
 

13 IV April 2025

 https://doi.org/10.22214/ijraset.2025.69880



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 13 Issue IV Apr 2025- Available at www.ijraset.com 
     

 
6552 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

Carbon Accounting: A Comprehensive Review of 
Methodologies, Applications and Future Directions 

 
Dr Ashish Saxena1, Dr Neerav Verma2 

1Associate Professor, 2Professor, School of Business, Galgotias University, Greater Noida 
 

I. INTRODUCTION TO CARBON ACCOUNTING 
A. The Growing Importance of Carbon Accounting 
Carbon accounting has become an increasingly vital tool in the global effort to mitigate climate change and foster sustainable 
development [1]. As environmental concerns escalate and the impacts of climate change become more pronounced, organizations 
across various sectors are recognizing the urgent need to understand and manage their greenhouse gas (GHG) emissions. This 
recognition stems from a growing awareness that businesses and other entities play a significant role in contributing to global 
warming, and therefore, have a responsibility to take action. Carbon accounting provides the framework and methodologies 
necessary to quantify these emissions, track their sources, and implement strategies for reduction. By adopting carbon accounting 
practices, organizations can gain valuable insights into their environmental performance, identify areas for improvement, and 
contribute to a more sustainable future. This proactive approach not only benefits the environment but also enhances an 
organization's reputation, strengthens stakeholder relationships, and ensures long-term resilience in a rapidly changing world. 
Increasing regulatory pressures and stakeholder demands are significant factors driving corporations to adopt carbon accounting 
practices [2]. Governments worldwide are implementing stricter environmental regulations, including carbon taxes, emissions 
trading schemes, and mandatory reporting requirements. These regulations compel organizations to measure, disclose, and reduce 
their carbon emissions, creating a compliance landscape that necessitates the adoption of carbon accounting methodologies. 
Furthermore, stakeholders, including investors, customers, employees, and communities, are increasingly demanding transparency 
and accountability regarding environmental performance. Investors are incorporating environmental, social, and governance (ESG) 
factors into their investment decisions, favouring companies that demonstrate a commitment to sustainability. Customers are 
seeking out eco-friendly products and services, and employees are more likely to work for organizations that prioritize 
environmental responsibility. These stakeholder expectations are compelling corporations to adopt carbon accounting practices to 
demonstrate their commitment to reducing their environmental impact and meeting the growing demands for sustainable business 
practices. 
Carbon accounting offers organizations a structured and systematic approach to measure, manage, and ultimately reduce their 
greenhouse gas (GHG) emissions [3]. By providing a framework for quantifying emissions across various scopes and activities, 
carbon accounting enables organizations to identify their primary sources of environmental impact. This understanding is crucial for 
developing targeted strategies to mitigate emissions, such as improving energy efficiency, adopting renewable energy sources, and 
optimizing supply chain operations. Moreover, carbon accounting facilitates the monitoring and tracking of emissions over time, 
allowing organizations to assess the effectiveness of their reduction efforts and make informed decisions for continuous 
improvement. This structured approach not only helps organizations achieve their sustainability goals but also enhances their 
operational efficiency, reduces costs, and strengthens their competitive advantage in a world increasingly focused on environmental 
responsibility. 
 
