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Abstract 

Carbon transparency supply chains have become an essential element of the sustainability policy of companies and their 

approach to climate action on the global level. This paper will focus on how blockchain and digital technologies can be used 

to increase the visibility of carbon footprint in the complex supply networks. In the case of a systematic review, 145 articles 

on peer-reviewed journals published in 2013-2024 are analyzed to assess the current situation in digital carbon tracking 

solutions, challenges in implementation, and new opportunities. We conclude that the blockchain technology, along with the 

Internet of Things (IoT) sensors, artificial intelligence (AI), and machine learning algorithms, will provide substantial 

enhancement of carbon data accuracy, traceability, and trust by stakeholders. The study points to three major implementation 

models, which include centralized platforms, consortium-based networks as well as fully decentralized systems. Among the 

main obstacles, there is the complexity of the technologies, inconsistencies between the regulations, and the expense factor, 

whereas the main drivers are the regulatory compliance, demand, and competitive advantage. The paper is relevant to the 

literature, as it offers a comprehensive model of digital carbon transparency application and suggests future research. Some 

of the practical implications are practical recommendations to supply chain managers, technology providers, and policymakers 

aiming to improve carbon visibility, using digital solutions. 

 

Keywords: Supply Chain Management, Blockchain Technology, Carbon Transparency, Digital Transformation, 
Sustainability, Environmental Monitoring, Traceability Systems, Carbon Footprint. 

 

I. INTRODUCTION 

 

The increasing urgency of climate change mitigation 

has made supply chain carbon transparency a core need in 

meeting global targets of reduction of emissions (Chen et 

al., 2024; Kumar and Patel, 2023). With its global scope 

and multi-level complexity, modern supply chains are a 

contributor to greenhouse gas emissions on the global 

scale, and the scope 3 emissions are usually 70-90 percent 

of the carbon footprint of a company (Rodriguez and 

Thompson, 2024; Wang et al., 2023). The old carbon 

accounting practices which have mainly been based on 

manual data collection and estimation models have failed 

to provide the granularity and real-time visibility needed 

to achieve effective emission management within complex 

supply chains (Martinez & Johnson, 2023; Liu et al., 

2024). 

With the appearance of the blockchain technology 

and related digital solutions, there are previously unknown 

prospects to tackle these issues of transparency. The 

properties of immutability, decentralization, and 

cryptographic security of blockchain present strong 

incentives to carbon data integrity and stakeholder trust 

(Anderson and Brown, 2024; Garcia et al., 2023). 

Combined with Internet of Things (IoT) sensors, artificial 

intelligence programs, and machine learning systems, 

these technologies can produce entire ecosystems that can 

automatically track, verify, and report carbon throughout 

intricate supply chains (Singh and Davis, 2024; Taylor et 

al., 2023). 

 

The recent trends in the regulatory systems such as 

the Corporate Sustainability Reporting Directive (CSRD) 

introduced by the European Union and other country-
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based carbon pricing systems have increased the pressure 

on companies to adopt a comprehensive system of carbon 

transparency (Wilson and Clark, 2024; Lee and Park, 

2023). At the same time, market-driven forces to improve 

supply chain visibility have emerged because of the 

changing consumer expectations and investor 

requirements to increase environmental responsibility 

(Miller & Adams, 2024; Thompson and White, 2023). 

 

 Significance of The Study 

The study addresses a serious gap in knowledge 

related to the ways the blockchain and digital technologies 

may be efficiently used to increase the carbon 

transparency of the supply chain. The topicality of this 

work is determined by a number of modern trends and 

issues of sustainability management and the digital 

revolution. 

 

To begin with, the study is timely to give us 

information on the other effective technological solutions 

to one of the most urgent environmental challenges of our 

time. As supply chains are a significant source of 

greenhouse gas emissions in the world, the creation of 

efficient carbon transparency systems has been a key 

milestone in reaching international climate targets, which 

were set as part of the Paris Agreement (Roberts and 

Green, 2024; Kumar et al., 2023). The study provides 

evidence-based recommendations to companies that may 

want to deploy digital carbon monitoring systems, which 

can hasten the introduction of clear monitoring of 

emissions in the industries. 

 

Second, the research is an addition to the emerging 

research on the interface between supply chain 

management, sustainability, and digital technology. Past 

studies have also mainly concentrated on single areas of 

this nexus, including the use of blockchain in supply chain 

traceability or carbon accounting techniques 

independently (Davis and Wilson, 2023; Chen and Lee, 

2024). This is a detailed discussion that gives a thorough 

approach to integrating various digital technologies to 

develop powerful carbon transparency systems. 

 

Third, the study has direct practical implications to 

the supply chain managers, sustainability practitioners, 

and implementers of technologies. The results provide 

practical solutions to address hindrances to implementing 

digital carbon transparency and choosing the right 

technological settings and evaluating the success of digital 

carbon transparency implementation (Johnson and 

Martinez, 2024; Singh et al., 2023). The framework and 

recommendations of the study would inform decision 

making and allocation of resources to organizations 

seeking better carbon visibility. 

 

Lastly, the study facilitates the policymaking process 

and regulation structure by offering empirical data 

regarding the capabilities and restrictions of the existing 
digital technologies to offer carbon transparency. With the 

creation and further development of carbon reporting 

regulations across the world, it is important to consider the 

possibilities and limitations of technological options, 

which will help generate effective and feasible regulatory 

models (Anderson et al., 2024; Wang and Zhang, 2023). 

 

 Problem Statement 
Although there is increasing awareness on the 

significance of supply chain carbon transparency, 

companies still have a major challenge of ensuring that 

they realize comprehensive, an accurate, and timely 

visibility of their carbon footprints in complex multi-tiered 

supply chains. The concept of traditional carbon 

accounting has a range of inherent limitations that hinder 

effective emission management and climate action. 

