 Price and Performance

Price Levels: $8-12/tonne (2021-2024), significantly below levels needed for fuel

switching or investment signals (China Carbon Market Monitor, 2024)

Trading Volume: Limited; annual compliance periods with concentrated trading;

<5% of allowances traded annually vs. 200%+ in EU ETS (Duan et al., 2021)

Emissions Impact: Difficult to isolate from concurrent policies (renewable energy

mandates, coal plant retirements, economic restructuring) (Zhang et al., 2021)

4.3.3 Institutional Challenges

Data Quality: Initial phase revealed widespread data falsification and verification

failures; 2023 enforcement actions and revised MRV regulations (Green, 2022; MEE,

2023)

Governance Structure: Ministry of Ecology and Environment administration with

provincial implementation; coordination challenges across levels of government

(Lo, 2022)

Market Development: Shanghai Environment and Energy Exchange trading

platform; gradual introduction of derivatives and financial participation restricted

(Zhang et al., 2019)

Future Trajectory: Plans for absolute cap, increased auctioning, and sectoral

expansion by 2025-2030; potential to become world's most significant carbon

market if reforms deepen (Goulder et al., 2017; MEE, 2021)



AFRICAN ENERGY RESEARCH SERIES                                                                                  Vol. 01 | AER-PB-2026-001

PAGE 20

4.4 Voluntary Carbon Markets

4.4.1 Market Structure and Growth

Size: ~$2 billion market (2023), 200+ million tonnes transacted; dwarfed by

compliance markets but significant for private climate commitments

(BloombergNEF, 2023)

Key Players:

·Project developers: Generate credits through emission reductions or removals

·Standards bodies: VCS, Gold Standard, CAR, ACR—set methodologies and

verification requirements (Gillenwater, 2012)

·Brokers/retailers: Facilitate transactions and corporate procurement

·End buyers: Corporations seeking voluntary offsets for net-zero claims (Trove

Research, 2023)

Credit Types:

·Avoidance/Reduction: Preventing emissions (REDD+, renewable energy, methane

capture)

·Removal: Extracting CO₂ from atmosphere (afforestation, soil carbon, biochar,

direct air capture)

·Hybrid: Improved forest management, blue carbon (Fuss et al., 2018)

4.4.2 Quality and Integrity Crisis

Systemic Issues:

·Additionality: Guardian investigation (2023) found 90%+ of rainforest credits (Verra

registry) likely non-additional (Greenfield, 2023; West et al., 2023)

·Over-crediting: Baseline inflation leading to phantom credits exceeding real

emission reductions (Calel et al., 2021)

·Permanence: Reversal risks in nature-based solutions (fires, drought, land use

change) (Anderegg et al., 2020)

·Leakage: Displacement of emissions rather than true reductions (Murray, 2008)

Responses:

·ICVCM (Integrity Council for Voluntary Carbon Markets): Core Carbon Principles

establishing threshold standards (ICVCM, 2023)
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·VCMI (Voluntary Carbon Markets Integrity Initiative): Claims Code of Practice for

credible use of credits (VCMI, 2023)

·Oxford Offsetting Principles: Prioritizing removal credits, long-term storage, and

alignment with net-zero pathways (Allen et al., 2020)

4.4.3 Emerging Segments

Carbon Removal Markets: Separate markets for engineered and nature-based

removals commanding premium prices ($100-600/tonne for DAC; $20-50/tonne for

biochar) (Fuss et al., 2018; Rhodium Group, 2023)

Article 6.2 Internationally Transferred Mitigation Outcomes (ITMOs): Country-to-

country transfers with corresponding adjustments; early transactions (Switzerland-

Ghana, Switzerland-Thailand) establishing precedents (Kreibich et al., 2022)

Digital Monitoring and Verification: Satellite-based MRV, blockchain tracking, and

AI-powered baseline setting attempting to address integrity challenges (Silverstein,

2023)
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5.1 Effectiveness and Environmental Integrity

5.1.1 The Hot Air and Surplus Problem

Historical over-allocation in EU ETS and JI "hot air" from Russia/Ukraine undermined

environmental integrity. Surplus allowances allow emissions exceeding caps without

atmospheric consequences (Schneider et al., 2010; Kollmuss et al., 2015)

Solutions Implemented:

·MSR mechanisms: Automatic adjustment of future supply based on accumulated

surplus (European Commission, 2019)

·Vintage restrictions: Limiting use of older allowances (e.g., EU ETS Phase III+

allowances only) (Borghesi et al., 2020)

·Cancellation provisions: Permanent removal of surplus from circulation (European

Commission, 2021)

Remaining Risks: Banking provisions allow indefinite carryover; political pressure to

release reserves during price spikes; Article 6 rules on ITMO authorization affecting

global accounting integrity (Kreibich et al., 2022)

5.1.2 Offset Quality and Additionality

Carbon offset markets face fundamental additionality challenges—determining

whether projects would have occurred without credit revenue (Schneider, 2007;

Calel et al., 2021)

Methodological Approaches:

·Financial additionality: Project not financially viable without credit revenue

(Gillenwater, 2012)

·Regulatory additionality: Project exceeds regulatory requirements (Marr, 2012)

·Barriers analysis: Overcoming non-financial barriers (technology, institutional)

(UNFCCC, 2013)

·Common practice tests: Project uncommon in relevant region/sector (Broekhoff et

al., 2007)

CHAPTER FIVE
CHALLENGES, CRITIQUES, AND FUTURE DIRECTIONS
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Critique: All approaches vulnerable to gaming, baseline manipulation, and

counterfactual uncertainty. Additionality assessment remains more art than science

(Haya, 2007; Calel et al., 2021)

5.1.3 Permanence and Reversal Risk

Nature-based carbon storage faces temporal risks:

Biological Permanence: Forest carbon vulnerable to fire, disease, drought, and land

use change. Average forest offset permanence <50 years vs. millennial atmospheric

residence of emitted CO₂ (Anderegg et al., 2020; Fuss et al., 2018)

Buffer Pools: VCS and CAR require set-asides (10-20% of issued credits) to cover

anticipated reversals, but pooled risk may be insufficient for systemic disturbances

(climate change-driven forest dieback) (Galik & Jackson, 2009)

Legal Permanence: Geologic storage (CCS) offers higher permanence but higher

costs and technical risks (IPCC, 2005)

5.2 Equity and Distributional Concerns

5.2.1 Carbon Leakage and Competitiveness

The Leakage Mechanism: Carbon pricing in one jurisdiction raises production costs,

potentially shifting production to unpriced jurisdictions, increasing imports, and

reducing exports. Net effect: zero global emission reduction (or increase if

production shifts to higher-intensity facilities) (Böhringer et al., 2012; Naegele &

Zaklan, 2019)

Empirical Evidence:

·Limited leakage observed in EU ETS to date, likely due to free allocation and

modest price levels (Dechezleprêtre & Sato, 2017)

·Cement and steel sectors show some import substitution patterns (Naegele &

Zaklan, 2019)

·Carbon intensity of imports to EU increasing, suggesting partial leakage (Branger &

Quirion, 2014)
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Policy Responses:

·Output-based free allocation: Maintains marginal price signal while reducing

average cost burden (Fischer & Fox, 2007)

·Consumption charges: Taxing embedded carbon in imports (CBAM approach)

(Cosbey et al., 2019)

·Sectoral agreements: Negotiated carbon intensity standards for trade-exposed

sectors (Mehling et al., 2019)

·Production subsidies: Supporting domestic clean production rather than penalizing

dirty imports (Böhringer et al., 2012)

5.2.2 Just Transition and Political Economy

Distributional Impacts: Coal mining regions, industrial towns, and fossil fuel-

dependent economies face concentrated costs from carbon pricing while benefits

are diffuse and global (Morena et al., 2020)

Political Economy Risks:

·France's Yellow Vest movement (2018) demonstrated carbon tax vulnerability

without visible, immediate benefits to affected populations (Douenne, 2020)

·Australian carbon price repeal (2014) following industry campaigning and public

opposition (Pearse, 2017)

·Washington State carbon pricing ballot initiative failures (2016, 2018) despite

environmental majority (Carattini et al., 2018)

Just Transition Strategies:

·Advance planning and investment in transition regions before policy

implementation (Morena et al., 2020)

·Dedicated revenue streams for worker retraining, community investment, and early

retirement packages (International Labour Organization [ILO], 2015)