B. Definition and Scope of Carbon Accounting 
Carbon accounting is fundamentally about quantifying and managing greenhouse gas (GHG) emissions across various scopes, 
including Scope 1, 2, and 3 emissions [2]. Scope 1 emissions are direct emissions from sources owned or controlled by the 
organization, such as emissions from combustion in owned or controlled boilers, furnaces, vehicles, and processes. Scope 2 
emissions are indirect emissions from the generation of purchased electricity, heat, or steam consumed by the organization. Scope 3 
emissions encompass all other indirect emissions that occur in the organization's value chain, including emissions from suppliers, 
transportation, and the use and disposal of products. By accounting for emissions across these three scopes, organizations gain a 
comprehensive understanding of their carbon footprint and can identify the most significant areas for reduction.  
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This holistic approach ensures that efforts to mitigate climate change are targeted and effective, leading to meaningful reductions in 
overall GHG emissions. 
The field of carbon accounting encompasses a wide range of activities, including the measurement, calculation, monitoring, and 
reporting of GHG emissions at organizational, process, product, or supply chain levels [4]. At the organizational level, carbon 
accounting involves quantifying the total GHG emissions from all of the organization's operations and activities. At the process 
level, it focuses on measuring emissions from specific processes or activities within the organization, such as manufacturing, 
transportation, or energy consumption. Product-level carbon accounting involves assessing the GHG emissions associated with the 
entire life cycle of a product, from raw material extraction to disposal. Supply chain carbon accounting extends the analysis to 
include emissions from all of the organization's suppliers and customers, providing a comprehensive view of the environmental 
impact across the entire value chain. By encompassing these various levels, carbon accounting provides organizations with the 
detailed information needed to identify emission hotspots, implement targeted reduction strategies, and track progress towards 
sustainability goals. 
Carbon accounting represents a new accounting paradigm that focuses on ecological-based economic transactions, and it is also 
known as carbon cost management [5]. Traditional accounting systems primarily focus on financial performance, often overlooking 
the environmental and social costs associated with economic activities. Carbon accounting, on the other hand, integrates 
environmental considerations into the accounting framework, recognizing that carbon emissions represent a real cost to society and 
the environment. By quantifying and managing these costs, carbon accounting enables organizations to make more informed 
decisions that balance financial performance with environmental responsibility. This paradigm shift is essential for promoting 
sustainable development and ensuring that economic activities are aligned with the long-term health of the planet. 
 
C. Objectives and Structure of the Review 
This review aims to provide a comprehensive overview of carbon accounting methodologies, applications, and future research 
directions [6]. By synthesizing the existing literature and highlighting key trends and developments, this review seeks to offer a 
valuable resource for researchers, practitioners, and policymakers interested in the field of carbon accounting. The review will cover 
a wide range of topics, including the historical evolution of carbon accounting, the various methodologies used to quantify GHG 
emissions, the standards and frameworks that guide carbon accounting practices, and the applications of carbon accounting in 
different sectors. In addition, the review will identify the challenges and barriers to carbon accounting implementation and explore 
the role of technology in enhancing carbon accounting processes. Finally, the review will discuss the future directions of carbon 
accounting research, highlighting the key areas where further investigation is needed to advance the field and promote more 
sustainable business practices. 
This review examines the effectiveness of carbon accounting as a strategic tool for reducing corporate carbon footprints and driving 
sustainable business practices [2]. By analyzing empirical studies and case analyses, the review will assess how carbon accounting 
influences environmental strategies, decision-making, and overall emissions reduction in various sectors. The review will also 
explore the potential benefits of integrating carbon accounting into broader environmental management systems, such as improved 
access to green financing, enhanced operational efficiency, and stronger market positioning. By providing a critical evaluation of the 
effectiveness of carbon accounting, this review aims to inform organizations about the value of adopting carbon accounting 
practices and guide them in implementing effective strategies for reducing their environmental impact. 
The review explores the challenges and opportunities in implementing carbon accounting frameworks, particularly in emerging 
markets and small and medium-sized enterprises (SMEs) [3]. Emerging markets often face unique challenges in implementing 
carbon accounting, such as limited data availability, inadequate regulatory frameworks, and a lack of technical expertise. SMEs, on 
the other hand, may struggle with the financial and technical constraints associated with adopting carbon accounting practices. By 
examining these challenges and identifying the opportunities for overcoming them, this review seeks to provide guidance for 
organizations in emerging markets and SMEs to effectively implement carbon accounting frameworks and contribute to global 
efforts to mitigate climate change. The review will also highlight the role of policy support, technological advancements, and 
industry collaborations in facilitating widespread adoption of carbon accounting practices in these contexts. 
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II. EVOLUTION OF CARBON ACCOUNTING RESEARCH 
A. Historical Development of Carbon Accounting 
The field of carbon accounting has undergone significant evolution since the Kyoto Agreement in 1997, progressing through distinct 
stages of development [4]. The Kyoto Protocol, an international treaty adopted in 1997, marked a pivotal moment in the global 
effort to address climate change by setting binding emission reduction targets for developed countries. This agreement created a 
new impetus for organizations to understand and manage their GHG emissions, leading to the emergence of carbon accounting as a 
specialized field of study and practice. The early stages of carbon accounting focused primarily on developing methodologies for 
measuring and reporting GHG emissions, laying the foundation for more comprehensive and sophisticated approaches in subsequent 
years. As awareness of climate change grew and the need for effective mitigation strategies became more pressing, the field of 
carbon accounting continued to evolve, adapting to new challenges and incorporating innovative technologies and approaches. 
The early stages of carbon accounting focused on the need to account for and disclose greenhouse gas-related emissions by 
industrial organizations [4]. This initial focus was driven by the recognition that industrial activities are a major source of GHG 
emissions, and therefore, industrial organizations have a significant responsibility to reduce their environmental impact. Early 
carbon accounting efforts primarily involved measuring and reporting direct emissions from industrial facilities, such as emissions 
from combustion processes and industrial processes. These efforts were often motivated by regulatory requirements, such as 
emissions trading schemes, as well as by voluntary initiatives aimed at improving corporate environmental performance. The 
development of standardized methodologies for measuring and reporting GHG emissions was a key priority during this stage, laying 
the groundwork for more comprehensive and consistent carbon accounting practices in subsequent years. 
Parallel to growing concerns about climate change, international and national policy developments have followed, shaping the 
trajectory of carbon accounting [4]. The Kyoto Protocol, as well as subsequent international agreements such as the Paris 
Agreement, have established frameworks for global climate action, setting emission reduction targets and promoting international 
cooperation. National governments have also implemented a range of policies and regulations to address climate change, including 
carbon taxes, emissions trading schemes, and renewable energy mandates. These policy developments have created a strong 
incentive for organizations to adopt carbon accounting practices, as they are essential for complying with regulatory requirements, 
participating in carbon markets, and demonstrating progress towards emission reduction targets. The evolving policy landscape 
continues to shape the trajectory of carbon accounting, driving innovation and promoting the adoption of more comprehensive and 
effective carbon management strategies. 
 