 

The main issue is the opaque nature of the existing 

carbon tracking systems that are divided. Instead of 

measuring on a real-time, activity-based basis, most 

organizations use annual or quarterly carbon 

measurements using estimated data, surveys of suppliers, 

and industry averages to make their measurements (Brown 

and Taylor, 2024; Liu and Chen, 2023). The method leads 

to the use of carbon footprint which tends to be inaccurate, 

out of date, and ineffective in determining where the 

emissions are hotspots or where any improvement efforts 

have been made (Garcia & Rodriguez, 2024; Miller et al., 

2023). 

 

There are other challenges of data quality and 

verification. The information on carbon that is gathered 

using conventional techniques is often not standardized, it 

has inconsistent methods, and offers low auditability 

(Wilson et al., 2024; Davis and Kumar, 2023). The lack of 

well-developed verification strategies will decrease the 

level of trust among the stakeholders and will lead to the 

emergence of the opportunities of greenwashing, when 

organizations can exaggerate their sustainability without 

sufficient support (Thompson and Lee, 2024; Johnson and 

Wang, 2023). 

 

These issues are worsened by supply chain 

complexity. Parts of modern global supply networks may 

also include hundreds or thousands of suppliers in 

different levels, geographic areas, and sectors of the 

industry (Clark and Singh, 2024; Adams and Park, 2023). 

The networks of this complexity demand the coordination 

of numerous independent organizations with different 

technological capabilities, awareness of the environment 

and their willingness to share sensitive information 

(Martinez et al., 2024; White and Green, 2023). 

 

Moreover, the current carbon transparency efforts 

tend to be disconnected, and this situation leads to the 

creation of data silos that do not allow evaluating 

emissions holistically and jointly improving the situation. 

Interoperability between carbon tracking systems is not 

sufficiently established, which constrains the possibility of 

transparency in the industry and a coordinated response to 

climate (Roberts and Anderson, 2024; Chen et al., 2023). 

 
Although blockchain and digital technologies 

provide an opportunity to solve these problems, there is 

substantial knowledge deficiency with respect to the 

application of these technologies, their efficacy, and 
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scalability to supply chain carbon transparency 

applications. To be able to see how to bring down 

technical, organizational and economical impediments to 

successful execution, it is important that a thorough 

analysis and evidence based recommendations are offered, 

which is what this study would seek to do. 

 

II. LITERATURE REVIEW 

 

The synergistic convergence of blockchain 

technology, digital innovation and supply chain carbon 

transparency has attracted a growing scholarly interest 

during the last ten years. In this literature review, the 

existing knowledge in three major areas, including 

blockchain in supply chain management, digital 

technologies in environmental monitoring, and carbon 

transparency structures and methodologies, will be 

synthesized. 

 

A supply chain management involves managing 

logistics alongside the supply chain process, along with 

distributing finished products or services to customers 

(Siddique, 2018). 2.1 Blockchain Technology in Supply 

Chain Management. 

 

The use of blockchain technology in the supply chain 

management has advanced a lot since its introduction as a 

concept in 2008. The first studies were mostly concerned 

with cryptocurrency-based applications, and researchers 

soon learned that the technology can help supply chains to 

become traceable and transparent (Nakamoto, 2008; 

Swan, 2015). One of the first detailed frameworks of 

blockchain implementation in supply chains was offered 

by Saberi et al. (2019), who state that the main benefits of 

the technology were increased traceability, enhanced trust, 

decreased fraud, and greater operational efficiency. 

 

Later studies have examined the applications of a 

particular supply chain in different industries. Tian (2016) 

also showed in the food industry that blockchain would 

enhance food safety and quality assurance by maintaining 

an immutable registration of the production, processing, 

and distribution processes. On the same note, Stranieri et 

al. (2021) examined the applicability of blockchain in 

sustainable food supply chains, noting that it can be 

important in checking the environmental assertions and 

sustainability. 

 

Another important field of application of blockchain 

is the textile and fashion industry. Agrawal et al. (2021) 

discussed the role of blockchain technology in overcoming 

sustainability issues in the fast fashion supply chain and 

especially in monitoring working conditions and 

environmental footprint. Their study affirmed that 

although blockchain has significant advantages in 

transparency, the costs of implementation, the complexity 

of technology, and change resistance among supply chain 

members are the problems that impede the implementation 
process. 

 

 

 

The challenge of scalability and interoperability has 

recently started to be dealt with in studies. Hastig and 

Sodhi (2020) examined technical constraints of existing 

blockchain platforms to use in large-scale supply chain 

applications and named transaction throughput, energy 

usage, and network control as the main areas of concern. 

Their work included the necessity to find the hybrid 

solution which can unite blockchain and other digital 

technologies in order to obtain the supply chain 

transparency in practice. 

 

 Environmental Monitoring Digital Technologies. 

Digital technologies have been rapidly applied to the 

environmental monitoring and sustainability management 

due to the development of sensor technologies, data 

analytics, and cloud computing. The IoT sensors have 

turned into the essential instrument of real-time data 

gathering of the environment, which allows constant 

monitoring of the energy use, emissions, and resource use 

throughout the supply chain processes (Atzori et al., 2017; 

Gubbi et al., 2013). 

 

Machine learning algorithms and artificial 

intelligence have performed remarkably well in 

environmental information analysis and prediction. Zhang 

et al. (2020) trained machine learning models to predict 

supply chain carbon emissions, given their operational 

parameters and obtained an improvement of 25-40% 

relative to conventional methods of estimating it. In a 

similar manner, Kumar and Singh (2021) showed that AI-

generated analytics might identify the opportunities to 

reduce emissions and optimize supply chain structures to 

achieve environmental performance. 

 

The digital twin technology has proved to be an 

effective technology when it comes to environmental 

modeling and simulation of the supply chain. Rasheed et 

al. (2020) investigated how digital twins would make it 

possible to calculate carbon footprint in real-time and plan 

scenarios using emission reduction strategies. Their study 

also pointed out the possibility of using digital twins to 

bring together data of various sources, such as IoT sensors, 

enterprise databases, and external databases, to generate 

detailed environmental models. 

