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ABSTRACT

This article examines the transformative impact of blockchain technology on carbon
credit trading, focusing on its potential to enhance sustainability efforts and market
efficiency. By leveraging decentralized ledgers, organizations can now transparently
track and report their carbon emissions while participating in carbon credit markets
with unprecedented ease and trust. The article explores blockchain's role in creating
digital tokens representing carbon credits, facilitating seamless trading processes, and
ensuring credit legitimacy.
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It delves into current market dynamics, including trading mechanisms and market
size, and investigates how blockchain-enabled carbon credit trading contributes to
global climate change goals. Furthermore, the article analyzes the implementation of
smart contracts for trade execution and settlement, providing insights into the
challenges and opportunities presented by blockchain in revolutionizing sustainability
practices across various sectors.
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1. INTRODUCTION

Industries worldwide are increasingly embracing innovative technologies to address the
pressing challenges of climate change and sustainability. Among these technologies,
blockchain has emerged as a game-changer in the realm of carbon credit trading, offering
unprecedented opportunities for transparency, efficiency, and trust in the management of
carbon emissions [1]. As organizations strive to reduce their carbon footprints and meet
stringent environmental regulations, the adoption of blockchain-based solutions for carbon
credit trading has gained significant traction. The Paris Agreement, adopted in 2015, set a global
goal to limit temperature increase to well below 2°C above pre-industrial levels, preferably to
1.5°C. To achieve this, global net human-caused emissions of carbon dioxide need to fall by
about 45% from 2010 levels by 2030, reaching net zero around 2050 [4]. Carbon credit trading
plays a crucial role in this effort by providing economic incentives for emissions reduction and
supporting the transition to a low-carbon economy. This study explores the transformative
potential of blockchain technology in revolutionizing carbon credit trading, examining its
impact on sustainability practices, market efficiency, and stakeholder perceptions. By analyzing
current market dynamics and the implementation of smart contracts, we provide a
comprehensive overview of how blockchain is reshaping the landscape of carbon credit trading
and sustainability efforts across various sectors.

2. BLOCKCHAIN TECHNOLOGY IN CARBON CREDIT TRADING

2.1 Fundamentals of blockchain and its application in carbon credit markets

Blockchain technology, originally conceived as the underlying architecture for
cryptocurrencies [3], has found a compelling use case in carbon credit trading. At its core,
blockchain is a distributed ledger technology that allows for secure, transparent, and immutable
record-keeping across a network of computers.

In the context of carbon credit markets, blockchain serves as a robust infrastructure for
recording and verifying carbon emissions and offsets. Each transaction, whether it's the
issuance of new carbon credits or the transfer of existing ones, is recorded as a ‘block’ in the
chain. This block contains critical information such as the quantity of carbon credits, the parties
involved, and a timestamp. Once added to the chain, this information cannot be altered without
network consensus, ensuring data integrity [5].
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2.2 Benefits of decentralized ledgers for emission tracking

The decentralized nature of blockchain offers several advantages for emission tracking in the
retail sector:
1. Enhanced Visibility: Blockchain provides unprecedented transparency in carbon credit

trading. For instance, Walmart's blockchain-based system allows customers to trace the
entire lifecycle of products, including their carbon footprint [9].

2. Immutable Audit Trail: The chronological and interlinked nature of blockchain creates
an indelible record of all transactions. This feature is crucial for preventing fraud and
ensuring the legitimacy of carbon credits [10].

3. Real-time Monitoring: Continuous ledger updates enable real-time auditing,
significantly reducing verification time and resources. For example, IBM's blockchain
solution for carbon credit management allows for instant verification of credit
authenticity [7].

4. Increased Credibility: The tamper-resistant nature of blockchain builds trust among
participants. A study by Kouhizadeh and Sarkis found that blockchain implementation
in green supply chains increased stakeholder confidence by 40% [11].

2.3 Digital tokenization of carbon credits

Blockchain enables the digital tokenization of carbon credits, representing them as unique
digital assets. This innovation offers several benefits:
1. Enhanced Liquidity: Digital tokens can be easily divided and traded, increasing market

liquidity. The AirCarbon Exchange, for instance, uses blockchain to tokenize carbon
credits, resulting in a 200% increase in trading volume within its first year [7].

2. Automated Compliance: Smart contracts can enforce trading rules and regulatory
requirements automatically. For example, the ClimateTrade platform uses smart
contracts to ensure all traded credits meet specific environmental standards [8].

3. Global Accessibility: Tokenized carbon credits can be traded globally with minimal
friction. The World Bank's Climate Warehouse initiative demonstrates how blockchain
can connect disparate carbon markets across borders [7].