B. Key Themes and Trends in Carbon Accounting Research 
Recent research emphasizes the integration of carbon accounting into broader environmental management systems and corporate 
sustainability efforts [2]. This integration reflects a growing recognition that carbon accounting is not simply a technical exercise 
but rather a strategic tool that can be used to drive sustainable business practices. By incorporating carbon accounting into their 
environmental management systems, organizations can gain a more holistic understanding of their environmental impact and 
identify opportunities for improvement across their operations. This integration also enables organizations to align their carbon 
reduction efforts with their overall sustainability goals, creating a more cohesive and effective approach to environmental 
management. The focus on integration highlights the importance of viewing carbon accounting as an integral part of a broader 
sustainability strategy, rather than as a standalone activity. 
There is a growing focus on the measurement and disclosure of carbon emissions, with increasing attention to the accountability of 
carbon accounting practices [6]. This focus is driven by the growing demand for transparency and accountability from stakeholders, 
including investors, customers, and regulators. Organizations are increasingly expected to disclose their carbon emissions in a clear 
and consistent manner, providing stakeholders with the information they need to assess their environmental performance. In 
addition, there is growing scrutiny of the accuracy and reliability of carbon accounting data, with increasing attention being paid to 
the verification and validation of emissions reports. This emphasis on accountability reflects a growing recognition that carbon 
accounting is not simply about measuring emissions but also about ensuring that organizations are taking responsibility for their 
environmental impact and making meaningful progress towards emission reduction targets. 
Emerging trends include the use of artificial intelligence (AI) and other digital tools to enhance the accuracy and efficiency of 
carbon accounting processes [7]. AI and machine learning algorithms can automate the collection, analysis, and reporting of carbon 
emissions data, reducing the time and effort required for carbon accounting. These technologies can also improve the accuracy of 
emissions estimates by identifying patterns and anomalies in the data.  
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In addition, digital tools such as blockchain technology can enhance the transparency and traceability of carbon accounting data, 
ensuring that emissions reports are reliable and verifiable. The adoption of AI and other digital tools is transforming the field of 
carbon accounting, enabling organizations to streamline their processes, improve the quality of their data, and make more informed 
decisions about carbon management. 
 
