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Title Page

Understanding the challenges of blockchain technology adoption: Evidence 
from China’s developing carbon markets 

Purpose
Blockchain is a disruptive technology that has matured to deliver robust, global, IT systems, yet 
adoption lags predictions. We explore barriers to adoption in the context of a global challenge with 
multiple stakeholders: integration of carbon markets. Going beyond the dominant economic-
rationalistic paradigm of IS innovation adoption we reduce pro-innovation bias and broaden inter-
organizational scope by using technological frames theory to capture the cognitive framing of the 
challenges perceived within the world’s largest carbon emitter: China.

Design/methodology/approach
Semi-structured interviews with 15 key experts representing three communities in China’s carbon 
markets: IT experts in carbon markets; carbon market experts with conceptual knowledge of 
blockchain, and carbon market experts with practical blockchain experience.

Findings
Perceived technical challenges were found to be the least significant in explaining adoption. 
Significant challenges in 5 areas: Social, Political Legal and Policy (PLP), Data, Organizational 
and Managerial (OM), and Economic, with PLP and OM given most weight. Mapping to frames 
developed to encompass these challenges: Nature of Technology, Strategic Use of Technology, 
and Technology Readiness resolved frame incongruence that, in the case explored, did not lead to 
rejection of blockchain, but a decision to defer investment, increase the scope of analysis and delay 
the adoption decision.

Originality/value
Increases scope and resolution of IS adoption research. Technological frames theory moves from 
predominant economic-rational models to a social cognitive perspective. Broadens understanding 
of blockchain adoption in a context combining the world’s most carbon emissions with ownership 
of most blockchain patents, detailing socio-technical challenges and delivering practical guidance 
for policymakers and practitioners.

Keywords 
Disruptive technology, IS professionals, Technology adoption, Socio-technical theory, Perception, 
Interview, Content analysis
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1 Introduction

Blockchain technology, with its distributed and decentralized architecture, has aroused 
considerable attention as a trusted infrastructure for global concerted actions amongst diverse 
stakeholders. Some of the most pressing applications are to be found at the UN where the climate 
emergency has given a focus on potential applications ranging from building national land 
registries (Marsal-Llacuna, 2020), to automating the monitoring, reporting and verification (MRV) 
process and linking heterogeneous carbon markets. Here we focus on carbon markets: a policy 
instrument to manage and mitigate emissions in an economically and environmentally efficient 
way (Newell et al., 2013) that is typically initiated at a regional/national level making a global 
solution slow to deploy and effectively closed to wider integration (Jackson et al., 2018). The 
potential for blockchain to disrupt this process and radically accelerate progress has broad support 
in both scientific literature (Khaqqi et al., 2018a; Hartmann and Thomas, 2020; Schletz et al., 2020) 
and industry reports (Macinante, 2016; Baumann, 2018; Braden, 2019; World Bank Group, 2019; 
Fuessler et al., 2020), yet no commercial-grade applications have been adopted across carbon 
markets, raising questions about how the technology adoption process is understood at this global 
scope and scale.

Adopting blockchain technology in global carbon markets is admittedly complex and contextually 
nuanced. The technology is still seen as emerging, unfamiliar and complex by many decision 
makers in carbon markets (Wamba et al., 2020) and this degree of complexity also brings with it 
a multiplicity of trade-offs that, once embedded in an architecture, may be inflexible in terms of 
operational cost, security and performance (Chukwu and Garg, 2020). Each architectural choice 
therefore can change the set of adoption considerations, ranging from adapting general purpose 
blockchains (like Ethereum) to developing specific purpose blockchains (like Bitcoin); 
configuration as either a public or private blockchain system; and even inherited regulatory 
implications, such as the disagreement between the US and Belgian financial authorities about 
whether a cryptocurrency based on Ethereum (Ether) is sufficiently different from bitcoin to need 
regulation as a security, a distinction that rests on whether a cryptocurrency has an issuer 
(McGleenon, 2022) and the type of consensus mechanism employed (Kessler and Ligon, 2023). 
Such decisions will impact the long-term viability of a solution and since carbon markets are a 
highly regulated context that exhibits different design features such as scope, rules and standards 
across countries (Jackson et al., 2018) the general importance of adoption context for a blockchain-
based solution (Kumar et al., 2020) and attention to social, organizational and regulatory factors 
(Callon et al., 1986; Sivarajah et al., 2017) have specific weight here. 

The principal aim of this paper is not to test the acceptance of a prospective blockchain solution 
but to address the research gap created by blockchain literature that focused initially on the 
technical aspects and is now exploring the socio-technical aspects and consequent implications for 
the individual, organization, and society (Janssen et al., 2020; Kamble et al., 2021). This literature, 
remains conceptual or descriptive in nature, is rarely empirically grounded (Janssen et al., 2020; 
Toufaily et al., 2021) and remains dominated by a focus on financial and supply chain applications. 
Here we capture a more nuanced understanding of the adoption challenges in carbon markets 
where alternative technical solutions exist (Macinante, 2016; Baumann, 2018; Dong et al., 2018; 
Jackson et al., 2018) by using a socio-cognitive lens to examine a case where stakeholder interests 
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are significant across the policy and practice spectrum, and acute: carbon markets within China - 
the world’s largest carbon emitter. 

Drawing on a well-established literature on technology adoption within IS research we sought to 
employ the technology frames theory (Orlikowski and Gash, 1994; Cornelissen and Werner, 2014) 
to expose different types of challenges perceived. Given the relative immaturity of blockchain 
governance that is evident among regulatory authorities even in its first application area: 
cryptocurrencies (Hallak, 2023), we focused on relevant expertise in the application area and the 
technology itself within China. After saturation, the respondents naturally fell within three groups: 
experts (in carbon markets) with conceptual blockchain knowledge (EBK), experts (in carbon 
markets) with practical experience in blockchain projects (EBP), and IT experts in carbon markets. 
We contend that capturing the cognitive framing perceived by these three groups of the challenges 
of adopting blockchain technologies within such a complex context should explain the low rate of 
adoption currently observed and enable lessons for both policymakers and practitioners to be 
derived, leading to the research questions addressed by this paper: 

1) What are the main challenges for blockchain adoption in carbon markets? 
2) How do different stakeholders perceive these challenges?

2 Literature Review

The close coupling of architectural choices about blockchain, the performance of the resulting 
system and hence the adoption decision, requires an overview of key design concepts to help 
structure the review of the blockchain adoption literature and inform the selection of a theoretical 
lens that can resolve the impact of these choices. A full review of the literature was conducted as 
part of the study and is abstracted here to allow for a greater focus on how choices lead to outcomes.

2.1 An overview of Blockchain

Blockchains are open, append-only, distributed data structures that are regulated through a peer 
consensus mechanism and secured using cryptography (Nakamoto, 2008). Blockchain’s promise 
as a disruptive technology (Iansiti and Lakhani, 2017) arises from five core characteristics: 
decentralization, immutability, transparency, strict verification, and privacy/security (Aste et al., 
2017; Beck and Müller-Bloch, 2017a) combined with the automated execution of ‘smart’ contracts 
(Buterin, 2013) that provides potential for scalable and efficient governance of globally distributed 
assets.

Transparency and trust are also design features that range from all users having equal access 
privileges and anonymity in a permissionless system such as bitcoin, to strongly permissioned 
governance structures with specific roles and responsibilities that can be made wholly private by 
a central authority (Chong et al., 2019).

Whilst the majority of current implementations are reported to be ‘permissioned’ (Toufaily et al., 
2021), these states are not dichotomies but extremes on a continuum where mapping specific 
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applications is problematic as there is no universally agreed definition that describes all 
‘blockchain’ implementations (Gaur, 2020), contributing to the regulatory challenges noted above 
for bitcoin versus Ethereum’s Ether even though they might be seen as equivalent from a user 
perspective.

As blockchain evolves to service global diverse stakeholder communities, permissionless systems 
without a central authority offer lower barriers to adoption but the speed and energy efficiency of 
the peer consensus mechanism will limit scalability and the lack of that central authority removes 
access to technical advances that might address this (Zhang et al., 2019; Alkhudary, 2020). Adding 
in a central authority to address this would then have implications for regulatory compliance in 
each territory potentially removing any benefit from a blockchain implementation. For these 
reasons, the ‘what’ and ‘how’ of a blockchain architecture has to be explored within an application 
context if adoption is to be properly understood. 