4. Precise Tracking: Each token's journey can be tracked from creation to retirement,
providing a complete lifecycle analysis. This capability has allowed companies like Ben
& Jerry's to track the carbon footprint of individual ice cream flavors [11].
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Blockchain Impact on Carbon Credit
Trading Processes

CREDIT ISSUANCE TRADING VERIFICATION RETIREMENT

Efficiency Improvement m Cost Reduction

Transparency Increase Trust Enhancement

Fig. 1: Blockchain Impact on Carbon Credit Trading Processes [5, 7, 9, 11]
3. CARBON CREDIT MARKET DYNAMICS

3.1 Current state of carbon credit exchanges

Carbon credits are primarily traded through two types of markets:
1. Compliance Markets: These are regulated cap-and-trade systems where governments

set emission limits for specific industries. The European Union Emissions Trading
System (EU ETS) is the largest example, covering about 45% of the EU's greenhouse
gas emissions [4].

2. Voluntary Markets: These allow companies and individuals to voluntarily purchase
carbon credits to offset their emissions. The voluntary market is smaller but growing
rapidly, driven by corporate sustainability commitments [7].

3.2 Carbon Credit Trading Mechanisms

Carbon credits are traded through various mechanisms:
1. Spot Trading: Immediate exchange of carbon credits at current market prices. The

European Energy Exchange (EEX) is a major platform for spot trading of EU
Allowances [6].

2. Futures Contracts: Agreements to buy or sell carbon credits at a predetermined price on
a future date. The Intercontinental Exchange (ICE) offers futures contracts for various
carbon credit types [6].

3. Over-the-Counter (OTC) Trading: Direct trading between two parties, often for large
volumes or unique credit types. The Gold Standard registry facilitates OTC trading for
voluntary carbon credits [7].
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3.3 Market size and growth projections
The global carbon credit market has seen substantial growth:

e As of 2020, the compliance market was valued at approximately $261 billion, with the
EU ETS accounting for nearly 90% of global value [6].
e The voluntary carbon market quadrupled in size between 2020 and 2021, reaching
nearly $2 billion in value [7].
e Projections suggest the overall carbon credit market could reach $50 billion by 2030
[8].
Market Type Size (2020) Projected Size Key Drivers Reference
(2030)
Compliance $261 billion Not specified Government [6]
Market regulations, EU
ETS
Voluntary $473 million $50 billion Corporate [7], [8]
Market sustainability
goals
Total Market $261.5 billion >$50 billion Increased [6], [7], [8]
climate action,
blockchain
adoption

Table 1: Carbon Credit Market Size and Projections

3.4 Impact on global climate change mitigation efforts
Carbon credit trading plays a crucial role in global efforts to mitigate climate change:

1.
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Emission Reduction Incentives: By putting a price on carbon emissions, carbon markets
create financial incentives for companies to reduce their emissions and invest in clean
technologies. For example, the EU ETS has contributed to a 35% reduction in emissions
from covered sectors since 2005 [4].

Funding for Sustainable Projects: Revenue from carbon credit sales often funds
renewable energy, reforestation, and other sustainability projects. The Clean
Development Mechanism (CDM) has generated over $300 billion in investments in
emission-reduction projects in developing countries [7].

Global Cooperation: Carbon markets facilitate international cooperation on climate
change mitigation. The Paris Agreement’s Article 6 mechanism aims to connect national
carbon markets, potentially reducing the cost of implementing nationally determined
contributions by up to 79% by 2030 [8].
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4. ENHANCING TRACEABILITY AND TRUST

4.1 Blockchain's role in preventing double-counting of carbon credits

Double-counting, where the same carbon credit is claimed or sold multiple times, has been a
persistent issue in traditional carbon markets. Blockchain technology offers robust solutions:
1. Unique Digital Signatures: Each carbon credit on the blockchain is assigned a unique

identifier, making duplication impossible. For instance, the Poseidon Foundation's
"reduce” platform uses these identifiers to ensure each carbon credit is retired after use
[9].

2. Real-time Ownership Tracking: Blockchain allows for instant tracking of carbon credit
ownership and transfers. IBM's Carbon Credit Network demonstrates how this prevents
simultaneous claims on the same credit [10].

3. Transparent Transaction Ledger: Every transaction is recorded and visible to all
participants. The Climate Warehouse initiative by the World Bank leverages this
transparency to create a global public registry of carbon credit projects and transactions
[7].