C. Bibliometric Analysis of Carbon Accounting Literature 
Bibliometric studies reveal a significant increase in carbon accounting research, reflecting the growing importance of environmental 
issues [8]. These studies analyze the trends and patterns in academic publications related to carbon accounting, providing insights 
into the evolution of the field and the key areas of focus for researchers. The increasing number of publications on carbon 
accounting indicates a growing awareness of the importance of environmental issues and a greater emphasis on developing 
methodologies and strategies for managing carbon emissions. This trend also reflects the growing demand for carbon accounting 
expertise from organizations across various sectors, as they seek to comply with regulatory requirements, meet stakeholder 
expectations, and improve their environmental performance. 
The Science of the Total Environment is identified as a prominent journal in the field of carbon accounting, with Wang Y and 
Zhang X being recognized as prolific and impactful authors [8]. This journal is a leading publication in the environmental sciences, 
covering a wide range of topics related to environmental pollution, resource management, and sustainable development. The fact 
that The Science of the Total Environment is a prominent outlet for carbon accounting research highlights the interdisciplinary 
nature of the field, which draws on expertise from various disciplines, including accounting, environmental science, and 
engineering. Wang Y and Zhang X are recognized as leading researchers in the field of carbon accounting, with a significant 
number of publications and citations. Their work has contributed to the development of new methodologies and strategies for 
carbon accounting, as well as to a better understanding of the environmental and economic implications of carbon emissions. 
Analysis of keywords in carbon accounting articles indicates a strong focus on "carbon" and "accounting," with increasing relevance 
of "emissions" and "study" [8]. The prominence of the keywords "carbon" and "accounting" reflects the fundamental nature of the 
field, which combines the principles of accounting with the science of carbon emissions. The increasing relevance of the keywords 
"emissions" and "study" indicates a growing focus on measuring and analyzing carbon emissions from various sources, as well as 
on conducting research to improve carbon accounting methodologies and strategies. This trend suggests that the field of carbon 
accounting is becoming more data-driven and evidence-based, with a greater emphasis on using empirical research to inform policy 
and practice. 
 

III. METHODOLOGIES FOR CARBON ACCOUNTING 
A. Production-Based Accounting (PBA) 
Production-Based Accounting (PBA) offers a straightforward method for measuring carbon emissions, primarily relying on data 
associated with the physical location of production activities [9]. This approach calculates emissions based on the amount of energy 
consumed and the quantity of goods produced within a specific geographic boundary. PBA is often favored for its relative simplicity 
and the availability of production data, making it easier to implement compared to more complex methodologies. It is particularly 
useful for countries or regions that aim to track their direct emissions from industrial activities and energy production. By focusing 
on the emissions generated within their borders, policymakers can develop targeted strategies to reduce pollution and promote 
cleaner production methods. 
However, PBA has a notable limitation: it neglects consumption patterns, which can lead to carbon leakage [9]. Carbon leakage 
occurs when emissions-intensive industries relocate to regions with less stringent environmental regulations, effectively shifting the 
burden of pollution rather than reducing it overall. For instance, if a country imposes strict carbon taxes on its manufacturers, some 
companies may choose to move their production facilities to countries with lower taxes or weaker environmental enforcement. 
While the first country may report a decrease in its production-related emissions, the global total remains the same or even increases 
due to inefficiencies in the new location. Therefore, relying solely on PBA can provide an incomplete and potentially misleading 
picture of a region's true carbon footprint. 
PBA assigns responsibility for emissions to the locations where production takes place, which may not accurately reflect the 
ultimate drivers of emissions [9]. This can create a disconnect between the producers of goods and the consumers who demand 
them. For example, a country that manufactures goods for export will bear the responsibility for the emissions generated during 
production, even though the consumption of those goods occurs elsewhere.  
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This can lead to unfair attributions of responsibility and hinder the development of effective global climate policies. A more 
comprehensive approach would consider the entire supply chain, from raw material extraction to final consumption, to better 
understand the full environmental impact of goods and services. 
 
