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ABSTRACT 

EXECUTIVE SUMMARY 

In response to calls for more ambition to address climate change, carbon markets have emerged as 

pivotal mechanisms, enabling the trading of credits to curb global emissions and catalyze financial 

support for development initiatives. Despite their significance, concerns persist regarding the 

transparency of existing carbon markets, prompting exploration into blockchain technology as a 

potential solution. This study delves into the practical considerations for implementing blockchain 

to augment transparency in both established and emerging carbon credit markets across Africa. 

Employing a Decision Framework for blockchain adoption and the Decision-Making Trial and 

Evaluation Laboratory (DEMATEL), the research aims to provide project developers with 

informed insights into the suitability of blockchain solutions and the key factors enabling its 

adoption as an alternative market framework. The study also endeavors to devise a conceptual 

model for a blockchain-backed carbon trading market, designed to strengthen the transparency and 

efficiency of transactions, data aggregation, and National Determined Contributions (NDCs) 

tracking, while aligning with the global architecture of carbon monitoring and reporting at the 

UNFCCC. Findings reveal that smart contracts, data security and privacy, regulatory frameworks, 

and transparency emerge as key enablers influencing blockchain adoption. These insights offer 

guidance to policymakers and project developers in Africa, providing essential data points to 

catalyze discussions and propose measures aimed at overcoming barriers to blockchain adoption 

on the continent, thereby facilitating enhanced transparency in carbon markets. 

 

Keywords: Distributed Ledger Technology, Carbon Markets, Transparency, DEMATEL, 

UNFCCC  
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CHAPTER ONE 

     INTRODUCTION  

 

1.1 Introduction 

The concept termed the “carbon market” consists of an array of diverse structures and 

systems that operate and require regulation in different jurisdictions and facilitate the trade 

of GHG pollution rights (UNEP, 2008). In principle, there are four main market segments: 

Clean Development Mechanism (CDM); Joint Implementation (JI), Emission Trading (ET) 

and the Voluntary Carbon Market (VCM) (UNEP, 2008, ACMI, 2022). The United Nations 

Framework Convention on Climate Change (UNFCCC) is the body required to keep a global 

registry for different types of carbon units while different regulatory bodies at the national 

and regional levels oversee and monitor market transactions (UNEP, 2008). Important to 

note is the fact that while there exist a number of exchanges where carbon credits and 

allowances can be traded, there exists no central exchange or single unitary carbon market 

price. The largest carbon market trade segment by volume and monetary value today is the 

European Trading Scheme (UNEP, 2008). 

The United Nations in an effort to ameliorate the burden of greenhouse gas (GHG) reduction 

cost instituted the Kyoto Protocol as a market-based mechanism that laid the foundation for 

the international climate change response system (Kim, 2020). The market mechanism 

instituted was a response to the new climate regime consisting of ET, JI and the CDM (Levin 

et al., 2018). Emission trading thereafter gave rise to a market wherein GHG emission rights 

are obtained. This approach has been identified as a cost-effective policy instrument to 

decarbonize industrial production by setting up a market for emitters to trade emissions with 

the price of carbon credits determined by demand and supply and not fixed by the policy. 

(Aldy, 2015; Schmalensee and Stavins, 2017; Narassimhan et al., 2018; Levin et al., 2018). 

As of 2005, carbon emission trade had reached a market value of about 10.9 billion United 

State Dollars (USD) and surged on with an annual growth rate of 108 percent, thereby 

reaching 14.37 billion USD by 2009 according to the World Bank’s tally. The global carbon 
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market experienced remarkable growth in 2022, with its value increasing by 13.5 percent, 

reaching an all-time high of 914 billion USD (865 billion euros) (Tiseo, 2023). This 

expansion can primarily be attributed to heightened demand for carbon permits, resulting in 

a significant upswing in market prices. Carbon trading involves the buying and selling of 

credits that grant companies or entities, such as power plants, the right to release a specific 

quantity of carbon dioxide into the atmosphere (Chang & Kim, 2015). 

1.1.1 Carbon Markets in Africa 

Africa’s carbon market activity has shown signs of growth but has not yet reached its full 

potential with limited countries having contributed significantly to the issuance of carbon 

credits, accounting for 22 million metric tons of carbon dioxide equivalent (MtCO2e) credits, 

which falls considerably short of what could be achieved (McKinsey, 2022). The African 

Carbon Markets Initiative (ACMI) reports that the technical potential of carbon credits for 

Africa by the year 2030 is estimated to be approximately 2,400 MtCO2e per year taking into 

account existing, emerging, and innovative methodologies across various sectors, including 

forestry and land use, agriculture, blue carbon, renewable energy, household appliances, 

livestock, waste management, engineered carbon dioxide removals amongst others (ACMI, 

2022). 

 1.1.2 Blockchain Applications in Industries 

In recent years, research on how blockchain can be applied in different sectors of the supply 

chain and how it can improve sectors such as health, energy, payment, security and privacy 

protection, and contract management amongst others have gained prominence due to the 

opportunities the blockchain technology present (Korpela et al., 2017; Peterson et al., 2016; 

Yue et al, 2016; Aitzhan & Svetinovic, 2016; Pop et al., 2018; Benos et al., 2017; Dorri et 

al., 2017; Governatori et al., 2018). A blockchain (name adapted from the term “chained 

blocks”) is a distributed ledger technology (DLT) that connects multiple users on the internet 

to provide a trustworthy, reliable record of interactions without any third-party control rights 

(Lin & Lao, 2017; Zhao & Chan, 2020). Blockchain technology replicates information across 

many nodes over a distributed database via peer-to-peer (P2P) communication and is jointly 

maintained by the collective according to a consensus protocol (Zhao & Chan, 2020). The 
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World Economic Forum in 2016 described Blockchain technology as a “mega-trend” which 

will shape the next decade predicting that its application in various industries could end up 

storing 10 percent of the world’s Gross Domestic Product (GDP) by 2027 (Thomason, 2017). 

Existing limitations in the present carbon market such as calls for more transparency and 

robust accounting could potentially jeopardize mitigation actions and as such, recent 

research has been exploring effective ways of ameliorating these challenges by using 

effective technologies such as blockchain to enhance the transparency of carbon markets 

(Kim and Huh 2020). In light of the aforementioned context, we undertake an investigation 

into the potential of blockchain technology in the establishment and facilitation of 

transparent carbon markets within the African region. 

1.2 The Problem 

Africa contributed to about 3.9 percent of global carbon dioxide (CO2) in 2021 from fossil 

fuels and industry yet accounts for a small share of carbon transactions with most African 

countries entering the CDM pipeline for the first time in 2008/ early 2009 (Galal, 2023; 

Bryan et al., 2010). However, recent activities show a surge in the demand for carbon credits 

originating from Africa with a compounding annual growth rate of 36 percent between 2016 

and 2021 (ACMI, 2022). This growth accrued a 2020 retirement value of 123 million USD 

representing about 11 percent of all carbon trades and well below the current market potential 

of Africa (Rose et al., 2022; ACMI, 2022). This therefore implies that carbon markets offer 

a huge opportunity for economic transformation and development in Africa since Africa has 

only monetized 2 percent of its maximum carbon credit potential which can be realized 

annually (McKinsey, 2022).  

However, numerous investigative pieces have raised published research articles raising 

concerns about the emission reduction potential of projects in the deforestation sector 

(REDD+) – a typical example being the Kariba project in Zimbabwe (The Guardian, 2023a; 

The New Yorker, 2023). This raises a lot of concern within the carbon market ecosystem as 

REDD+ 28 percent of global credit issuance since 2016. There have been major concerns 

about carbon credit projects within the clean cooking stokes projects in Africa by Calyx 

Global 2023 which together with REDD+ constitute about 90 percent of Africa’s recent 
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carbon credit supply1. There have also been concerns about some carbon credit buyers using 

carbon credits for greenwashing and these issues have collectively accounted for the loss of 

credibility in Africa’s carbon market ecosystem (The Guardian, 2023b). The lack of 

enhanced transparency within this space has further compounded the challenge with some 

indicating that lands in Africa are grabbed by rich countries in Africa for projects to ensure 

that they continue polluting the environment (Mongabay, 2023). It raises a lot of concern 

since these projects are used by some countries to meet their NDCs under the Article 6 

mechanism of the Paris Agreement. More so, despite Article 6.2 of the Paris Agreement 

outlining market mechanisms to promote cooperation amongst respective parties geared 

towards the attainment of their nationally determined contributions, the current carbon 

market mechanism has been met with concerns and shortfalls such as transparency and 

robust accounting and has a tendency of compromising the integrity of environmental actions 

(Kollmuss et al., 2015; La Hoz Theuer et al., 2017). Robust reporting and review of 

information form the foundations of transparency towards the attainment of mitigation 

outcomes in the carbon market with an enhancement in transparent market mechanisms 

increasing the trust and confidence of market players in climate action (Lazarus et al., 2016). 

The Paris Agreement’s Article 4.13 states that “Parties shall promote environmental 

integrity, transparency, accuracy, completeness, comparability and consistency” (UNFCCC, 

2015). Blockchain technology has in recent times gained a lot of traction primarily because 

of its crucial ledger system which is tamper-resistant and can be deployed in a distributed 

manner with no central authority (Figueiredo et al., 2022). Its makeup and architecture create 

room for a trustworthy network enabling the documentation of multiple transactions and 

verifying the immutability and security of these transactions (Di Pierro, 2017; Sahebi et al., 

2020). Capitalizing on the power of blockchain technology can usher us into a new age of 

novel business models thereby serving as a catalyst for change and consequently birthing a 

new age of transparency (Albayati et al., 2020). The ACMI was recently launched with a 

focus on high integrity climate action impacts, cleaner energy solutions and sustainable 

development pathways to accelerate the growth of Africa’s carbon markets more specifically 

VCMs (ACMI, 2022). The ACMI intends to offer significant support to African 

 
1 Data extracted from VCS, GS, CAR, ACR registries at the start of Oct 2023. Excluding Gold Standard-labelled CERs used for 

meeting compliance targets and Planned Emission Reduction units (PERs). Incl. CAR and ACR cancellations. 
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governments, communities, project developers and stakeholders to surge demand and supply 

for high integrity carbon credits (ACMI, 2022). Drawing from the untapped market potential 

for carbon credit originating from Africa, the potential opportunities of African carbon 

credits serving as an engine for economic growth and just transition and the limitations 

prevalent in the existing carbon markets with calls for increased transparency, this study will 

go a long way to inform the possibilities that exist in the Africa’s carbon markets, by 

investigating the practical requirements for the implementation of blockchain to help 

enhance transparency and strengthen carbon market structures on the continent. 

1.3 Theoretical Concerns 

1.3.1 Theoretical Framework Integration 

  

This study aims to bridge the existing gap in the theoretical framework around blockchain 

technology and carbon markets and how they intersect specifically within an African context. 

While the literature around blockchain and carbon markets is growing, there is limited 

research merging these domains in a systematic way that builds on theories and concepts 

familiar to each. By merging both theories and concepts from blockchain technology and 

carbon market economics, this research aims to establish a robust theoretical framing within 

which we can understand what role blockchain might have in increasing transparency to the 

carbon market. 

1.3.2 Overlooked Regional Perspectives 

Existing literature has predominantly focused on carbon markets in the developed economy 

rather than developing ones like Africa. The regional gap within the literature on African 

carbon markets has thus far received relatively limited attention and despite their potential 

for significant growth. This current research will therefore generate theoretical insights that 

are tailored to the African context, probing how blockchain can help navigate the distinct set 

of challenges and opportunities faced within this region. 



6 
 

1.3.3 The Role of Distributed Ledger Technology (DLT) 

While blockchain technology has gained increasing attention as a solution to enhance 

transparency, few studies have delved into the wider spectrum of Distributed Ledger 

Technology (DLT) and its implications for carbon markets. The study incorporates DLT into 

the theoretical framework, highlighting how emerging forms of decentralised ledgers, as a 

subset of DLT beyond blockchain, can enable transparency, security and efficiency for a 

carbon market. 

1.3.4 Environmental and Social Implications 

The focus of existing research is narrowly economic, but the theoretical reach of the subject 

goes further: it can address some of the broad environmental and social implications of 

carbon markets. Blockchain, in this light, emerges not simply as a technology for creating 

greater economic transparency, but as one that could be helpful in addressing issues of 

environmental sustainability by enabling more transparent and accountable carbon credit 

creation and tracking. 

1.3.5 Inclusive Participation and Empowerment 

This study introduces newer elements such as the democratization of carbon markets along with 

the idea that blockchain can therefore empower a wider spectrum of stakeholders, including small 

and individual actors, by reducing barriers to entry and fostering more inclusive participation 

within the carbon market. This concept of inclusive participation within the carbon market is 

introduced through this research both in theory and practice.  

This study also aims to contribute to the current discourse on the role of blockchain 

technology for transparent carbon markets specifically in the African context by addressing 

more theoretical dimensions not generally considered in existing literature. As such, we offer 

an integrated theoretical framework of blockchain, DLT, regional nuances and the 

multifaceted and multi-dimensional impacts of technology on carbon market dynamics 

which we argue fills an important literature gap and serves to, hopefully, advance an 

informed and inclusive debate on this complex issue. 
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1.4 Research Objectives 

In a quest to help strengthen the transparency and structures of carbon markets in Africa, this 

study has the overall objective of investigating and analyzing the practical requirements for 

the implementation of blockchain to help enhance the transparency of existing and emerging 

carbon markets on the continent. To that effect, the study will pursue the following specific 

objectives: 

1. To develop a decision framework to enhance stakeholder comprehension and guide 

developer selection of blockchain technology for carbon projects. 

2. To analyze the global architecture for carbon trading and reporting, its interface with 

national government systems and analyze existing models to track, monitor, report 

and trade carbon assets 

3. To design a conceptual blockchain-backed carbon market model for carbon credit 

and ITMO transfer, NDC tracking and data aggregation using the global architecture 

for carbon monitoring and reporting at the UNFCCC. 

1.5 Methodology 

In order to achieve the stated research objectives, an inclusive and comprehensive research 

methodology will be adopted. It will be a research methodology that is multi-faceted by 

nature. The methodology will combine Decision Making Framework (DFE) evaluation, 

Decision Making Trial and Evaluation Laboratory (DEMATEL) and infrastructure design. 

Based on these central strategies outlined above, the following methodologies will be 

employed: 

A. Decision Framework Evaluation (DFE) 

The decision-making framework (DFE) is a structured and systematic approach that is 

utilized to assess alternatives, make informed decisions, and solve complex problems in 

various domains (Ar et al., 2020; Saaty & Niemira, 2006). The Decision Framework 

Evaluation will be used evaluate the suitability and feasibility of implementing blockchain 

technology with reference to a selected carbon credit project and will offer project developers 

the tools needed to make that decision. It will involve the following steps: 

https://www.zotero.org/google-docs/?7xxBJT
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1. Identifying key decision criteria based on literature review 

2. Developing close ended guiding questions to for the framework 

3. Validating guiding questions 

4. Development of framework 

5. Validation of framework 

 B. DEMATEL Analysis 

The Decision Making Trial and Evaluation Laboratory (DEMATEL) methodology is a 

quantitative approach used to tackle complex decision-making problems and to elicit 

interdependencies among different variances. It is used in research to model the enablers for 

blockchain adoption in Africa's carbon markets. This will involve the following steps: 

1. Identifying causal relationships between different variances using expert opinions 

or surveys. 

2. Creating a Direct Influence Matrix (D) and Indirect Influence Matrix (I) 

representations of these relationships. 

3. Normalizing these matrices to ensure comparability. 

4. Calculation of Total effects of each variance by adding elements of the Indirect 

Influence Matrix. 

5. Leading to the clustering of variances to uncover the hierarchical relationships among 

them. 

6. Making recommendations for the improvement of decisions based on the results of the 

analysis. 

7. Qualitative information is converted to quantitative measures for logical analysis as 

DEMATEL. 

 

C. Blockchain-Based Carbon Trading Infrastructure Design 

Taking into account the results of the DFE and DEMATEL analyses, along with the inherent 

structure of the UNFCCC’s global architecture for carbon trading, we will work on a detailed 

blueprint for a blockchain-driven carbon trading infrastructure for Africa that has been built 
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from the ground up for the specific context detailed in this project. This will take into account 

the unique requirements and challenges we have identified thus far. In particular, we’ll 

adhere to the following sequence of activities to meet this goal: 

1. Define challenges and objectives 

2. Technology Selection 

3. Creating a high-level infrastructure diagram. 

4. Smart Contracts 

5. Data Integration 

6. Defining a decentralized governance model. 

7. Security and Privacy overview 

8. Emphasizing the importance of rigorous testing. 

9. Regulatory Frameworks 

10. User Interface 

11. Deployment and Maintenance 

1.6 Data Collection and Analysis 

Data related to the regulatory frameworks, blockchain implementation, and carbon market 

performance in African nations will be collected and analyzed. Analysis for the DEMATEL 

will be carried out using MATLAB.  

1.7 Possible Obstacles 

This study will pose several challenges, including limited data availability, possible time 

constraints, reaching out to key stakeholders, technological complexity, and ethical 

considerations regarding sensitive data. Successful navigation of these obstacles mandates 

careful planning, time management, and effective communication through my thesis 

supervisor to help achieve the research objectives. 