·Stakeholder participation in policy design to build ownership (Newell & Mulvaney,

2013)

·Transparent communication of benefits (air quality, job creation, energy security)

(Stokes, 2020)
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5.2.3 North-South Equity and Climate Finance

Historical Responsibility: Developed countries responsible for ~70% of cumulative

emissions; carbon pricing revenues should support global mitigation and

adaptation (Roberts & Parks, 2006)

Carbon Markets as Finance Mechanisms:

·CDM generated $200+ billion in nominal credit value for developing countries

(though quality concerns) (Kossoy et al., 2015)

·Article 6.2/6.4 designed to facilitate climate finance flows with integrity safeguards

(Kreibich et al., 2022)

·Share of proceeds requirements (5% adaptation levy in Article 6.4) (UNFCCC, 2021)

Criticism: Market mechanisms allow developed countries to "buy their way out" of

domestic transformation; ITMO transfers may delay decarbonization in purchasing

countries (Lohmann, 2009; Newell & Paterson, 2010)

5.3 Integration and Scaling Challenges

5.3.1 Fragmented Carbon Pricing Landscape

Current Status (2024):

·73 national/subnational carbon pricing initiatives covering 23% of global GHG

emissions (World Bank, 2023)

·Prices range from $1 to $130/tonne; most below $20 (Carbon Pricing Dashboard,

2024)

·Fragmented markets prevent cost-effective global abatement (Stiglitz et al., 2017)

Linkage Potential: Connecting systems to create larger, more efficient markets

(Ranson & Stavins, 2016)

Linkage Barriers:

·Ambition alignment (linking high-price and low-price systems) (Flachsland et al.,

2009)

·Design compatibility (mass-based vs. intensity-based, sectoral coverage

differences) (Burtraw et al., 2013)

·Acceptability of offsets and indirect emission accounting (Schneider et al., 2020)

·Political sovereignty concerns over domestic price determination (Mehling &

Haites, 2009)
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5.3.2 Complementary Policy Interactions

The Waterbed Effect: Overlapping policies (renewable mandates, efficiency

standards) reduce allowance demand, lowering carbon prices and undermining

market signals unless caps adjust downward (Böhringer et al., 2021; Perino, 2018)

Policy Sequencing: Carbon pricing most effective when:

·Price signals are credible and sustained (Acemoglu et al., 2012)

·Complementary policies address market failures (R&D support, infrastructure,

information gaps) (Rodrik, 2014)

·Regulatory standards set floors for sectors with high abatement costs or non-price

barriers (Jenkins, 2014)

Carbon Pricing as Backstop: Some analysts argue technology-specific policies

should lead, with carbon pricing as long-term backstop signal; others emphasize

price primacy for efficiency (Pizer, 2002; Jenkins, 2014)

5.3.3 Global Ambition and Article 6 Implementation

Paris Agreement Architecture: NDC-based system with Article 6 facilitating

international cooperation (Rajamani, 2016)

Article 6 Challenges:

·Corresponding adjustments: Ensuring no double counting of transferred mitigation

outcomes (Obergassel et al., 2018)

·Overall mitigation: Requirement that some Article 6.4 activities deliver net global

reductions (OMGE: Overall Mitigation in Global Emissions) (Kreibich et al., 2022)

·Sustainable development: Host country authorization and impact assessment

requirements (UNFCCC, 2021)

·Governance: Supervisory body rules and methodologies under development (2024-

2025) (Schneider et al., 2020)

Scaling Potential: Article 6 could unlock $100+ billion annually in climate finance

flows while reducing global abatement costs 50-75% through trade in mitigation

outcomes, contingent on integrity safeguards and ambition alignment (World Bank,

2023; Obergassel et al., 2018)
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5.4 Future Trajectories and Recommendations

5.4.1 Near-Term Priorities (2025-2030)

Price Level Achievement: Current average global carbon price ~$6/tonne; IPCC

scenarios suggest $100-200/tonne needed by 2030 for 1.5°C alignment (IPCC, 2018;

Stiglitz et al., 2017). Requires:

·Steepening reduction trajectories in existing systems (Haites, 2018)

·Elimination of free allocation in non-exposed sectors (Borghesi et al., 2020)

·Expansion of carbon pricing to cover 50%+ of global emissions (World Bank, 2023)