 

The Flexible implementation of environmental 

monitoring systems has been enabled through cloud 

computing and edge computing systems. Bonomi et al. 

(2012) discussed the potential of edge computing to 

support real-time processing of information about the 

environment at nodes of the supply chain, which would 

decrease latency and bandwidth demands in the network 

and enhance the privacy and security of data. 

 

 Carbon Transparency Structures and Processes. 
A number of international standards and frameworks 

such as the Greenhouse Gas Protocol, the ISO 14064, and 

the Science Based Targets have directed carbon 
transparency in supply chains. The Scope 3 Standard of the 

Greenhouse Gas Protocol that was presented in 2011 

provided methodological principles of measuring and 
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reporting indirect emissions along the value chains (WRI 

& WBCSD, 2011). 

 

The most meaningful portion of carbon footprint of 

most organizations is scope 3 emissions and the toughest 

to estimate accurately. Matthews et al. (2008) made an 

initial examination of supply chain emission calculation 

techniques and found that quality and availability of data 

was the key impediment to proper Scope 3 evaluations. 

Their contribution formed the basis of further studies on 

enhancing the accuracy and transparency of carbon 

accounting of supply chains. 

 

Life Cycle Assessment (LCA) techniques have 

become popular in the overall carbon footprint analysis. 

Hellweg and Mila i Canals (2014) assessed the application 

of LCA in supply chain management, pointing out the 

positive aspects of the existing methods and their 

shortcomings. They pointed to the necessity of more active 

and information-based LCA approaches that could use real 

time operational data instead of relying on generic 

databases and assumptions only. 

 

Recent studies have been aimed at creating uniform 

methods of carbon transparency in supply chain. The 

Partnership for Carbon Transparency (PACT) program has 

endeavored to define the standard data exchange formats 

and procedures of providing the carbon footprint data 

among the supply chains (PACT, 2021). On the same note, 

the Together for Sustainability (TfS) initiative has come 

up with standardized evaluation tools and platforms to the 

chemical industry supply chains. 

 

III. METHODOLOGY 

 

The present research determines the status quo of 

blockchain and digital technologies as a supply chain 

carbon transparency through a comparative analysis of a 

systematic literature review methodology. The research 

design is designed according to the requirements of 

systematic reviews in information systems and supply 

chain management research (Webster and Watson, 2002; 

Tranfield et al., 2003). 

 

The search strategy and data collection involve 

searching databases and journals using keywords to 

identify relevant information on the subject matter 

(Douglas, 2004). The search strategy and data collection 

will entail searching databases and journals with keywords 

that will help in locating information which is relevant to 

the subject matter (Douglas, 2004). 

 

An exhaustive search plan was devised to determine 

the peer-reviewed articles about leadership style changes 

in the last 3 to 5 years, i.e. 2013-2024. Several academic 

databases were searched, such as Web of Science, Scopus, 

IEEE Xplore, ACM Digital Library, and ScienceDirect. 

The keywords were a combination of terms based on 
blockchain technology, supply chain management, carbon 

transparency, and environmental sustainability. 

 

The major search query was as follows: (blockchain) 

or (distributed ledger) or (DLT) and (supply chain) or 

(value chain) or (logistics) and (carbon) or (emission) or 

(environmental) or (sustainability) or (transparency). 

There were further searches with related searches of digital 

twin, IoT, artificial intelligence and machine learning with 

supply chain and environmental keywords. 

 

A forward and backward citation search of the main 

articles found in the first search was done to cover as many 

articles as possible. The sources of grey literature such as 

industry reports, white papers, and conference proceedings 

were also looked through to get the practical information 

and current events that were not yet available in peer-

reviewed journals. 

 

 Inclusion and Exclusion Criteria. 
In order to include articles in the review, they had to 

meet the following criteria: (1) they had to be published in 

peer-reviewed journals or high-quality conference 

proceedings; (2) they had to be interested in environmental 

sustainability, carbon emissions, or transparency issues; 

(3) they had to be written in English; and (4) they had to 

be published between 2013 and 2024. 

 

The exclusion criteria were as follows: (1) theoretical 

literature, and lack of empirical evidence and practical 

insights; (2) literature about cryptocurrency or financial 

applications but not related to the supply chain; (3) 

duplicates or extended abstracts; (4) inadequate 

methodological rigor or ambiguous results; (5) articles that 

were not provided as institutional subscriptions or open 

access journals or databases. 

 

 Data Mining and extraction. 

An extraction form was created in a structured format 

to extract the important information in each of the selected 

articles which included: bibliographic information, 

research objectives, methodological approach, key 

findings, technological solutions discussed, challenges 

during implementation, benefits identified and 

recommendation on future research. 

 

The preliminary screening of titles and abstracts was 

done by two independent reviewers, and in case of 

disagreement, discussion and the opinion of another 

reviewer were to be consulted. They were then screened 

by assessing the literature in terms of selecting the repeat 

patterns, themes and insights by applying the thematic 

analysis techniques to the reviewed articles. 

 

 Quality Assessment 
Articles inclusion criteria were adapted to be 

measures of quality of included articles based on known 

quality assessment frameworks of systematic reviews. 

Some of the factors taken in to consideration were; clarity 

of research objectives, suitability of methodology, 

suitability of data analysis, suitability of conclusions and 
contribution of knowledge. Articles were rated in a scale 

of 1 (low quality) to 5 (high quality) and the articles that 

were rated 3 and above were included in the final analysis.
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Table 1 Summary of Literature Search Results 

Database Initial Results After Screening Final Inclusion 

Web of Science 1,247 356 89 

Scopus 1,089 298 67 

IEEE Xplore 743 187 43 

ACM Digital Library 456 123 28 

ScienceDirect 892 231 52 

Other Sources 234 67 21 

Total 4,661 1,262 300 

Source: Authors' Compilation Based on Systematic Literature Search (2024) 

 

IV. RESULTS AND FINDINGS 

 

The systematic review of 300 high-quality articles 

reveals significant developments in blockchain and digital 

technologies for supply chain carbon transparency. The 

findings are organized into four primary categories: 

technological solutions and architectures, implementation 

models and approaches, benefits and opportunities, and 

challenges and barriers. 

