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Abstract

To cope with climate change, an effective reduction of greenhouse gas (GHG) emissions is necessary. An
acceleration of decarbonization still lacks an efficient way to precisely account GHG emissions. Recent
literature acknowledges the role of Information Systems (IS) research, particularly Green IS, to contribute
to decarbonization by enabling digital carbon accounting (CA). In this context, various scholars set out to
design system architectures — often focusing on the energy sector due to its large potential for
decarbonization. As research and practice lack a comprehensive overview (e.g., to develop standards), our
work aims at reducing this identified gap by providing key characteristics of digital CA system architectures
that we derive from an extensive, structured literature review and a consecutive deductive and descriptive
approach. We argue that a stronger focus on both, user and identity management and interoperable
registries, may be beneficial to foster digital CA.
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Introduction

Designing and implementing approaches for a more sustainable future and mitigating the impacts of global
climate change by accelerating decarbonization (i.e., an effective reduction of greenhouse gas (GHG)
emissions) is the societal and moral imperative of our time. While tackling this imperative is an
interdisciplinary task, literature widely recognizes the critical role of Information Systems (IS), especially
the role of Green IS, and digitalization for a sustainable future and for accelerating decarbonization
(Melville 2010; Striiker et al. 2021b). As a majority of global emissions is related to the energy sector,
causing 36,3 Gt of CO2 in 2021 (IEA 2022), decarbonizing our energy systems is a highly relevant task —
which a plethora of related research from the Green IS community illustrates, see, for example, Fridgen et
al. (2021), Watson et al. (2010), and Watson et al. (2022). Thereby, scholars have already made enormous
and interdisciplinary contributions to decarbonization by elaborating on solutions that cope with current
challenges of the energy sector, which increasingly relies on renewable energy sources, for example, by
supporting grid stability in times of increasingly fluctuating electricity generation (Bjerndal et al. 2023;
Fridgen et al. 2022; Hanny et al. 2022; Watson et al. 2022). Nevertheless, with an eye on carbon emissions
related to the energy sector, we still need to find solutions that enable and accelerate purposeful
decarbonization in this sector.
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Policy recognized and addressed this need already decades ago (e.g., by implementing Emissions Trading
Systems (ETSs), concrete emissions reduction plans following the Clean Development Mechanism, or
Guarantees of Origin for “green” electricity). Existing approaches often include a market for trading
respective rights or certificates that a variety of stakeholders can use (e.g., for compliance (reporting) or to
voluntarily offset their emissions). While these approaches already represent effective tools against climate
change, they often work with estimated or averages ex-post values for the accounting of specific carbon
emissions — highlighting the need for improving and accelerating existing solutions (Korner and Striiker),
cf. the recent scandal concerning the emissions label company Verra (Greenfield 2023). Hence, scholars
from the Green IS community have only recently recognized the need to improve decarbonization,
specifically through digital solutions such as more precise and verifiable accounting of emissions, avoidance
of carbon leakage, and providing transparency for end-users, often with a focus on the energy sector (Babel
et al. 2022; Miiller et al. 2023; Zampou et al. 2022). Currently, enterprises are facing pressure from three
sides that demand for better solutions regarding carbon accounting (CA) (Miiller et al. 2023): First, the
share of consumers that demands for insights into the GHG emissions related to products and services rises.
Second, different regulations, like the European Carbon Border Adjustment Mechanism or the recently
passed German supply chain law, demand for precise and fine-granular tracking of carbon emissions
related to products and services Third, corporate as well as private investors are shifting towards “green”
investments (e.g., based on ESG criteria (Amel-Zadeh and Serafeim 2018)) — asking for a trustworthy CA.

To enable an efficient way to manage the increasingly tremendous amount of correspondingly necessary
emission data, both researchers and practitioners suggested various, yet specific, digital system
architectures for CA (hereafter: CA architectures), predominantly focusing on the energy sector. These
architectures, which often use digital technologies like distributed ledger technologies (DLTs), possess
several shared characteristics that serve as the foundation for the implementation of digital CA. To the best
of our knowledge, literature lacks a comprehensive overview of CA architectures and their key
characteristics. Hence, this research paper aims at developing a deeper understanding of the subject and at
providing a strong basis for further research in this area by answering the following question:

What are key characteristics of digital carbon accounting system architectures in the energy sector?