B. Consumption-Based Accounting (CBA) 
Consumption-Based Accounting (CBA) provides a more holistic view of carbon emissions by considering the entire life cycle of 
goods and services, from production to disposal [9]. This approach accounts for all the emissions associated with the consumption 
of goods and services within a specific region, regardless of where those goods and services are produced. CBA offers a more 
accurate representation of a region's true carbon footprint by capturing the emissions embedded in imported goods and subtracting 
the emissions associated with exported goods. This methodology helps to address the issue of carbon leakage and provides a more 
equitable basis for assigning responsibility for emissions. By focusing on consumption patterns, CBA can incentivize consumers 
and policymakers to make more sustainable choices and reduce their overall environmental impact. 
However, CBA faces significant challenges in data collection and requires substantial political support for successful 
implementation [9]. Collecting data on the emissions embedded in imported goods can be complex and time-consuming, as it 
requires detailed information on the production processes and supply chains of those goods. This data may not always be readily 
available, particularly for goods imported from countries with less stringent environmental reporting requirements. Furthermore, the 
implementation of CBA may face political opposition from industries that fear it could lead to increased costs or reduced 
competitiveness. Overcoming these challenges requires international cooperation, improved data sharing, and strong political 
commitment to sustainable consumption. 
CBA offers a broader perspective by including emissions associated with the consumption of goods and services, regardless of 
where they are produced [9]. This is particularly important for countries that import a large proportion of their goods, as PBA would 
underestimate their true carbon footprint. By accounting for the emissions embedded in imported goods, CBA provides a more 
complete picture of a region's environmental impact and can help to identify opportunities for reducing emissions throughout the 
supply chain. For example, a country could incentivize the consumption of goods produced using cleaner methods or impose tariffs 
on goods imported from countries with high carbon emissions. These measures can promote more sustainable production practices 
and reduce the overall environmental impact of consumption. 
 
C. Life Cycle Assessment (LCA) 
Life Cycle Assessment (LCA) is a comprehensive methodology that evaluates the environmental impacts of a product or service 
from production to disposal, providing a holistic assessment of its environmental footprint [9]. LCA considers all stages of a 
product's life cycle, including raw material extraction, manufacturing, transportation, use, and end-of-life treatment. By analyzing 
the environmental impacts at each stage, LCA can identify the most significant sources of pollution and provide insights into 
opportunities for improvement. This methodology is valuable for businesses seeking to reduce the environmental impact of their 
products and for policymakers developing regulations and standards for sustainable production and consumption. 
However, LCA needs extensive data and can be complex to implement effectively [9]. Conducting a comprehensive LCA requires 
detailed information on the energy consumption, material inputs, and emissions associated with each stage of a product's life cycle. 
This data may not always be readily available, particularly for complex products with long and intricate supply chains. Furthermore, 
the interpretation of LCA results can be subjective, as different methodologies and assumptions can lead to varying conclusions. To 
ensure the reliability and comparability of LCA results, it is essential to follow standardized methodologies and transparent 
reporting practices. 
LCA helps identify opportunities for cleaner practices and supports strategies for reducing environmental impacts throughout the 
entire life cycle of a product [9]. By pinpointing the stages with the greatest environmental impact, LCA can guide businesses in 
implementing targeted strategies to reduce pollution and improve resource efficiency. For example, if LCA reveals that the 
manufacturing stage is the most emissions-intensive, a company could invest in cleaner production technologies or switch to 
renewable energy sources. Similarly, if the transportation stage is a major contributor to emissions, a company could optimize its 
logistics and distribution network to reduce fuel consumption. By focusing on the most impactful stages of a product's life cycle, 
LCA can drive significant improvements in environmental performance. 
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IV. APPLICATIONS OF CARBON ACCOUNTING IN VARIOUS SECTORS 
A. Corporate Carbon Accounting 
Companies are increasingly adopting carbon accounting to measure and manage their GHG emissions, recognizing the strategic 
importance of understanding and mitigating their environmental impact [2]. This adoption is driven by a combination of factors, 
including regulatory pressures, stakeholder demands, and a growing awareness of the business benefits of sustainability. By 
implementing carbon accounting practices, companies can gain valuable insights into their emissions profile, identify areas for 
improvement, and develop targeted strategies to reduce their carbon footprint. This proactive approach not only helps companies to 
comply with environmental regulations and meet stakeholder expectations but also enhances their operational efficiency, reduces 
costs, and strengthens their competitive advantage. 
Carbon accounting helps identify emission hotspots and develop strategies for reducing environmental impacts, enabling companies 
to pinpoint the most significant sources of GHG emissions within their operations and value chains [10]. By analyzing their 
emissions data, companies can identify the activities, processes, and products that contribute the most to their carbon footprint. This 
information is crucial for developing targeted strategies to reduce emissions, such as improving energy efficiency, switching to 
renewable energy sources, optimizing supply chain operations, and redesigning products for lower environmental impact. By 
focusing on the areas with the greatest potential for reduction, companies can maximize the effectiveness of their carbon 
management efforts and achieve significant improvements in their environmental performance. 
Integrating carbon accounting into broader environmental management systems enhances corporate accountability and supports 
sustainability goals [2]. This integration ensures that carbon accounting is not treated as a standalone activity but rather as an 
integral part of a comprehensive sustainability strategy. By incorporating carbon accounting into their environmental management 
systems, companies can align their carbon reduction efforts with their overall sustainability goals, creating a more cohesive and 
effective approach to environmental management. This integration also enhances corporate accountability by providing a 
framework for monitoring, reporting, and verifying carbon emissions, ensuring that companies are held responsible for their 
environmental impacts and are making progress towards their sustainability targets. 
 