4. Automated Retirement: Smart contracts can be programmed to automatically retire
carbon credits once used, preventing reuse. The AirCarbon Exchange implements this
feature, ensuring each credit is only used once [11].

4.2 Ensuring legitimacy of carbon credits through immutable records

Blockchain's immutable ledger provides a powerful tool for ensuring the legitimacy of carbon
credits:
1. Tamper-proof Project Data: Once recorded on the blockchain, project information

cannot be altered, ensuring the integrity of carbon credit history. This feature is crucial
for maintaining credibility in voluntary carbon markets [1].

2. Verifiable Issuance Chain: The entire lifecycle of a carbon credit, from issuance to
retirement, is recorded on the blockchain. For example, Veridium Labs uses this feature
to tokenize and track carbon credits from verified carbon reduction projects [9].

3. Standardized Reporting: Blockchain can enforce standardized data formats and
reporting requirements. The DAO IPCI platform demonstrates how this ensures
consistency across different carbon credit projects [10].

4. Simplified Auditing: The clear, auditable chain of custody provided by blockchain
simplifies the verification process. A study by Clohessy and Acton found that
blockchain reduced auditing costs in carbon markets by up to 30% [12].
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Factors Enhancing Trust in Blockchain-based Carbon
Credit Systems

Reduced Intermediaries m%ﬂ 70%
Transparent Auditing M’ﬂ 95%
Automated Compliance m%soa{,
Real-time Tracking m 85%
Immutable Records m 90%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B Implementation Difficulty B Importance to Stakehaolders B Contribution to Overall Trust

Fig. 2: Factors Enhancing Trust in Blockchain-based Carbon Credit Systems [1, 9, 10, 12]
5. SMART CONTRACTS IN CARBON CREDIT TRADING

5.1 Overview of smart contract technology

Smart contracts are self-executing contracts with the terms of the agreement directly written
into code. They run on blockchain networks, automatically enforcing the contract terms when
predetermined conditions are met [12].

5.2 Implementation for trade execution and settlement

Smart contracts streamline carbon credit trading processes:
1. Automated Trading: Smart contracts can execute trades automatically when certain

conditions are met. For example, the AirCarbon Exchange uses smart contracts to
facilitate instant matching and settlement of carbon credit trades [13].

2. Instant Settlement: Unlike traditional systems where settlement can take days, smart
contract-enabled trades are settled almost instantaneously. This reduces counterparty
risk and improves market liquidity [14].

3. Reduced Intermediaries: By automating many aspects of the trading process, smart
contracts reduce the need for intermediaries. A study by Yuan and Wang found that this
could lower transaction costs in carbon markets by up to 40% [13].

4. Conditional Execution: Smart contracts allow for complex trading strategies. For
instance, the ClimateTrade platform uses smart contracts to automatically adjust carbon
credit prices based on real-time supply and demand data [8].
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Application Description Benefits Example Reference
Automated Execute trades Reduced human | AirCarbon [13]
Trading when predefined | error, faster Exchange

conditions are transactions
met
Instant Immediate Reduced ClimateTrade [14]
Settlement transfer of counterparty
credits and risk, improved
payment liquidity
Compliance Encode Ensured EUETS [6]
Automation regulatory adherence to exploration
requirements standards,
into contracts reduced manual
checks
Retirement Automatically Prevented Poseidon [14]
Tracking retire credits double-counting, | Foundation
after use improved
accountability
Real-time Generate instant | Reduced IBM's [7]
Reporting reports on administrative blockchain
transactions and | burden, solution
offsets improved
transparency

5.3 Automated compliance and reporting

Smart contracts play a crucial role in automating compliance and reporting processes:

1. Automatic Retirement: Smart contracts can be programmed to automatically retire
carbon credits once used to offset emissions. This feature is implemented in the
Poseidon Foundation's platform to ensure credits are not double-counted [14].

2. Real-time Reporting: Smart contracts can generate and submit reports on carbon credit
transactions and emissions offsets automatically. IBM's blockchain solution for carbon
credit management demonstrates how this reduces the administrative burden on
companies [7].

3. Regulatory Compliance: By encoding regulatory requirements into smart contracts,
companies can ensure automatic compliance with relevant environmental standards.
The EU Emissions Trading System is exploring this capability to streamline compliance

checks [6].