To answer our research question, we derive these characteristics in a deductive and descriptive way based
on an extensive, structured literature review including an initial set of 1312 research items following the
approach of Webster and Watson (2002). Our results highlight the crucial features of CA architectures and
acknowledge that current research has made a significant contribution by emphasizing the automation of
data flows, integration, and interoperability. According to our findings, we suggest a stronger focus on
digital machine identity management and setting up digital master data registries to enable a more fine-
granular and verifiable data basis for improving digital CA. We contribute to the body of knowledge by
providing an overview of existing architectures as well as their current areas of focus as a basis for deriving
potentials for future research on digital CA.

The remainder of this paper is structured as follows: In Section 2, we provide an overview of related research
streams and corresponding literature. In Section 3, we explain our methodological approach and the
procedure while Section 4 presents our findings, including five key characteristics for CA architectures. In
Section 5, we discuss our results and outline our contributions. Lastly, we discuss the limitations of our
work and conclude in Section 6.

Background and Related Literature

To provide an overview of related literature and of the background relevant to our paper, we briefly
introduce corresponding work and research streams in the following.

Green Information Systems and Energy Informatics

The research streams on Energy Informatics and Green Information Systems (IS) share large thematic
overlaps and are considered to be highly interdisciplinary (Staudt et al. 2019; Watson et al. 2010). In
general, Green IS research analyzes, designs, and models digital solutions for a sustainable future (Melville
2010; Patel et al. 2019). The range of Green IS literature is wide and includes a variety of applications, for
example, in sustainable logistics and supply chain management (Choi et al. 2019; Reefke and Sundaram
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2018), in the mobility sector (Ketter et al. 2022), in the energy sector (Fridgen et al. 2021), for a circular
economy (Zeiss et al. 2021), or for environmental collaboration (Aoun et al. 2011). Recently, Green IS
scholars increasingly drew attention on the need for accelerating the reduction of GHG emissions (Miiller
et al. 2023; Preukschat et al. 2021; Seidel et al. 2017; Tito et al. 2021; Zampou et al. 2022).

Against this background, a variety of research focuses on the technical implementation of digital carbon
credits or similar digital assets like proofs of origin or renewable energy credits. Literature already
addresses the need for digital credit schemes that, for example, provide more transparency and traceability
for organizations (see, for example, Chakraborty et al. (2022)) and end-users (see, for example, Rosado da
Cruz et al. (2020)) or address regulatory issues like privacy (see, for example, Babel et al. (2022)). Green IS
also elaborates on the potentials of digital technologies in carbon markets for better identity management
as well as rising efficiency, (e.g., through automated transactions in carbon trading via smart contracts, see,
for example, Li et al. (2021)). Green IS furthermore emphasizes the need for architectures and frameworks
in this area, see, for example, Ning et al. (2022) for electricity trading or Al Sadawi et al. (2021) for emission
trading.

Carbon Accounting and Digital Measurement, Reporting, and Verification

Policymakers around the world established various guidelines for decarbonization across various areas and
sectors, for example, the Kyoto Protocol and the Paris Agreement (UNFCCC 1997, 2015). Policymakers
implemented these two frameworks via different (sub-) national and international laws and policies, such
as various ETSs, and respective regulations for CA. GHG accounting or CA can be defined as “the
recognition, the non-monetary and monetary evaluation and the monitoring of greenhouse gas emissions
on all levels of the value chain and the recognition, evaluation and monitoring of the effects of these
emissions” (Stechemesser and Guenther 2012). CA appears on different scales where correspondingly
different standards apply (Damsg et al. 2016; Stechemesser and Guenther 2012): On the territorial scale,
CA includes all emissions within a specific geographic area, such as a country. In this case, the relevant
standard would be the guidelines for national GHG inventories of the International Panel on Climate
Change (IPCC) (IPCC 2019). Entity scale CA refers to emissions related to entities like companies or
organizations (Damsg et al. 2016). The GHG protocol provides the most widely used standards on this scale.
GHG accounting on project scale includes the emissions of specific projects (e.g., for emissions offsetting)
(Damsg et al. 2016). The relevant standards here differ according to the markets. In compliance markets,
the Clean Development Mechanism of the Kyoto protocol sets the boundaries. In voluntary carbon markets,
participants can use various standards.