1.8 Relevance Of Study 

This study holds profound significance in the context of African carbon markets, as it seeks 

to revolutionize the continent’s approach to carbon trading. By exploring the integration of 
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blockchain technology, the study addresses the critical need for transparency and trust within 

these markets, aligning with the principles of the Paris Agreement. Beyond environmental 

considerations, the research opens the door to vast economic opportunities, allowing African 

nations to harness the surging demand for carbon credits to drive economic development and 

sustainable growth. Furthermore, the study's findings may influence policy and regulatory 

decisions, shaping the future of carbon market frameworks in Africa and contributing to the 

broader global discourse on blockchain's role in transparent and efficient market structures. 

In essence, this research is not just academically valuable; it is a catalyst for transformative 

change, encompassing economic prosperity, environmental stewardship, and technological 

innovation. 

1.9 Tentative Thesis Chapter Outline 

The thesis will be structured as follows: Chapter 1 will introduce the study, setting the stage 

with background information, the problem statement, research objectives, significance, and 

the thesis structure. Chapter 2 will delve into a comprehensive literature review covering 

carbon markets, regulatory frameworks in Africa, blockchain technology, and their 

intersection. Chapter 3 will focus on the Research methodology including data gathering 

approaches and making a case for the adoption of approaches such as DFE and DEMATEL. 

Chapter 4 will focus on the results and findings from the study and discussions thereafter 

including case studies and practical scenarios. Chapter 5 will focus on the recommendations 

and conclusions highlighting significance, and suggesting areas for future research. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Carbon Markets 

The concept of trading carbon units which represents reduction in emissions within a specified 

framework is what is termed a carbon market (Newell et al., 2011). There are essentially two main 

entities that can create and trade carbon credits - governments for compliance-based reduction of 

greenhouse gas emissions and businesses for voluntary reduction of greenhouse gas (Greiner et 

al., 2019; Newell et al., 2011). The arrangements and structures in both situations either limit 

emissions or create room for actors, businesses or industries to trade or purchase emission units or 

its equivalents. Compliance based carbon market requirements call upon industries to cut down 

their emissions thereby creating a demand in the market space and create room for a supply side 

where carbon credits are created and traded to these industries (Chandrasekhar, 2023). When an 

entity is required under the compliance regulatory frameworks  to limit its emission, it can do so 

by either developing technologies that emit low greenhouse gases thereby meeting their emission 

targets(Greiner et al., 2019). Alternatively, they can purchase carbon credits which will allow them 

to offset their emissions (Kollmuss et al., 2008; Schreiber, 2013). On the supply side of the carbon 

market, business entities that sell carbon credits do so by running low emission projects or 

instituting technologies which help store, reduce or avoid greenhouse gas emissions entirely(Basu 

et al., 2023). This gives these organizations emission allowances which can be sold as credit to 

businesses. The regulatory entities of greenhouse gas emissions in any region or governments can 

also purchase carbon credits and resell these to industries that are emitting greenhouse gases 

(Bernard, 2017).  Requirements from business entities for the reduction of their emissions is 

generally reflective of emission reduction targets either set by the emission regulatory bodies, 

governments or industries. in the carbon market (Greiner et al., 2019). The demand and supply 

which drives the market sets the price of carbon and forms the basis for the carbon market.   

Carbon Credits: How Do They Work? 

The terminology carbon credits is used to describe the components within the carbon market which 

are tradeable amongst entities (Simon et al., 2010). So simply put, a tradable component of the 

https://www.zotero.org/google-docs/?F9tGEi
https://www.zotero.org/google-docs/?OISwVO
https://www.zotero.org/google-docs/?OISwVO
https://www.zotero.org/google-docs/?hqbK7S
https://www.zotero.org/google-docs/?4e2IWC
https://www.zotero.org/google-docs/?lXc8ly
https://www.zotero.org/google-docs/?1PwYIn
https://www.zotero.org/google-docs/?1PwYIn
https://www.zotero.org/google-docs/?wSrUUI
https://www.zotero.org/google-docs/?EN2rNm
https://www.zotero.org/google-docs/?mcGP6Y
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carbon market. Carbon credits tend to vary depending on the market you are operating in within 

the globe. However, two main types are the most widely known and these are; Carbon Offsets and 

Carbon Allowance (Bumpus & Liverman, 2008). 

2.2 Carbon Offset 

The concept of offsetting began as part of the flexible mechanisms under the Kyoto Protocol 

(UNFCCC, 1997), which allowed developed countries to meet their emission reduction obligations 

by purchasing emission reductions associated with projects in developing countries (Clean 

Development Mechanism, CDM) or countries transitioning to an economy that minimizes 

greenhouse gases (Joint Implementation) (Bumpus, 2011; Bumpus & Liverman, 2008; UNFCCC, 

1997). These mechanisms, alongside the process of carbon trading, provide an alternative to those 

emission reduction activities which are more expensive and/or which provoke political controversy 

domestically (Bumpus & Liverman, 2008). 

Carbon offsets make it possible to reduce greenhouse gas emissions by compensating for excessive 

spills in one area with operational reductions elsewhere. Additional reasons why nations, 

corporations, and individuals are working to decrease their carbon output include environmental 

consciousness, competition and the bottom-line, regulatory compliance and incentive seeking. 

Offsets are viewed as a more cost-effective, and politically feasible, alternative to more 

challenging or expensive internal emission reduction measures(Bachram & Bachram, 2004; 

Bernard, 2017; Bumpus, 2011). In the carbon market, a carbon offset is used to describe a unit 

generated from a project which helps to either store a quantity of greenhouse gas or prevent the 

release of a certain amount of greenhouse gas. It can be expressed as a tonne of carbon dioxide 

equivalent either stored or avoided completely (Corbera & Brown, 2010). 

2.3 Carbon Allowance  

This on the other hand represents the right to emit a quantity of greenhouse gas. It is a regulatory 

body or government-issued permit, which allows a businesses or entities operating within their 

jurisdiction to emit a specific quantity of carbon dioxide equivalent. The issuance of these 

allowances are in tandem with a cap and trade program regulation (Dalsgaard, 2021). 

https://www.zotero.org/google-docs/?8QO9fl
https://www.zotero.org/google-docs/?jbFXVX
https://www.zotero.org/google-docs/?jbFXVX
https://www.zotero.org/google-docs/?EwMstT
https://www.zotero.org/google-docs/?uajogE
https://www.zotero.org/google-docs/?uajogE
https://www.zotero.org/google-docs/?9LMpWE
https://www.zotero.org/google-docs/?ZMOpdv
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2.4 The Emission Trading System 

Emission trading system - market structures set based on a specific framework to help reduce 

greenhouse gas emissions as part of climate change mitigation efforts - operates on a principle 

known as the “cap and trade”. Under this arrangement, the regulating body or government imposes 

a ceiling on emission in a sector  (known as cap) of the economy(Betsill et al., 2011; Damro & 

Méndez, 2003; ICAP, 2023). Entities operating under this regulatory framework are then required 

to obtain a permit for each ton of greenhouse gas they release. The operating entities under this 

regulation may then choose to either receive or buy permits, and are at liberty to trade these permits 

with other companies (the trade component). This system constitutes the “cap and trade” in the 

emission trading scheme(Betsill et al., 2011; Skjærseth & Wettestad, 2009). 

In setting the cap for a business, the regulatory body/government sets the maximum amount of 

emissions in a manner which causes it to decline over time giving companies adequate time to plan 

their emission reduction targets (Osborne, 2015). After the regulatory body has set a cap for 

emission, tradable permits are issued among industries with each permit representing a ton of 

greenhouse gas emission. These permits are either given out to companies for free based on a set 

of conditions such as past performance standards or auctioned out. It is however important to 

mention that in theory, it is very easy to determine the sectors that require regulation in terms of 

cutting emissions(ICAP, 2023; Koch et al., 2014). However, in practice, this can be a very daunting 

task since it is very hard to track the emissions of some industries and other industries might also 

find it extremely hard to reduce their emissions. Industrial and power sectors have always been the 

sectors regulatory bodies tend to focus on when it comes to cutting down on emissions. CO2 is the 

commonest greenhouse gas which is covered by an emission trading scheme. Other greenhouse 

gases such as methane and nitrous oxide and other synthetic gases such as the Sulfurfluoride, 

Perfluorocarbons and Hydrofluorocarbons are covered by some emission trading schemes 

globally(ICAP, 2023). 

2.5 Carbon Markets: From Past to Present 

The Kyoto protocol led to the development of three distinct international policy instruments and 

ultimately the UNFCCC’s backed carbon markets in the late 1990s, in response to global calls for 

the mititgation of anthropogenic emissions(Vlachou & Konstantinidis, 2010). The first policy 

https://www.zotero.org/google-docs/?frkrqi
https://www.zotero.org/google-docs/?frkrqi
https://www.zotero.org/google-docs/?D8vuM4
https://www.zotero.org/google-docs/?AV14x5
https://www.zotero.org/google-docs/?7xs62w
https://www.zotero.org/google-docs/?l9ZN0L
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instrument was a  market system which allowed industralized countries to trade assigned amount 

unit (AAUs) on the international front in an effort to meet their emission reduction targets. The 

second was an arrangement also made provision for the joint implementation (JI) as a means of 

emission reduction; a baseline-credit-system with a primary focus on climate change mitigation 

activities that are implemented in developing economies(He et al., 2020). The third instrument 

were the CDMs which paved way for governments in the developing word to embark upon 

voluntary emission reduction projects(Alexeew et al., 2010). These projects inturn provided these 

developing countries with emission reduction credits of which they could sell to Parties with an 

emission reduction obligation under the Kyoto protocol. The JI and CDMs rapidly saw the 

development and growth of emission trading systems in advanced economies using the Kyoto 

protocol’s accounting rules as the basis for the building blocks. A typical example is the European 

Union’s Emission Trading Scheme (EU-ETS) in Europe(Ian Bailey & Maresh, 2009). Provisions 

were also made by the Kyoto protocol to pioneer robust structures for monitoring, reporting and 

verification (MRV) tools and also helped ensure that Parties without emission reduction 

obligations had a harmonized carbon accounting standard(Basu et al., 2023). 

These approaches were instituted to help ensure that sustainable green finance was made readily 

available to pursue sustainable development and helped serve as a motivation for the private sector 

to join hands in the emission reduction campaign (Bracking, 2015). Following the institution of 

these policy instruments, the CDM alone generated over ten thousand mitigation activities globally 

translating into over 2 billion CERs (Alexeew et al., 2010). There potential to further contribute to 

CER remains uncertain primarily because the demand is uncertain and some CDMs could 

potentially transition into future domestic components of NDCs in some countries. The CDM has 

undergone constant development, transitioning from its initial focus on individual projects to 

embracing program-based approaches.There has also been notable significant improvement in the 

standardization and methodological toolkit, as well as innovative pioneering linkages with results 

based finance beyond offsetting(Cavanagh & Benjaminsen, 2014). These innovative reforms did 

not only mark the success of CDMs because they provided tangible results. They created room for 

CDMs for household and community based initiatives with the potential for high impact 

sustainable development to gain priority and this helped garner participation from leadst developed 

countries (LDCs) and African nations(Bumpus & Cole, 2010). 
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The year 2009 marked the Copenhagen Conference, Conference of Parties (COP) 15 which failed 

to negotiate a successor agreement to the Kyoto Protocol despite numerous criticisms of the 

existing structures of the Kyoto Mechanisms. This gave rise to a new age of uncertainty about the 

future of carbon credits into the next decade and stalled the demand for carbon credits 

tremendously especially in the year 2013 (Chandrasekhar, 2023). This gave rise to the ultimate 

shutdown of ETS for credits under the Kyoto protocol regime because there was so much 

uncertainty surrounding the international carbon trade policy regime(Chen, 2017). 

(Chandrasekhar, 2023). This was essential especially in low income countries because some 

activities were on the verge of being discontinued as a result of the then market crisis. Another 

market mechanism that was introduced within that period to help manage the prevailing crisis was 

the Partnership for Market Readiness (PMR) which sought to introduce accelerate the emergence 

of domestic market mechanisms into the mix with an overall aim of becoming a potent driver for 

international carbon markets thereby leading to a surge in the demand of project based emission 

reduction initiatives domestically(ICAP, 2023). In a desperate attempt to navigate the crisis, 

countries such as Japan introduced their own carbon crediting mechanism, the Joint Crediting 

Mechanism with hopes that it will serve as a blue print for for a new, emerging and more innovative 

market mechanism devoid of the gaps and lapses in the Kyoto mechanisms. Table 1 illustrates 

global carbon markets and offset milestones from past to present. 

Table 1: A 60-year history of carbon offsets 

Carbon Offset Milestone Historical Event 

Research in carbon offsets 1960 - Ronald H Coase publishes his paper, "The Problem 

of Social Cost", which assigns property rights to pollution. 

1975 - US EPA investigate options for sulphur and nitrogen 

oxide offsets for oil, gas and steel industries 

1977 - Physicist Freeman Dyson publishes, “Can We 

Control the Carbon Dioxide in the Atmosphere” 

The first ever carbon offset 

initiatives 

1989 - 1988 - USA EPA rolls out lead credits. 

!987 - The Montreal Protocol for limited emissions trading. 
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1988 - Applied Energy Services funding an agriforest to 

compensate for emissions from a coal fired plant. 

1990: Project 88 launched by economist Robert Stavins and 

to advocate mission trading and other market based 

mechanisms. 

The 3 phases of voluntary 

carbon market development 

1. Market formation and innovation 

2. Period of consolidation and strengthening 

3. The phase of mainstreaming 

Strides made in Policy 

Instruments 

1995 - UNFCCC COP 1 - Launch of the first phase of the 

Joint Implementation. 

1997 - the Kyoto Protocol 

1999 - International Emission Trading Association is formed 

2002 - The United Kingdom (UK) becomes the first 

government to roll out an economy-wide emission trading 

scheme. 

2003 - The EU agree to ambitious Emission Trading Scheme 

2005 - Discussion on Reducing Emission from Deforestation 

at COP 11 in Montreal 

2008 - Global carbon market soar 84% to USD 118 billion in 

the wake of the global financial crisis. 

2009 - Copenhagen Climate Change Conference. 

2012 - Carbon  panic as CDM credit drops to less than USD 

3 per tonne of CO2 in response to oversupply. 

2012 - The Sustainable Development Goal were born in Rio 

de Janeiro (SDG 13 - Climate Action) and adopted in 2015 

2015 - The Paris Agreement was adopted 

2020: UN Carbon Offset Platform featuring UNFCCC 

certified projects 

2023: The Core Carbon Principles as a benchmark for high 
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integrity carbon credits 

Pushback and public debate 2007 - First-ever widely publicized protest against carbon 

offsetting. 

Pioneering major companies in 

the VCM space 

2006 - The first carbon neutral media (Sky Media) 

2007 - Google becomes carbon neutral eliminating its 

carbon legacy dating back to 1998 

2019 - EasyJet, the first major airline to offset all jet  

(Chandrasekhar, 2023; Coase, 1960; Dyson, 1977; Smoot, 2021) 

2.6 Article 6 of the Paris Agreement 

Article 6 of the Paris Agreement permits countries to collaborate through the trading of carbon 

credits in order to diminish greenhouse gas emissions. Article 6 is an instrument designed to 

effectively allocate resources to countries, assisting them in reducing greenhouse gas emissions 

and meeting their NDCs under the Paris Agreement more expeditiously, equitably, and cost-

effectively (Michaelowa et al., 2020). The objective is to enable greater ambition in both mitigation 

and adaptation endeavors, while fostering sustainable development and environmental integrity 

(Oh et al., 2019). Article 6.2 establishes an accounting framework for bilateral or "minilateral" 

cooperation, where credits can be transferred between two or more countries. The specific 

cooperative approaches are not prescribed by the article, but examples could include project-based 

or jurisdictional/sectoral approaches, as well as linking emissions trading schemes between 

countries (Michaelowa et al., 2019). Article 6.2 offers participating countries flexibility to 

collaborate within the parameters set by the Article 6 guidelines. The first-ever Article 6.2 

agreement was signed by Switzerland and Peru in 2020 (Obergassel, 2017).  

Article 6.4 creates a central mechanism for trading credits generated from emissions reductions 

through specific projects or activities(Gadde et al., 2020). The Subsidiary Body oversees this 

mechanism and is responsible for developing eligible methodologies and conducting reviews, 

among other tasks. The 6.4 mechanism is widely seen as the successor to the Kyoto Protocol's 

Clean Development Mechanism (CDM) with similar instruments as indicated in figure 1 which 

https://www.zotero.org/google-docs/?CX1iyV
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presents the Article 6.4 activity cycle. Article 6.8 establishes a work program for non-market 

approaches, allowing countries to provide support to others without engaging in carbon credit 

trading (Wang et al., 2022). While this cooperative approach is the least defined, its purpose is to 

facilitate the provision of financial and technical support, as well as the sharing of best practices 

in implementing domestic mitigation actions (such as implementing carbon taxes).  

 

Figure 1: Article 6.4 Activity Cycle 

 

The tools provided by Article 6 have the potential to assist countries in meeting and surpassing 

their climate commitments under the Paris Agreement. They can mobilize climate finance for 

emissions reductions and removals. At COP 26 in Glasgow, a rulebook for international 

cooperation through carbon markets under Article 6 was finally completed and launched (Zwick, 

2022). These "rules of the road" require the authorization of Article 6.2 credits by host countries, 

triggering corresponding adjustments and reporting obligations. They also necessitate the use of 

corresponding adjustments and establish a separate category for "unauthorized" credits and  

provide a pathway for investment in sustainable development and require an overall mitigation in 

global emissions(Zwick, 2022). The process to "operationalize" Article 6 began at COP27 in 

Sharm el-Sheikh, where progress was made in reporting, reviewing, and infrastructure related to 

Article 6 (UNFCCC, 2024). Negotiators are continuing to finalize various details, such as reporting 

formats, authorizations, and the tracking infrastructure and registry for both 6.2 and 6.4. While the 

full development of the Article 6.4 mechanism and other aspects of Article 6.2 may take time, 
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countries can already start cooperating under Article 6.2, using its accounting framework for the 

international transfer of mitigation outcomes. Many countries have already taken significant steps 

in this direction, including Switzerland, Peru, Ghana, and Japan. 