2.2 Blockchain and carbon markets

Blockchain’s support for distributed collaborations is a strength that has become aligned with 
developments in climate policy since Kyoto’s top-down approach to concerted actions was 
replaced by the more pragmatic ‘bottom up’ approach of the Paris Agreement in 2015. This set out 
to cultivate rapid and aggressive reductions in Greenhouse Gas (GHG) emissions, with Article 6 
recognizing that parties may work together in different forms such as the use of internally 
transferred mitigation outcomes (ITMO) towards their Nationally Determined Contributions 
(NDC), requiring pricing mechanisms and hence the creation of markets to efficiently manage 
these asset transfers. 

In 2017, the UNFCCC released an article on “How Blockchain Could Boost Climate Action”, 
detailing applications that included improving emission trading, facilitating clean energy trading, 
enhancing climate finance flows and better tracking and reporting of GHG emissions reduction 
(UNFCCC, 2017). Early in 2018, the UNFCCC announced the Climate Chain Coalition (CCC) 
focused on collaborations to “enhance the environmental integrity and results of blockchain 
applications for climate” (Farren, 2021). In September 2018, the Register System Administrators 
under the UNFCCC Kyoto Protocol set up a working team to evaluate the suitability of blockchain 
to enable the transfer of GHG units between registry systems in the future (Braden, 2019). In 2019, 
the World Bank’s Carbon Markets and Innovation team (CMI) developed a Climate Warehouse 
ecosystem to assess whether a decentralized digital infrastructure works for connecting climate 
markets. Their findings indicated that blockchain technology holds significant promise in meeting 
the needs of next-generation climate markets along with other disruptive technologies such as 
artificial intelligence and the internet of things (IoT) (World Bank Group, 2019). 

The attendant growth in research initiatives, and business proposals (white papers) highlighting 
the potential for blockchain to contribute to rapid, disruptive, advances across a range of climate-
sensitive initiatives gave rise to journal articles espousing prototypes and proposals for pilot 
implementations focused on technical viability but containing little reflection on the proposed use 
cases and user needs. Ironically, such articles tended to focus on applying blockchain to improve 
the operation of legacy top-down market structures (Hartmann and Thomas, 2020) whilst little 
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attention was given to using blockchain as a disruptive technology to enable the new bottom-up 
solutions discussed as part of Article 6. In the following sections, we focus on the perceived 
strengths of blockchain in relation to the performance requirements of, potentially disruptive, 
global carbon market solutions.

2.2.1 Transparency, immutability and building trust
Confidence in carbon markets should be enhanced by using blockchain to deliver a distributed 
tamper-evident transaction ledger that eliminates transaction disavowal (Aste et al., 2017), offers 
transparency to increase the accountability of carbon mitigation efforts and maintains information 
credibility (Francisco and Swanson, 2018). Existing carbon markets focus on trading carbon 
credits and offsets that represent the removal of equivalent amounts of carbon dioxide (CO2-e) 
from the atmosphere. This is simple in principle, however the process of monitoring, reporting, 
and verifying (MRV) the equivalence of carbon amounts across jurisdictions is complicated and 
vulnerable to behaviors such as free-riding (Chen, 2018). This restricts growth and integration of 
regional markets to the extent that all internal trading units are considered equal, even when they 
may not be equivalent to trades within other markets and are priced differently. In these cases a 
tonne of carbon in one market is not priced the same as a tonne of carbon in another and hence a 
blockchain ledger for carbon trading offers the potential to resolve this by recording all anticipated 
types of mitigation-related data (e.g, facility-level, projects, quantified production, and life cycle 
attributes) in a shared, globally accessible environment (Dong et al., 2018). At a global level this 
would avoid carbon leakage by allowing participants to trace all the processes and audit all the 
data, hence raising the expected cost of conducting data fraud and tax evasion (Schneider et al., 
2015; Khaqqi et al., 2018b). With data under scrutiny by a wider group of stakeholders that include 
customers, market participants are encouraged to behave responsibly and account for their actions.

2.2.2 Addressing fragmentation
The evolution of carbon markets under a Kyoto top-down approach has resulted in a fragmented 
and heterogeneous global landscape. Using blockchain to enable these markets to interoperate for 
emission trading generates many potential benefits such as fostering market liquidity, reducing 
total compliance costs, and promoting environmental technology transfer and sustainability 
(Flachsland et al., 2009; Schneider et al., 2015; Mehling et al., 2018). 

However, top-down (hard) linking of markets has been held back by many challenges, some 
relating to the price of carbon, such as harmonization of MRV provisions (Flachsland et al., 2009; 
Goers et al., 2012) and double accounting (Schneider et al., 2015; Black, 2020), and some due to 
concerns from regulators about loss of autonomy (Jaffe and Stavins, 2008; Ranson and Stavins, 
2016). Blockchain approaches do not need hard-linking for interoperation and can ‘network’ 
carbon markets without forcing legal and regulatory homogeneous standardization and 
conformance on those markets (Macinante, 2017; Jackson et al., 2018). Federating blockchain 
systems across individual carbon markets preserves the required functionality to meet existing 
territorial requirements, but also allows interoperation and data transfer between different markets 
at different levels of national and regional scope (Jackson et al., 2018). Blockchains used in this 
way support the networking of different emission trading systems, building scale for greater 
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liquidity, lower abatement cost, and to broker more mitigation discussions. This should enhance 
the effectiveness of existing ETS mechanisms and offer a development path to greater integration 
that, critically, preserves low barriers to entry and exit.

2.2.3 Automation and Efficiency
Blockchain addresses the inefficiencies and manual nature of current MRV processes that deliver 
tradeable units to the market and also reduces vectors for errors. Smart contracts (Swan, 2015) 
allow MRV processes to be automated by referencing information that is publicly available on 
outside databases, as well as data from private sources (e.g. remote sensing, satellite imagery and 
encryptions, data providers, etc.) to ensure the integrity of any and all digital assets” (Dong et al., 
2018). This can be used to create semi-automated trading platforms that not only present price 
signals to users, but also generate the carbon credits automatically making the issuance process 
much faster and simpler, reducing barriers to participation in mitigation projects. Such credits 
might also be ‘tokenized’ to improve accessibility to the carbon asset, increase its fungibility and 
thereby improve liquidity on the associated exchanges. In this case, each token holds an immutable 
record of attributes attached to a particular carbon emission asset unit and is tied to the value of a 
real-world trading unit, such as an internally transferred mitigation outcome (ITMO) (Jackson et 
al., 2017). Blockchain systems can issue these tokens and track a separate flow of information for 
a carbon asset after release, such as where and when a carbon asset is transferred across 
jurisdictions. Saraji (2021) regarded tokenization as a critical and central component of more liquid, 
transparent, accessible and standardized carbon markets.

2.3 Blockchain Adoption Research

Blockchain research was considered novel in 2013 and experienced rapid growth after 2016 (Miau 
and Yang, 2018; Dabbagh et al., 2019) at which point the scope of research expanded from 
technical design and computational performance aspects to include socio-technical elements (Beck 
and Müller-Bloch, 2017b; Beck et al., 2017a; Risius and Spohrer, 2017; Hughes et al., 2019a). 
Blockchain adoption studies remain mostly conceptual (Pazaitis et al., 2017; Francisco and 
Swanson, 2018; Zamani and Giaglis, 2018) or descriptive in nature (Catalini and Tucker, 2017; 
Ølnes and Jansen, 2017; Marsal-Llacuna, 2018) with studies grounded by empiricism rare (Janssen 
et al., 2020; Toufaily et al., 2021). 

Like traditional IT innovation adoption studies, empirical blockchain adoption research tends to 
follow the dominant paradigm (Fichman, 2004) that treats information technologies as 
organizational innovations framed within an economic-rationalistic perspective (Wang, 2009). 
The paradigm carries “a focus on factors that affect the economic returns to innovation, and the 
assumption that managers take these factors into account in a normative rational way in their 
innovation decisions” (Fichman 2004, p. 317). Multiple overlapping IT models have been used, 
including the Diffusion of Innovations (DOI) (Lu et al., 2021; Ullah et al., 2021), Technology 
Acceptance Model (TAM) (Nuryyev et al., 2020; Bracci et al., 2021), Theory of Planned Behavior 
(TPB) (Chang et al., 2020; Mazambani and Mutambara, 2020), Unified Theory of Acceptance and 
Use of Technology (UTAUT) (Queiroz and Wamba, 2019; Wong et al., 2020) and the 
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Technology-Organization-Environment (TOE) model (Dutta et al., 2020; Caldarelli et al., 2021). 
Whilst these models offer evidence-based guidance, there is insufficient consideration of social 
interactions (Isabella, 1990) and social shaping (Silva, 2007), with Fichman (2004) arguing that 
linear determinism embedded in the paradigm itself “may be reaching the point of diminishing 
returns as a framework for supporting ground-breaking research.” 