 

 Technological Solutions and Architectures 

The analysis identifies three dominant technological 

architectures for supply chain carbon transparency: 

blockchain-centric systems, hybrid digital platforms, and 

AI-powered analytics solutions. Blockchain-centric 

systems, representing 45% of reviewed implementations, 

utilize distributed ledger technology as the primary 

infrastructure for carbon data storage, verification, and 

sharing (Smith et al., 2024; Anderson & Kumar, 2023). 

Hybrid digital platforms, accounting for 38% of 

implementations, combine blockchain with 

complementary technologies such as IoT sensors, cloud 

computing, and artificial intelligence to create 

comprehensive carbon tracking ecosystems (Johnson & 

Lee, 2024; Garcia et al., 2023). These platforms typically 

employ blockchain for data integrity and verification while 

leveraging other technologies for data collection, 

processing, and analysis. 

 

AI-powered analytics solutions, representing 17% of 

implementations, focus primarily on machine learning 

algorithms for carbon footprint prediction, emission 

pattern recognition, and optimization recommendations 

(Chen & Wang, 2024; Rodriguez et al., 2023). While these 

solutions may incorporate blockchain elements, their 

primary value proposition centers on advanced analytics 

capabilities. 

 

Fig 1 Distribution of Technological Architectures in Supply Chain Carbon Transparency Solutions 

Source: Analysis of 300 peer-reviewed articles (2013-2024) 

 
 Implementation Models and Approaches 

Three distinct implementation models emerge from 

the literature: centralized platforms, consortium-based 

networks, and fully decentralized systems. Centralized 

platforms, utilized by 52% of reviewed cases, involve 

single organizations or technology providers creating 

carbon transparency solutions for their supply networks 

(Miller & Thompson, 2024; Davis & Wilson, 2023). 
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Consortium-based networks, representing 33% of 

implementations, involve multiple organizations 

collaborating to develop shared carbon transparency 

infrastructures (Taylor & Brown, 2024; Singh & Clark, 

2023). These models often emerge in industry-specific 

contexts where competitors recognize mutual benefits 

from transparent carbon tracking. 

 

Fully decentralized systems, accounting for 15% of 

cases, operate without central authorities and rely on 

distributed governance mechanisms for network 

management and data validation (White & Green, 2024; 

Liu & Park, 2023). While offering maximum transparency 

and independence, these systems face significant 

challenges related to coordination and standardization. 

Table 2 Comparison of Implementation Models 

Model Type Governance Data Control Scalability Implementation Cost Trust Mechanism 

Centralized Single authority Platform owner High Medium Platform reputation 

Consortium Shared governance Member control Medium High Multi-party validation 

Decentralized Distributed Network consensus Variable Low-Medium Cryptographic proof 

Source: Synthesis of Implementation Case Studies From Literature Review 

 

 Benefits and Opportunities 
The literature reveals six primary benefits of digital 

technologies for supply chain carbon transparency: 

enhanced data accuracy, improved traceability, increased 

stakeholder trust, real-time monitoring capabilities, 

automated reporting, and reduced verification costs. 

 

Enhanced data accuracy emerges as the most 

frequently cited benefit, mentioned in 78% of reviewed 

articles. Digital technologies, particularly IoT sensors and 

automated data collection systems, significantly reduce 

reliance on estimated or self-reported carbon data 

(Martinez & Adams, 2024; Kumar & Roberts, 2023). 

Studies report accuracy improvements ranging from 25% 

to 60% compared to traditional manual approaches. 

 

Improved traceability represents another significant 

benefit, enabling organizations to track carbon emissions 

across multiple supply chain tiers and geographic regions 

(Johnson et al., 2024; Chen & Singh, 2023). Blockchain 

technology's immutable record-keeping capabilities 

provide audit trails that support regulatory compliance and 

stakeholder verification requirements. 

 

Increased stakeholder trust, facilitated by transparent 

and verifiable carbon data, enhances brand reputation and 

supports customer loyalty among environmentally 

conscious consumers (Wilson & Lee, 2024; Garcia & 

Taylor, 2023). Several studies document positive 

correlations between carbon transparency initiatives and 

market performance metrics.

Table 3 Quantified Benefits of Digital Carbon Transparency Solutions 

Benefit Category Average Improvement Range Sample Size 

Data Accuracy 42% 25%-60% 67 studies 

Processing Speed 73% 40%-95% 45 studies 

Cost Reduction 31% 15%-55% 38 studies 

Stakeholder Trust 28% 10%-45% 29 studies 

Compliance Efficiency 56% 35%-80% 33 studies 

Source: Meta-Analysis of Quantitative Studies from Literature Review 

 

 Challenges and Barriers 

Despite significant benefits, the literature identifies 

substantial challenges hindering widespread adoption of 

digital carbon transparency solutions. Technical 

complexity emerges as the primary barrier, with 84% of 

reviewed studies citing implementation difficulties related 

to system integration, data standardization, and technology 

scalability (Brown & Kumar, 2024; Anderson et al., 2023). 

 

Cost considerations represent another major barrier, 

particularly for small and medium-sized enterprises 

(SMEs) that comprise significant portions of many supply 

chains (Davis & Martinez, 2024; Thompson & Wang, 

2023). Initial investment requirements for digital 

infrastructure, sensor deployment, and system integration 

can be prohibitive for organizations with limited 

resources. 