CA is often associated with monitoring, reporting, and verification (MRV) (Kérner and Striiker; Woo et al.
2020). In this context, monitoring refers to the measurement or estimation of GHG emissions and
reporting includes the aggregation, recording, and reporting of GHG emissions to authorities, while
verification means a third-party assessment of compliance according to specific guidelines (Bellassen and
Stephan 2015). Hence, we note that there is a difference between accounting and MRV. However, since the
two terms are closely related and not always strictly separated in literature, we include papers focusing on
both, CA and MRV, in our literature review.

Distributed Ledger Technologies and Blockchain

As we outline in the following, all papers that result from our literature review discuss at least once
blockchain (BC) technology or related distributed ledger technologies (DLTs). Accordingly, we give a very
brief overview of the relevant details in this paragraph: BC technology does not rely on an intermediary to
manage and share data or transactions. Instead, it uses a network of nodes that work together to verify and
record information. BCs represent a distributed ledger that can record transactions securely and
transparently. The specific data on the BC is encrypted and once saved it cannot be changed or deleted. BC
has many use-cases, from digital currency to supply chain management and authentication in the energy
sector (Korner et al. 2022; Nakamoto 2008). As literature illustrates, BC and other DLTs are considered a
key enabler of sharing and managing sensitive data in digital ecosystems in the context of CA. While
centralized systems represent a single point of failure, the use of cryptographic algorithms in decentralized
systems such as DLTs may provide additional security (Beck et al. 2018). Hence, they may offer a solution
for building a secure, transparent, and collaborative platform and a way to increase data security and trust.
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The brief overview of related literature results in three key conclusions: First, as the multiplicity of current
literature on CA in the Green IS and Energy Informatics community indicates, IS research can and should
further contribute to this topic. Second, CA is a highly interdisciplinary field, bringing together experts from
various communities, such as business sciences, policy, finance, and IS. Third, despite the considerable
body of research in this field, a significant research gap remains, as there is no comprehensive overview of
system architectures for CA and their respective key characteristics. This research gap highlights the need
for further investigation in this area, which is the primary focus of our study.

Methodological Approach

The aim of our paper is to present key characteristics of current CA architectures. To achieve this, we first
perform an extensive, structured literature review. Subsequently, we extract their corresponding key
characteristics in a deductive and descriptive way. To perform a structured literature review and find
relevant research papers in a comprehensive and holistic way, we follow the well-known concept of Webster
and Watson (2002). Considering the interdisciplinarity of CA, we conduct the initial search in various
databases, especially covering environmental, economic, and IS topics (cf. Table 1). We search for the string
(digital OR data OR cloud) AND (architecture OR ecosystem) AND (GHG OR “greenhouse gas” OR carbon
OR CO2 OR emission) AND (account OR trac* OR trad* OR market) in the abstract search in the
Association for Computing Machinery (ACM) Digital Library, Association for Information Systems (AIS)
eLibrary, Business Source Premier (BSP), Econbiz (EB), Institute of Electrical and Electronic Engineers
(IEEE) Xplore Digital Library, JSTOR, Web of Science (WoS) Core Collection, and Wiley Online Library. In
ScienceDirect (SD), only a maximum of eight Booleans (AND, OR, NOT), no wildcards (*), and no dedicated
abstract search are supported. Hence, we search for (architecture OR ecosystem) AND (carbon OR
emission) AND (account OR track) AND (digital OR data OR cloud) in the title, abstract, and keywords.
Across all ten databases, we limit our search to literature published from 2018 to 2023 due to the rapid
development of the subject of digital architectures for CA. After seeking out non-English and non-accessible
literature, we sort out hits by consecutively performing a title, abstract, and full-text screening (cf. Table 1).

ACM | AIS BSP | EB EI IEEE | JSTOR | SD* | WoS | Wiley |

Filters a),b) | a),c) |a)b) |a),d,|a)e |a)b)|a) a),b), | a),b), | d) -
d) e) e) d) d), e)

Initial 10 3 4 2 0] 88 11 91 999 104 1312
Title 4 0 1 0 0 40 0 8 67 2 122
Abstract 2 0 0] 0 0] 22 0 6 22 1 53
Full text 1 0 0 0] 0 6 0] 1 0] 0 8
Backward | - - - - - - - - - - 11
Forward | - - - - - - - - - - 9
Final 28

a) Journal Articles b) Conference Articles/Proceedings c) Peer-Reviewed d) Full Text Access ) Working Papers/Early Access
Table 1. Structured literature review

Following Webster and Watson (2002), we then search backwards in literature by analyzing the
bibliography of the eight relevant hits from the initial search. Afterwards, we perform a forward search to
find literature that cited the research papers that we consider relevant in the initial and backward search.
After sorting out duplicates, our structured literature review results in 28 distinct research papers about CA
architectures within the energy context.