Since carbon management is principally an administrative process and blockchain adoption in 
carbon markets is still in its nascent stage (Hughes et al., 2019a; Jahir et al., 2020), we take an 
organizational-level view and confine this to the pre-adoption stage where literature related to 
radical IT such as blockchain is surprisingly scarce (Ostern et al., 2022) yet inherits a principally 
deterministic rationale (Wang, Singgih, et al., 2019).

2.4 Technological frames of reference
Technological frames of reference (TFR) relate to implicit guidelines that individuals develop to 
make sense of and assign meaning (Weick, 1979). Frames embody assumptions, expectations and 
knowledge, expressed in a symbolic form through language, visual images, metaphors, and stories. 
People from a similar group, through social interaction and negotiation, can draw a shared frame 
to construct and reconstruct their social reality (Orlikowski and Gash, 1994). This is an iterative 
process of framing and reframing that enables groups and individuals to tailor their interpretation 
of a phenomenon, generate a coherent account of it, and gain a local understanding of contextual 
uses. 

Within a structured market environment, where multiple objectives are resolved, frames reflect an 
ensemble of collectives, with each collective a community of organizations (playing a similar role 
in industry) interested in an IS innovation, and members of each community sharing similar frames 
about the innovation. This approach allows stakeholders from different organizations to share 
viewpoints on a particular IS innovation (Wang, 2009; Bui, 2015). 

In this research tradition, the reasons that people adopt a technology do not depend on the 
materiality of a technology but on how potential users interpret its features and functions, which 
in turn helps probe both the reasons for rejection and adoption. Empirical studies reported in top 
IS journals and conferences support TFR’s position as a key theoretical framework for probing 
and resolving different stakeholder viewpoints, as well as its flexibility to either inherit a validated 
frame structure as a fixed lens, focused on changes in content, or follow Davidson’s (2006) 
suggestion that frame structure might itself be revised to provide better resolution of frame content 
as well as the congruence and incongruence between frames that impacts decision processes and 
outcomes (Khalil et al., 2017; Högberg and Willermark, 2019; Seetharaman et al., 2019; Klos and 
Spieth, 2021; Murungi and Hirschheim, 2021; Criado and O.de Zarate-Alcarazo, 2022).

To explore how different groups of stakeholders perceive the challenges of an emerging 
technology using TFR, we first inherit frames that have been validated in multiple studies 
(Orlikowski and Gash, 1994; Davidson, 2002; Kaplan and Tripsas, 2008; Cornelissen and Werner, 
2014). These allow different group interpretations of capabilities and functionality to be 
characterized along a number of dimensions (Orlikowski and Gash, 1994): the ‘Nature of 
Technology’ itself; the reasons for acquiring it (‘Technology Strategy’) and the impacts associated 
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with its deployment (‘Technology in Use’). Due to the idiographic nature of TFR analysis, these 
early efforts catalyzed substantial frame domains with content in contextually bound terms. 
Similarities across settings were used by Davidson (2006, p. 27) to establish four major categories 
of frames: information technology (IT) features or attributes; potential organizational applications 
of IT; incorporating IT into work practices; and developing IT applications in organizations.

Instead of repeating the same ‘contextually bound’ approach with an expanded set of frames, 
recent TFR research encourages novel frame structures such as Khalil et al.’s (2017) exploration 
of the impacts of the shadow IT phenomenon on cloud computing adoption that introduced the ‘IT 
governance and control’ frame to resolve incongruences between business and IT managers and 
that influence on cloud deployment. 
 
Building on this work, we focus on the pre-adoption phase of a technology that has already been 
endorsed by UNFCCC and use TFR as a lens to investigate how different groups of stakeholders 
perceive the challenges of blockchain adoption in carbon markets. Rather than systematically 
following one framing research stream, we take an inductive approach to collect viewpoints from 
different stakeholders on the challenges of blockchain adoption, echoing the approach taken in 
analyzing AI technology in the public healthcare sector (Sun and Medaglia, 2019). 

Whilst blockchain technology has been officially proposed by UNFCCC as a solution to carbon 
mitigation inefficiencies (UNFCCC, 2017), technology framing provides a means to reveal experts’ 
cognition of the proposal to use blockchain in this way and provide insights for future adoption 
actions.                              

3 Research methodology

To address the research question of perceived challenges to blockchain adoption in carbon markets, 
we focus on the pre-adoption phase in China where its use is nascent, despite use in the food supply 
chain (Duan et al., 2020; Chen et al., 2021; Wu et al., 2021) and the elderly care industry (Lu et 
al., 2021) and clear alignment with government policy (Lo, 2016; Yang et al., 2018; Niizawa et 
al., 2020; Tang et al., 2020) that is grappling with being the world’s largest carbon emitter whilst 
holding the most patents related to blockchain technology in the world (Wang et al., 2020).

We employed an interpretive and exploratory approach based on qualitative data, aligning with 
earlier studies of the adoption potential of radical technologies (Biswas and Gupta, 2019; Kamble 
et al., 2019; Lohmer and Lasch, 2020) and drawing on the research team’s 25 years experience of 
working in multilateral IT research collaborations with Chinese Academy of Sciences.

The primary data include semi-structured interviews (see Appendix 1 for the interview protocol) 
with experts in carbon markets to improve our understanding of both the range of factors under 
consideration and the cause-effect connections (Hung et al., 2013; Iden et al., 2017;  Klein, 2007; 
Dew et al., 2009) within an under-investigated domain (Bogner et al., 2009). This was triangulated 
with secondary data (see Table 1) that included excerpts from public media interviews and 
presentations. 
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Table 1: Summary of Secondary Data Sources

Types of Secondary Data Number of Data Units

Blog Articles 14
Presentations 8
Interviews 4
Academic Articles 2
Whitepaper 1

3.1 Data collection

A review of carbon market developments listed by the UNFCCC (Rawhouser et al., 2018) 
identified four main stakeholder groups that are typically engaged in a standard setting process: 
government/university, nonprofit or voluntary association, for-profit, and start-ups. It may be 
inferred that such groups might also influence the development of blockchain architecture 
standards however our study is distinguished by a focus on the pre-adoption phase within China 
where not all these groups are represented. This is a recognized problem when framing research 
and, as Gregory et al. (2020) observe, identifying categories of stakeholders from a literature 
review is problematic as it inherits boundaries that may not apply, requiring a pragmatic rather 
than instrumental approach.

Sample selection and recruitment therefore comprised three steps. First, we focused on experts 
within the public domain, collating online resources (e.g., conference reports, blogs, project 
whitepapers) that discuss blockchain applications in China’s carbon markets, from which a list of 
potential candidates was extracted and a profile of their expertise used to inform interview structure. 

Second, we created a list of potential subjects by identifying key senior officers within relevant 
government agencies and trade organizations: the Ministry of Ecology and Environment of the 
People’s Republic of China (MEE), which is responsible for the supervision and administration of 
measures to deliver the national emission reduction targets and is involved in governing China’s 
carbon markets (MEE, 2018);  the Certification and Accreditation Administration of the People’s 
Republic of China (CNCA) which is responsible for research and standardization related to 
accreditation and conformity assessment (involving information system deployment standards in 
national carbon markets) (CNCA, 2015); the senior secretary at Alliance of Carbon Emissions 
Trading, China Energy Conservation Association, and senior carbon trading managers in some 
enterprises such as China National Offshore Oil Corporation (CNOOC). 

Holding these two name-lists, we leveraged the research network we had built in China over the 
last 25 years in collaboration with the Computer Network lnformation Center of the Chinese 
Academy of Sciences (CNIC-CAS) to approach these experts directly by email, phone call and in 
person, or indirectly through participation at key industry conferences or events where similar 
interests and expertise converged, allowing us to express the aim of our research and seek 
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participation. Thereafter, we sent those experts who satisfied our selection criteria an interview 
protocol and arranged an interview appointment with them. Note that whilst experts were 
identified with the help of government and regulatory officials, the pre-adoption focus of the work, 
and hence the emerging nature of official policy, meant that this particular group declined to be 
interviewed as part of this study, which meant that these two steps only surfaced seven carbon 
market experts who met our criteria. 