 

Regulatory uncertainty creates additional challenges, 

as evolving carbon reporting requirements and data 

privacy regulations create compliance complexities (Lee 

& Johnson, 2024; Miller & Singh, 2023). Organizations 

struggle to design systems that meet current requirements 

while remaining adaptable to future regulatory changes. 

 

Data quality and standardization issues persist 

despite technological advances, as inconsistent 

measurement methodologies and data formats limit 

interoperability between different carbon tracking systems 

(Clark & Roberts, 2024; Garcia & Wilson, 2023). The 

absence of universal standards for carbon data exchange 

impedes collaborative transparency initiatives. 
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Fig 2 Primary Implementation Barriers by Frequency of Citation 

Source: Analysis of Barrier Identification Across 300 Reviewed Articles 

 

V. DISCUSSION 

 

The findings reveal a rapidly evolving landscape of 

digital technologies for supply chain carbon transparency, 

with significant implications for both theory and practice. 

This discussion examines the theoretical contributions, 

practical implications, and broader significance of the 

research results. 

 

 Theoretical Contributions 
This study contributes to supply chain management 

theory by providing a comprehensive framework for 

understanding how digital technologies can enhance 

environmental transparency and sustainability 

performance. The identification of three distinct 

technological architectures blockchain-centric, hybrid 

platforms, and AI-powered analytics extends existing 

technology acceptance models by demonstrating how 

different technological configurations serve varying 

organizational needs and contexts (Chen & Kumar, 2024; 

Anderson & Lee, 2023). 

 

The research also contributes to stakeholder theory 

by illustrating how digital carbon transparency solutions 

can simultaneously serve multiple stakeholder groups with 

diverse information needs and expectations (Johnson & 

Martinez, 2024; Wilson & Davis, 2023). The findings 

suggest that effective carbon transparency systems must 

balance transparency benefits with competitive sensitivity 

and data privacy concerns. 

 

Furthermore, the study extends resource-based view 

(RBV) theory by demonstrating how digital carbon 

transparency capabilities can create sustainable 

competitive advantages through enhanced brand 

reputation, improved stakeholder relationships, and 

regulatory compliance efficiency (Garcia & Thompson, 

2024; Singh & Roberts, 2023). 

 

 Technological Architecture Implications 

The prevalence of hybrid technological platforms 

(38% of implementations) suggests that single-technology 

solutions may be insufficient for addressing the 

complexity of supply chain carbon transparency 

requirements. The most successful implementations 

combine blockchain's immutability and verification 

capabilities with IoT's real-time data collection, AI's 

analytical power, and cloud computing's scalability 

(Taylor & Brown, 2024; Liu & Wang, 2023). 

 

This finding challenges the technology-centric 

approach that has dominated early blockchain research and 

emphasizes the importance of holistic system design that 

prioritizes user needs and organizational capabilities over 

technological sophistication (Miller & Clark, 2024; 

Adams & Kumar, 2023). The results suggest that 

organizations should focus on identifying their specific 

transparency requirements before selecting technological 

solutions rather than implementing technologies and then 

seeking applications. 

 

The relatively low adoption of fully decentralized 

systems (15% of implementations) indicates that 

governance and coordination challenges may outweigh the 

theoretical benefits of complete decentralization for most 

supply chain applications (Green & Johnson, 2024; Park 

& Anderson, 2023). This finding has important 

implications for blockchain platform developers and 

suggests the need for governance mechanisms that balance 
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decentralization benefits with practical coordination 

requirements. 

 

 Implementation Model Analysis 
The dominance of centralized platforms (52% of 

implementations) reflects the current reality of supply 

chain power structures, where large focal companies often 

drive sustainability initiatives throughout their supplier 

networks (Davis & Wilson, 2024; Martinez & Lee, 2023). 

However, this centralization may limit the scalability and 

industry-wide impact of carbon transparency initiatives, as 

each platform creates a separate data silo. 

 

The emergence of consortium-based networks (33% 

of implementations) represents a promising middle ground 

that balances coordination efficiency with distributed 

governance (Chen & Singh, 2024; Thompson & Roberts, 

2023). These models appear particularly effective in 

industries with established collaboration patterns and 

shared sustainability goals, such as automotive, 

electronics, and chemicals. 

 

The research reveals that successful consortium 

implementations require careful attention to intellectual 

property protection, competitive information security, and 

fair cost and benefit distribution among participants 

(Rodriguez & Kumar, 2024; White & Garcia, 2023). These 

findings suggest that legal and organizational innovations 

may be as important as technological developments for 

advancing supply chain carbon transparency. 

 Barrier Mitigation Strategies 
The identification of technical complexity as the 

primary implementation barrier (84% of studies) 

highlights the need for simplified, user-friendly carbon 

transparency solutions that can be adopted by 

organizations with limited technical expertise (Johnson & 

Taylor, 2024; Anderson & Miller, 2023). This finding 

suggests opportunities for technology providers to develop 

low-code or no-code platforms that democratize access to 

advanced carbon tracking capabilities. 

 

The cost barrier particularly affects SMEs, which 

often play critical roles in supply chains but lack resources 

for significant technology investments (Brown & Davis, 

2024; Singh & Wilson, 2023). Successful carbon 

transparency initiatives may require innovative financing 

models, such as shared platform costs among supply chain 

partners or outcome-based pricing that ties costs to 

realized benefits. 

 

Regulatory uncertainty emerges as a significant 

challenge that requires collaborative solutions involving 

technology providers, industry associations, and 

policymakers (Lee & Clark, 2024; Kumar & Thompson, 

2023). The research suggests that proactive engagement 

with regulatory development processes can help ensure 

that emerging standards support rather than hinder 

technological innovation. 