2.7 Carbon Markets in Africa 

The global surge in carbon markets, the trade of emission reduction permits, in efforts to mitigate 

the effect of climate change have become a major response (Labatti & White, 2007) They have in 

various ways served as a potent policy instrument which can be leveraged by both public and 

private entities as a financing mechanism to help attain their green growth ambitions. These 

include activities such as renewable energy generation and sustainable agriculture that are 

pertinent to Africa’s growth (Stern, 2008). The structure of global carbon markets and the 

associated international carbon offsets was initially conceived to provide support to impoverished 

and developing nations by directing climate finance towards their economies (Gore, 2007). 

Recognizing the substantial economic threat posed by climate change, researchers, scientists, and 

policymakers universally acknowledge the imperative need to drastically reduce carbon emissions 

to avert the severe consequences of global warming (Somerville, 2012; IPCC, 2014). 

Carbon trade globally has experienced a significant growth and expansion in volume and scope 

following the ratification of the Kyoto in less than a decade with CDM projects for developing 

nations currently at over 8193 projects (Ervine, 2014; Lohmann & Sexton, 2010). CDM projects 

in Africa accounted for 4 percent of all registered CDM projects in 2023 with the continent with 

the highest registered CDM projects of 80 percent being Asia (UNEP, 2023).  

Carbon finance has been low and less than steady for developing countries like Africa with the 

high expectation attached to carbon finance in Africa remaining unmatched with an equivalent 

level of achievement particularly with regards to delivery of Certified Emission Reduction (CERs) 

and associated revenues (Muzee, CPI, 2015). Researchers and policy makers such as the likes of 

Lyons & Westoby 2014 and UNEP 2011 have opined possible reasons accounting for Africa’s 

lagging behind in carbon markets including prohibitive costs, lack of capital investment for CDM 

projects, lack of private investors for afforestation and reforestation, uncertain markets for 

emission reduction, complexity of CDM methodology and the general lacking in institutional 

capacities required for the implementation  of CDM projects in Africa, (Baimwera et al., 2017). 
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2.7.1 Voluntary Carbon Markets (VCMs) in Africa 

VCMs are defined as a supplement to the Kyoto Protocol and the Clean Development Mechanism 

(CDM), especially for entities in nations whose governments were opponents of the Kyoto 

Protocol, notably the United States, and parties that were willing to exceed governmental 

aspirations and meet ambitious targets (Kollmuss et al., 2008). Many of the world’s early offset 

firms were nonprofit organizations (NGOs). Voluntary offsetting from the lack of confidence in 

the polices of governements which were deemed “slow, inadequate or non-existent (Bumpus et 

al., 2010; Schreiber, 2013). Voluntary carbon markets have grown over the years and can have a 

significant role in developing carbon finance in Africa if supported by an ambitious goals to 

generate high integrity credit. Figure 2 and Figure 3 shows the details the global voluntary carbon 

credit issuance by volume and scope respectively. The literature on potential future developments 

in carbon finance provide some possible trends in voluntary carbon market activities. Currently, 

the African voluntary carbon market is in a nascent stage with little coordination across different 

initiatives and little regional regulation, which has led to relatively low carbon prices (Zhou et al., 

2023). Figure 2 presents the global price However, there has been a higher demand for certified 

emissions reductions and with access to broader-based funding, projects with slow uptake in the 

could be done with more success in the voluntary market (Gahungu et al., 2022). 

 

Figure 2: Voluntary Credit Issuance by Region till December 2023 

Source: Barbara et al., (2023) 
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Figure 3: Voluntary Credit Issuance by Scope till December, 2023 

Source: Barbara et al., (2023) 

2.8 Blockchain 

2.8.1 What is Blockchain? 

A blockchain is essentially a digital ledger of transactions that is duplicated and distributed across 

the entire network of computer systems on the blockchain (Ghiro et al., 2021). Each block in the 

blockchain contains a number of transactions, and every time a new transaction occurs on the 

blockchain, a record of that transaction is added to every participant's ledger (Lunardi et al., 2019). 

A participant's ledger is a list of transactions that have occurred for them; in the case of 

cryptocurrencies such as Bitcoin, your ledger is a balance showing how much bitcoin you have. 

All new transactions are compiled into a block, and once a new block is added to the chain, the 

record of that transaction becomes permanent (Nguyen et al., 2023). During the process of adding 

a block to the chain, several nodes on the network are given the task of confirming that the 

transaction is valid, and attempting to complicate and fraudulent transactions. This confirmation 

process is crucial in the prevention of double spending (Dotan et al., 2020). A transaction of money 

is considered a double spend if it can possibly be spent twice. Say for example you have a balance 

of $100, and you make two separate transactions of $100 at the same time, this is a double spend 
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since you can only afford to spend $100 once. By having nodes agree on the validity of transactions 

through a consensus, it can be ensured that there are no conflicting transactions of the same money. 

Figure 4 depicts what a typical blockchain ledger looks like in theory. 

 

Figure 4: Distributed Ledger System of Blockchain 

Source: Kavanagh and Dylan-Ennis, 2020 

Blockchain works as a global digital ledger (i.e. a collection of databases) that anyone on the 

internet can use to review changes in information. In can be used to secure and verify transactions 

so that these transactions form a block of data. Before that transaction can be added to a block, 

there are some things that need to be verified. All parties involved in the transaction agree to its 

details (Sako et al., 2021). This agreement is verified with a complex algorithm. Once the 

agreement is verified, it is added to the block. After the transaction has been added to the block, 

the block is given a unique identifier called a hash. This hash is very important because it 

distinguishes one block from another, and because the block is given a hash, it can always be 

referred back to at a later time. Now that the transaction is verified and added to a block, the block 

is added to the blockchain (Dhillon et al., 2020). There are various architectures that can be used 

to configure the peer-to-peer network of a blockchain, including one where all the nodes are equal, 

and one where some nodes are dedicated to certain tasks and have different levels of authority 

(Rajput et al., 2022) 
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2.8.2 How does Blockchain work? 

A blockchain is a small data structure containing the most recent connections that are hashed to 

create a summary of the connected transactions (Al-Bassam et al., 2018). These hashes form a tree 

using a linked list, with each list having only one path from the root to a leaf. The hash also 

represents a block. A block is a collection of data that could include the hash and information from 

another block (William Peters & Panayi, 2015). The first block is a root block. In a P2P network, 

the hash can be distributed in a way that puts the hash and block on different nodes through a 

method called IDA (Identify, Locate, Retrieve, and Update), which starts at the root and mimics 

the block's path until it reaches a leaf (Trautwein et al., 2022). While the distributed blocks could 

be randomly distributed, it's important that the tree's integrity must be maintained and that anything 

past the block can be derived from the root hash. This is important for the integrity and verification 

of the blockchain (Kattwinkel et al., 2022). Figure 5 shows how a blockchain system operates. 

 

Figure 5: How a blockchain system works 

Source: Herweijer et al.(2018). Building block (chain) s for a better planet 
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2.8.3 Key Components of Blockchain 

Decentralization 

A decentralized system is one where there is little to no concern on who runs the system, for 

instance an organization that is decentralized is one where decisions are made by consensus and 

not by a few figureheads (Fadda et al., 2021). This can be related to blockchain in how the bitcoin 

network is run. The network is a group of nodes which all follow the same protocol. These nodes 

are what make up the network. Node in computer science just means a computer or server which 

is running the software for the network (Pappalardo et al., 2017). A node has a copy of the 

blockchain and can be used to mine blocks. In this sense the node is a computer server which is 

connected to the internet, it is not a specific computer in a specific location, or a group of computers 

in a data center. This is good because it is more fault tolerant. A specific computer can go offline 

and the network will continue to run as there are many other nodes. Nodes can join and leave the 

network, so there is no single point where the network starts or stops. 

Cryptography 

Cryptographic techniques and encryption are used to secure the data stored on the blockchain. The 

decentralized nature of blockchain requires that all parties have access to the data. It is necessary 

to provide data confidentiality and integrity, even in a permissioned setting (Raikwar et al., 2019). 

This is why cryptography is the most crucial aspect of the blockchain technology. Blockchains use 

hash functions, public/private key encryption, and digital signatures to secure the data as illustrated 

in figure 6. A cryptographic hash function takes an input and returns a string of fixed length.  

Block 1           Block 2             Block 3 

┌──────────┐      ┌──────────┐      ┌──────────┐ 

│ Data     │      │ Data     │      │ Data     │ 

│ Hash(0)  │──▶    │ Hash(1)  │──▶    │ Hash(2)  │ 

└──────────┘      └──────────┘      └──────────┘ 

Figure 6: Data integrity through hashing 
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This is a practical and sometimes necessary tool in downloading multiple elements of data onto a 

computer screen without having to also download all other elements in the process (Goel et al., 

2020). Any small data change results in a large change in the resulting string, making it useful for 

comparing the data at different instances. A small change in the input data creates a significant 

change in the output hash. This is a useful process for validating the integrity of data. If the hash 

output is different from that stored in the edited block, it is simple to identify that the data has been 

tampered with. 

Consensus Mechanisms 

Proof of work was originally proposed as a way to prevent spam and denial of service attacks. It 

has since been proven as a successful way to prevent these attacks and is used in many 

cryptocurrencies as a way to distribute the currency while preventing the same person from 

draining the resources through a Sybil attack (Natoli et al., 2019). The proof of work algorithm 

used is a timed difficulty adjustment which is explained more as an example in the mining section 

and prevents the chain from getting too far ahead of the block generation time (Chatterjee et al., 

2023). Proof of Work (PoW) refers to the simple consensus algorithm that increases the security 

of the blockchain network. This is the original consensus algorithm in a blockchain network and 

is widely used. It works by requiring some work from the service requester, usually in the form of 

processing time by a computer. Then a set of work is sent to the service provider, who checks it 

and sends a key which is proof that the work has been carried out (Duedder et al., 2021). This 

allows the requestor to gain service with the guarantee that the provider has carried out the work. 

Smart Contracts 

A smart contract is a self-executing contract with the terms of the agreement between buyer and 

seller being directly written into lines of code. It has been said that smart contracts will one day 

replace traditional contracts as they are faster, will automatically enforce the contract, and are 

significantly cheaper than traditional contracts (Zheng et al., 2019). For example, if I were to 

contract a project developer to supply carbon credits in another country, we could use a smart 

contract. I would put the agreed amount of money into the smart contract and when the project 

developer has issued the credit, the money would automatically be released to the project 

developer. This eliminates the complex process where I would have to send the money through a 
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bank, possibly having to pay exchange rates or various other fees (Taghiloo et al., 2010). This is 

all done on the Ethereum Network.  The language used in smart contracts is very important in the 

blockchain community. Smart contracts can be written in various languages such as Simplicity, 

Solidity, and Hyperledger which help build numerous decentralized applications and are all based 

off pre-existing languages such as Java, JavaScript, and Python (Virani & Kyada, 2022). Step by 

step each transaction is recorded to form a new data set and ultimately a new block. These are 

stored in chronological order, can never be altered or deleted, making it a transparent and highly 

secure form of data. This is essential for businesses hoping to utilize smart contracts. 

Benefits of Blockchain Technology 

In a decentralized system, the importance of transparency is twofold. First, assuming the node is 

not acting in an anonymous manner, the open ledgers allow participants to see which nodes are 

responsible for the selected transaction. This is fundamental to the reputation-based model that a 

number of decentralized systems are planning to employ (Amler et al., 2021). The second is built 

on the first, that without a central authority, there is a higher need for it to be made clear when and 

why a given decision has been reached. By tracking the decision-making process for various 

transactions, it becomes possible to pinpoint a faulty outcome to a decision and take appropriate 

measures to circumvent said circumstances in the future (Aparício et al., 2020)(Li et al., 2018) 

Transparency and Immutability 

Transparency allows anyone to view the entire history of a transaction on the ledger. This can be 

seen as both a positive and a negative. While it allows for full disclosure and most likely faster 

dispute resolution, it can allow for surveillance of users' habits (Westerkamp et al., 2018). The 

level of transparency is dependent on the user. The author and the intended recipient of the 

information can remain anonymous while still revealing the information to a wider audience, or 

the author can keep their identity disclosed to the intended audience. Users can insert other people's 

keys or addresses into the search field (providing they know the person or the person's address) to 

look up the details of their transactions (Tran et al., 2022). This is the equivalent of a bank customer 

looking up an account or check number that another person has given them. The ability to view a 

more detailed version of the transaction history with varying levels of identity disclosure will 

hopefully reduce the frequency of the age-old tactic "I'll just slip this in here and no one will 
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notice". A fully opaque transaction can still be achieved off-chain between two users wanting the 

details of the transaction to remain undisclosed (Kinkeldey et al., 2019). Overall, it forces 

participants to be held more accountable for their actions because of the irrefutable paper trail. It 

will also give a greater ability to audit for organizations. Immutability, being a feature derived 

from the presence of a continuous chain of hashed records, is something that is a claimed feature 

of certain types of databases today (Dinh et al., 2017). This is not to be confused with the 

immutability of the value of a cryptocurrency, which as we know is very much not the case. There 

have been many records in various databases that were thought to be permanent, have ended up 

being altered because the provider of the information did not have the required level of access to 

change it, and some form of error occurred to cause an automatic change to take place. This has 

resulted in a requirement of the affected records to be "timestamped" to prove it was after the 

record was originally created and before the record was altered. The ability to have various types 

of records with different timestamping all on the one chain, but unavailable to be altered, would 

be of great benefit to a number of different organizations (Stage & Karastoyanova, 2023). The 

most immediate and impactful application being to various archival systems. 

Enhanced Security 

When attempting to understand why blockchain is considered to have enhanced security, it is vital 

to first take note of the fact that every single action taken on a blockchain is recorded. This means 

that if one was to tamper with records of a specific block, they would be altering both the hash of 

the block and the following block (Jodeiri Akbarfam et al., 2023). This would require an immense 

amount of computing power and it is highly unlikely that someone would be able to alter 20 million 

blocks on the Bitcoin Blockchain, for example, due to the amount of computing power this would 

require (Dhillon et al., 2020). A blockchain is a continuously growing list of records, called blocks, 

which are linked and secured using cryptography. Within this new and more secure way of storing 

data, there are certain key components which allow it to be so secure (Wang et al., 2021). One of 

the most notable features of blockchain is its enhanced security. 

Efficiency and Cost Reduction 

The vast inefficiencies of traditional banking, including time delays in sending money with 

multiple intermediary banks, the costs often lead to many not having bank accounts (2.5 billion 
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people are underbanked), micro-transactions and the lack of capability to interoperate different 

payment systems all contribute to the $1.6 trillion notion of "too expensive to be inclusive" 

(Shanbhag, 2022). We are already seeing great improvements using blockchain in financial 

systems. A study from Santander InnoVentures estimates that blockchain could reduce banks' 

infrastructure costs by $15-20 billion per annum by 2020. This efficiency is primarily due to 

immediate settlement of transactions, removing the need for payment system maintenance, the 

elimination of multiple ledgers and data replication, and most importantly it enables a high level 

of certainty and validation for any transaction (Zhao & Si, 2023). Whether this will actually reduce 

costs to the client is still uncertain as banks will need to decide whether cost savings are passed 

onto the client in order to be competitive and whether blockchain solutions will enable them to 

retain a competitive edge. If the higher efficiency does however reduce the costs of transaction 

this may enable micro-transactions being carried out in more effective manners over cheaper costs, 

potentially opening up financial systems to the poor and underbanked. 

Disintermediation 

Disintermediation removes the possibility of human error in an agreement. This has been a clear 

pain point in complex financial and legal industries which have historically depended on the 

written word as a point of contract (Kishor, 2022). Utilizing smart contracts on the blockchain can 

help alleviate these problems. In the same way that blockchain removes the need for a middleman 

in transferring money, a smart contract removes the need for a middleman in creating an agreement 

(Zheng et al., 2019). The fact that smart contracts are stored on the blockchain means that they 

also cannot be lost, and if written properly they will also automatically enforce the agreement.  

Another key area for disintermediation can be seen in the example of the travel industry. When 

one books a hotel via a booking portal such as Expedia or Travelocity, there is a large intermediary 

taking a large commission from the hotel. These costs are generally passed onto the end user, 

where using blockchain technology can cut the costs to the hotel and the customer (Caddeo & 

Pinna, 2021). A company called Lockchain is aiming to do this using the Ethereum blockchain by 

creating a decentralized marketplace with no middleman (Ignatieff Schwartzbach, 2020). 
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2.8.4 Blockchain for Carbon Trade  

The potential for blockchain to significantly disrupt the existing norms and practices for carbon 

markets is emerging. A blockchain framework holds promise to provide an enhanced infrastructure 

that aligns with the overlapping processes and participants within the current carbon market, 

allowing for a verifiable, immutable record of transactions that is shared across all permissioned 

participants (Khan & Ahmad, 2022). The framework can standardize an exchange of units, tracked 

upon a common platform, which differs from the present state characterized by fragmented 

exchanges of various unit types or direct trades of underlying assets. This decentralized platform 

can be hosted using smart contracts on a public blockchain or a private consortium of contracted 

nodes, allowing for a more immediate and trustworthy exchange without the necessity of a central 

marketplace (Datta et al., 2023). The introduction of smart contracts to a standardized marketplace 

of tokenized assets can automate many processes such as enforcement, delivery, and retirement of 

units. They will considerably reduce barriers to entry in various jurisdictions and levels of 

participation within the carbon market by automating verification and enforcement steps (in 

comparison to offset projects which may wait years to accumulate and sell a large volume of 

tradable units) (Wright & Serguieva, 2018). Blockchain's ability to provide enhanced transparency 

and to track the units and corresponding data through their entire lifecycles will assure carbon units 

are truly additional and are not double counted or sold/purchased more than once. This is 

particularly important in Paris Agreement Article 6 where a global carbon trading mechanism is 

likely to be formed (Richardson & Xu, 2020). The potential to easily trace the history of each unit 

will also facilitate assessments or forensic analysis in cases of leakage or invalid units, which is 

another currently challenging process (Collet et al., 2023).  