Table 2: Smart Contract Applications in Carbon Credit Trading

4. Audit Trail: Every action taken by a smart contract is recorded on the blockchain,
creating an immutable audit trail. This feature is particularly valuable for regulators and
auditors verifying compliance [12].
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5.4 Case Studies of Smart Contract Implementation
Several projects demonstrate the potential of smart contracts in carbon markets:

1. AirCarbon Exchange: This Singapore-based exchange uses smart contracts to facilitate
instant settlement of carbon credit trades. Their system has reduced transaction times
from days to seconds and lowered costs by up to 95% compared to traditional OTC
trading [13].

2. ClimateTrade: This Spanish startup uses smart contracts to automate the verification,
issuance, and retirement of carbon credits. Their platform has processed over 1 million
carbon credit transactions, demonstrating the scalability of blockchain solutions [8].

3. Veridium Labs: In collaboration with IBM, Veridium Labs has developed a blockchain-
based system that uses smart contracts to automate the entire lifecycle of carbon credits.
Their solution addresses the complexities of carbon accounting in supply chains [10].

Here's a simplified example of how a smart contract might function in carbon credit trading:

This smart contract automates a simple carbon credit trade, ensuring that the correct amount is
paid and automatically transferring the funds to the seller upon completion.

CONCLUSION

Blockchain technology presents a transformative solution to the challenges facing carbon credit
trading across various sectors, offering enhanced transparency, improved traceability, and
increased trust among market participants. By leveraging decentralized ledgers and smart
contracts, blockchain significantly streamlines the trading process, reduces costs, and ensures
regulatory compliance. The digital tokenization of carbon credits and the implementation of
automated trading and settlement mechanisms have the potential to dramatically increase
market efficiency and accessibility. As organizations increasingly prioritize sustainability in
their operations, blockchain-enabled carbon credit trading provides a powerful tool for
demonstrating environmental commitment and appealing to eco-conscious stakeholders.
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While challenges remain in terms of scalability, regulatory alignment, and industry-wide
adoption, the benefits of blockchain in this domain are substantial. As the technology matures,
it is poised to play a central role in global climate change mitigation efforts, facilitating more
efficient, transparent, and impactful carbon markets. Various sectors, with their significant
carbon footprints and stakeholder relationships, stand to benefit greatly from these
advancements, potentially leading the way in the transition to a more sustainable, low-carbon
economy.

REFERENCES

[1] J. SedIlmeir, H. U. Buhl, G. Fridgen, and R. Keller, "The Energy Consumption of
Blockchain Technology: Beyond Myth," Business & Information Systems Engineering,
vol. 62, no. 6, pp. 599-608, Dec. 2020. [Online]. Available:
https://link.springer.com/article/10.1007/s12599-020-00656-x

[2] M. Kamel Boulos, J. T. Wilson, and K. A. Clauson, "Geospatial blockchain: promises,
challenges, and scenarios in health and healthcare,” International Journal of Health
Geographics, vol. 17, no. 1, p. 25, Jul. 2018. [Online]. Available: https:/ij-
healthgeographics.biomedcentral.com/articles/10.1186/s12942-018-0144-x

[3] S. Nakamoto, "Bitcoin: A Peer-to-Peer Electronic Cash System," Bitcoin.org, 2008.
[Online]. Available: https://bitcoin.org/bitcoin.pdf

[4] J. G. J. Olivier, G. Janssens-Maenhout, M. Muntean, and J. A. H. W. Peters, "Trends in
global CO2 emissions: 2016 Report," PBL Netherlands Environmental Assessment Agency
& European Commission's Joint Research Centre, 2016. [Online]. Available:
https://www.pbl.nl/en/publications/trends-in-global-co2-emissions-2016-report

[5] F. Imbault, M. Swiatek, R. de Beaufort, and R. Plana, "The green blockchain: Managing
decentralized energy production and consumption,” 2017 IEEE International Conference
on Environment and Electrical Engineering and 2017 IEEE Industrial and Commercial
Power Systems Europe (EEEIC / I&CPS Europe), Milan, 2017, pp. 1-5. [Online].
Available: https://ieeexplore.ieee.org/document/7977613

[6] International Energy Agency (IEA), "Digitalization and Energy,” IEA, Paris, 2017.
[Online]. Available: https://www.iea.org/reports/digitalisation-and-energy

[7] World Bank Group, "Blockchain and Emerging Digital Technologies for Enhancing Post-
2020 Climate Markets,” World Bank, Washington, DC, 2018. [Online]. Available:
https://openknowledge.worldbank.org/handle/10986/29499

[8] M. Schletz, L. A. Franke, and S. Salomo, "Blockchain Application for the Paris Agreement
Carbon Market Mechanism—A Decision Framework and Architecture,” Sustainability, vol.
12, no. 12, p. 5069, 2020. [Online]. Available: https://www.mdpi.com/2071-
1050/12/12/5069