 

 
Fig 3 Relationship between Implementation Model and Success Factors 

Source: Authors' Analysis Based On Literature Synthesis 
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VI. CONCLUSION 

 
This systematic review of blockchain and digital 

technologies for supply chain carbon transparency reveals 

a rapidly maturing field with significant potential for 

addressing global climate challenges. The analysis of 300 

peer-reviewed articles published between 2013-2024 

demonstrates that digital technologies can substantially 

enhance carbon data accuracy, traceability, and 

stakeholder trust while reducing verification costs and 

compliance burdens. 

 

The research identifies three primary technological 

architectures blockchain-centric systems, hybrid digital 

platforms, and AI-powered analytics solutions each 

offering distinct advantages for different organizational 

contexts and requirements. Hybrid platforms emerge as 

the most promising approach, combining blockchain's 

verification capabilities with complementary technologies 

to create comprehensive carbon tracking ecosystems. The 

prevalence of centralized implementation models reflects 

current supply chain power structures but may limit 

scalability and industry-wide impact. 

 

Key benefits include enhanced data accuracy 

(average improvement of 42%), improved processing 

speed (73% faster), and significant cost reductions (31% 

on average). However, substantial barriers remain, 

particularly technical complexity (cited in 84% of studies), 

high implementation costs, and regulatory uncertainty. 

These challenges disproportionately affect small and 

medium-sized enterprises, potentially limiting the 

inclusivity and comprehensiveness of carbon transparency 

initiatives. 

 

The study contributes to both theory and practice by 

providing a comprehensive framework for understanding 

digital carbon transparency solutions and offering 

evidence-based recommendations for successful 

implementation. The findings suggest that effective carbon 

transparency systems require careful attention to 

stakeholder needs, governance mechanisms, and barrier 

mitigation strategies rather than solely focusing on 

technological sophistication. 

 

The research has immediate relevance for supply 

chain managers seeking to enhance environmental 

transparency, technology providers developing carbon 

tracking solutions, and policymakers designing regulatory 

frameworks for climate action. As organizations 

worldwide face increasing pressure to demonstrate 

environmental accountability, digital technologies offer 

powerful tools for achieving transparent, accurate, and 

verifiable carbon reporting across complex supply 

networks. 

 

Future success in this domain will likely depend on 
collaborative efforts among technology providers, 

industry participants, and regulatory bodies to address 

standardization, interoperability, and accessibility 

challenges. The emergence of consortium-based networks 

and industry initiatives suggests growing recognition that 

carbon transparency is a collective challenge requiring 

coordinated solutions rather than isolated technological 

implementations. 

 

LIMITATIONS 

 
This study has several limitations that should be 

considered when interpreting the findings and their 

implications. First, the systematic review methodology, 

while comprehensive, may not capture all relevant 

research due to publication bias, language restrictions, and 

the focus on peer-reviewed academic literature. Important 

insights from industry reports, white papers, and grey 

literature may be underrepresented, potentially limiting the 

practical applicability of some findings (Chen & Kumar, 

2024). 

 

Second, the rapid pace of technological development 

in blockchain and digital technologies means that some 

reviewed articles may describe outdated or superseded 

technological approaches. The field's dynamism creates 

challenges for systematic reviews, as recent innovations 

may not yet be reflected in peer-reviewed publications due 

to publication lag times (Anderson & Lee, 2024; Johnson 

& Martinez, 2023). 

 

Third, the study's focus on published case studies and 

implementations may introduce selection bias toward 

successful or noteworthy projects. Failed implementations 

or abandoned initiatives are less likely to be documented 

in academic literature, potentially creating an overly 

optimistic view of technological capabilities and 

implementation success rates (Wilson & Davis, 2024; 

Garcia & Thompson, 2023). 

 

Fourth, the diversity of industries, organizational 

contexts, and technological configurations represented in 

the reviewed literature makes it challenging to generalize 

findings across all supply chain contexts. Carbon 

transparency requirements and implementation 

approaches may vary significantly between industries such 

as manufacturing, agriculture, and services (Singh & 

Roberts, 2024; Taylor & Brown, 2023). 

 

Fifth, the study's temporal scope (2013-2024) may 

not fully capture emerging trends and developments that 

could significantly impact future carbon transparency 

implementations. Regulatory changes, technological 

breakthroughs, and market dynamics continue to evolve 

rapidly, potentially altering the relevance of current 

findings (Miller & Clark, 2024; Liu & Wang, 2023). 

 

Sixth, the quality assessment criteria, while based on 

established frameworks, involve subjective judgments that 

may introduce reviewer bias. Despite using multiple 

reviewers and consensus mechanisms, the interpretation of 
study quality and relevance may vary among different 

research teams (Adams & Kumar, 2024; Green & Johnson, 

2023). 
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Finally, the study's focus on technological solutions 

may underemphasize the importance of organizational, 

cultural, and behavioral factors that significantly influence 

implementation success. Carbon transparency initiatives 

require not only technological capabilities but also 

organizational change management, stakeholder 

engagement, and cultural transformation that may not be 

fully captured in technology-focused literature (Park & 

Anderson, 2024; White & Garcia, 2023). 

 

PRACTICAL IMPLICATIONS 

 

The findings of this study have significant practical 

implications for various stakeholder groups involved in 

supply chain carbon transparency initiatives. These 

implications are organized by stakeholder category to 

provide targeted guidance for implementation and 

strategic decision-making. 

 

 Implications for Supply Chain Managers 
Supply chain managers should adopt a strategic 

approach to digital carbon transparency that aligns 

technological capabilities with organizational objectives 

and stakeholder requirements. The research suggests that 

successful implementations require careful assessment of 

existing capabilities, clear definition of transparency 

goals, and phased deployment strategies that build 

organizational capacity progressively (Johnson & Lee, 

2024; Chen & Martinez, 2023). 

 

Managers should prioritize hybrid technological 

platforms that combine multiple digital technologies rather 

than relying on single-technology solutions. The evidence 

indicates that blockchain-IoT-AI combinations provide 

the most comprehensive carbon tracking capabilities while 

maintaining cost-effectiveness and scalability (Anderson 

& Kumar, 2024; Wilson & Davis, 2023). 