The next crucial step is to make the blockchain a unified network of data between market 

participants. Currently, blockchain technology in Africa’s carbon markets is fairly new with 

various methods to employ the technology between different organizations likely leading to 

various self-contained blockchains rather than one unified network (Saraji & Borowczak, 2021). 

Migration of the current industry to a singular public blockchain is likely to be the most time-

consuming and difficult aspect of implementation, but the potential benefits can be seen with a 

cost-efficient and united world registry to track all issued carbon credits, replacing the multitude 

of different registries present today. It seems initial incentives for companies with free software 
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and support would need to arise from a controller entity such as the registry at IETA in order to 

ensure participation of all current market participants (Niemeyer et al., 2016). Yet the large 

benefits of cost reductions, security, and worldwide synergy between market action and oversight 

may convert all participants in the long term. 
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CHAPTER THREE 

     METHODS 

3.1 METHODOLOGY 

This section of the study offers a thorough framework upon which the objectives of the study are 

realized. It outlines the rationale behind the site selection process, the sampling procedure, data 

collection methods, research instruments, decision framework evaluation, DEMATEL analysis, 

and the design of blockchain carbon trading infrastructure. It also highlights key stakeholders and 

collaborators who formed part of the work  such as the UNFCCC Regional Collaboration Center 

in Kampala, the Africa Blockchain Institute in Rwanda, focusing primarily on Uganda as the site 

of investigation. The subsections found below provide in great detail each aspect of the study 

methodology and help provide clarity and transparency to the research process. 

3.2 Description of Study Area 

Africa is the second largest continent with a population of over 1.4 billion people covering a total 

land area of 30,365,000 square kilometers and home to 54 countries according to the United 

Nations. The continent measures 8,000 km from North to South and 7,400 km from East to West. 

Africa is cut almost equally in two by the Equator with most of Africa lying within the tropical 

region. The continent also serves as a store of enormous mineral resources with some of the 

world’s largest reserves of fossil fuels, metallic ores, gems and precious metals(Britannica, 2024; 

WorldData, 2024; Worldometer, 2024). The continent is divided into 5 regions (Central, East, 

North, South and East) with a combined GDP of 3.1 trillion and an annual growth rate of 3.7 

percent (IMF, 2023). The largest employer in the continent is Agriculture with most agricultural 

activities in Sub Saharan Africa being rainfed and heavily affected by climate change and 

variability I(African Development Bank, 2019; ILO, 2019). Africa contributes approximately 4 

percent of the world’s CO2 emissions from fossil fuels and industry with these emissions 

fluctuating between 3.4 and 3.9 percent (Statista, 2023). However, Africa remains the most 

vulnerable to the impacts of climate change and in dire need of over $3 trillion investment by 2030 

to implement its NDCs (African Development Bank, 2019). Carbon markets present a 

transformational economic opportunity for Africa’s developmental prospects with African-origin 

carbon credits receiving an annual growth rate of 36 percent (from 2016 - 2021) (ACMI, 2022). 

https://www.zotero.org/google-docs/?6cIknZ
https://www.zotero.org/google-docs/?6cIknZ
https://www.zotero.org/google-docs/?9f19WX
https://www.zotero.org/google-docs/?jMFTrh
https://www.zotero.org/google-docs/?2oYn3O
https://www.zotero.org/google-docs/?eM9IhN
https://www.zotero.org/google-docs/?RbiqCL
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About 90 percent of Africa’s recent carbon credit supply comes from the deforestation avoidance 

projects and the cleaner cookstoves(ACMI, 2023). 5 countries in Africa account for about 60 

percent of Africa’s carbon credit issuances which implies that Africa has a very huge potential to 

create more high integrity carbon credits in order to support its development prospects. Figure 7 

details the carbon credit issuances within the continent between 2016 and 2021 based on data 

compiled by ACMI from Vivid Economics carbon credit database, Verra, Gold Standard and Plan 

Vivo registries. 

 

Figure 7: Carbon Credit Issuance by country between 2016 and 2021 

Source: ACMI, 2023 

3.3 Site Selection Description 

This study focused on Uganda which is located in East Africa and one of the leading players in 

African carbon markets.  Uganda has issued over 33 million carbon credits from the CDM and 

VCM combined with a CDM portfolio of 189 registered activities, 19 Project Activities (PAs) and 

9 Programme of Activities (PoA), 170 component project activities (CPAs) and 101 VCM 

activities contributing the most to carbon credit issuance(EAA, 2022). Uganda has exhibited a 
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growing interest in sustainability initiatives with the first ever cookstove to earn Gold Standard 

(GS) certification: Improved Cookstoves for Social Impact in Uganda, and possesses the potential 

to serve as a model for other African nations. Uganda currently hosts about 92 registered VCM 

activities (GS:78, 13: VCS & 1: Plan Vivo) which have proven very useful in the reporting of 

Uganda's NDCs (ACMI, 2022; EAA, 2022). By collaborating with essential organizations, such 

as the UNFCCC Regional Collaboration Center in Kampala and the Africa Blockchain Institute in 

Rwanda, valuable insights and resources were obtained to support the research objectives. 

Uganda's unique geographical, economic, and regulatory landscape presents an opportune context 

for investigating the role of blockchain technology in establishing transparent African carbon 

markets.  

 

Figure  :  ethodology for Study Area Selection 

3.4 Sampling Methodology 

A purposive sampling technique was utilized to select participants who represented various 

stakeholders in Uganda's carbon market ecosystem. This comprised government officials, industry 

experts, environmental non-governmental organizations (NGOs), carbon credit buyers and sellers, 

and blockchain technology developers. Purposive sampling is a method that has been utilized over 

the years in diverse areas of research, as evidenced by its use in ethnobotany studies (Lewis & 

https://www.zotero.org/google-docs/?k1sTKj


34 
 

Sheppard 2006, McDonald et al. 2003, McFoy 2004, Neupane & Thapa 2001, Neupane et al. 

2002). It can also be applied in various ways, such as in conducting preliminary studies to test the 

feasibility of a proposed study (Poggie 1972), or in sampling informants with a specific type of 

knowledge or skill (Li et al. 2006, Prance 2004, Vargas & van Andel 2005), or in comparisons of 

cultural practices (Neupane et al. 2002), specific case studies (Dolisca et al. 2007, Parlee & Berkes 

2006), and when the population is not large enough for a random sample (Tran & Perry 2003). 

The following examples illustrate the context in which purposive sampling has been used.  

The most efficient and recommended means of selecting respondents or informants from a pool is 

randomized or probabilistic sampling because it help reduce the chances of bias and allows a 

researcher to extend findings to the entire population from which the sample was drawn 

communities beyond the sample as demonstrated by Bernard 2002 and Topp et al. 2004 (Tongco, 

2007). The adoption of purposive sampling is not without its own criticism such as respondents 

being selected out of convenience or from the recommendations of people who possess knowledge 

of informants in that area of interest (Lopez & Whitehead, 1997). 

The sample size for this research was determined in accordance with the principle of saturation, 

which ensures comprehensive coverage of key stakeholder groups involved in carbon markets, 

blockchain technology, and sustainability practices. Saturation sampling involves capturing a wide 

range of perspectives until no new information or themes emerge from the data, indicating that 

saturation has been achieved. To achieve this, the sampling criteria included identifying 

individuals with expertise in carbon markets, blockchain technology, and sustainability practices. 

These criteria were designed to ensure that the selected participants could provide valuable insights 

into the research topic, reflecting diverse perspectives and experiences. The sample comprised 

stakeholders such as government officials, policymakers, industry experts, academics, 

environmental organizations, and representatives from the private sector. Each participant was 

selected based on their knowledge, experience, and involvement in the fields relevant to the study. 

3.5 Blockchain Suitability Decision Framework 

The decision-making framework (DFE) is a structured and systematic approach that is utilized to 

assess alternatives, make informed decisions, and solve complex problems in various domains ((Ar 

et al., 2020; Saaty & Niemira, 2006). According to Almeshal and Alhogail (2021), blockchain 

https://www.zotero.org/google-docs/?rme1l1
https://www.zotero.org/google-docs/?rme1l1
https://www.zotero.org/google-docs/?7xxBJT
https://www.zotero.org/google-docs/?7xxBJT
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suitability frameworks are typically classified into three primary categories: decision models, 

conceptual frameworks, and decision flowcharts.  Decision models rely on mathematical models 

to evaluate the potential implementation of blockchain technology. Gourisetti et al., (2020) 

presents a framework, the BAF which assesses optimal blockchain technology adoption based on 

a set of user requirements which is an example of a decision framework. Conceptual frameworks 

identify factors that should be considered when adopting blockchain technologies based on the 

practical experience of researchers. A typical example is that of Scriber (2018) which takes into 

account 10 factors which are technology-driven with other authors including non-technological 

factors such as environmental consideration and regulations (Clohessy et al., 2020; Labazova, 

2019). Some conceptual frameworks propose a set of open-ended questions to consider for 

blockchain adoption as proposed by Angelis and Ribeiro da Silva (2019). Decision flowcharts, 

which are based on graphs with nodes representing closed-ended questions and edges representing 

related answers, guide users to a decision based on their chosen answers. Peck (2017) proposed a 

multi-step framework for deciding on blockchain adoption and the type of blockchain needed. 

Schletz et al., (2020) however proposed an 8-step decision framework to test blockchain 

application for Article 6.2 of the Paris Agreement carbon market mechanism. 

Rooted in decision theory and multi-criteria decision analysis, the decision framework 

methodology offers a framework for evaluating the suitability and feasibility of different options 

based on predetermined criteria and decision-making objectives ((Kaplan, 1967). The main 

objective of the decision framework is to help carbon credit developers to navigate uncertainty, 

complexity, and ambiguity by providing a clear and rigorous evaluation process. It enables 

stakeholders to systematically analyze the advantages, disadvantages, opportunities, and threats 

associated with each alternative, facilitating evidence-based decision-making(Parmigiani & Inoue, 

2009). For the purpose of this study, the decision framework was utilized in analyzing the 

compatibility of blockchain solutions in the carbon credit context using a fifteen - step approach. 

Decision framework has a broad range of applications across diverse domains, including business, 

engineering, environmental management, public policy, and healthcare. Its adaptability and 

flexibility make it applicable to a wide array of decision contexts, from strategic planning and 

project management to risk assessment and resource allocation(Ar et al., 2020; Kaplan, 1967; 

Parmigiani & Inoue, 2009). 

https://www.zotero.org/google-docs/?8VmYF7
https://www.zotero.org/google-docs/?t5duaJ
https://www.zotero.org/google-docs/?t5duaJ
https://www.zotero.org/google-docs/?Iw0QV0
https://www.zotero.org/google-docs/?Iw0QV0
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Decision Framework Design Process, Systematic Approach and Validation Methodology 

The approach employed in the design of the decision framework entailed the the processes outlined 

below. Figure 9 presents a summary approach of the entire process. 

 

Figure  : Systematic Approach to the Decision Framework Design 

1. Literature Review 

Conducted a comprehensive literature review to identify existing research on blockchain adoption 

decision-making within the African carbon market context. A total of 47 articles from peer-

reviewed journals, conference proceedings, and other scholarly sources were examined to gain 

insights into relevant theories, methodologies, and decision frameworks. 
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Based on their relevance, rigor, and applicability to the research objective of designing a decision 

framework for blockchain adoption in African carbon markets, 13 peer-reviewed articles with 

similar framework approaches to decision-making in blockchain adoption were selected. The 

guiding questions extracted from the selected articles were cross-referenced with the 15 close-

ended questions developed for the research. This examination aimed to determine the alignment, 

overlap, and divergence between the guiding questions from previous studies and the questions 

formulated for the decision framework. Logical arguments were developed for each of the 15 

close-ended questions to indicate the implications of a "Yes" or "No" response in the context of 

blockchain adoption. Insights from the literature review and expert knowledge were incorporated 

to articulate the rationale behind each question and its relevance to blockchain technology. Table 

2 and Table provide a summary of the selected papers whose guiding questions were cross-

referenced with questions from this study and the rationale surrounding the choice of these 

questions. The tables provide a comprehensive overview of the chosen papers and their respective 

guiding questions, allowing for a thorough analysis and comparison of the research questions 

across different studies. 
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Table 2: Previous Studies on Decision Framework for Blockchain Adoption 

Related 

works 

Industry 

Applied 
Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 

Capocasale 

& Perboli 

(2022) 

General 

use case V V V V V V V V V V V U U U U 

Hunhevicz 

& Hall 

(2020) 

Constructi

on U V U U U V U U U U U U U U U 

Wust & 

Gervais 

(2018) 

Supply 

Chain, 

Payments 
U V U U U U U U U U U U U U U 

Belotti et 

al., (2019) 

Payments 

and other 

sectors 

U V U U V U U U U U U U U U U 

Puthal et 

al., (2020) 

General 

use case U V U U V U U U U V V U U U U 

Hassija et 

al., (2021) 

Supply 

chain, 

multi-

drone 

network, 

Payment 

U V U U V U U U U U U U U U U 

Pedersen 

et al., 

(2019). 

Supply 

chain, 

maritime 

V V U U V U V U U V U U U U U 

Koens & 

Poll, 

(2018) 

General 

use case U V U U U U U U U   U U U U U 

Peck, 

(2017). 

General 

use case 
U V U U U U U U U V U U U U U 

Gatteschi 

et al., 

(2018). 

Insurance 

  V U U V U U U U V U U U U U 

Lo et al., 

(2017) 

Supply 

chain, 

electronic, 

health, 

identity 

V V U U V U U U U V U U U U U 

Challener 

et al., 

(2019) 

General 

use case V U U U U V   V U V U U U U U 

Schletz et 

al. 2020 

Carbon 

market V U U U V U V V U V U V V V V 

This study Carbon 

market 
V V V V V V V V V V V V V V V 
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Table 3: Guiding Questions for Decision Framework 

Question Justification Yes - Implication No - Implication 

Stakeholder Involvement and Trust 

1. Is it necessary for 

decision-making to 

involve multiple 

stakeholders? 

It is imperative and 

very important to 

know if multiple 

parties will have 

voting power to 

validate write 

attempts in the 

blockchain network. 

This is the very 

essence of a 

decentralized network 

This implies that a 

blockchain will be 

an appropriate 

option 

Then a centralized 

solution will be a 

better option 

2. Is there confidence 

among stakeholders 

in relying on a third 

party? 

If one party is 

essentially 

trustworthy, then 

delegating decision 

power to such an 

entity might be 

considered in a 

network.  

Then a centralized 

solution will be 

more appropriate 

A blockchain solution 

is preferred but can 

still be implemented 

with less harm 

6. Do stakeholders 

share common goals 

and interests that 

encourage 

cooperation? 

Systems run on a 

basis of majority 

consensus and so 

actors are 

incentivized with 

economic gain to act 

according to some 

common rules in 

public blockchains 

Then blockchain 

becomes a suitable 

option that can 

sustain long term 

cooperation. 

Blockchain cannot be 

employed  

7. Are there potential 

conflicts of interest 

among stakeholders 

that may lead to 

disruptive behavior? 

Actors with 

conflicting interests 

help keep 

misbehaving actors in 

check and minimizes 

majority collusion to 

control the system. 

Blockchain is a 

suitable option since 

it helps instill trust 

and additional 

checks 

Blockchain does help 

resolve trust issues 

8. Are all relevant 

stakeholders actively 

engaged in the 

management and 

oversight of the 

system? 

Decision can be 

arrived at with 

majority voting 

without a trusted third 

party regulating the 

network.  

Blockchain is 

preferred as there is 

a higher form of 

trust within the 

network. 

Blockchain might not 

attain the expected 

goal of instilling trust 

Data Transparency and Integrity 
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5. Does sharing data 

(transparency) offer 

benefits to all 

involved parties? 

This offers 

transparency as 

blockchains are 

shared databases.  

Then a blockchain 

solution is preferred 

as it fosters 

transparency 

A separate database 

should be employed 

9. Do stakeholders 

have sufficient 

autonomy in their 

decision-making 

processes? 

Resiliency of the 

blockchain network is 

directly proportional 

to the autonomy of 

the actors in the 

network. Sufficiency 

in resilience of actors 

to errors and 

tampering attempts 

guarantees the 

success of the 

network 

Blockchain is 

recommended 

Blockchain will not 

resolve trust issues 

10. Should measures 

be implemented to 

prevent changes to 

historical data? 

Blockchain offers a 

tamper-proof ledger 

which cannot be 

manipulated after 

insertion. 

Blockchain is 

recommended since 

the data is stored 

and cannot be 

altered. 

Then communication 

standards should be 

employed. 

11. Should proactive 

measures be taken to 

prevent manipulation 

of data before it is 

stored in the system? 