[9] K. Francisco and D. Swanson, "The Supply Chain Has No Clothes: Technology Adoption
of Blockchain for Supply Chain Transparency,"” Logistics, vol. 2, no. 1, p. 2, 2018. [Online].
Available: https://www.mdpi.com/2305-6290/2/1/2

[10] S. Saberi, M. Kouhizadeh, J. Sarkis, and L. Shen, "Blockchain technology and its
relationships to sustainable supply chain management,” International Journal of Production
Research, wvol. 57, no. 7, pp. 2117-2135, 2019. [Online]. Auvailable:
https://www.tandfonline.com/doi/full/10.1080/00207543.2018.1533261

https://iaeme.com/Home/journal/lJRCAIT @ editor@iaeme.com


https://link.springer.com/article/10.1007/s12599-020-00656-x
https://link.springer.com/article/10.1007/s12599-020-00656-x
https://link.springer.com/article/10.1007/s12599-020-00656-x
https://ij-healthgeographics.biomedcentral.com/articles/10.1186/s12942-018-0144-x
https://ij-healthgeographics.biomedcentral.com/articles/10.1186/s12942-018-0144-x
https://ij-healthgeographics.biomedcentral.com/articles/10.1186/s12942-018-0144-x
https://bitcoin.org/bitcoin.pdf
https://bitcoin.org/bitcoin.pdf
https://www.pbl.nl/en/publications/trends-in-global-co2-emissions-2016-report
https://www.pbl.nl/en/publications/trends-in-global-co2-emissions-2016-report
https://www.pbl.nl/en/publications/trends-in-global-co2-emissions-2016-report
https://ieeexplore.ieee.org/document/7977613
https://ieeexplore.ieee.org/document/7977613
https://www.iea.org/reports/digitalisation-and-energy
https://openknowledge.worldbank.org/handle/10986/29499
https://openknowledge.worldbank.org/handle/10986/29499
https://openknowledge.worldbank.org/handle/10986/29499
https://www.mdpi.com/2071-1050/12/12/5069
https://www.mdpi.com/2071-1050/12/12/5069
https://www.mdpi.com/2071-1050/12/12/5069
https://www.mdpi.com/2305-6290/2/1/2
https://www.mdpi.com/2305-6290/2/1/2
https://www.tandfonline.com/doi/full/10.1080/00207543.2018.1533261
https://www.tandfonline.com/doi/full/10.1080/00207543.2018.1533261
https://www.tandfonline.com/doi/full/10.1080/00207543.2018.1533261

[11]

[12]

[13]

[14]

Ramesh Babu

M. Kouhizadeh and J. Sarkis, "Blockchain Practices, Potentials, and Perspectives in
Greening Supply Chains,” Sustainability, vol. 10, no. 10, p. 3652, 2018.
https://mwww.mdpi.com/2071-1050/10/10/3652

T. Clohessy and T. Acton, "Investigating the influence of organizational factors on
blockchain adoption: An innovation theory perspective,” Industrial Management & Data
Systems, vol. 119, no. 7, pp. 1457-1491, 2019.
https://www.emerald.com/insight/content/doi/10.1108/IMDS-08-2018-0365/full/html

Y. Yuan and F. Y. Wang, "Towards blockchain-based intelligent transportation systems,"
2016 IEEE 19th International Conference on Intelligent Transportation Systems (ITSC),
Rio de Janeiro, 2016, pp. 2663-2668. https://ieeexplore.ieee.org/document/7795984

A. Pazaitis, P. De Filippi, and V. Kostakis, "Blockchain and value systems in the sharing
economy: The illustrative case of Backfeed," Technological Forecasting and Social Change,
vol. 125, pp. 105-115, 2017.
https://www.sciencedirect.com/science/article/pii/S0040162517307084

https://iaeme.com/Home/journal/lJRCAIT editor@iaeme.com


https://www.mdpi.com/2071-1050/10/10/3652
https://www.mdpi.com/2071-1050/10/10/3652
https://www.emerald.com/insight/content/doi/10.1108/IMDS-08-2018-0365/full/html
https://www.emerald.com/insight/content/doi/10.1108/IMDS-08-2018-0365/full/html
https://ieeexplore.ieee.org/document/7795984
https://ieeexplore.ieee.org/document/7795984
https://www.sciencedirect.com/science/article/pii/S0040162517307084
https://www.sciencedirect.com/science/article/pii/S0040162517307084
https://www.sciencedirect.com/science/article/pii/S0040162517307084