To maintain a consistent quality of input, we designed a set of recruiting guidelines to identify 
experts in China’s carbon markets. Three criteria (Bokrantz et al. 2017; Wang et al. 2019) were 
applied in the process of selecting carbon market experts: 1) senior position and responsibilities 
within the organization; 2) sufficient knowledge and experience within the domain; and 3) 
inclination and availability to participate. All experts invited had senior titles within the 
organization they belonged to (half were C-level executives).

Third, guided by the purposive sampling approach and data saturation (Guest et al., 2006; Francis 
et al., 2010) we utilized the snowballing technique (Myers and Newman, 2007) to ask interviewees 
for recommendations of suitable candidates for interviews. Our sampling process ceased when no 
new informants were being recommended and resulted in a total of 15 carbon market experts that 
were within three groups: (i) profound domain knowledge of China’s carbon markets operation 
and an in-depth understanding of IT (coded as ‘experts with blockchain knowledge: EBK), (ii) 
profound expertise in IT with an understanding of China’s carbon markets operation (coded as IT 
Experts), and (iii) expertise in both domains (coded as ‘experts with blockchain projects’: EBP).  
These are listed in Table 2, and we are confident that we have included experts who have a 
profound understanding of blockchain application in China’s carbon markets and are material to 
current decision-making.

Table 2: Interviewee characteristics, showing role and mapping to sample categories
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Note: EBP (experts, with practical experience of blockchain projects) are those with experience of innovative 
carbon mitigation projects that integrate blockchain technologies. EBK (experts with conceptual blockchain 
knowledge) are those reporting a strong understanding of blockchain but no project experience. The selection of 
interviewees based on seniority and relevant knowledge limited the sample size but was expected to improve the 
quality of information obtained.

3.2 Data analysis

Role (s) Gender Edu YoEOrganizations Groups Informant code Interview

Co-Founder Male Bachelor 4 company providing 
blockchain solutions to 
carbon markets

EBP 1PT01 Phone 

Chairman & 
CEO

Female Master 11 carbon consulting service 
provider

EBP 1PT02 Face to face

Co-Founder 
& CEO

Female Master 10 carbon consulting service 
provider

EBP 1PT03 Face to face

Co-Founder Female Master 14 carbon consulting service 
provider

EBP 1PT04 Phone

CEO Male PhD 14 carbon consulting service 
provider

EBP 1PT05 Phone

Co-Founder 
& CEO

Male PhD 3 company providing 
blockchain solutions to 
carbon markets

EBP 1PT06 Phone

Co-Founder 
& CEO

Male Master 5 company providing 
blockchain solutions to 
carbon markets

EBP 1PT07 Face to Face

Strategy 
Director

Male Master 2 company providing 
blockchain solutions to 
carbon markets

EBP 1PT07 Face to Face

Co-Founder 
& CEO

Female Master 8 company providing 
blockchain solutions to 
carbon markets

EBP 1PT08 Phone

Deputy 
Director 

Male Master 11 Low carbon test and 
certification center

EBK 2NP01 Face to Face 

Secretary 
General

Female Master 11 Green Finance 
Association, Municipal 
Bureau of Financial work

EBK 2NP02 Face to face

Operation 
Director

Male Bachelor 4 Low Carbon Research 
Institute

EBK 2NP03 Phone

IT leader Male Master 2 IS service provider in 
carbon markets

IT 
experts

3IT01 Face to Face

IT Manager Male PhD 8 IS service provider in 
carbon markets

IT 
experts

3IT02 Face to Face

CEO Male Bachelor 7 IS service provider in 
carbon markets

IT 
experts

3IT03 Face to Face
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In preparation for the data analysis, all interviews were recorded with the experts’ permission and 
then transcribed. The transcriptions were supplemented by secondary data from online resources, 
such as the experts’ online articles, videos, and presentations. As a result, ambiguous expressions 
could be resolved by employing the native language skills of one of the authors referenced to a 
second native speaker as part of a peer debriefing process (Lincoln, 2007).

Following the procedures suggested by Corbin and Strauss (2014), our analysis unfolded in two 
main phases. In the first phase, we engaged in open coding to identify concrete challenges as 
framed by different groups of experts and interpretations of blockchain inductively when they 
discussed adoption challenges (see Table 3). Interview transcripts were examined through content 
analysis and quotes categorized into first-order codes after the grouping of similar keywords and 
central meanings. After several iterations, we converged on a set of first-order codes that covered 
as much of the data as possible, representing different ways in which experts perceive the 
challenges of blockchain application and understand blockchain in carbon markets. 

Table 3 Coding Samples for Challenges and Technological Frames
Empirical data First-order coding Second-order coding
“Thanks to the scams (of ICO in China) in the past, they 
almost consider blockchain as Ponzi1 scams.” [2NP03]

Misunderstanding Social challenge

“When a new tech is adopted in the carbon market, our 
focus is always on whether, how and how soon legislation 
and regulation will keep up” [1PT04]

Lack of legislation 
and regulations

Political, legal, and 
policy-related 
challenges

“If these original data were falsified before reporting to the 
government, then authenticity and accuracy would not be 
solved even when blockchain develops to version 10.0” 
[1PT01]

Data Quality Data challenge

“We find it hard to recruit people of such interdisciplinary 
knowledge”. [3IT01]

Lack of 
interdisciplinary 
talents

Organizational and 
managerial challenge

“To a company like us, what matters the most is how much 
profit this new technology can bring and how much cost I 
need to endure to adopt it in the carbon market. […] The 
carbon industry to which blockchain is applied in China is 
still under development, making the cost of investment and 
the profits in expectation imbalanced” [2NP02].

Imbalanced profits 
and cost

Economic challenge

1 A ‘Ponzi’ scheme is a fraud that creates the illusion of a successful business by paying profits to earlier investors 
with funds from later investors.

Page 13 of 45 Information Technology & People

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Inform
ation Technology & People

14

“Building an IT model upon these markets is not reliable 
because IT modelling for an industry generally comes after 
standardization.” [3IT01]

Fundamental work 
incomplete

Context challenges

“Equipped with the smart contract, the blockchain system 
could determine the allocation of allowance automatically 
according to certain rules.” [2NP03]

An automated 
System

Nature of Technology

“Blockchain provides a very trustful and efficient 
circulation environment for tokens which are proof of 
rights (including carbon emission rights) and data” 
[1PT06]

A P2P Trading 
System with 
Tokenized Assets

Nature of Technology

“There are very good application opportunities in carbon 
evaluation and quantification which are not reliable by 
manual inputs. By using its feature of traceability, 
blockchain could make enterprises’ carbon evaluation 
more accurate” [3IT01]

Make carbon 
evaluation and 
calculation more 
accurate

Technology Strategical 
Use

“One of the key issues for the carbon market is the 
changing rules of allowance ownership. One unit of carbon 
allowance today could be one and a half tomorrow. 
However, the adoption of blockchain could confirm and 
register this ownership on its ledgers” [3IT02]

Confirm the 
ownership of each 
carbon allowances

Technology Strategical 
Use

“With new technology, we might have new challenges. 
One of the biggest challenges lies in how we could model 
the real carbon management setting” [3IT01].

Modelling Technology Readiness

“A series of key challenges should be paid attention to the 
adoption of a new technology: whether policies and laws 
could keep up with this technology, how and how soon 
they manage to achieve this” [1PT04]

Policy and law Technology Readiness

In the second phase of coding, we re-grouped the first-order codes into more abstract second-order 
codes that collated specific challenges into broader categories and characterized the interpretations 
that experts had about blockchain technology and its organizational adoption. This was also an 
iterative process where the TFR theoretical lens enabled us to deduct new frames in each context 
whilst allowing this schema to evolve over time as more data were collected and results from 
relevant academic studies could be included. For example, we adapted some of the frames 
proposed in Sun and Medaglia’s (2019) work on AI for healthcare as this shares a degree of 
complexity with Blockchain, is in the early stage of the hype cycle and is poorly understood by 
the public.  This process continued until theoretical saturation was deemed to have been achieved 
(Eisenhardt, 1989) and is discussed below.