The blockchain 

cannot flag data 

manipulation before 

it is stored into the 

blockchain 

Blockchain not 

recommended as it 

cannot prevent that 

Blockchain is a good 

choice 

Regulatory Compliance and System Efficiency 

3. Can the majority of 

actors be trusted to 

act in the best interest 

of the system? 

Blockchain works 

efficiently if it is 

unlikely for actors to 

collude in a malicious 

manner. A malicious 

majority can pull a 51 

percent attack on a 

small network and 

rewrite the database 

Blockchain is a 

suitable option 

Blockchain cannot be 

employed 

4. Is there an 

equitable distribution 

of influence among 

stakeholders? 

Influential actors may 

force others to align 

with its own decision 

thereby making the 

majority 

untrustworthy 

Blockchain is 

recommended 

Blockchain unlikely 

and dangerous 
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12. Are efforts in 

place to remove 

intermediaries? 

Smart contracts can 

be written over 

blockchain networks 

to take control of 

these systems and 

eliminate 

intermediaries 

Blockchain is 

recommended 

Blockchain not 

recommended 

13. Does blockchain 

adoption comply with 

regulatory 

requirements in your 

jurisdiction? 

Regulatory 

compliance is always 

put in place by 

existing authorities to 

ensure that users are 

protected. 

Blockchain is 

recommended 

Blockchain cannot be 

employed 

14. Is there a digitally 

representable asset? 

An asset should be 

represented as a token 

which is fungible to 

enable trade between 

parties 

Blockchain is 

recommended 

Blockchain cannot be 

employed 

15. Are there high 

expected transaction 

volumes? 

What is the volume 

of transactions the 

network will process 

since blockchain 

processes a 

considerably smaller 

number of 

transactions per 

minute 

Blockchain not 

recommended 

Blockchain is 

recommended. 

 

3. Framework Design and Operationalization 

The development of the decision framework for blockchain adoption was guided by the 

synthesized findings from the literature review, cross-referencing process, and logical argument 

development. The framework was structured to include 15 close-ended questions, which were 

categorized into thematic dimensions that represented the key factors influencing blockchain 

adoption decisions. To ensure the clarity, coherence, and applicability of the framework, it was 

iteratively refined based on feedback from experts and stakeholders. 
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4. Framework Validation 

The validity and reliability of the decision framework were established through expert consultation 

and feedback from stakeholders at the Africa Blockchain Institute. Domain experts, researchers, 

and practitioners in blockchain technology were engaged to assess the relevance, 

comprehensiveness, and practicality of the framework. The input of these experts was sought on 

the clarity of the questions, accuracy of the logical arguments, and overall utility of the framework 

in guiding decision-making processes. The framework was iteratively refined based on expert 

feedback, ensuring its alignment with industry standards, regulatory requirements, and best 

practices. 

 

Figure 10: The D  AT L Technique 

 

3.6 Decision Making Trial and Evaluation Laboratory - DEMATEL 

The Decision-Making Trial and Evaluation Laboratory (DEMATEL) methodology was initially 

developed by the Geneva Research Centre of the Battelle Memorial Institute as an effective means 

of visually depicting intricate causal relationships within systems using matrices or digraphs 

(Gabus & Fontella, 1972). As a structural modeling tool, DEMATEL is particularly useful for 

examining cause-and-effect dynamics among system components and confirming their 

interdependence. This technique translates relationships into cause-and-effect groupings using 
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matrices and identifies critical factors within complex systems via impact relation diagrams. In 

recent years, DEMATEL has gained significant attention and adoption by researchers across 

various fields due to its inherent advantages and capabilities. Furthermore, it has been adapted and 

extended to enhance decision-making processes in diverse environments, recognizing the 

prevalence of imprecise and uncertain information in real-world systems. 

DEMATEL Process 

An extensive literature review was carried out to investigate the determinants that affect the 

adoption of blockchain (BC) technology specifically in carbon markets. A thorough search of the 

Web of Science and Scopus databases, complemented by manual examination of full-text articles, 

yielded 39 relevant articles for analysis. We used a systematic coding procedure to carefully extract 

and evaluate the enablers for BC adoption in the context of carbon markets. Five subject matter 

experts subsequently reached a consensus to validate the identification of 18 key enablers. Group 

Decision Making (GDM), a method that involves multiple decision-makers, as described by Wei 

et al., (2010) was employed, during this assessment. Palomares & Martinez (2013) highlight the 

challenges of reaching consensus in a group with differing viewpoints when uncertainty exists. To 

achieve consensus, it is crucial that the decision-making group comprises the right experts, as 

noted by Palomares et al., (2014), emphasizing the importance of accurately identifying experts 

for the success of GDM. Considering the significance of selecting appropriate respondents, data 

was collected through a questionnaire distributed to a group of experts on carbon markets and 

blockchain across multiple disciplines. Among the respondents, 2 were blockchain developers, 2 

were carbon markets and Article 6.4 experts and 1 was an expert on using blockchain for carbon 

credit transaction and tokenization. The respondents had a well-rounded understanding of 

blockchain and carbon markets. The following sections provide the technique used in the 

DEMATEL process and a comprehensive discussion of each identified enabler and its significance 

in facilitating BC adoption within carbon markets. 

Stage 1: Data Collection 

The data collection stage in the DEMATEL process is foundational to understanding the intricate 

dynamics of decision-making. This phase is pivotal for uncovering the interdependencies among 

factors shaping BC adoption, offering insights crucial for informed decision-making. 18 key 
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enablers were identified and coded as V1, V2, V3, … V18 following an extensive literature review 

on enablers for blockchain adoption across multiple industries and validated by 5 experts.  

Table 4:  xpertise of the respondents involved in the validation process. 

No. Industry Years of experience 

1 Carbon markets 18 years 

2 Carbon markets and Article 6.4 8 years 

3 Blockchain 10 years 

4 Blockchain and carbon markets 12 years 

5 Blockchain 7 years 

 

Step 2: Initiation of the Direct Relation Matrix 

Group online video conferencing, email correspondence and in person discussions were conducted 

with experts in the field of blockchain and carbon markets. With a clearer understanding of the 

overall objective of the exercise, we emailed a questionnaire each and the appendix provides clarity 

on the response sheet that was shared with the experts. The experts had a minimum work 

experience of 7 years and all held specialized technical and management positions in relevant areas 

of interest in their respective organizations as presented in Table 4. A group size of 5 was 

considered which is considered an acceptable number by Kumar et al., 2019. A 5-point scoring 

scale of 0: No influence, 1: Low Influence, 2: Moderate Influence, 3: High influence and 4; Very 

High Influence was used. The direct relation matrix (denoted as D) was subjected to 

standardization, followed by the computation of the total relation matrix. The matrix for the 

enablers was expressed as follows: 
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Step 3: Normalization of Direct Relation Matrix (D) 

Ὀ Ὧẗὃ 

Where k is expressed as 

Ὧ  

 

Step 3: Establish Total Relation Matrix 

Ὕ Ὀρ Ὀ  

Where T is the total relation matrix and estimated with the identity matrix. 

Step 4: Evaluate R and C in the T – matrix 

Ὑ ὸ ὸ ȟ   ȟȟȣ  
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Where R = Sum of Rows 

C = Sum of Columns 

 “R + C” represents the relation between each enabling factor, with a high numeric value signifying 

a strong relationship. 

Step 5: Define the Threshold Value ( 
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Figure 11:  nablers for Blockchain Adoption Research Framework 
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Table 5:  nablers for Blockchain Adoption in Carbon  arkets sourced from Literature  

Enabler 

Variable 

Description Reference 

Decentralization 

(V1) 

The decentralized nature of blockchain eliminates the need 

for intermediaries, thereby reducing transaction costs, 

enhancing market efficiency, and fostering inclusivity. 

Decentralization promotes a level playing field for all 

participants, empowering individuals and communities to 

engage in carbon markets. 

(Centobelli, 2020; 

Liu et al, 2020; 

Chen & Jin, 2021; 

Steenmans et al., 

2021) 

Immutable 

ledger (V2) 

The immutable characteristic of blockchain ensures the 

integrity and permanence of transaction records, 

safeguarding against tampering, fraud, and data 

manipulation. Immutable ledgers instill trust, credibility, 

and accountability in carbon market transactions, 

guaranteeing reliability and transparency. 

(Yildizbasi, 2021; 

Erol et al., 2021; 

Rehman Khan et 

al., 2022; Khan et 

al., 2021) 

Carbon 

Accounting 

Standards (V3) 

Standardized carbon accounting methodologies and 

reporting standards enhance consistency, comparability, 

and transparency in carbon emissions measurement and 

reporting. Blockchain automation can streamline carbon 

accounting processes, ensuring accuracy, integrity, and 

compliance with international standards. Blockchain-based 

systems can help strengthen carbon accounting and carbon 

management by integrating corporate accounting 

techniques into a coherent governance framework.  

(Tang & Tang, 

2021; Woo et al., 

2021)  

Tokenization of 

Carbon Credits 

(V4) 

Tokenization of carbon credits on blockchain facilitates 

fractional ownership, liquidity, and tradability of carbon 

assets, unlocking innovative financing mechanisms and 

investment opportunities. Tokenized carbon credits enable 

transparent and efficient trading, boosting market liquidity 

and accessibility. Approaches have been adopted to 

tokenize carbon credits and securely distribute these tokens 

in a clear, free and completely automated market.  

(Saraji & 

Borowczak, 2021; 

Enejison et al., 

2022; Kahya et 

al., 2021) 

Proof of Impact 

(V5) 

Blockchain-based proof of impact mechanisms deliver 

verifiable evidence of emission reductions and 

environmental outcomes, bolstering the credibility and 

validity of carbon offset projects. Proof of impact validates 

the tangible environmental benefits of carbon mitigation 

activities, building trust and confidence among investors 

and stakeholders. 

(Woo et al., 2021; 

Marchant et al., 

2022) 
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Community 

Engagement 

(V6) 

Initiatives aimed at community engagement and 

empowerment involve the participation of local 

communities in carbon offset projects, ensuring their 

ownership and equitable benefit-sharing. Blockchain 

technology facilitates the transparent and fair distribution 

of project benefits, empowering communities to address 

environmental challenges and improve their livelihoods. 

(Thomason et al., 

2018; Marsal-

Llacuna, 2020; 

Hughes et al., 

2018) 

Carbon Pricing 

Mechanisms 

Automation 

(V7) 

The implementation of carbon pricing mechanisms, such 

as carbon taxes and cap-and-trade systems, incentivises 

emission reductions and supports sustainable development. 

Blockchain-based carbon pricing platforms can automate 

and optimise these mechanisms, thereby improving 

transparency, efficiency, and effectiveness. 

(Upadhyay et al., 

2021; Rehman 

Khan, 2022; 

Alves et al., 2022; 

Guyot Phung, 

2019) 

Facilitating 

Partnerships 

and 

Collaborations 

(V8) 

Strategic partnerships and collaborations between public 

and private sector organisations, NGOs, academia, and 

technology providers drive innovation and the adoption of 

blockchain solutions in carbon markets. Collaborative 

initiatives promote knowledge exchange, resource pooling, 

and collective action, thereby accelerating the transition to 

low-carbon economies. 

(Galenovich et 

al., 2018; 

Sipthorpe et al., 

2022) 

Regulatory 

Frameworks 

(V9) 

An effective and supportive regulatory framework plays a 

vital role in promoting the adoption of blockchain 

technology within carbon markets. This framework 

provides legal certainty, defines property rights, establishes 

standards, and ensures compliance with environmental 

regulations, thereby creating a stable environment that is 

conducive to the implementation of blockchain solutions. 

(Centobelli et al., 

2022; Ada et al., 

2021;  Ajwani-

Ramchandani et 

al., 2021; 

Steenmans et al., 

2021) 

Technological 

Infrastructure 

(V10) 

A robust technological infrastructure, comprising 

dependable internet connectivity, power supply, and 

hardware devices, is indispensable for the successful 

implementation of blockchain solutions. Without this 

infrastructure, the adoption and operation of blockchain 

technology become significantly impeded, emphasizing 

the importance of infrastructure development. 

(Fernando et al., 

2021; Franke et 

al., 2020; Zhao et 

al., 2022; 

Sipthorpe et al., 

2022) 
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Stakeholder 

Engagement 

(V11) 

Active engagement and collaboration among various 

stakeholders, including government agencies, carbon 

market participants, technology providers, and local 

communities, are critical for the adoption of blockchain 

technology. Stakeholder involvement fosters buy-in, builds 

trust, and encourages the sharing of data and resources, 

ultimately driving the success of blockchain initiatives. 

( Enejison et al., 

2022;  Marchant 

et al., 2022) 

Data security 

and Privacy 

(V12) 

Robust data security and privacy measures are essential to 

safeguard sensitive information stored on the blockchain. 

Utilizing secure encryption, decentralized storage, and 

identity management solutions are crucial to prevent 

unauthorized access and maintain confidentiality, ensuring 

the integrity and security of carbon market data. 

(Kouhizadeh et 

al., 2020; 

Upadhyay et al., 

2021; Centobelli 

et al., 2020; 

Chidepatil et al., 

2020; Centobelli 

et al., 2022; 

Wang et al., 

2020; Erol et al., 

2021; Esmaeilian, 

2020) 

Interoperability 

Standards (V13) 

Interoperability standards are essential for facilitating 

seamless integration and communication between different 

blockchain networks and systems. Standardized protocols 

and interfaces enable efficient data exchange, 

interoperability, and compatibility, promoting 

collaboration and scalability across diverse blockchain 

platforms.  

(Narayan & 

Tidstrom, 2020; 

Erol et al., 2021; 

Liu et al., 2020; 

Alves et al., 

2022) 

Transparency 

and Traceability 

(V14) 

The application of blockchain technology affords 

exceptional transparency and traceability throughout the 

carbon market supply chain, enabling comprehensive 

tracking from emission reduction initiatives to carbon 

credits trading. Transparent and auditable transactions 

foster trust, minimize fraud, and verify the authenticity of 

carbon offsets, instilling confidence in market participants. 

(UNEP, 2019; 

Kouhizadeh et al., 

2020; Centobelli 

et al., 2022; 

Bockel et al., 

2021; Rehman 

Khan et al., 2022) 

Smart Contracts 

(V15) 

Smart contracts are instrumental in automating and 

enforcing contractual agreements on the blockchain, 

facilitating programmable transactions and automatic 

execution of predefined conditions. By streamlining 

processes, reducing transaction costs, and mitigating 

counterparty risks, smart contracts enhance the efficiency 

and reliability of carbon market transactions. 

(Bekrar et al., 

2021; Liu et al., 

2020; Steenmans 

et al., 2021; Alves 

et al., 2022; 

Centobelli et al., 

2022) 
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Capacity 

building and 

Education 

(V16) 

Capacity building programmes and educational initiatives 

are indispensable for increasing awareness, knowledge, 

and skills related to blockchain technology among 

stakeholders in Africa's carbon markets. Training 

workshops, seminars, and skill development programmes 

empower users to adopt and leverage blockchain solutions 

effectively, driving broader acceptance and utilization. 

(Sunmola et al., 

2021; Toufaily et 

al. 2021; Africa 

Blockchain 

Institute, 2021; 

UNEP, 2019) 

Financial 

incentive for 

technology 

adoption (V17) 

Financial incentives, such as subsidies, grants, tax 

incentives, and access to affordable financing, play a 

pivotal role in encouraging investment in blockchain 

infrastructure and innovation within carbon markets. These 

incentives accelerate the adoption and deployment of 

blockchain solutions, particularly in resource-constrained 

environments, by providing critical financial support. 

(Africa 

Blockchain 

Institute, 2021; 

Gaur, 2020; 

Rijanto, 2021) 

Scalability and 

Performance 

(V18) 

Enhancements in scalability and performance within 

blockchain networks, including higher transaction 

throughput, lower latency, and reduced energy 

consumption, are essential for accommodating the 

increasing volume of transactions and users in carbon 

markets. Scalable and efficient blockchain solutions ensure 

optimal performance and scalability without 

compromising security or decentralization, supporting the 

growth and sustainability of carbon market ecosystems. 

(Galenovich et 

al., 2018; 

Hartmann & 

Thomas, 2020) 

 

 

 

 

  

3.7 Blockchain Framework for Data Aggregation Under Article 6.4 

Blockchain technology has the potential to provide a cheap, secure, and scalable platform for 

exchange of ITMO and NDC tracking (Richardson & Xu, 2020). However, the detailed 

implementation could be a daunting task that may involve complex smart contract 

interdependencies. This study recognizes this reality and aims to propose a system that can interact 

with preexisting systems and protocols under the Article 6.4 mechanism. This is achieved by 

aggregating the smaller interconnected processes into homogeneous sets of activities under the 

Article 6.4 mechanism. In this way, the proposed token systems and smart contracts need only to 

manage specific parts of the project cycle and tract certain indicators (ITMO, corresponding 

adjustments and NDCs) and can thus be deployed and tested at a manageable pace. A meta market 

is then defined by meta tokens, which can be exchanged between project developers to represent 

multilateral offset agreements and ITMO transfers. The token systems and smart contracts will 
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thus inherently develop into a component-based network with the subsidiary body been the 

primary governing entity for the blockchain framework.  