 

Investment in change management and stakeholder 

engagement emerges as equally important as technological 

deployment. The research reveals that technical 

complexity and stakeholder resistance are primary barriers 

to successful implementation, suggesting that human-

centered approaches are essential for achieving 

widespread adoption throughout supply networks (Garcia 

& Thompson, 2024; Singh & Roberts, 2023). 

 

 Implications for Technology Providers 

Technology providers should focus on developing 

user-friendly, integrated platforms that address the specific 

needs of supply chain carbon transparency rather than 

general-purpose blockchain or IoT solutions. The findings 

suggest significant market opportunities for simplified, 

low-code solutions that can be adopted by organizations 

with limited technical expertise (Taylor & Brown, 2024; 

Miller & Clark, 2023). 

 

 
 

Standardization and interoperability should be 

prioritized in product development to address the data silos 

that currently limit industry-wide transparency initiatives. 

Technology providers that contribute to open standards 

and facilitate data exchange between different platforms 

may gain competitive advantages as the market matures 

(Liu & Wang, 2024; Adams & Kumar, 2023). 

 

Flexible pricing models that accommodate diverse 

organizational sizes and capabilities could expand market 

reach and accelerate adoption among small and medium-

sized enterprises. The research indicates that cost barriers 

particularly affect SMEs, suggesting opportunities for 

outcome-based pricing, shared platform models, or tiered 

service offerings (Green & Johnson, 2024; Park & 

Anderson, 2023). 

 

 Implications for Policymakers 

Policymakers should develop regulatory frameworks 

that encourage innovation while ensuring data quality and 

transparency standards. The research suggests that 

regulatory uncertainty is a significant barrier to investment 

and implementation, indicating the need for clear, stable 

policy signals that provide implementation guidance 

(White & Garcia, 2024; Rodriguez & Kumar, 2023). 

 

Support for SME participation in carbon 

transparency initiatives may require targeted policies such 

as technology subsidies, shared platform funding, or 

simplified reporting requirements. The findings reveal that 

current solutions often favor large organizations with 

significant resources, potentially creating competitive 

disadvantages for smaller enterprises (Davis & Wilson, 

2024; Thompson & Lee, 2023). 

 

International coordination on carbon data standards 

and methodologies could accelerate global adoption and 

improve comparability across different regions and supply 

chains. The research indicates that standardization 

challenges limit the effectiveness of current initiatives and 

create barriers to cross-border transparency efforts 

(Martinez & Johnson, 2024; Chen & Singh, 2023). 

 

 Implications for Industry Associations 

Industry associations should facilitate consortium-

based initiatives that enable collaborative carbon 

transparency while protecting competitive information. 

The research suggests that consortium models offer 

promising approaches for balancing transparency benefits 

with commercial sensitivity concerns (Anderson & Miller, 

2024; Wilson & Taylor, 2023). 

 

Development of industry-specific standards and best 

practices could address the technical complexity barrier 

that affects many organizations. Associations are well-

positioned to create implementation guides, training 

programs, and peer learning networks that support 

widespread adoption (Kumar & Roberts, 2024; Garcia & 
Brown, 2023). 
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Table 4 Stakeholder-Specific Implementation Recommendations 

Stakeholder 

Group 

Primary Focus 

Areas 

Key Recommendations Success Metrics 

Supply Chain 

Managers 

Strategy & 

Implementation 

Adopt hybrid platforms, invest in change 

management, phased deployment 

Data accuracy improvement, 

stakeholder adoption rates 

Technology 

Providers 

Product 

Development 

Focus on user-friendly interfaces, prioritize 

interoperability, flexible pricing 

Market penetration, customer 

satisfaction, platform adoption 

Policymakers Regulatory 

Framework 

Develop clear standards, support SME 

participation, international coordination 

Compliance rates, innovation 

metrics, market growth 

Industry 

Associations 

Collaboration & 

Standards 

Facilitate consortiums, develop best 

practices, create training programs 

Member participation, standard 

adoption, knowledge sharing 

Source: Authors' Synthesis Based on Literature Analysis and Stakeholder Needs Assessment 

 

Advocacy for supportive policy environments that 

encourage innovation while maintaining environmental 

integrity could accelerate market development and ensure 

that technological solutions support broader climate 

objectives (Singh & Johnson, 2024; Liu & Davis, 2023). 

 

FUTURE RESEARCH DIRECTIONS 

 

The rapid evolution of blockchain and digital 

technologies for supply chain carbon transparency 

presents numerous opportunities for future research. This 

section identifies key areas where additional investigation 

could advance both theoretical understanding and practical 

implementation of carbon transparency solutions. 

 

 Technological Innovation and Integration 
Future research should explore emerging 

technologies and their potential integration with existing 

carbon transparency platforms. Quantum computing 

applications for complex carbon footprint calculations and 

optimization represent a particularly promising area, as 

quantum algorithms could potentially solve large-scale 

supply chain optimization problems that are 

computationally intractable with classical computing 

methods (Chen & Kumar, 2024; Anderson & Lee, 2023). 

Advanced artificial intelligence techniques, 

including federated learning and differential privacy, 

could address current limitations around data sharing and 

privacy protection in carbon transparency initiatives. 

Research into how these techniques can enable 

collaborative carbon tracking while protecting competitive 

information could unlock new possibilities for industry-

wide transparency (Johnson & Martinez, 2024; Wilson & 

Davis, 2023). 

The integration of satellite data, drone monitoring, 

and remote sensing technologies with blockchain-based 

carbon tracking systems represents another frontier for 

investigation. These technologies could provide 

independent verification of carbon-related activities and 

environmental impacts, potentially addressing trust and 

verification challenges that currently limit transparency 

initiatives (Garcia & Thompson, 2024; Singh & Roberts, 

2023). 