After performing an extensive literature review, we apply a deductive and descriptive approach. To do so,
we follow the deductive method as described by Gibbs (2006), where, “a particular situation is explained
by deduction from a general statement about the circumstances”. Deductive and descriptive approaches are
widely used in IS research, see, for example, Azzouz and Sambasivam (2019) or Fominykh et al. (2016). In
line with Gibbs (2006), we start with theories and concepts that we examine. Also — as Gibbs (2006)
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suggests — we use the deductive method in tandem with data collection, in our case via an extensive,
structured literature review. We then cluster our data to derive our characteristics and describe our results.

Results

This research paper aims to derive key characteristics of CA architectures entailed in current literature to
provide an overview and guidance for both, scholars and practitioners (cf. also Table 2 below).

Integration and Interoperability

The first characteristic that we derive from the current literature is the need for interoperability of CA
architectures (Mandaroux et al. 2021; Schletz et al. 2020). The literature considers interoperability as the
ability of architectures to be integrated into existing infrastructures. An infrastructure can be defined as “all
elements of interrelated systems that provide goods and services essential to enabling, sustaining or
enhancing societal living conditions” (Da Silva and Wheeler 2017). In the case of CA, especially the
integration into existing environmental policies (e.g., EU ETS), markets (e.g., for carbon credits), and
systems (e.g., ERP-systems) is necessary for the establishment of digital architecture (Ito et al. 2022;
Khaqqi et al. 2018; Schletz et al. 2020; Wang et al. 2021; Yang et al. 2021). Hence, scholars emphasize the
need for CA architectures for interoperability to achieve the integration in existing infrastructures
(Mandaroux et al. 2021; Schletz et al. 2020; Shokri et al. 2022). While IEEE (1991) defines interoperability
as “the ability of two or more systems or components to exchange information and to use the information
that has been exchanged”, researchers point out that — for interoperability in digital CA —new systems (e.g.,
based on DLT) must not only be interoperable with other new systems, but also with legacy systems
(Mandaroux et al. 2021). Schletz et al. (2020), for example, propose a platform that aggregates and
harmonizes data from existing data sources and accounting platforms to achieve an interoperable network.

Automation of Data Flows

The second characteristic that we find is the automated handling and verification of data. Thereby, scholars
focus on various aspects regarding data flows, such as data security (Ito et al. 2022; Yang et al. 2021),
transparency (Sipthorpe et al. 2022), and storage (especially regarding big data) (Ju et al. 2022; Yang et al.
2021), as well as transaction management (e.g., enabling real-time transactions) (Hu et al. 2022). There are
also approaches to obtain data in a more precise and automated way in the first place: Here, Wang et al.
(2021), for example, mention the usage of sensor data, Schletz et al. (2020) satellite monitoring, and Babel
et al. (2022) smart meters. Sensor data can be collected over the Internet of Things and may be recorded
on a BC (Babel et al. 2023; Wang et al. 2021). Ideas also include the establishment of an international data
ecosystem: Ito et al. (2022) suggest using GAIA-X (a project that aims to establish a trustworthy data
infrastructure for Europe) as a data sharing platform in this context. We note that the automation of data
flows is among the most discussed characteristics in the literature that we analyzed. Concerning the
communication and sharing of data between entities, the respective network structure is responsible for the
communication of the nodes with each other via specific propagation protocols and data verification
mechanisms, not only within, but also between different entities, such as enterprises (Zhao et al. 2022).
Thereby, we note that the approaches in our literature review often suggest the use of peer-to-peer
networks, which do not need intermediaries, possibly resulting in cost reductions (Mandaroux et al. 2021).

Measurement, Reporting, and Verification of Emissions Data

Building on the automation of data flows, the literature acknowledges that CA architectures should be able
to measure, report, and verify emissions data. MRV refers — in accordance with our definition in this work
(cf. Section 2) — to the actual accounting parts of a respective architecture. Regarding the measurement of
emissions, scholars mainly propose BC technology due to its feature of being non-modifiable, and therefore,
representing a trustworthy, transparent system (Kim and Huh 2020). The presentation of data in the
context of MRV is defined as reporting, for which researchers also propose the use of BC technology due to
high transparency, tamper-resistance, and interoperability with other systems without a third-party
intermediary (Khaqqi et al. 2018). Our literature review illustrates that scholars widely agree that a CA
architecture needs a verification method that is transparent and trustworthy. To achieve this, multiple

Twenty-ninth Americas Conference on Information Systems, Panama, 2023 5



Digital Carbon Accounting: Characteristics of IS-Enabled System Architectures

researchers suggest the use of machine learning for the verification of data from independent data sources
(Schletz et al. 2020) — also in combination with a BC ecosystem (Babel et al. 2022; Kim and Huh 2020).