The blockchain technology has the potential to increase the transparency, immutability, 

automation, and security of transactions in different carbon markets as earlier indicated in chapter 

2. To achieve this potential, an analysis of the best method to implement blockchain in markets 

must be undertaken. Due to its superior results at scale through lower costs, increased transaction 

speeds, and greater security, the public blockchain was identified as the best type of blockchain to 

apply to the carbon trading market. To implement the blockchain technology, a smart contract 

system will be utilized, as it will automatically execute the transactions of ITMOs at predetermined 

prices, with the assurance that the contract cannot be tampered with. Stepwise from the current 

process of exchange, the blockchain technology will effectively eliminate the need for internal 

credit clearing by binding the two parties to a single transaction on the ledger, reducing costs and 

time taken to resolve transactions. Once the smart contract is built, the exchange data can be 

migrated into the blockchain and would be followed by setting up secure digital wallets for all 

users, also protecting against any fraud, theft, or loss of data by moving the storage of key 

information to the blockchain. 

3.8 Data Collection 

Data were collected through a combination of semi-structured interviews, focus group discussions, 

and document analyses. Semi-structured interviews were conducted with key informants to gather 

insights into their perspectives on the current state of carbon markets in Uganda, the challenges 

faced, and the potential role of blockchain technology. Focus group discussions provided a 

platform for stakeholders to engage in dialogue, share experiences, and explore potential solutions 

collaboratively. Document analysis involved reviewing relevant literature, policy documents, and 

reports to contextualize findings and validate perspectives. 

3.9 Research Instrument 

The research instrument consisted of a set of structured interview guides and focus group 

discussion protocols tailored to capture relevant data points related to the research objectives. The 

interview guides included open-ended questions designed to elicit detailed responses from the 
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participants regarding their experiences, perceptions, and recommendations pertaining to carbon 

markets and blockchain technology. 
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CHAPTER FOUR 

Results and Discussion 

4.1 Navigating the Complex Landscape of Blockchain Adoption in Carbon Markets 

The integration of blockchain technology and carbon markets presents a promising opportunity for 

transforming the management and trade of carbon credits. In our rapidly changing world, where 

climate change mitigation is a top priority, the need for transparent, efficient, and trustworthy 

systems in carbon markets is increasingly critical. Blockchain technology has the potential to 

mitigate several challenges inherent in carbon markets, including ensuring the authenticity and 

transparency of carbon credit transactions and simplifying verification and authentication 

processes. However, the decision to implement blockchain in carbon markets is not one to be taken 

lightly. It requires extensive consideration of various factors, such as stakeholder trust, regulatory 

compliance, technical feasibility, and system efficiency. 

Figure 12: The Decision Framework for Blockchain Adoption in Carbon  arkets 

 

 

The framework presented in this thesis serves as a valuable resource for individuals involved in 

the carbon markets ecosystem, providing a structured approach for navigating the intricacies of 
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blockchain adoption. The framework comprises a series of carefully crafted questions that explore 

the various dimensions of blockchain adoption and its implications for carbon markets. 

In the following sections, we will delve into each question within the framework and analyze its 

significance, considering the nuanced considerations that it entails. From evaluating the need for 

stakeholder involvement to assessing the regulatory compliance of blockchain solutions, we will 

systematically dissect the decision-making process, shedding light on the multifaceted aspects of 

blockchain adoption in carbon markets. 

Through this discussion, we aim to gain a deeper understanding of the opportunities and challenges 

associated with blockchain adoption in carbon markets. By conducting rigorous analysis and 

engaging in critical reflection, we will uncover insights that can inform strategic decision-making 

and contribute to positive developments in carbon market governance. 

1. Is it necessary for decision-making to involve multiple stakeholders? 

In blockchain networks, the involvement of multiple stakeholders in decision-making processes is 

essential for ensuring decentralization and distributed consensus validation. The decentralized 

nature of blockchain technology relies on the participation of various parties with the authority to 

validate transactions and write data to the ledger. By incorporating multiple stakeholders in 

decision-making, blockchain networks can achieve a higher level of transparency, security, and 

resilience. 

2. Is there confidence among stakeholders in relying on a third party? 

The level of confidence among stakeholders in delegating decision-making power to a third party 

is a critical consideration in blockchain implementations. While blockchain solutions are designed 

to operate in a trustless environment, there are instances where stakeholders may opt to rely on a 

trusted third party for specific functions. Trust in third-party entities can impact the overall 

governance and security of the blockchain network, influencing the decision-making process and 

system integrity. 

3. Can the majority of actors be trusted to act in the best interest of the system?  
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The reliability of entities within a blockchain network is of paramount importance in ensuring the 

system's efficiency and security. Blockchain networks operate optimally when the majority of 

entities are unlikely to engage in malicious collusion. Nonetheless, the presence of a malicious 

majority poses a threat to the network's integrity, potentially culminating in attacks such as a 51% 

attack. Trust among entities is vital for sustaining the stability and endurance of blockchain 

systems. 

4. Is there an equitable distribution of influence among stakeholders?  

Ensuring an equitable distribution of influence among stakeholders is crucial for maintaining 

fairness and preventing centralized control within blockchain networks. Influential actors should 

not exert undue influence or manipulate decision-making processes to the detriment of other 

participants. By promoting a balanced distribution of influence, blockchain systems can uphold 

decentralization, transparency, and democratic governance . 

5. Does sharing data offer benefits to all involved parties? 

Transparency in data sharing within blockchain networks affords several advantages to all parties 

involved by enhancing trust, accountability, and efficiency. Blockchains operate as decentralized, 

shared databases that ensure immutable and transparent data, thereby enabling stakeholders to 

access real-time information and verify transactions. The transparency facilitated by blockchain 

technology nurtures trust among participants and cultivates a more secure and reliable data 

ecosystem. 

6. Do stakeholders share common goals and interests that encourage cooperation? 

The alignment of stakeholders' goals and interests plays a pivotal role in fostering cooperation 

within blockchain networks. In decentralized systems, stakeholders are incentivized to act in 

accordance with common rules and objectives to maintain network consensus and integrity. Shared 

goals among stakeholders promote long-term collaboration and contribute to the sustainability of 

blockchain ecosystems. 
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7. Are there potential conflicts of interest among stakeholders that could lead to disruptive 

behavior? 

It is vital to identify and address potential conflicts of interest among stakeholders in order to 

maintain the stability and reliability of blockchain networks. Such conflicts of interest can 

introduce vulnerabilities and undermine the consensus mechanisms of the network, leading to 

malicious behavior or collusion. Blockchain solutions provide mechanisms to mitigate conflicts of 

interest and uphold system integrity through transparency and accountability. 

8. Are all relevant stakeholders actively engaged in the management and oversight of the system?  

In a blockchain network, it is essential for all relevant stakeholders to actively engage in the 

management and oversight processes in order to ensure transparency, accountability, and trust 

within the system. The decision-making process in blockchain systems often relies on majority 

consensus, rather than a trusted third party, underscoring the significance of stakeholder 

involvement in governance and decision-making processes. By encouraging stakeholder 

participation, the level of trust within the network can be enhanced, ultimately contributing to the 

overall integrity and efficiency of the blockchain system. 

9. Do stakeholders have sufficient autonomy in their decision-making processes?  

The autonomy of stakeholders in decision-making processes within blockchain networks is a 

crucial element in promoting transparency and decentralization. It is essential that stakeholders 

have the ability to participate in governance mechanisms, validate transactions, and contribute to 

the consensus process independently. By granting stakeholders the freedom to make decisions, 

blockchain networks can foster trust, accountability, and system resilience. 

10. Should measures be implemented to prevent changes to historical data? 

Ensuring the integrity and immutability of historical data is a core feature of blockchain 

technology. By employing tamper-proof ledgers, blockchain networks prevent unauthorized 

modifications to historical data once it has been recorded. In addition, implementing strong 

security measures and encryption protocols further protects the historical data stored on the 

blockchain, enhancing data integrity and dependability. 
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11. Should proactive measures be taken to prevent manipulation of data before it is stored in the 

system?  

While blockchain technology is known for its tamper-proof data storage capabilities, it has 

limitations in detecting data manipulation prior to storage. To address this, proactive measures 

such as data validation processes and encryption techniques can be employed to mitigate the risk 

of data manipulation. Implementing stringent data integrity protocols can enhance the security and 

reliability of stored information within blockchain networks. By adopting these measures, 

blockchain technology can offer a robust solution for secure data storage. 

12. Are efforts in place to remove intermediaries? 

The incorporation of smart contracts within blockchain networks facilitates the automation of 

processes and eradicates the necessity for intermediaries. By harnessing smart contract technology, 

blockchain systems can optimize transactions, diminish expenses, and magnify efficiency by 

nullifying the role of intermediaries. Efforts to eradicate intermediaries through the 

implementation of blockchain solutions can culminate in augmented transparency, security, and 

confidence among network participants. 

13. Does blockchain adoption comply with regulatory requirements in your jurisdiction?  

Adhering to regulatory requirements is essential for the successful implementation and adoption 

of blockchain technology within specific jurisdictions. Regulatory authorities establish guidelines 

and standards to govern the use of blockchain systems, thereby protecting users and ensuring legal 

compliance. Compliance with regulatory requirements can facilitate the smooth adoption of 

blockchain technology, thereby fostering trust and legitimacy in the technology. It is crucial to 

ensure that regulatory compliance is maintained when implementing and adopting blockchain 

technology. 

14. Is there a digitally representable asset in the system?  

The utilization of digital tokens to represent assets within blockchain networks endows them with 

the property of fungibility and facilitates trade between parties. These tokens serve as 
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programmable assets that can be securely and efficiently exchanged on blockchain platforms. The 

incorporation of digitally representable assets enhances the liquidity, transparency, and 

accessibility of asset transactions within blockchain systems. 

15. Are there high expected transaction volumes in the system?  

The capacity of a blockchain network to process transactions is directly influenced by the 

anticipated transaction volumes, which can impact its scalability, throughput, and performance 

capabilities. Compared to traditional systems, blockchain technology currently processes a limited 

number of transactions per minute. However, high transaction volumes can put a strain on network 

resources, hindering transaction speed and affecting overall performance. Therefore, it is crucial 

to evaluate the scalability requirements and transaction volumes to determine the feasibility of 

employing blockchain solutions for managing large-scale transactions. 
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4.2 Enablers for Blockchain Adoption in Carbon Markets 

Direct Relation Matrix (D) 

The direct relation matrix helps us to understand the intricate relationships among various enablers 

crucial for the successful integration of blockchain technology into carbon markets. By examining 

the direct influence each enabler exerts on others, this matrix provides a structured framework for 

comprehending the interdependencies and dynamics within the ecosystem of blockchain adoption 

in carbon markets. Table 6 presents the direct relation matrix on the enablers of blockchain 

adoption based on 18 enablers validated by experts in carbon markets and blockchain. The average 

score for their responses informed this direct relation matrix. 

Table 6: Direct Relation Matrix 

 

 

 

  V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 V18 Variable Code 

V1 0 4 3 3 1 4 4 4 1 3 3 4 3 1 4 1 0 1 V1: Decentralization 

V2 4 0 2 4 1 4 2 3 3 1 1 4 4 4 4 1 1 2 V2: Immutable ledger 

V3 1 2 0 4 1 1 4 1 4 3 4 4 3 4 4 1 1 4 V3: Carbon Accounting Standard 

V4 4 4 2 0 1 1 2 1 4 2 3 4 4 4 4 1 1 3 
V4: Tokenization of Carbon 

Credits 

V5 3 1 3 4 0 3 1 1 2 2 1 3 1 2 2 4 4 3 V5: Proof of Impact 

V6 2 1 3 2 1 0 3 4 3 1 4 1 1 4 3 3 4 3 V6: Community Engagement 

V7 1 2 2 3 1 1 0 1 1 1 2 3 3 4 4 1 1 1 V7: Carbon Pricing Mechanism 

V8 4 4 1 2 2 1 1 0 4 2 3 3 4 4 4 2 1 2 
V8: Partnership and 

Collaboration 

V9 3 4 4 4 1 3 4 4 0 1 3 4 4 4 1 3 1 4 V9: Regulatory Frameworks 

V10 2 2 3 4 1 1 1 2 1 0 1 4 4 4 4 1 2 3 V10: Technical Infrastructure 

V11 2 2 1 2 1 2 1 4 4 1 0 3 3 3 3 4 3 2 V11: Stakeholder Engagement 

V12 3 4 3 4 2 3 1 1 4 4 4 0 4 4 4 3 1 1 V12: Data Security and Privacy 

V13 3 4 2 3 1 1 2 3 3 4 3 3 0 4 3 1 1 1 V13: Interoperability 

V14 4 4 1 2 4 4 1 3 4 3 3 4 3 0 3 3 2 2 
V14: Transparency and 

Traceability 

V15 4 4 4 4 4 2 4 4 4 4 3 4 3 2 0 1 2 4 V15: Smart Contract 

V16 1 1 1 1 1 3 2 3 4 1 4 3 3 1 1 0 1 1 
V16: Capacity Building and 

Education 

V17 1 1 1 1 1 3 1 1 3 1 3 1 1 1 1 3 0 3 
V17: Financial Inventive for 

Adoption 

V18 2 3 4 3 3 3 1 4 3 3 3 3 3 3 4 2 3 0 V18: Scalability and Performance 
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Expressing the Total Relation Matrix (T) 

By standardizing the direct relation matrix (D), we were able to obtain the total relation matrix as 

indicated in table 7 and a threshold alpha value of 0.19076 

. 

Table 6: Total Relation  atrix 

  V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V13 V14 V15 V16 V17 V18 

V1 0.1607 0.2393 0.1906 0.2268 0.115 0.2019 0.1922 0.222 0.2000 0.1849 0.2165 0.2590 0.2330 0.2078 0.2555 0.1344 0.0978 0.1546 

V2 0.2352 0.1833 0.1811 0.2486 0.1212 0.2112 0.1661 0.2142 0.2403 0.1598 0.1934 0.2668 0.2552 0.2609 0.2602 0.1407 0.1175 0.1766 

V3 0.1870 0.2185 0.1497 0.2528 0.1233 0.1633 0.1974 0.1829 0.2594 0.1933 0.2422 0.2715 0.2439 0.2652 0.2627 0.1438 0.1206 0.2124 

V4 0.2349 0.2500 0.1821 0.1849 0.1215 0.1648 0.1656 0.1834 0.2560 0.1765 0.2237 0.2695 0.2573 0.2608 0.2603 0.1412 0.1172 0.1928 

V5 0.1878 0.1669 0.1742 0.2185 0.0858 0.1741 0.1281 0.1542 0.1957 0.1513 0.1678 0.2182 0.1757 0.1952 0.1951 0.1733 0.1535 0.1730 

V6 0.1833 0.1798 0.1809 0.1962 0.1120 0.1324 0.1683 0.2162 0.2254 0.1424 0.2270 0.1994 0.1888 0.2408 0.2235 0.1665 0.1603 0.1822 

V7 0.1391 0.1650 0.1383 0.1815 0.0933 0.1211 0.0932 0.1338 0.1559 0.1204 0.1590 0.1953 0.1862 0.2059 0.2053 0.1061 0.0897 0.1204 

V8 0.2312 0.2443 0.1606 0.2125 0.1348 0.1612 0.1451 0.1618 0.2509 0.1714 0.2183 0.2474 0.2515 0.2540 0.2532 0.1550 0.1148 0.1724 

V9 0.2356 0.2679 0.2275 0.2685 0.1313 0.2115 0.2108 0.2479 0.2136 0.1736 0.2459 0.2904 0.2786 0.2852 0.2358 0.1884 0.1292 0.2236 

V10 0.1841 0.1971 0.1808 0.2295 0.1113 0.1459 0.1327 0.1775 0.1887 0.1290 0.1734 0.2461 0.2354 0.2393 0.2397 0.1264 0.1230 0.1781 

V11 0.1815 0.1936 0.1455 0.1924 0.1085 0.1634 0.1323 0.2125 0.2366 0.1402 0.1560 0.2264 0.2174 0.2200 0.2172 0.1786 0.1391 0.1601 

V12 0.2321 0.2619 0.2092 0.2652 0.1445 0.2078 0.1608 0.1969 0.2732 0.2182 0.2548 0.2202 0.2725 0.2775 0.2749 0.1852 0.1278 0.1750 

V13 0.2066 0.2351 0.1686 0.2202 0.1127 0.1518 0.1539 0.2011 0.2253 0.1963 0.2091 0.2384 0.1777 0.2471 0.2304 0.1315 0.1094 0.1502 

V14 0.2456 0.2578 0.1758 0.2299 0.1755 0.2245 0.1573 0.2271 0.2692 0.1990 0.2363 0.2806 0.2518 0.2071 0.2553 0.1864 0.1444 0.1877 

V15 0.2692 0.2858 0.2465 0.2915 0.1904 0.2097 0.2249 0.2629 0.2958 0.2371 0.2605 0.3125 0.2819 0.2729 0.2380 0.1690 0.1575 0.2421 

V16 0.1322 0.1421 0.1181 0.1428 0.0866 0.1498 0.1238 0.1652 0.1993 0.1124 0.1887 0.1877 0.1814 0.1542 0.1497 0.0896 0.0885 0.1162 

V17 0.1114 0.1190 0.1026 0.1211 0.0759 0.1355 0.0929 0.1152 0.1615 0.0956 0.1530 0.1322 0.1260 0.1293 0.1268 0.1258 0.0615 0.1343 

V18 0.2138 0.2431 0.2240 0.2469 0.1613 0.2058 0.1579 0.2417 0.2568 0.2012 0.2382 0.2663 0.2532 0.2594 0.2735 0.1694 0.1611 0.1574 

C 3.5713 3.8505 3.1561 3.9298 2.2049 3.1357 2.8033 3.5165 4.1036 3.0026 3.7638 4.3279 4.0675 4.1826 4.1571 2.7113 2.2129 3.1091 
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We then expressed the values of the cause degree expressed as “R”, “C”, “R + C”, and “R – C” 

to establish the cause and effect variables and the findings are as presented in Table 8: 

Table 7: Cause and  ffect of the Variables 

   

  Ri Ci Ri + Ci Ri - Ci Identify 

V1 
3.492 3.5713 7.0633 -0.0793 Effect 

V2 
3.6323 3.8505 7.4828 -0.2182 Effect 

V3 
3.6899 3.1561 6.846 0.5338 Cause 

V4 
3.6425 3.9298 7.5723 -0.2873 Effect 

V5 
3.0884 2.2049 5.2933 0.8835 Cause 

V6 
3.3254 3.1357 6.4611 0.1897 Cause 

V7 
2.6095 2.8033 5.4128 -0.1938 Effect 

V8 
3.5404 3.5165 7.0569 0.0239 Cause 

V9 
4.0653 4.1036 8.1689 -0.0383 Effect 

V10 
3.238 3.0026 6.2406 0.2354 Cause 

V11 
3.2213 3.7638 6.9851 -0.5425 Effect 

V12 
3.9577 4.3279 8.2856 -0.3702 Effect 

V13 
3.3654 4.0675 7.4329 -0.7021 Effect 

V14 
3.9113 4.1826 8.0939 -0.2713 Effect 

V15 
4.4482 4.1571 8.6053 0.2911 Cause 

V16 
2.5283 2.7113 5.2396 -0.1830 Effect 

V17 
2.1196 2.2129 4.3325 -0.0933 Effect 

V18 
3.931 3.1091 7.0401 0.8219 Cause 
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Based on the findings presented in Table 8, 7 variables exhibit positive "R-C" values, suggesting 

a substantial influence on other enablers compared to the influence exerted upon themselves. These 

variables are V3: Carbon Accounting Standard; (0.5338), V5: Proof of Impact; (0.8835), V6: 

Community Engagement; (0.187), V8: Partnership and Collaboration; (0.0239), V10: Technical 

Infrastructure; (0.2354); V15: Smart Contract; (0.2911), V18: Scalability and Performance; 

(0.8219).  Smart Contract; (0.2911), Partnership and Collaboration; (0.0239), Scalability and 

Performance; (0.8219) identifying as positive (cause) variables exerting influence on other 

variables is in congruence with the work of Rejeb et al., (2022) and Erol et al., (2021) who argue 

the crucial role smart contracts in blockchain can play in disintermediation and decentralization of 

systems.  