B. Carbon Accounting in the MICE Sector 
The meetings, incentives, conferences, and exhibitions (MICE) sector is increasingly focusing on integrating carbon accounting for 
sustainability management, driven by a growing awareness of the environmental impact of these events [12]. MICE events can 
generate significant GHG emissions due to travel, accommodation, catering, and other activities. By implementing carbon 
accounting practices, event organizers can measure and manage these emissions, identify areas for improvement, and develop 
strategies to reduce their environmental footprint. This focus on sustainability is not only environmentally responsible but also 
enhances the reputation of the MICE sector and attracts environmentally conscious attendees and sponsors. 
Mobility and accommodation are identified as dominant sources of carbon emissions in MICE events, accounting for a significant 
portion of the overall environmental impact [12]. The transportation of attendees to and from the event, as well as their 
accommodation in hotels, can generate substantial GHG emissions due to the use of fossil fuels for transportation and energy 
consumption in hotels. To reduce these emissions, event organizers can encourage the use of public transportation, promote 
carpooling, select venues that are easily accessible by public transportation, and partner with hotels that have implemented energy-
efficient practices. By focusing on these key areas, event organizers can significantly reduce the carbon footprint of their events. 
Targeted interventions in mobility and accommodation can lead to significant emission reductions and improved sustainability 
performance, demonstrating the potential for MICE events to minimize their environmental impact [12]. By implementing strategies 
such as promoting the use of public transportation, selecting energy-efficient venues, and partnering with sustainable hotels, event 
organizers can achieve substantial reductions in GHG emissions. These interventions not only benefit the environment but also 
enhance the reputation of the event and attract environmentally conscious attendees and sponsors. By adopting a proactive approach 
to sustainability management, the MICE sector can contribute to a more sustainable future. 
 
C. Carbon Accounting in Green Buildings 
Carbon accounting is being implemented in green buildings to reduce emissions and promote sustainable construction practices, 
reflecting a growing emphasis on environmental responsibility in the building sector [13]. Green buildings are designed and 
constructed to minimize their environmental impact, using sustainable materials, energy-efficient technologies, and water 
conservation measures.  
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Carbon accounting plays a crucial role in this process by providing a framework for measuring and managing GHG emissions 
associated with the construction, operation, and maintenance of green buildings. By implementing carbon accounting practices, 
building owners and managers can identify areas for improvement, track progress towards emission reduction targets, and 
demonstrate their commitment to sustainability. 
Measuring carbon emissions from electricity and water use helps identify areas for improvement, enabling building owners and 
managers to pinpoint the most significant sources of GHG emissions within their buildings [13]. Electricity and water consumption 
are major contributors to the carbon footprint of buildings, due to the energy required to generate electricity and treat water. By 
measuring carbon emissions from these sources, building owners and managers can identify opportunities to reduce energy and 
water consumption, such as installing energy-efficient lighting and appliances, implementing water conservation measures, and 
switching to renewable energy sources. This data-driven approach enables building owners and managers to make informed 
decisions about how to reduce their environmental impact. 
Trend analysis of carbon emissions supports the development of effective strategies for reducing environmental impacts in 
buildings, providing valuable insights into the effectiveness of different interventions [13]. By tracking carbon emissions over time, 
building owners and managers can assess the impact of their emission reduction efforts and identify areas where further 
improvement is needed. This trend analysis can also help to identify any unexpected increases in emissions, allowing building 
owners and managers to take corrective action promptly. By using data to inform their decision-making, building owners and 
managers can develop effective strategies for reducing the environmental impact of their buildings and contributing to a more 
sustainable future. 
 