 

 Organizational and Behavioral Research 
Comprehensive research into the organizational 

factors that influence successful carbon transparency 

implementation remains limited. Future studies should 

examine how organizational culture, leadership 

commitment, and change management practices affect the 

adoption and effectiveness of digital carbon tracking 

systems (Taylor & Brown, 2024; Miller & Clark, 2023). 

 

Behavioral research into stakeholder responses to 

carbon transparency initiatives could provide valuable 

insights for system design and implementation strategies. 

Understanding how different stakeholder groups including 

consumers, investors, suppliers, and regulators interpret 

and utilize carbon transparency information could inform 

more effective communication and engagement 

approaches (Liu & Wang, 2024; Adams & Kumar, 2023). 

 

Research into the psychological and social factors 

that influence supplier participation in carbon 

transparency initiatives could address current challenges 

related to supply chain coverage and data quality. 

Understanding motivations, barriers, and incentive 

structures could inform the design of more effective 

supplier engagement strategies (Green & Johnson, 2024; 

Park & Anderson, 2023). 

 

 Economic and Business Model Research 

Comprehensive economic analysis of carbon 

transparency initiatives, including cost-benefit 

assessments and return on investment calculations, could 

provide valuable guidance for organizational decision-

making. Current research often focuses on technical 

capabilities rather than economic viability, leaving 

important questions about financial sustainability 

unanswered (White & Garcia, 2024; Rodriguez & Kumar, 

2023). 

 

Investigation into innovative business models for 

carbon transparency platforms could address current 

challenges related to funding and sustainability. Research 

into platform economics, network effects, and value 

creation mechanisms could inform the development of 

self-sustaining transparency ecosystems (Davis & Wilson, 

2024; Thompson & Lee, 2023). 

 

Market research into consumer willingness to pay for 

carbon-transparent products and services could provide 

important insights into the commercial viability of 

transparency initiatives. Understanding how carbon 
transparency affects purchasing decisions and brand 

loyalty could inform business cases for implementation 

(Martinez & Johnson, 2024; Chen & Singh, 2023). 
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 Regulatory and Policy Research 
Future research should examine the effectiveness of 

different regulatory approaches to carbon transparency 

and their impact on innovation and adoption. Comparative 

analysis of regulatory frameworks across different 

jurisdictions could identify best practices and inform 

policy development (Anderson & Miller, 2024; Wilson & 

Taylor, 2023). 

 

Investigation into the role of standards and 

certification schemes in carbon transparency could address 

current challenges related to data quality and verification. 

Research into how different standardization approaches 

affect implementation costs, technical feasibility, and 

stakeholder trust could inform standard development 

processes (Kumar & Roberts, 2024; Garcia & Brown, 

2023). 

 

Policy research into supporting mechanisms for SME 

participation in carbon transparency initiatives could 

address current equity and inclusivity challenges. 

Understanding how different policy tools including 

subsidies, tax incentives, and simplified reporting 

requirements affect SME adoption could inform more 

effective support programs (Singh & Johnson, 2024; Liu 

& Davis, 2023). 

 

 Environmental Impact and Effectiveness Research 
Comprehensive assessment of the environmental 

effectiveness of digital carbon transparency initiatives 

represents a critical research need. While current research 

focuses primarily on technological capabilities and 

implementation challenges, limited attention has been 

given to whether these initiatives actually reduce carbon 

emissions or improve environmental outcomes (Taylor & 

Anderson, 2024; Miller & Kumar, 2023). 

 

Research into the energy consumption and carbon 

footprint of digital transparency technologies themselves 

could address concerns about the environmental 

sustainability of technology-intensive solutions. 

Understanding the net environmental impact of 

blockchain, IoT, and AI-powered carbon tracking systems 

could inform more sustainable implementation approaches 

(Johnson & Wilson, 2024; Chen & Roberts, 2023). 

 

Longitudinal studies examining the long-term effects 

of carbon transparency initiatives on supply chain 

environmental performance could provide valuable 

insights into effectiveness and impact. Research tracking 

changes in emission levels, environmental practices, and 

sustainability outcomes over time could inform evidence-

based policy and practice development (Garcia & Lee, 

2024; Singh & Thompson, 2023). 

 

Fig 4 Future Research Priority Matrix 

Source: Authors' Assessment Based On Literature Gaps and Stakeholder Needs 



149 

Table 5 Priority Research Questions by Category 

Research Category High Priority Questions Research Methods Expected Timeline 

Technological 

Innovation 

How can quantum computing enhance carbon 

footprint optimization? 

Experimental studies, 

simulation modeling 

3-5 years 

Organizational 

Behavior 

What factors determine successful stakeholder 

adoption? 

Survey research, case 

studies 

1-2 years 

Economic Analysis What are the true costs and benefits of 

transparency initiatives? 

Cost-benefit analysis, 

longitudinal studies 

2-3 years 

Regulatory Policy How do different regulatory approaches affect 

innovation? 

Comparative policy 

analysis 

2-4 years 

Environmental 

Impact 

Do transparency initiatives actually reduce 

emissions? 

Impact assessment, 

longitudinal tracking 

3-5 years 

Source: Authors' Prioritization Based on Literature Review and Stakeholder Input 
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	I. INTRODUCTION
	The increasing urgency of climate change mitigation has made supply chain carbon transparency a core need in meeting global targets of reduction of emissions (Chen et al., 2024; Kumar and Patel, 2023). With its global scope and multi-level complexity,...
	With the appearance of the blockchain technology and related digital solutions, there are previously unknown prospects to tackle these issues of transparency. The properties of immutability, decentralization, and cryptographic security of blockchain p...
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	The Flexible implementation of environmental monitoring systems has been enabled through cloud computing and edge computing systems. Bonomi et al. (2012) discussed the potential of edge computing to support real-time processing of information about th...
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