 

However, 11 of the 18 variables V1: Decentralization; (0.0793), V2: Immutable ledger; (-0.2182), 

V4: Tokenization of Carbon Credits; (-0.2873), V7: Carbon Pricing Mechanism; (-0.1938), V9: 

Regulatory Frameworks; (-0.0383), V11: Stakeholder Engagement; (-0.5425), V12: Data Security 

and Privacy; (-0.3702), V13: Interoperability: (-0.7021), V14: Transparency and Traceability; (-

0.2713), V16: Capacity Building and Education; (-0.1830), V17: Financial Inventive for Adoption; 

(-0.0933). This indicates that the influence of these variables on other enablers is relatively weaker 

compared to the impact exerted upon them. Despite their importance, the weaker influence of these 

factors suggests that their adoption may be influenced by other considerations or challenges within 

the carbon market domain. Community Engagement, Technical infrastructure, Partnership and 

Collaboration and Proof of Impact identifying as causal variables for blockchain adoption indicate 

that with more collaboration and advocacy on the proof of impact of blockchain in the carbon 

market ecosystem, there will be more causes for a wide adoption of the technology in the African 

carbon market system in an effort to help drive more impact. 
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To offer a distinct characterization of individual enablers, we used a scatter plot depicted in Figure 

13 to illustrate the degree of causality (R-C) by employing the quantitative values expressed in 

Table 7.  

 

 Figure 13: Cause Degree Scatter Plot 

The causal loop diagram of the total relation matrix is illustrated in figure 13 

 

Figure 14: Causal Loop Diagram for D  AT L 
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4.3 Discussion of the main variables influencing blockchain adoption in carbon markets  

This study presented 18 critical variables necessary for blockchain adoption within the carbon 

market ecosystem in Africa. While the carbon market ecosystem in Africa encompasses a plethora 

of innovations and technologies for monitoring, reporting and verification, the emergent 

prominence of blockchain is underscored by its intrinsic attributes, including efficient information-

sharing capabilities and practicality(Vilkov & Tian, 2023). Particularly noteworthy are 

blockchain’s distinctive features such as security, immutability, traceability, transparency, and 

smart contract integration within carbon market processes, all of which contribute to its heightened 

appeal and potential for transformative impact(Basu et al., 2023; Belotti et al., 2019; Changping 

Zhao et al., 2022). Recognizing the pivotal role of enablers in steering blockchain adoption, the 

present study fills a notable gap in the existing literature by systematically examining and assessing 

the factors conducive to blockchain integration in carbon markets in Africa. The analysis of "R + 

C" values of each variable highlights V15: Smart Contract (V15), Data Security and Privacy (V12), 

Regulatory Frameworks (V9), and Transparency and Traceability (V14) as the first, second, third 

and fourth most influential factors contributing to blockchain adoption in the carbon market 

ecosystem respectively as shown in Table 9.  

Smart Contracts (V15) 

Smart Contract (V15) emerges as the foremost influential enabler, "R + C" value of 8.6053 and a 

rank position (rank 1). Smart contracts play a pivotal role in streamlining transactions within 

carbon markets by automating contract execution and ensuring compliance. In the context of 

Africa, where regulatory enforcement may face challenges, smart contracts offer a mechanism for 

enforcing contractual obligations without reliance on centralized authorities. This enhances 

transparency and trust among market participants, facilitating efficient and secure transactions 

while minimizing the risk of fraud and disputes. Smart contracts also have a positive “R – C” 

which means that it exerts a strong causal influence on other variables which inform blockchain 

adoption in carbon markets. This finding is in line with the study of (Zhang et al., 2023) wherein 

they argue that smart contracts lead to process optimization of carbon trade. 
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Data Security and Privacy (V12) 

Data Security and Privacy (V12) closely follows, with a "R + C" value of 8.2856 (rank 2). Ensuring 

data security in Africa, where data breaches and cybersecurity threats are prevalent could account 

for the outcome of this variable considering blockchain's robust data security features offer a 

solution. By leveraging cryptographic techniques and decentralized storage, blockchain safeguards 

sensitive information, thereby fostering trust among market participants and regulatory bodies. 

This, in turn, enhances the credibility and integrity in carbon markets. The operational provisions 

of the Paris agreement Article 6.2 and other voluntary market mechanism create room for the 

sharing of sensitive data to create accountability and also serve as an incentive mechanism. So 

consensus protocols offered set up by blockchain systems to prevent the network from external 

attacks is a very important factor that should be taken into consideration in the development of a 

blockchain infrastructure and  hence a very relevant determinant for adoption as evidenced in the 

wowrk of (Franke et al., 2020).  

Regulatory Frameworks (V9) 

Regulatory Frameworks (V9) rank third in influence, with a "R + C" value of 8.1689 (rank 3) and 

a pivotal role in shaping the regulatory environment for transparent carbon markets, Clear and 

robust regulatory frameworks are essential for fostering trust and compliance among market 

participants. In Africa, where regulatory environments may be nascent or fragmented, establishing 

comprehensive regulatory frameworks is imperative for ensuring fair and transparent market 

operations. Blockchain technology can facilitate regulatory compliance by providing transparent 

and immutable records of transactions, credits issued, and also facilitate co-benefit sharing which 

is in line with set regulatory standards. This not only enhances market integrity but also promotes 

investor trust and stimulates market growth. (Sipthorpe et al., 2022) argues that regulatory 

concerns could hamper the manner in which blockchain systems operate in the carbon credit 

ecosystem while also indicating that when it came to the deployment of peer-to-peer trading 

platforms on a larger scale, the lack of regulation proved too much of a risk for many industry 

partners who have always operated in an ecosystem that is highly regulated. 
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Transparency and Traceability (V14) 

Transparency and Traceability (V14) are identified as critical enablers, with an influential "R + C" 

value of 8.0939 and a rank fourth. Blockchain’s inherent transparency and traceability features 

enhance accountability and trustworthiness within carbon markets, facilitating effective 

monitoring and verification of emissions data. Transparency and traceability are fundamental 

principles underpinning transparent carbon markets. Evidence of lack of credibility in some carbon 

credits emanating from Africa helps make a case for the need to adopt blockchain to enhance 

market credibility. Blockchain's transparency and traceability features offer a solution by 

providing an immutable ledger of transactions and emissions data for verification and validation 

bodies to track the provenance of carbon credits and verify their authenticity. This enhances market 

transparency, reduces the risk of double counting, and instills confidence among investors and 

buyers. Recent research on the potential of blockchain in transforming carbon market has invited 

lots of research with the United Nations Environment Programme supporting research into this 

topic (UNEP, 2019). This study concluded that challenges like environmental integrity, 

transparency and information asymmetry, double counting, traceability and administrative costs 

can be circumvented if project developers employ blockchain solutions. This therefore confirms 

transparency and traceability as an enabler that could influence blockchain adoption in the carbon 

market ecosystem. 

Tokenization of Carbon Credits (V4) 

Tokenization of Carbon Credits (V4) ranks fifth in influence, with a substantial "R + C" value of 

7.5723 (Rank 5). The tokenization of carbon credits offers a novel approach to carbon trading, 

enabling fractional ownership and enhanced liquidity in carbon markets. Tokenization 

democratizes access to carbon markets by allowing smaller investors and buyers to participate in 

carbon markets on the continent by dividing carbon credits into tradable tokens. In this trading 

framework, blockchain enhances market liquidity and efficiency, thereby lowering barriers to 

entry and stimulating market activity. This fosters greater inclusivity and democratization of 

carbon markets, ultimately contributing to market growth and resilience. This finding is in 

congruence with the study of ((Simontov, 2022) wherein the researcher discuss the key challenges 

confronting existing voluntary carbon markets - low-integrity offsets, misaligned incentives, poor 
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governance, and low-fungibility and proposes the sale of tokenized credits as carbon coins over a 

blockchain network. 

Immutable Ledger (V2) 

Immutable Ledger (V2) follows closely (rank 6) "R + C" value of 7.4828. The immutability of 

BC's ledger ensures the integrity and tamper-proof nature of carbon emissions data, bolstering trust 

and credibility. The immutability of blockchain's ledger prevents incidents of data manipulation 

that may undermine market integrity, blockchain's immutable ledger offers a reliable record of 

transactions and emissions data. This enhances market transparency and accountability, facilitating 

regulatory compliance and investor confidence. 

Interconnectedness of the Top-Ranking Enablers 

The interconnectedness of the top-ranked enablers, namely Smart Contracts (V15), Data Security 

and Privacy (V12), Regulatory Frameworks (V9), Transparency and Traceability (V14), 

Tokenization of Carbon Credits (V4), and Immutable Ledger (V2), forms the backbone of a robust 

and transparent carbon market ecosystem. Smart Contracts (V15) serve as the cornerstone of 

automated and transparent transactions within carbon markets. These self-executing contracts 

encode the terms and conditions of agreements between parties, ensuring that contractual 

obligations are met autonomously. Smart contracts not only streamline transactions but also 

enhance trust and accountability by eliminating the need for intermediaries and reducing the risk 

of fraud or disputes. Data Security and Privacy (V12) are essential components of any blockchain-

based system, particularly in sensitive industries such as carbon trading. The secure encryption 

and decentralized storage mechanisms employed by blockchain technology safeguard sensitive 

data, such as emissions records and carbon credit ownership, from unauthorized access or 

tampering. By ensuring data integrity and confidentiality, robust data security measures bolster 

trust among market participants and regulatory authorities. Regulatory Frameworks (V9) provide 

the legal and institutional framework necessary for the effective operation and oversight of carbon 

markets. Clear and comprehensive regulations establish the rules of engagement for market 

participants, ensuring transparency, fairness, and compliance with environmental standards. 

Regulatory frameworks also play a crucial role in addressing key issues such as carbon accounting, 

emissions reporting, and verification processes, thereby enhancing market integrity and investor 
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confidence. Transparency and Traceability (V14) are fundamental principles underpinning 

blockchain technology and are integral to the functioning of transparent carbon markets. By 

recording transactions and emissions data on a tamper-proof ledger, blockchain ensures 

transparency and accountability throughout the supply chain. Stakeholders can trace the 

provenance of carbon credits, verify their authenticity, and track their lifecycle from issuance to 

retirement, thereby reducing the risk of fraud, double-counting, or greenwashing. Tokenization of 

Carbon Credits (V4) represents a paradigm shift in the way carbon assets are bought, sold, and 

traded within carbon markets. By digitizing carbon credits and representing them as tradable 

tokens on a blockchain network, tokenization enhances liquidity, accessibility, and fungibility in 

the market. Carbon tokens enable fractional ownership, allowing investors of all sizes to participate 

in carbon trading while facilitating seamless transactions and settlement processes. Immutable 

Ledger (V2) serves as the unalterable record of transactions and data within the blockchain 

network. The immutable ledger ensures that once information is recorded on the blockchain, it 

cannot be modified or deleted without consensus from the network participants. This inherent 

transparency and auditability enhance trust and accountability, providing stakeholders with 

confidence in the integrity of carbon market transactions and emissions data. 

The interconnectedness of these enablers creates a synergistic ecosystem that promotes 

transparency, efficiency, and trust within carbon markets. Smart contracts automate and enforce 

agreements, while robust data security measures safeguard sensitive information. Regulatory 

frameworks provide the necessary oversight and governance, while transparency and traceability 

ensure accountability and integrity. Tokenization enhances liquidity and accessibility, while an 

immutable ledger guarantees the integrity and immutability of transaction records. Together, these 

enablers lay the foundation for a transparent and sustainable carbon market ecosystem, driving 

progress towards carbon neutrality and climate resilience in Africa and beyond. 
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Table  : Rank of Variables  nabling Blockchain Adoption in Carbon  arkets 

 

Variable R + C Rank 

V15: Smart Contract 8.6053 1 

V12: Data Security and Privacy 8.2856 2 

V9: Regulatory Frameworks 8.1689 3 

V14: Transparency and Traceability 8.0939 4 

V4: Tokenization of Carbon Credits 7.5723 5 

V2: Immutable ledger 7.4828 6 

V13: Interoperability 7.4329 7 

V1: Decentralization 7.0633 8 

V8: Partnership and Collaboration 7.0569 9 

V18: Scalability and Performance 7.0401 10 

V11: Stakeholder Engagement 6.9851 11 

V3: Carbon Accounting Standard 6.846 12 

V6: Community Engagement 6.4611 13 

V10: Technical Infrastructure 6.2406 14 

V7: Carbon Pricing Mechanism 5.4128 15 

V5: Proof of Impact 5.2933 16 

V16: Capacity Building and Education 5.2396 17 

V17: Financial Inventive for Adoption 4.3325 18 
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Carbon Credit Lifecycle in Different Market Segments 

Voluntary Carbon Markets 

The cycle of carbon credit generation and utilization in the voluntary market involves several 

crucial stages, each essential for ensuring the credibility and efficacy of emission reduction or 

removal initiatives. Beginning with project design and methodology selection, developers navigate 

through registration, monitoring, verification, issuance, transaction, and retirement phases. These 

stages adhere to accredited standards, ensuring transparency and integrity throughout the process. 

For a summarized overview of the carbon credit lifecycle, refer to  

Figure 15. This visual aid provides a clear depiction of the sequential progression from project 

inception to credit retirement, elucidating the key stages and processes involved. 

Figure 15: Project Development Cycle in Voluntary Carbon  arkets 

 

Project design 

The initiation of most carbon credits involves project developers who are responsible for 

conducting a feasibility study and selecting a methodology for quantifying emissions reductions 

or removals. The project developers have the option to either use an already approved methodology 
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from a carbon crediting program or propose their own methodology, in which case they would 

work with the program to get it accredited before the project commences.  

Registration  

After the project design phase, the project developer must register the project under an accredited 

standard. There are four prominent carbon standards that certify credits in the voluntary carbon 

market (Verra, Gold Standard, Climate Action Reserve, and American Carbon Registry). The 

registration process entails the approval of the project by a carbon standard in accordance with the 

specific methodology used to reduce emissions.  

Monitoring, reporting, and verification (MRV) 

Once registered, a carbon project undergoes various MRV processes to ensure its effectiveness in 

reducing or removing carbon. The project developers are responsible for monitoring the emissions 

reductions achieved during the implementation period. If the credits are registered under one of 

the four major registries, third-party verifiers must be contracted by the project developers to 

ensure the accuracy of their claims.  

Issuance 

Upon successful verification of the emissions reductions or removals, the project can commence 

issuing carbon credits, with each credit representing one ton of carbon dioxide equivalent (tCO2e). 

Transaction: The carbon credits are then introduced to the market. Typically, buyers acquire 

carbon credits through three pathways: 1) through offtake agreements, where buyers directly 

contract with project developers, 2) through brokers or intermediaries who purchase and resell the 

credits, and 3) through exchanges that provide buyers with access to a pool of available credits.  