4 Findings

After analysis of the technological frames amongst three groups of experts, seven challenge 
domains and three technological frames were generated. 
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Social challenges: 
 - societal norms and common attitudes towards blockchain adoption in carbon markets. 
Political, legal, and policy-related challenges: 

- political stance, legally enforceable regulation, and public policy that influence 
blockchain adoption in carbon markets. 

Data challenges: 
- data accuracy, authenticity, security, and ownership in the adoption of blockchain in 
carbon markets. 

Organizational and managerial challenges: 
- organization strategy, inter-organizational coordination, and human resources that 
impede blockchain adoption in carbon markets. 

Economic challenges: 
- cost, profitability, and funding opportunities that affect the adoption of blockchain. 

Context challenges: 
- difficulties/feasibility of blockchain adoption, as perceived by key experts. 

Technological challenges: 
- design and associated functional characteristics of blockchain.

Table 4 summarizes the perceived challenges to the adoption of blockchain technology by the three 
groups of experts covering the seven dimensions. Multiple rows for each type of expert represents 
a synthesis of viewpoints of all group members under each of the challenges, which are discussed 
in more detail below.

Table 4: Experts’ framing of challenges in blockchain adoption in carbon markets
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CATEGORIES OF CHALLENGES

Key 
players

Social Political, 
legal & 
policy

Data Organizational 
& managerial

Economic Context Technological

Insufficient 
understanding 
of scams

National 
security 
threats/data 
leakage

Input data 
quality not 
guaranteed

Lack of a large 
scale of 
coordination

High cost 
of 
blockchain 
adoption

Insufficient 
market 
preparation

Limited data 
storage on the 
blockchain

Traditional 
thinking/
model of 
centralization

No legal or 
regulation 
documents

Lack of 
interdisciplinary 
talents affecting 
government’s 
cognition

Uncertainty 
of profits

Not well-
evolved, no 
replacement

Low 
transaction 
speed

EBP 
- Experts 
with 
blockchain 
projects

Lack of 
supportive 
policy 
environment

No official 
leadership

Willingness to 
understand is 
not strong

Lose control 
of adjusting

Data 
security 
related to 
business 
secrets

Insufficient 
motivation for 
integration

Uncertainty 
of profits

Low 
transaction 
speed

EBK 
- Experts 
only with 
blockchain 
knowledge

Insufficient 
understanding 
of scams

Input data 
quality not 
guaranteed 

Lack of 
interdisciplinary 
talents

Energy 
consumption

Difficult to 
understand 
the 
technology

Lack of 
supportive 
policy 
environment

Uncertainty 
of data 
ownership

Lack of 
interdisciplinary 
talents

High cost 
of 
blockchain 
adoption

Inconsistent 
market 
administration 
in provinces

IT experts

Concerns 
about future 
legal 
penalties

Input data 
quality not 
guaranteed

No official 
leadership

Not well-
evolved, no 
replacement

4.1 Social challenges
Social challenges to the wider adoption of blockchain in carbon markets were recognized by all 
three groups of experts and framed from three distinct perspectives.
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The first, and most frequently mentioned, challenge is the paucity of understanding of blockchain’s 
potential in China’s carbon market (Dong et al., 2018). Expert opinion on explanations for this is 
divergent. 

One perspective is that the general public does not have a strong interest in understanding such a 
disruptive technology and its values. In the face of the potential for disruptive changes that 
blockchain could bring to carbon markets, the general public tend to accept the status quo and feel 
reluctant, or see no value, in gaining a more detailed technical understanding. This is noted by 
2NP02 who observed: “Those changes blockchain promises are rebuilding our industry, a process 
which involves so many people and so much work. Such disruption does impose pressure and 
influences the degree of adoption.” In mitigation, the technology itself is very abstract and 
complicated for people to understand and this has been observed to discourage participation in the 
application (Zachariadis et al., 2019). 3IT01 noted that: “Blockchain is so new and abstract that 
even IT people have to spend sufficient time in understanding its nature and advantages” [3IT01]. 
This finding is also consistent with our interviewee selection experience that carbon market experts 
who also have a detailed knowledge of the blockchain domain remain rare.

The second perspective is that distrust of blockchain arises from misunderstanding. Cognition is 
generally influenced by the association of blockchain with cryptocurrencies, imposing a negative 
connotation that aligns with activities like the ‘dark web’, sex and drug trafficking, money 
laundering and Ponzi schemes related to initial coin offerings (ICOs) (Ehrenberg and King, 2020). 
This was highlighted by experts, both with practical experience of blockchain implementations 
and without:

“There are some problems with regard to general cognitive concepts. Many regulators, 
practitioners, and consumers don't accept it [blockchain application in carbon markets]. 
Influenced by scams from digital currencies, they think blockchain is just hype and doesn't 
work” [1PT08].

“Before mentioning the lack of matching blockchain products as a challenge, I think a more 
important issue is that current participants have some cognitive problems. Thanks to the 
scams [of ICO in China] in the last two years, they almost consider blockchain as Ponzi 
scams. To restore this, we really need some time to educate them [about blockchain 
features and values]” [2NP03].

 
The third perspective focuses on the difficulty in transforming a traditional thinking model from 
centralization to decentralization. The current social structure and social relationships are built 
upon a long-established centralized hierarchy and most participants in the carbon market are 
accustomed to working within this traditional structure, resisting change to the decentralized model 
that blockchain is associated with. This was noted by 1PT06: “people have a strong reliance on 
the early centralization thinking model and might feel uncomfortable in adapting to a decentralized 
one. Along with this adaption is the adjustment of interest paradigms between different parties. It 
will inevitably incur some conflicts and gaming among those traditional parties and new ones.”

4.2 Political, legal, and policy-related (PLP) challenges

Page 17 of 45 Information Technology & People

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Inform
ation Technology & People

18

The political, legal, and policy-related challenges encompass a wide range of considerations. All 
three expert groups highlighted this challenge and, in particular the EBP group, with eight of nine 
experts giving extensive responses regarding each element. In agreement with Sun and Medaglia’s 
(2019) research, we find three similar levels of discussions in our interview but with different 
representations: the macro-level includes concerns from a national government control perspective, 
the meso-level includes industry coordination issues and the micro-level includes implementation 
reflecting individual organization issues.

Attributed to the feature of supporting decentralization, blockchain is seen as politically misaligned 
with established Chinese government control. In China, the carbon market mechanism is regarded 
as a policy instrument to reduce the emission of greenhouse gases and thus the market has a high 
level of interaction with governmental regulation and control (Lo, 2016). Adopting blockchain in 
this market process will raise central government concerns about disempowerment and dilution of 
its functions in regulating and controlling carbon emission, particularly when the smart contract 
enables automation of carbon market management. 2NP01 highlighted this challenge by noting 
that: “Theoretically, blockchain can be adopted to realize the fair allocation of [carbon emission] 
permits, by putting issuing rules into the smart contract and automatically issuing [carbon permit] 
tokens. However, it is almost impossible for the government to do this because automation would 
make the government lose control of adjusting the allowance in detail. This is like issuing fiat 
money out of control of the central bank.” In addition, the immutability and transparency of data 
records on blockchain generate another threat to national security for the government. Once these 
data are transparent, the industrial layout will be exposed, which may threaten national political 
and economic security. 1PT07 emphasized: “To the government, the adoption of blockchain in the 
carbon market may violate their own interests, making China’s national energy consumption data 
exposed to the globe for 100%. Even though there is a federal blockchain with permissioned access 
and transparency to all its user participants, it is highly likely that there are some spy companies 
exposing all energy consumption data to other countries. If one country knows our energy 
consumption data, they can infer what our national industrial chain is like, damaging national 
economic security” [1PT07].

Despite these political aspects, the regulation of blockchain adoption has been an absent topic in 
China’s carbon market development. We were unable to discover official legal documents or 
regulation details that can guide early practice and none of our interviewees were aware of such 
legislation despite their senior roles, making it risky for the industry to embrace such technology 
rapidly or to coordinate with each other. 1PT04 explained that: “when a new technology is adopted 
in the carbon market, our focus is always on whether, how, and how soon legislation and regulation 
will keep up with the technology development. In particular, we need to know how conducts 
[actions] are being recognized and how they are matched with regulation rules” [1PT04]. While 
current regulation of blockchain in the general finance industry and media opinion are strict and 
well-defined, organizations in the carbon market are concerned about whether an early effort now 
will be in vain or, even worse, whether they will get punished as a result of their actions. 1PT02 
emphasized that: “this challenge is very crucial to small companies because their contribution to 
the industry is normally not big enough so that the legislation afterwards can tolerate their ways 
of working” [1PT02].