V. CHALLENGES AND BARRIERS TO CARBON ACCOUNTING IMPLEMENTATION 
A. Data Availability and Quality 
Data availability and quality issues pose significant challenges in carbon footprint tracking, hindering the accuracy and reliability of 
carbon accounting practices [11]. Accurate carbon accounting relies on the availability of comprehensive and reliable data on 
energy consumption, material inputs, and emissions factors. However, this data is not always readily available, particularly for 
organizations with complex supply chains or operations in developing countries. Even when data is available, it may be of 
questionable quality, due to measurement errors, incomplete records, or the use of outdated emissions factors. These data limitations 
can significantly impact the accuracy of carbon footprint calculations and make it difficult to track progress towards emission 
reduction targets. 
Accurately capturing indirect emissions (Scope 3) remains a complex task, representing a significant challenge for organizations 
seeking to develop comprehensive carbon accounting practices [2]. Scope 3 emissions encompass all indirect emissions that occur 
in an organization's value chain, including emissions from suppliers, transportation, and the use and disposal of products. These 
emissions can be difficult to measure accurately, as they often involve a large number of different entities and activities. 
Furthermore, organizations may have limited control over the data and methodologies used to calculate Scope 3 emissions, making 
it challenging to ensure the accuracy and reliability of the results. Overcoming these challenges requires collaboration with 
suppliers, the development of standardized methodologies for Scope 3 emissions accounting, and the use of advanced data analytics 
techniques. 
Improving data quality and access to open carbon databases is crucial for enhancing carbon accounting accuracy, enabling 
organizations to make more informed decisions about carbon management [11]. To address the data availability and quality issues 
that hinder carbon accounting, it is essential to improve the collection, management, and sharing of carbon emissions data. This can 
be achieved through the development of standardized data collection protocols, the implementation of robust data quality control 
procedures, and the creation of open carbon databases that provide access to reliable emissions factors and other relevant data. By 
improving data quality and access, organizations can enhance the accuracy of their carbon accounting practices and make more 
informed decisions about how to reduce their environmental impact. 
 
B. Lack of Standardized Methodologies 
The absence of standardized methodologies across industries hinders comparability and consistency in carbon accounting practices, 
making it difficult to assess the relative environmental performance of different organizations [2]. Different industries may use 
different methodologies for measuring and reporting carbon emissions, leading to inconsistencies in the data and making it 
challenging to compare the performance of companies in different sectors.  
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This lack of standardization also makes it difficult to develop effective policies and regulations for carbon emissions reduction, as 
there is no common basis for measuring and comparing progress. To address this issue, it is essential to develop standardized 
methodologies for carbon accounting that can be applied consistently across different industries. 
Establishing unified carbon accounting methods, particularly in sectors like public buildings, is essential for promoting sustainable 
construction practices and reducing GHG emissions [14]. Public buildings account for a significant portion of overall energy 
consumption and GHG emissions, making it crucial to implement effective carbon accounting practices in this sector. However, 
there is currently a lack of unified carbon accounting methods for public buildings, making it difficult to assess the environmental 
performance of different buildings and develop targeted strategies for improvement. To address this issue, it is essential to establish 
standardized carbon accounting methods for public buildings that can be applied consistently across different regions and building 
types. 
Harmonized reporting frameworks are needed to improve carbon accounting accuracy and facilitate decarbonization efforts, 
enabling stakeholders to make more informed decisions about carbon management [11]. Harmonized reporting frameworks provide 
a standardized approach for disclosing carbon emissions data, making it easier for stakeholders to compare the environmental 
performance of different organizations and products. These frameworks also promote the use of accurate and reliable data, as well 
as transparent and verifiable reporting practices. By adopting harmonized reporting frameworks, organizations can enhance the 
credibility of their carbon accounting practices and build trust with stakeholders. 
 