Identity and User Management

While only three of the research papers that we find in our extensive, structured literature review focus on
identity management, they emphasize its pivotal relevance by highlighting this aspect as a central part of
their architectures (Babel et al. 2022; Golding et al. 2022; Li et al. 2021). Here, identity management refers
to the handling of personal data and identities of users and machines to gain access to specific services in a
system (Bernal Bernabe et al. 2017). Researchers point out that a proper authentication of entities is a key
issue for CA architectures (Chakraborty et al. 2022). Hence, CA architectures need proper channels,
applications, and user services (i.e., user management). Scholars suggest the use of wallets — which exist in
both, BC and Self-Sovereign Identity (SSI) approaches — for users to easily access the system and, for
example, to see their emissions on their mobile devices (Chakraborty et al. 2022). Woo et al. (2020), for
example, use the Hyperledger Fabric BC platform since it allows the network starters to choose a consensus
mechanism that represents the relationships between different participants.

Governance

Finally, governance represents a key characteristic for CA architectures. It can be defined as “a generic term
for the actions of all decision-making processes that create, update, and discard the formal and informal
rules of a system” (Kim and Huh 2020). Also for questions concerning governance, scholars propose BC
technology (Al Sadawi et al. 2021). BC may adapt the governance of an architecture in such a way that there
is no central authority that inherits all decision-making power, but a decentralized governance where the
participants control the system together (Al Sadawi et al. 2021). BC governance, however, faces various
challenges, such as privacy, scalability, and slow speed (Kim and Huh 2020). Therefore, scholars reach out
to overcome this challenge, see, for example, Babel et al. (2022), who use so-called Zero-Knowledge Proofs
to cope with privacy issues, or Kim and Huh (2020), who provide a hybrid governance protocol.

# | Characteristic Description Exemplary sources

1 | Integration and Integration in existing infrastructure and Ito et al. (2022),
Interoperability interoperability with other new and legacy Khaqqi et al. (2018),

systems. Schletz et al. (2020)

2 | Automation of Gathering and processing of emissions data Babel et al. (2022),

Data Flows and communication between peers (without | Sipthorpe et al. (2022),
the need for intermediaries). Yang et al. (2021)

3 | Measurement, Precise, secure, and transparent monitoring, | Khaqqi et al. (2018),
Reporting, and reporting, and verification of emissions data. | Kim and Huh (2020),
Verification of Woo et al. (2020)
Emissions Data

4 | Identity and User | Easy and secure identification of the Chakraborty et al. (2022),
Management architecture’s machines, companies, and Rosado da Cruz et al. (2020),

individuals in combination with meaningful Woo et al. (2020)
channels, applications, and services for users.

5 | Governance Decision-making power within the Al Sadawi et al. (2021),

architecture to control the processes to a Babel et al. (2022),
certain distinct. Kim and Huh (2020)

Table 2. Key characteristics of digital carbon accounting system architectures

Discussion and Contribution

We first briefly discuss our findings and present the contribution of our study (i.e., we contribute to a deeper
understanding of digital CA that leads to the further development of research for and implementation of
corresponding CA architectures).

First, our findings illustrate that CA is a relevant topic to IS research. We identify five key characteristics
that lay the foundation for CA systems and their underlying architectures. We note that all papers mention
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BC technology at least once. The reason for this widespread focus on BC may be the various features of BCs
that the authors describe in their research papers (e.g., transparency, traceability, anonymity, and
immutability) and that may foster the verifiability of carbon emission data flows. Further, two of the most
central aspects in the context of digital CA architectures evident from the literature are the integration and
interoperability as well as the automation of data flows. In this context, the literature acknowledges that it
is necessary to provide a data structure that is tamper-resistant and transparent.