·Removal of fossil fuel subsidies ($7 trillion annually) that counteract carbon prices

(International Monetary Fund [IMF], 2023)

Quality Enhancement:

·Phase out of avoidance offsets in favor of removal credits with long-term storage

(Allen et al., 2020)

·Satellite-based MRV and automated additionality testing (Silverstein, 2023)

·Mandatory corresponding adjustments for all international credit transfers (Kreibich

et al., 2022)

Just Transition Implementation:

·50%+ of carbon revenues to equity and transition programs (Goulder et al., 2019)

·International climate finance commitments ($100 billion annually) met through

carbon market share of proceeds and auction revenue sharing (OECD, 2023)

5.4.2 Long-Term Vision (2030-2050)

Global Carbon Price Coordination: G20 agreement on minimum carbon price floors

($75/tonne for advanced economies, $25/tonne for emerging by 2030, rising to

$150/$75 by 2040) as proposed by IMF and World Bank (IMF, 2022; World Bank, 2023)

Sectoral Expansion: Full economy coverage including agriculture, waste, and

international aviation/shipping through ICAO CORSIA and IMO mechanisms

(Kateryna et al., 2020)

Technology Neutrality: Carbon prices supporting all abatement options equally,

with technology-specific support phased out as technologies mature (Acemoglu et

al., 2012)
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Net-Zero Alignment: Carbon markets transitioning from emission reduction to net-

negative frameworks, with removal credits becoming primary market driver (Fuss et

al., 2018)

5.4.3 Research and Innovation Needs

Behavioral Responses: Better understanding of how firms and households actually

respond to carbon prices vs. theoretical predictions (Martin et al., 2014)

General Equilibrium Effects: Macro-economic modeling of carbon pricing impacts on

trade, investment, and structural transformation (Böhringer et al., 2012)

Dynamic Efficiency: Optimal price paths considering innovation spillovers,

infrastructure lock-in, and stranded asset risks (Acemoglu et al., 2012; Mercure et al.,

2018)

Political Economy: Institutional designs that enhance durability and resilience to

political cycles and lobbying pressure (Mildenberger, 2020)

Integration Modeling: System dynamics of carbon markets interacting with energy

systems, land use, and social equity outcomes (Stern, 2016)

Conclusion

Carbon markets, credits, and pricing systems represent the most significant attempt

to apply market mechanisms to global environmental governance (Stavins, 2020;

Newell & Paterson, 2010). The case study reveals a mixed record: significant

achievements in establishing price signals and driving cost-effective abatement in

covered sectors, but persistent challenges in environmental integrity, equity, and

global scaling (World Bank, 2023).

The EU ETS demonstrates that well-designed cap-and-trade systems can achieve

substantial emission reductions while maintaining economic growth, though political

economy pressures for free allocation and surplus creation require continuous

vigilance (Ellerman et al., 2016; Wettestad, 2014). California's program shows the

importance of price management mechanisms and revenue recycling for political

durability, but also the limitations of price floors when set below transformational

levels (Borenstein et al., 2019).



AFRICAN ENERGY RESEARCH SERIES                                                                                  Vol. 01 | AER-PB-2026-001

PAGE 29

 China's rapid market scaling illustrates both the potential and the risks of intensity-

based approaches in developing country contexts (Zhang et al., 2021; Lo, 2022).

Voluntary markets face an existential credibility crisis requiring fundamental

restructuring around removal credits with durable storage and automated

verification (Greenfield, 2023; ICVCM, 2023). The future of international carbon

markets hinges on Article 6 implementation, with corresponding adjustments and

integrity safeguards determining whether carbon markets facilitate genuine global

cooperation or become channels for greenwashing and double counting (Kreibich

et al., 2022; Schneider et al., 2020).

The path forward requires steepening ambition, expanding coverage, enhancing

integrity, and prioritizing equity (Stiglitz et al., 2017; Morena et al., 2020). Carbon

pricing alone cannot achieve climate goals, but no comprehensive climate strategy

can succeed without effective carbon markets that make polluting expensive and

conservation profitable (IPCC, 2018; Stern, 2016). The next decade will determine

whether carbon markets mature into the cornerstone of global climate governance

or remain a useful but limited tool in a broader policy arsenal (Newell & Mulvaney,

2013).
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