C. Financial and Technical Constraints 
Limited financial resources and lack of technical expertise can impede the adoption of carbon accounting, especially in SMEs, 
which often lack the resources and capabilities to implement complex carbon accounting systems [3]. SMEs may struggle to afford 
the costs of hiring consultants, purchasing software, and training staff to implement carbon accounting practices. They may also 
lack the technical expertise to collect, analyze, and report carbon emissions data. These financial and technical constraints can make 
it difficult for SMEs to participate in carbon reduction efforts and contribute to a more sustainable future. 
High implementation costs and algorithmic transparency concerns also present challenges, particularly for organizations seeking to 
adopt AI-driven carbon accounting solutions [7]. AI-driven carbon accounting solutions can offer significant benefits in terms of 
accuracy, efficiency, and transparency. However, the implementation costs of these solutions can be high, particularly for 
organizations that lack the necessary infrastructure and expertise. Furthermore, there are concerns about the algorithmic 
transparency of AI-driven carbon accounting solutions, as it can be difficult to understand how these algorithms make their 
decisions. Addressing these challenges requires reducing the implementation costs of AI-driven carbon accounting solutions and 
ensuring that these algorithms are transparent and explainable. 
Providing policy support, technological advancements, and industry collaborations can facilitate widespread adoption of carbon 
accounting practices, particularly among SMEs and organizations in developing countries [3]. Policy support can include financial 
incentives, such as tax credits and grants, as well as regulatory requirements that mandate carbon accounting. Technological 
advancements can reduce the costs and complexity of carbon accounting, making it more accessible to SMEs and organizations in 
developing countries. Industry collaborations can provide a platform for sharing best practices, developing standardized 
methodologies, and building capacity for carbon accounting. By working together, policymakers, technology providers, and 
industry stakeholders can facilitate the widespread adoption of carbon accounting practices and accelerate progress towards a more 
sustainable future. 
 

VI. FUTURE DIRECTIONS AND CONCLUSION 
A. Research Gaps and Opportunities 
There is considerable potential for researchers to broaden their engagement with market-enabling, physical, and political forms of 
carbon accounting, exploring the broader implications of carbon accounting practices and their role in shaping environmental policy 
and market dynamics [19]. Future research should focus on enhancing AI model accuracy, developing explainable AI (XAI) 
frameworks, and expanding AI adoption across various industries, ensuring that these technologies are used effectively and ethically 
to promote sustainable development [18]. Further studies are needed to explore the potential in mitigation and adaptation from a 
number of perspectives, requiring support for protocol practitioners in conducting carbon accounting and promoting the 
development of innovative solutions to address climate change [20]. 
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Addressing these research gaps will require interdisciplinary collaboration among researchers, practitioners, and policymakers to 
develop new methodologies, frameworks, and tools for carbon accounting. This includes exploring the social, economic, and 
political dimensions of carbon accounting, as well as the technical aspects of measuring and reporting emissions. 
 
B. Policy Implications and Recommendations 
Accounting standards setters can start to regulate the recognition, measurement, presentations, and disclosure of carbon emissions, 
providing clear guidelines and requirements for organizations to accurately report their environmental impact [6]. Harmonizing 
international regulatory frameworks and standards is needed to empower organizations to effectively assess and reduce their carbon 
footprints, promoting consistency and comparability in carbon accounting practices across different countries and regions [21]. 
Policy recommendations emphasize the need for regulatory support, incentivization of AI adoption, and interdisciplinary 
collaboration between AI developers, sustainability experts, and policymakers, ensuring that carbon accounting is used effectively 
to drive sustainable development and mitigate climate change [18]. 
To promote the widespread adoption of carbon accounting, governments should provide financial incentives, technical assistance, 
and capacity-building programs to support organizations in implementing carbon management systems. This includes developing 
clear and consistent regulations, promoting transparency and accountability, and fostering collaboration among stakeholders. 
 
C. Conclusion: The Path Forward for Carbon Accounting 
Carbon accounting is an essential component in corporate sustainability efforts, supporting companies in achieving more 
measurable and transparent carbon reduction outcomes and contributing to a more sustainable future [2]. Continued innovation in 
carbon accounting practices, driven by technological advancements and policy support, is crucial for achieving global climate 
objectives and ensuring that organizations are effectively managing their environmental impact [1]. By leveraging carbon 
accounting, businesses and regulators can enhance sustainability leadership, ensuring long-term environmental responsibility and 
compliance with international climate standards, and promoting a more sustainable and equitable global economy [18]. 
The path forward for carbon accounting requires a concerted effort from all stakeholders to promote transparency, accountability, 
and innovation. This includes investing in research and development, developing standardized methodologies and frameworks, and 
fostering collaboration among organizations, governments, and civil society. By working together, we can ensure that carbon 
accounting is used effectively to drive sustainable development and mitigate the impacts of climate change. 
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