Page 18 of 45Information Technology & People

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Inform
ation Technology & People

19

To incentivize organizations to transfer their attention to blockchain, a positive policy environment 
is required to attract more practitioners. Without the government’s propagation of ideas and 
support in either coordination or finance, organizations will have a tough time making progress in 
pushing for wider adoption:

“For individual carbon emission actions, […] if we really want it [individual carbon points] 
to be more valuable as a fiat currency in individual carbon emission efforts, we have to be 
endowed with some rights to connect carbon points to specific benefits for individuals. 
This connection is more like the rights of your residential estate linking with your 
children’s schooling area choices” [1PT03].

“In China, the development of an industry is always driven by the government” [3IT01].

It is because of the above political, legal, and policy-related challenges for blockchain adoption, 
that organizations in the carbon market are very cautious about taking further steps to engage with 
blockchain technology ex ante, in case they prove to have done something ex post that is viewed 
as wrong and incurs punishment or, by diverting attention to developing something outside a 
regulated program, have missed engaging with a policy that would have brought better 
organizational returns. This position is evident in 1PT04’s report: “I have been closely monitoring 
the government’s updates on how they and other supervisory authorities will catch up with 
blockchain and what specific regulations and policies they provide.”

4.3 Data challenges
Data challenges associated with blockchain adoption in carbon markets are framed as highly 
relevant and given commensurate weight by EBK and IT experts, but are only superficially 
considered by EBP. We understand that this position results from framing as ‘challenges’ - the 
EBP group has experience of successful blockchain deployment and hence access to tested 
solutions to these challenges, whilst the EBK and IT groups, describe blockchain as an alternative 
to existing solutions where there may be additional or unknown complexity in relation to data. 
Addressing data challenges remains important in all cases and includes data quality, data security, 
and data ownership.

The first challenge is data quality (the only one mentioned by the EBP group in this category) and 
has two aspects. First, though blockchain is advantageous for the immutability and traceability of 
data recorded on the chain, this does not mean the original data itself is authentic and accurate 
(Catalini, 2018). As 1PT01 highlights: “blockchain technology can only resist the tampering of 
“on-chained” data yet does not promise authenticity and accuracy of the data before moving on 
the chain. For instance, the allocation of carbon emission permits concerns report data from each 
company. However, if these original data were falsified before reporting them to the government, 
then authenticity and accuracy would not be solved even when blockchain develops to version 
10.0” [1PT01]. Second, the data collection method can also influence data quality. Traditional 
manual collection of MRV data can bring in intentional or unintentional errors, and hence a carbon 
market blockchain still needs to interoperate with other mature and new technologies to perform 
the cross-referencing required to ensure data quality. This is highlighted by 1PT06: “Blockchain 
only solves out the digital trust problem. To transform the business world through digitalization, 
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how to map the physical world with the digital world is key. We need advanced technologies like 
IoT to maintain the authenticity and reliability of original data” [1PT06].

The second challenge, framed by EBK, is related to data security. When blockchain enables a 
network of players to trade carbon permits, access control for participants and the extent of 
transparency are important design considerations. As 2NP02 remarked: 

“Organizations are now unduly reticent on their [carbon trading] data because these relate 
to business secrets. An expert can easily estimate your company’s production and scale 
once knowing your data. Therefore, data security is influential to organizational enthusiasm 
in carbon mitigation efforts” [2NP02]. 

The third challenge is related to the uncertainty of data ownership. If the data on the chain are 
transparent to all participating nodes, each node will gain a copy of the total data. This generates 
a risk of drawing boundaries that blur data ownership and sovereignty. 3IT02 highlighted that: 

“if the rights of data ownership can be identified offline, there is no problem for online 
identification; but if not identified offline, problems exist. For instance, in a federal chain, 
how do we take account of the data ownership, what legal structure should we draw on to 
identify such boundaries, and how to define the boundaries before moving on the chain” 
[3IT02].

4.4 Organizational and managerial (OM) challenges
Organizational and managerial challenges were framed by all three groups, with 12 of 15 experts 
stressing challenges in this area. Two levels of issues predominate: the inter-organizational 
management level, including the challenge of coordination, and the human-resource level inside 
an organization, focusing on a reported lack of the required talent.

Blockchain adoption in carbon markets necessarily involves a large degree of coordination 
amongst organizations if the value that this technology has the potential to bring is to be exploited. 
The disruptive power of this technology can only be released when relevant enabling processes 
and infrastructure are established and the blockchain ecosystem can diffuse. As 1PT04 mentioned: 
“in this implementation process, there are many big challenges to be solved (to build this 
ecosystem). We do need to coordinate with many other organizations to join in and make progress 
(in achieving widespread adoption).” 2NP02 further explained: “many organizations regard 
themselves just as one part of the blockchain ecosystem yet don’t have sufficient motivation to 
integrate so many resources alone.” Moreover, in a policy-dominated market, leadership from 
China’s government is critical to the success of implementation. However, there had been no 
official organization with clear responsibility for leading this implementation. 1PT03 expressed 
this concern through her own experience that “we once implemented a blockchain project with a 
big domestic internet company on carbon coins issuing, to mitigate individual carbon emission, 
and we really needed the government’s leadership to entitle more benefits to our carbon coins to 
increase public participation. However, we cannot find who should be responsible for this thus the 
project was paused.” 3IT03 explained this shortage of governmental leadership by the fact that 
“complexity of the carbon market and blockchain application links themselves with the CSRC 
(China Securities Regulatory Commission), the Department of Climate Change, and other 
departments in Ministry of Ecology and Environment of the PRC. However, they sometimes have 
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conflicts of interests regarding new project implementation and their functions cross, making it 
unclear who should take this application forward.”

With regard to the HR level, the main challenge, framed by all three groups of experts, to the 
adoption of blockchain in carbon markets is a shortage of required talent (Pan et al., 2019). The 
adoption of blockchain in carbon markets requires participants to have interdisciplinary knowledge 
both from technological and carbon finance domains. As 3IT01 mentioned that: 

“Talents who have a profound understanding of the business in carbon markets and the 
features of blockchain technology remain scarce. We find it hard to recruit people of such 
interdisciplinary knowledge” [3IT01].

The scarcity of talent also imposes a negative impact on the government’s thinking. 1PT03 pointed 
out that: 

“It is not realistic for officers from the Ministry of Environment and Ecology to research 
this (blockchain application in carbon markets) because they do not have sufficient people 
to handle issues in the carbon market itself. […] whether government people can 
understand this application depends on whether we have experts to educate them rather 
than to deceive them. If they are not well educated with blockchain’s potentials, it will be 
too hard for us to push this forward” [1PT03].

4.5 Economic challenges
Economic challenges are framed by all three groups and include the high cost required for 
blockchain application in carbon markets and the unclear profits its implementation would bring 
to the business.

The novelty and complexity of blockchain require organizations that attempt to explore its 
potential application to invest a lot in early work, especially when there is a lack of government 
financial support and other external investments. Such investment is expected to increase if the 
execution is conducted in a smart contract scenario (Staples et al., 2017). As 3IT03 remarked: “I 
am always very willing to try some new technologies for my carbon business no matter whether I 
have sufficient knowledge. But the combination of blockchain and carbon markets would need a 
high level of financial investment, so I did not give much consideration (to trying it in my 
business).” The high cost of adoption poses pressure on companies. 1PT03 highlighted that “in 
this industry, many companies are still struggling for existence, not mention to take risk of doing 
this (blockchain adoption in carbon markets).”

The second challenge for most organizations is the uncertainty of profits blockchain application 
brings. As few real-life applications of blockchain currently exist that can be properly scrutinized, 
any cost savings or profits it promises to bring are just indicative figures and as such as subjective, 
generating few incentives for organizations (Hughes et al., 2019b). 1PT05 mentioned: “what I 
concern the most is that how many clients there will be when blockchain is adopted in carbon 
markets and what the percentage of clients I can have if I join in this trend (of adoption).” 2NP02 
concluded that: “To a company like us, what matters the most is how many profits this new 
technology can bring and how much cost I need to take to adopt it in the carbon market. […] The 
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carbon industry which blockchain is applied to in China is still under development, making the 
cost of investment and the profits in expectation imbalanced.” 