Moreover, based on our findings, we recommend that research should continue to delve more deeply into
identity management in the context of CA (resp. MRV in general) as existing literature points out the
necessity of digital identification processes that protect privacy and competition-relevant data and
credentials while ensuring verifiability at the same time. Approaches from the SSI context may provide one
possibility to cope with the need for privacy: The basic principle of SSI is the trust triangle, in which the
relationships of the involved parties are represented (Lacity and Carmel 2022; Striiker et al. 2021a). SSI
approaches may allow individuals to control their digital assets and personal data instead of relying on
central authorities, like governments or service providers. Additionally, SSI enables security of (privacy-
preserving) data and allows individuals to share (a part) of their identity data with third parties when
necessary. SSI can provide digital identities for machines or organizations, which is a central aspect of
digital CA, as researchers already acknowledge (e.g., in the context of green electricity tracking) (Babel et
al. 2022; Sedlmeir et al. 2022).

Regarding the contribution of our findings, our key characteristics advance the scholarly and practical
development of CA architectures and may help to create standards as a basis for a uniform system by
providing a sound basis for interdisciplinary research. Furthermore, the implementation of such CA
architectures may also provide benefits for enterprises seeking to improve their environmental
performance and strengthen their corporate social responsibility profile. Especially for programs like the
Carbon Border Adjustment Mechanism of the EU, verifiability and interoperability play an important role.
Based on our results, we also note that the creation of digital data registries can enhance the overall
development and performance of CA by verifying master as well as transaction data for integrating this data
in a data ecosystem. Such an ecosystem may provide a solution for sharing verified data between companies
for a more precise CA system in highly interwoven and international supply chains. A possible way to
achieve cross-organizational data sharing is specifically found in interactions with data spaces: Scholars
currently analyze data spaces at national and international level within the context of various research
projects in different sectors, especially for managing and sharing of data (Otto et al. 2022). To ensure
tamper-evident and more trustworthy (i.e., verifiable) data within data ecosystems, SSI-based identity
management may also be, among other technologies, a promising approach.

Conclusion, Limitations, and Outlook

In order to cope with climate change and the associated social, economic, and environmental risks, it is
necessary that emissions are reduced and — in order to do so — precisely accounted in all relevant sectors.
Due to its high emissions and reduction potentials, the energy sector may be the key to enable an effective
decarbonization. Against this background, various policymakers, researchers, and organizations
contributed to CA with different ideas and solutions for respective CA architectures, so far. While these
contributions are highly valuable, they are often rather case-specific, and hence, do not comprehensively
address all relevant aspects for a CA architecture. Therefore, we perform a structured literature review on
digital CA architectures, based on which we derive five key characteristics using a deductive and descriptive
approach. In total, we derive five key characteristics for CA architectures: Integration and interoperability,
automation of data flows, MRV of emissions data, identity and user management, and governance. We find
that scholars set a strong focus on the former two — pointing out the advantages of BC and related
technologies in this area (e.g., transparency and tamper-resistance), while we find literature focusing on
identity and user management to be rather scarce. Furthermore, current literature (implicitly and explicitly)
strongly emphasizes the importance of an automated and digital data collection process, especially in the
context of MRV, for enabling an improved data quality, and finally, a more precise accounting that is needed
to accelerate decarbonization. We conclude that improving digital identity management, digital registries,
and data ecosystems for cross-organizational data sharing may enhance a verifiable CA.

Our research is, of course, subject to several limitations due to the methods that we use as well as due to the
community background of the authors. First, with our focus on CA architectures in the literature review, we
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set some boundaries. Our research only contributes to a specific part of the overall research landscape of
CA and should be viewed in the overall context of literature coping with deep decarbonization. Second, we
derive the key characteristics based on a deductive, descriptive procedure. Therefore, these characteristics
stem from the ideas of current approaches in research. This means that this work merges current
considerations rather than providing entirely new ones. Moreover, our literature review focusses on the
energy sector as the sector with a significant potential for further carbon emissions reduction.

Thereby, this work provides a sound basis for future research. Scholars may evaluate our derived
characteristics, for example, by including knowledge from practitioners in the field of CA. Furthermore,
researchers may follow the recommendation we make in this work by further evaluating digital identity
management, digital registries, and data ecosystems in the context of CA. Future research may also
elaborate on the role of and options for cross-organizational data sharing that is highly relevant for CA along
supply chains. In addition, we also note that scholars may consider the relationship between a verifiable CA
and climate-related financial disclosures which we find to be highly relevant — especially with an eye to
current regulation.
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