Retirement 

The final buyer of the carbon credit "retires" it, signifying that they have claimed the environmental 

benefit associated with it. Once retired, the credit is permanently removed from the market and 

can no longer be traded. In 2021, the average time between issuance and retirement across the four 

main registries was six years. This indicates that carbon credits often remain with intermediaries 

or brokers for a significant period before being purchased by the ultimate buyer. 
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4.4 Potential Areas for Enhanced Transparency for High Integrity Credit 

The carbon credit development and utilization ecosystem has its integrity linked to the 

transparency of market processes. It is crucial to ensure credibility, accountability, and 

effectiveness in the project cycle to ensure that it meets market standards. As efforts to mitigate 

climate change intensify, there is a growing need for transparent processes throughout the carbon 

credit lifecycle. Blockchain technology can play a critical role in addressing this need by providing 

a decentralized and unchangeable ledger that can transform transparency across various stages of 

carbon credit management. Figure 16 indicates sectors where blockchain can be used to achieve 

in the carbon credit cycle.  

Methodology Selection and Documentation 

¶ Project developers should clearly document the process of selecting methodologies, 

including the reasons for choosing specific ones.  

¶ Any modifications or adaptations made to approved methodologies should be disclosed, 

along with justifications for these changes.  

¶ Resources detailing the methodologies used should be made readily available to ensure 

transparency in emission quantification methodologies.  

Registration Process 

¶ The registration process should be transparent, including the criteria for approval set by 

carbon standards.  

¶ The documentation regarding registrations should be published, allowing stakeholders to 

review project details and ensure compliance with methodologies.  

¶ Any conditions or requirements imposed during the registration phase should be clearly 

communicated to promote transparency in project accreditation.  

Monitoring, Reporting, and Verification (MRV)  



73 
 

¶ Comprehensive reports on monitoring activities should be provided, including details 

about the methodologies used, data collection procedures, and the frequency of monitoring.  

¶ Emissions reduction or removal calculations should be transparently disclosed, including 

the assumptions and data sources used.  

¶ Independent verification reports should be made publicly available, providing details about 

the verification findings and any corrective actions taken.  

Issuance and Transaction 

¶ The issuance processes should be transparent, with documentation of verified emissions 

reductions and the corresponding issuance of carbon credits.  

¶ The pathways of credit transactions and the parties involved should be disclosed to ensure 

transparency in credit trading.  

¶ Transaction records and audit trails should be available to track credit movement and 

changes in ownership.  

Retirement and Impact Reporting 

¶ Transparent retirement processes should be established, with documentation of retired 

credits and their associated environmental claims. 

¶ Methodologies for calculating environmental impacts and benefits attributed to retired 

credits should be disclosed.  

¶ Reporting on the environmental outcomes achieved through credit retirement should be 

provided to promote transparency regarding the real-world impact of carbon offset 

projects. Market  

Oversight and Governance 

¶ Transparent governance structures should be established within carbon standards and 

registries to ensure accountability and representation of stakeholders.  
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¶ Market data, including credit supply, demand, and pricing information, should be publicly 

disclosed to enhance market transparency.  

¶ Regular reports on market trends, regulatory developments, and emerging risks should be 

published to facilitate informed decision-making by market participants. 

 

 

 

Figure 16: Sectors the Require Improvement for  nhanced Transparency 

 

Potential Blockchain Applications to Improve Market Processes  

1. The use of blockchain can enable transparent recording of project registration details, 

making criteria, approvals, and imposed conditions accessible to all stakeholders.  

2. Blockchain-enabled smart contracts can automate data collection and reporting processes, 

ensuring real-time transparency and accuracy in monitoring emissions.  

3. Monitoring data can be stored immutably on the blockchain, enhancing auditability and 

facilitating independent verification, thus boosting trust in reported emissions reductions. 
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4. Blockchain-based registries can provide transparent issuance of carbon credits, with each 

credit represented as a unique digital asset, ensuring authenticity and preventing double-

counting.  

5. Credit transactions can be transparently recorded on the blockchain, increasing visibility 

into credit movement and ownership changes, reducing the risk of fraud, and enhancing 

market integrity.  

6. Blockchain can enable transparent retirement of carbon credits, with each retired credit 

recorded on the distributed ledger, along with associated environmental claims and impact 

calculations.  

7. Immutable storage of retirement data ensures transparency and accountability, allowing 

stakeholders to verify the environmental outcomes achieved through credit retirement.  

8. Blockchain-based governance mechanisms can provide transparent decision-making 

processes within carbon standards and registries, with governance rules and decisions 

recorded on the blockchain for public scrutiny.  

9. Transparency of market data, including credit supply, demand, and pricing information, 

can be enhanced through blockchain-enabled market platforms, promoting greater market 

transparency and efficiency. 

Blockchain varying application can be tracked across multiple sectors within carbon credit markets 

in Africa. The application of Blockchain in these sectors demonstrate the applicability of the 

technology in multiple ways thereby enhancing the integrity of carbon credit projects and 

enforcing credibility of carbon markets in Africa. Figure 16 compares carbon trading in the 

voluntary market under the existing systems vis-à-vis what a blockchain carbon market model will 

look like if adopted. 

 

 

 



76 
 

 

Figure 17: Comparison of Voluntary Carbon Credit Trade On and Off a Blockchain 

 

4.5 Case Study: The Verst Carbon Approach – Harnessing Blockchain for Enhanced Carbon 

Market Integrity in Africa 

Verst Carbon, a pioneer in blockchain backed carbon credit issuance in the voluntary carbon 

market (VCM) space, has been instrumental in leveraging blockchain technology to address key 

challenges hindering the development and transparency and integrity of carbon markets across 

Africa. With a focus on innovative financing, digital monitoring, community benefit sharing, and 

disintermediation, Verst Carbon has emerged as a leading carbon market technology enabler on 

the continent. 

Applicability of Blockchain in Carbon Market Value Chain  

Verst Carbon recognizes several sectors within the carbon market value chain where blockchain 

technology can be effectively applied. These sectors include: 

1. Transparent Trading: Blockchain facilitates transparent and immutable recording of carbon 

credits transactions, ensuring integrity and trust within the market. 
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2. Community Benefit Sharing: Blockchain enables secure and transparent distribution of 

benefits to local communities, ensuring that funds are utilized for intended purposes and 

not diverted for other activities. 

3. Monitoring, Reporting, and Verification (MRV): Blockchain enhances the efficiency and 

accuracy of MRV processes by providing a tamper-proof record of carbon project data, 

thereby improving validation and verification capacity. 

4. Tokenization: Through tokenization, blockchain allows for the fractional purchase and sale 

of carbon credits, democratizing access to carbon markets and mobilizing new sources of 

capital for climate projects. 

Operationalizing Transparency at Verst Carbon 

Verst Carbon operationalizes transparency through meticulous documentation and reporting 

processes, all filed on a blockchain platform. By ensuring all necessary disclosures and appropriate 

logins, Verst Carbon aligns its operations with carbon registries, fostering transparency and 

accountability throughout the carbon market value chain. 

Challenges to Blockchain-Enabled Project Development in Africa 

Despite the potential benefits, blockchain-enabled project development in Africa faces several 

challenges: 

1. Government Buy-In: Government acceptance and regulatory compliance pose significant 

hurdles, with taxation and regulatory uncertainties impacting the adoption of blockchain 

technology in carbon markets. 

2. Transaction Complexity: The complexities associated with tokenization and 

cryptocurrency transactions require regulatory clarity and infrastructure development to 

facilitate widespread adoption. 

3. Regulatory Compliance: Regulatory compliance remains a challenge, with initiatives such 

as tokenization facing scrutiny and potential pause, as seen with Verra's decision prohibit 
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the practice of creating instruments or tokens based on retired credits in May, 2022 over 

greenwashing concerns.  

Likelihood of Government Acceptance of Blockchain and Cryptocurrency in the Future 

The likelihood of government acceptance of tokenization and cryptocurrency varies across 

jurisdictions. While countries like Switzerland have created avenues for token sales and conversion 

to fiat, establishing similar structures in Africa remains challenging due to regulatory and 

infrastructure limitations. 

Biggest Challenge to Blockchain-Backed Carbon Credits in Africa  

The regulatory landscape, characterized by lack of uniformity across 54 countries, poses the 

biggest challenge to blockchain-backed carbon credits in Africa, hindering widespread adoption 

and interoperability. 

Possibility of Migrating all Project Developers to a Single Blockchain Network  

While the migration of project developers to a single blockchain platform offers potential benefits, 

such as enhanced transparency and efficiency, adoption will depend on the value proposition 

presented. Examples like Tolam Earth demonstrate the viability of such platforms, leveraging 

technologies like Hedera Hashgraph to drive optimal liquidity and pricing. 

Ensuring Community Benefit Integrity with Blockchain – Is this Possible? 

Yes, benefits shared with communities can be through a combination of non-monetary benefits 

and smart contract-enabled fund management approaches. By aligning benefits with community 

needs and restricting fund usage through smart contracts, a project can safeguards against the 

creation of further pollution. 

Verst Carbon's innovative approach to leveraging blockchain technology underscores the potential 

for enhanced transparency and community benefit sharing within Africa's carbon markets. Despite 

challenges, the adoption of blockchain holds promise for transforming carbon markets, driving 

sustainable development, and combating climate change on the continent. Through continued 

collaboration with stakeholders and proactive engagement with regulatory bodies, Verst Carbon 
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remains at the forefront of blockchain-enabled carbon market development, paving the way for a 

more transparent, efficient, and equitable carbon market ecosystem in Africa and beyond. 

4.6 Understanding Article 6.4 Mechanism  

Article 6.4 establishes a mechanism that contributes to the mitigation of greenhouse gas emissions 

and supports sustainable development. The approach offers a centralized approach to trading 

mitigation outcomes as illustrated in figure 17. Here is a breakdown of the key elements of the 

Article 6.4 mechanism. 

Purpose: The primary objective of the mechanism is to promote sustainable development and 

assist countries in achieving their emissions reduction targets under the Paris Agreement. 

Mitigation Activities: The mechanism allows countries to engage in mitigation activities, such as 

reducing emissions, and transfer the outcomes of these activities internationally. Internationally 

Transferred Mitigation Outcomes (ITMOs): ITMOs are the units that represent emissions 

reductions achieved under the mechanism. These units can be transferred between countries to 

help them meet their respective targets. Accounting: Strong accounting rules are essential to ensure 

the environmental integrity of the mechanism. Parties to the Paris Agreement must establish clear 

and transparent accounting rules for the transfer and use of ITMOs.  

Sustainable Development: An important aspect of Article 6.4 is the promotion of sustainable 

development. Parties are encouraged to ensure that mitigation activities supported by the 

mechanism contribute to sustainable development goals and priorities, particularly in developing 

countries.  

Participation: Participation in the mechanism is voluntary, but countries are encouraged to 

participate in cooperative approaches and facilitate the transfer of mitigation outcomes.  

Supervision and Oversight: The mechanism is supervised by the Subsidiary Body under the 

UNFCCC, which provides guidance and oversight to ensure its effective implementation.  

Linkage with Other Mechanisms: Article 6.4 can be linked with other market-based 

mechanisms, such as emissions trading systems, to enhance efficiency and effectiveness in 

achieving emissions reductions.  
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 Figure 1 : Article 6.4  echanism Process  

 

 

4.7 Carbon Credit Data Aggregation Under Article 6.4 Using Blockchain 

Integrating blockchain technology into the aggregation and management of carbon credit data 

under Article 6.4 of the Paris Agreement represents a monumental stride toward enhancing 

transparency, accountability, and efficiency in global climate change mitigation efforts. This 

section provides a framework for the application of blockchain for this purpose as illustrated in 

figure 18, while also highlighting potential challenges and considerations. 

Figure 1 : Proposed Blockchain Framework  nder Article 6.4 
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Enhanced Transparency and Accountability 

Blockchain technology provides a decentralized, immutable ledger system that ensures 

transparency and traceability throughout the entire carbon credit aggregation process. By 

leveraging a blockchain-based registry verified by the subsidiary body's technical experts at the 

UNFCCC, stakeholders gain access to real-time information on carbon credit transactions, thereby 

upholding integrity and accountability. 

Smart Contract Automation for Transfer and Verification 

Utilizing smart contracts for ITMOs transfer and NDC tracking automates the verification process, 

ensuring compliance with the Paris Agreement's guidelines. These self-executing contracts adhere 

to predefined rules and conditions, facilitating secure and transparent carbon credit transfers while 

mitigating the risk of fraudulent activities. 

Layered Database Architecture for Data Management 

Implementing a layered database architecture within the blockchain ecosystem further enhances 

data management and integrity. The accounting database guarantees data homogeneity and 

consistency, while the exchange platform enables seamless ITMO trading. Additionally, the ITMO 

and mitigation outcomes database acts as a comprehensive repository for global stocktaking and 

analysis, empowering informed decision-making and policy formulation. 

Public Ledger for Increased Accessibility and Participation 

Publicly publishing carbon credit data on a ledger ensures stakeholders, including governments, 

organizations, and the public, have access to real-time information on emissions reductions and 

mitigation activities. This increased accessibility fosters greater participation and collaboration in 

climate action endeavors, promoting transparency and accountability on a global scale. 

4.8 Challenges and Considerations 

Despite the immense potential of blockchain in enhancing carbon credit data aggregation, several 

challenges and considerations must be addressed: 
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1. Scalability: Ensuring blockchain networks can handle the increasing volume of carbon 

credit transactions and data. 

2. Interoperability: Establishing interoperability standards to seamlessly integrate with 

existing registries and verification systems. 

3. Data Privacy and Security: Implementing robust measures to safeguard sensitive 

information and prevent unauthorized access or tampering. 

4. Regulatory Compliance: Navigating regulatory frameworks and ensuring alignment with 

international standards, including those outlined in the Paris Agreement. 

5. Technological Advancements: Continuously advancing blockchain technology to 

incorporate features like quantum-resistant encryption and energy-efficient consensus 

mechanisms. 
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CHAPTER FIVE 

    Summary, Conclusion and Recommendation  

5.1 Conclusion 

Blockchain stands to play a vital role in carbon markets in Africa and will significantly help resolve 

issues of double counting and low integrity associated with carbon credits issued from within the 

continent.  This technology presents a significant opportunity to enhance transparency, efficiency, 

and trustworthiness in the management and trade of carbon credits. However, the decision to adopt 

blockchain in carbon markets is multifaceted and requires careful consideration of various factors, 

as outlined in the decision framework presented in this thesis. 

Through the structured approach provided by the framework, stakeholders can navigate the 

complexities of blockchain adoption, ensuring that key considerations such as stakeholder 

involvement, regulatory compliance, trust among parties, and system scalability are adequately 

addressed. By systematically analyzing each dimension, stakeholders can make informed 

decisions that align with the goals and objectives of the carbon markets ecosystem. 

The examination of key variables influencing blockchain adoption within carbon markets offers 

valuable insights into the dynamics and considerations shaping the integration of this technology. 

It is evident that factors such as smart contracts, data security, regulatory frameworks, 

transparency, tokenization of carbon credits, and immutable ledgers play pivotal roles in 

facilitating the adoption and effectiveness of blockchain solutions. These enablers are 

interconnected, forming a cohesive ecosystem that reinforces transparency, efficiency, and trust 

within carbon markets. 

Moreover, the analysis underscores the importance of tailored strategies and collaborative efforts 

to address regional challenges and opportunities, particularly in the African context. It highlights 

the need for capacity building, policy alignment, and international collaboration to drive 

meaningful progress and achieve collective goals in addressing climate change. 

In conclusion, the carbon credit lifecycle in voluntary markets requires enhanced transparency and 

integrity to ensure credibility and effectiveness. Blockchain technology offers a promising solution 

to address transparency gaps across various stages of the lifecycle, from project development to 
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market oversight. By leveraging blockchain, stakeholders can achieve greater transparency, 

accountability, and efficiency in carbon markets. 

Additionally, integrating blockchain technology into the aggregation and management of carbon 

credit data under Article 6.4 of the Paris Agreement represents a significant opportunity to enhance 

global climate change mitigation efforts. The proposed blockchain framework under Article 6.4 

can provide enhanced transparency, accountability, and efficiency in the transfer and tracking of 

Internationally Transferred Mitigation Outcomes (ITMOs), thereby supporting sustainable 

development goals and facilitating international cooperation. 

5.2 Recommendations 

Moving forward, it is recommended that stakeholders actively engage with the framework and 

utilize it as a tool for strategic decision-making. Collaboration among stakeholders, including 

policymakers, market participants, and technology providers, will be essential to drive the 

successful adoption of blockchain in carbon markets. 

Furthermore, it is imperative to continue monitoring developments in blockchain technology and 

regulatory landscapes to ensure ongoing compliance and optimization of blockchain solutions 

within carbon markets. By staying abreast of emerging trends and best practices, stakeholders can 

adapt their strategies and approaches to maximize the benefits of blockchain adoption while 

mitigating potential risks 

Based on these findings, stakeholders are recommended to focus on strategic interventions that 

prioritize strengthening key enablers identified in the analysis. This includes investments in smart 

contracts, data security, regulatory frameworks, transparency mechanisms, tokenization of carbon 

credits, and immutable ledgers. Additionally, stakeholders should invest in capacity-building 

initiatives and educational programs to enhance awareness and understanding of blockchain 

technology among market participants, policymakers, and regulatory authorities. 

Policy and regulatory alignment is crucial, and policymakers should collaborate with industry 

stakeholders to develop clear and comprehensive frameworks that support innovation, 

transparency, and market integrity within carbon markets. International collaboration should also 
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be emphasized to facilitate knowledge sharing, harmonize standards, and facilitate cross-border 

transactions. 

Continuous monitoring and evaluation are essential to track progress, identify challenges, and 

assess the effectiveness of interventions. Stakeholders should establish mechanisms for ongoing 

assessment, enabling iterative refinement of strategies and optimization of blockchain technology's 

impact on carbon market governance and sustainability. 
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