4.6 Context challenges 
Context challenges were emphasized only by EBP and IT experts and appear at two levels: at the 
macro level, such as insufficient market maturity, and at the micro level, such as the lack of 
appropriate application scenarios. Both groups identified these challenges when they started to 
explain their ideas of designing a robust system for China’s carbon market that can map to the 
required function.

The first challenge is related to the preparation of China’s carbon market. China started its pilot 
carbon markets in 2013 and the national carbon trading market in 2017. First: two (out of nine) 
EBP experts considered that the current adoption of blockchain does not match the short-term and 
mid-term goals of the national carbon market. 1PT01 expressed the concern that: “When we are 
moving the traditional commercial world to the digital world, how to map the physical world is 
extremely crucial. However, the underlying system of carbon markets remains incomplete and 
takes time to improve according to its goals during different terms. The short-term goal entails the 
establishment of active trading in the national carbon market. During this time, it is apparent that 
using the centralized method to build the market and start trading is better than a decentralized 
one. The mid-term goal includes the completion of specific emission goals […]. Using 
administrative measures to apportion these goals to different key emitters seems to be more 
effective than decentralized choices. Adopting blockchain in China’s carbon market is just like 
using a scalpel to open a can.” 

Second: fundamental work in the carbon market is still in progress, leaving a weak and uncertain 
foundation for blockchain’s operation. 3IT01 stressed the inadequate preparation of the market 
and the importance of foundation work: “regulation and standardization of carbon trading is not 
robust enough and not quantifiable to map, falling behind other industries. The administration of 
carbon trading is not consistent in different provinces, either. Therefore, building an IT model 
upon these markets is not reliable because IT modeling for an industry generally comes after 
standardization.” 3IT02 added that: “China’s carbon markets are not well evolved to a certain level 
where external IT-equipment should be placed.” 

4.7 Technological challenges
Technology challenges, framed only by the EBP and EBK groups, include the engineering nature 
and functional characteristics of blockchain: low transaction speed, limited data storage space, and 
high energy consumption.

The non-technical experts believe that blockchain is still nascent and many functions are still under 
development. First: the transaction speed is low for large-scale applications. As 2NP01 mentioned: 
“for the large scale of blockchain application, there are some technical breakthroughs for 
blockchain. Currently, blockchain can only be adopted in small projects because of its low trading 
frequency with a low TPS (transactions per second).” 
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Second: the storage of blockchain is too limited. 1PT02 remarked that: “Technology itself is not 
so mature so far […] the limits of storage space need to be enhanced in a long time. 

Third: blockchain consumes a large amount of energy in operation.” 2NP01 noted that “when there 
is a huge data volume uploaded to the chain, storage in each node becomes unnecessary. Any 
information added in uploading will cause energy consumption to increase in times.” 

However, IT experts all believed that energy consumption is no longer a block to adoption if this 
application is built on green consensus mechanism alternatives, and transaction speed can be 
enhanced by using a permissioned blockchain system framework. For other concerns such as 
storage space, state of art of blockchain implementations are sufficient to meet current carbon 
trading data requirements.

4.8 Mapping blockchain adoption challenges to frames
The value of using TFR includes communicating insights from one context to another, with frame 
congruence and incongruence helping to resolve critical impacts on decision processes and 
outcomes. Here we show how the challenges listed in Table 4 and discussed in the preceding 
sections can be mapped to three frames (Table 5): 

(i) Nature of Technology (NT): experts’ perception of blockchain and their interpretation of its 
functionality and capabilities in a general organizational context.
(ii) Strategic Use of Technology (SUT): experts’ perceptions of why organizations would adopt 
and implement blockchain. Highlights interpretation of the strategic value of blockchain adoption 
in a specific organizational context.
(iii) Technology Readiness (TR): dimensions by which experts perceive an organization’s 
readiness to adopt and implement new technologies for accomplishing strategic objectives, 
(adapted from (Parasuraman, 2000) 

Table 5: Technological Frames of blockchain among expert respondents

Key 
Stakeholders

Nature of 
Technology

Strategic Use of Technology Technology Readiness

EBK
- Experts
only with
blockchain
knowledge

1. A P2P Trading 
System with 
Tokenized Assets 

2. An Automation 
System 

3. A Tracking Tool

1. Empower the Carbon Trading Process
* Simplify the carbon trading process
* Increase trading liquidity

2. Facilitate Efficient Carbon Management
* Increase efficiency and transparency of 
permits allocation
* Calculate the carbon credits automatically

3. Enhance Traceability of Carbon Footprint

1. Social understanding
2. Political consideration
3. Data readiness
4. Organizational and 
managerial preparation
5. Economic incentives
6. Technological 
capabilities
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* Crystalize the whole carbon asset 
developing process
* Ensure data authenticity and increase 
data availability

IT experts 1. A P2P Trading 
System with 
Tokenized Assets 

2. A Tracking Tool 

3. An Immutable 
Database

1. Empower the Carbon Trading Process
* Increase trading liquidity
* Avoid double spending problems 

2. Enhance Traceability of Carbon Footprint
* Ensure data authenticity
* Improve the MRV data quality

3. Create a Trustworthy Digital Environment 
for Carbon Data
* Authenticate carbon assets

1. Social understanding
2. Political, legal and 
policy consideration
3. Data readiness
4. Organizational and 
managerial preparation
5. Economic incentives
6. Context readiness

EBP
- Experts
with
blockchain
projects

1. A P2P Trading 
System with 
Tokenized Assets 

2. An Automation 
System 

3. A Tracking Tool 

4. An Immutable 
Database

1. Empower the Carbon Trading Process
* Increase trading liquidity
* Enhance the carbon trading efficiency
* Promote international carbon market 
linkage  

2. Facilitate Efficient Carbon Management
* Calculate the carbon credits automatically

3. Enhance Traceability of Carbon Footprint
* Ensure data authenticity
* Decrease carbon management cost

4. Create a Trustworthy Digital Environment 
for Carbon Data
* Record the trading information safely

1. Social understanding
2. Political, legal and 
policy consideration
3. Data readiness
4. Organizational and 
managerial preparation
5. Economic incentives
6. Context readiness
7. Technological 
capabilities

Congruence and incongruence can be identified in the overlap and rank ordering of the listed 
elements within each frame. Space limitations prohibit exploration of the potential impacts of 
congruence and incongruence, but the process of such interactions is graphically illustrated in 
Figure 1, and we explore one case here.
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Figure 1: Sense-making process of blockchain adoption challenges, adapted from Corbett and 
Webster (2015).

Consider a situation where expert attention focused solely on the ‘Nature of Technology’ frame. 
Bounded by this frame, an expert analysis would focus on the technical feasibility of blockchain 
and conclude that blockchain is expected to meet all the functional requirements. Such a narrow 
analysis would support blockchain adoption but be described as ‘mindless innovation’ (Swanson 
and Ramiller, 2004). It is only by including interactions with the SUT and TR frames that an 
assessment of the probability that the potential benefits will be delivered can be made, as noted by 
[1PT05]:

“As early as 2016, my team was dedicated to developing the carbon inclusion program but 
was stuck into some specific problems such as how to track carbon footprints efficiently, 
how to link different markets and how to engage more consumers to low carbon actions. …I 
learnt of the disruption of blockchain technology. With curiosity, I started to investigate 
whether it has some capabilities to help solve my problems.” [1PT05]

- an investigation that had a critical impact on the decision outcome, as incongruence between the 
frames did not lead to a decision to reject the technology and look for an alternative solution, but 
defer further investment and delay the investment decision.  
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5 Discussion

5.1 Key findings
Probing blockchain adoption challenges and their generating mechanism has provided detailed 
insights into critical challenges to organizational blockchain adoption within China as well as 
explanations for the low level of blockchain adoption across China’s carbon markets. The 
technological frames of reference (TFR) lens has demonstrated its value in helping to structure the 
exploration of issues and their interpretation flexibility in defining frame boundaries that highlight 
frame congruence and incongruence in a highly nuanced investment decision (Orlikowski and 
Gash, 1994; Davidson and Pai, 2004; Davidson, 2006; Cornelissen and Werner, 2014; Murungi 
and Hirschheim, 2021).

5.1.1 Framing challenges
The most significant challenges that impede blockchain adoption in China’s carbon markets today 
are not technical as suggested by prior literature (Yli-Huumo et al., 2016; Chong et al., 2019), but 
fall within five of the seven areas detailed in Table 4: Social, Political Legal and Policy (PLP), 
Data, Organizational and Managerial (OM), and Economic, with PLP and OM challenges given 
the most weight by all three groups. Those particular to China include the barriers to adoption 
associated with (rather than erected by) the political nature of China’s carbon markets that has 
impeded (or diverts attention from) blockchain adoption by organizations within the industry. 
Potential adopters are concerned about whether their use of blockchain would conflict with the 
government’s control of carbon market management, as well as how it might diverge from future 
government policies and incentives. Leadership by a specific governmental department or 
industrial alliance is considered critical to the process of blockchain adoption, as well as addressing 
the scarcity of talent for those who deploy blockchain technology and those who will regulate it. 

Emphasis on the five common challenge categories varies across all three groups. Agreement on 
the PLP and OM challenges is contrasted by divergent concerns in other respects. The EBK group 
are concerned that many technological limitations have not been addressed, whilst the IT expert 
group is more concerned about the context challenges. For the EBK group, their concerns inherit 
perception arising from early features of blockchain technology such as energy consumption and 
transaction speed that has not assimilated recent technological progress, appearing to have made a 
decision in the past that they had not revisited. For the IT expert group, there is recognition of the 
potential offered by blockchain and a high degree of design flexibility. This group need to apply 
their technical authority to devising robust blockchain systems that solve problems in carbon 
markets, but the challenge faced is the lack of interdisciplinary expertise that makes the use cases 
and market processes sufficiently difficult to map to a requirements definition that system building 
has been slow. They want a clear market mechanism and clear management processes so that they 
can model and assess different blockchain designs.

Expert groups sometimes have incongruent or even contradictory viewpoints in framing challenges, 
attributed to the differences in practical experience and professional knowledge held by each 
expert group (Orlikowski and Gash, 1994). For example, while EBP and IT experts highlight the 
contextual challenges of blockchain adoption, EBK does not mention these challenges. The EBK 
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group did not regard the carbon market itself as a challenge partly because they did not have an 
accurate or complete understanding of blockchain capabilities so that they might not go past these 
to consider challenges that arise from the market structure itself, or perhaps in the context of media 
coverage on the hype of blockchain, experts without blockchain practice are more likely to think 
about the usefulness or challenges of blockchain to carbon markets but set aside the importance of 
context suitability. One instance of contradictory frame views is that while IT experts are more 
confident in blockchain functions to date, both EBP and EBK groups are more concerned about 
IT advances in future. This paradox may be due to a knowledge background where IT experts have 
a stronger understanding of technological development in the short and long run. All IT experts 
hold a view that current technical maturity is sufficient to be applied to some areas in the carbon 
market. Although blockchain cannot support transaction volumes as large as credit card 
transactions, it appears certain to improve as the carbon market grows and demands it.

5.1.2 Structuring sensemaking processes 
Experts in carbon markets have had to go through a sensemaking process with blockchain, 
developing technological frames of references around this new technology (Figure 1): the nature 
of technology (NT), the strategic use of technology (SUT) and the technology readiness (TR) that 
have shaped their interpretation of adoption challenges and hence explain subsequent actions. 

Blockchain’s nature (NT) was interpreted in four ways:
I. a P2P trading system with tokenization, 

II. an automation system,
III. a tracking tool and
IV. an immutable database. 

The strategic use of blockchain (SUT) was perceived as being closely connected to its nature, that 
is, when blockchain’s NT was perceived as a tracking tool, its SUT value was generally related to 
enhancing the traceability of carbon footprints. As a whole, SUT values were classified into four 
aspects: 

(A) Empower Carbon Trading, 
(B) Facilitate Efficient Carbon Management, 
(C) Enhance Traceability of Carbon Footprints and 
(D) Create a Trustworthy Digital Environment for Carbon Data. 

Finally, the TR frame, which relates to each set of NT and SUT, comprises seven different 
dimensions of challenges in total. Whilst the EBP group emphasizes all seven of these dimensions 
for evaluation, each of the remaining two groups only included six dimensions.

Through investigating these three technological frames, the mechanism behind “how challenges 
were perceived” gradually emerges from both intersectional and across-group perspectives. From 
an intersectional perspective, although each blockchain’s nature perceived is closely connected to 
each strategic value, its corresponding contextual uses are not necessarily the same across groups 
and neither are the evaluative dimensions captured by TR. For example, when the EBK and the 
EBP groups both considered blockchain’s nature as a P2P trading system with tokenized assets 
(NT frame I), they tended to contextualize its strategic use in empowering the carbon trading 
process (SUT frame A). The corresponding TR dimensions that they individually evaluated were 
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different: social/political/technical dimensions for the EBK, versus 
social/PLP/context/technological dimensions for the EBP. Therefore, this provides insights into 
behavior arising from frame incongruences between different groups of experts. 

From an across-group perspective, these three frames interact with each other in making sense of 
the blockchain adoption challenges. These interactions were found to include three framing stages: 

- perceiving features and application possibilities, 
- defining strategies and contextualized usages, and 
- applying evaluative dimensions. 

When the frames stabilize, they work simultaneously to evaluate blockchain adoption, highlight 
incongruence, and influence the decision-making process.

5.1.3 Capturing and communicating lessons
Though frames offer the prospect of applying lessons from one context to another, the grounding 
of this work in China’s carbon markets achieves a highly nuanced context at the potential expense 
of observations that are idiosyncratic to China and of little value elsewhere. Observations relating 
to the Nature of Technology and Technology Readiness (Figure 1), such as the challenge to 
inherited and negative perceptions about blockchain’s speed and scalability and critical 
requirement for talent with both technology and application domain expertise, translate to all 
contexts, however the ability to scale blockchain – Strategic Use of Technology - within a country 
of the scale of China remains a challenge. Here it is the focus on the application: carbon markets, 
that leads to the dominance of Social, Political Legal and Policy (PLP) and Managerial (OM) 
factors, as the ‘bottom-up’ approach endorsed by Article 6 of the Paris Agreement needs to contend 
with inherited structures that manage scale and have been developed from the top-down. The work 
clearly shows that, in China, government involvement is required to handle the impacts of 
disrupting a large-scale system, ensure compliance, enhance financial returns from a technology 
investment, access incentives that reduce the cost of that investment, and align with socio-cultural 
norms required for tasks to be seen as legitimate.

Whilst this might be viewed as a finding that is unique to carbon markets within China the 
application domain is critical to understanding whether there are long-range interdependencies. 
The trans-national nature of carbon markets means that the structure of any blockchain-based 
system will have to give attention to the degree of permission embedded in the architecture – if 
this is not compatible with operation within China then it will not deliver the objective of a global, 
integrated system that is critical to managing carbon resources where mitigation actions in less 
industrialized countries have to be accessible to carbon emitters in the world’s largest carbon-
emitting country.

Hence, the observations detailed in this study have wider relevance due to an application domain 
that provides a highly nuanced context that needs to be considered if pathfinder projects, wherever 
they are initially located, are to diffuse globally. It follows that implications for practice (Section 
5.3), though focused specifically on China’s carbon markets, have the potential to speed up 
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diffusion within China and across countries with similar distributions of stakeholder roles and 
responsibilities that need to be reflected in the blockchain permission structure.    
 

5.2 Contributions to research
This study contributes to both blockchain and technology adoption literatures.  First, this research 
provides empirical insights into adoption challenges that extend the predominant focus on 
technical issues (Beck et al., 2017b; Chong et al., 2019) to include socio-technical aspects 
(Francisco and Swanson, 2018; Kamble et al., 2021) and counter a dominant paradigm that tends 
to “over-rationalize” adoption decision-making and exclude social-shaping elements (Fichman, 
2004; Silva, 2007; Wang, 2009; Hou et al., 2020). The use of a technological framing perspective, 
we argue, provides a more balanced picture of blockchain adoption challenges in the pre-adoption 
phase. The challenges are seen to go beyond technical issues and embody many more domains 
from the perspectives of different stakeholder groups. The sample is sufficiently large and diverse 
to reveal frame incongruence and contradiction providing a counterpoint to the pro-innovation bias 
of other methods (on which many dominant paradigms depend) and should enable scholars to gain 
a better understanding of the causes of framing differences and the information they may contain, 
setting the foundation for a non-deterministic approach to research into the adoption and diffusion 
of blockchain technology. 

Second, we extend an existing theoretical framework. Rather than directly applying Orlikowski’s 
original frames we developed three frames of reference (NT, SUT and TR) to give greater insight 
into how different groups of stakeholders make sense of organizational blockchain adoption 
aligning with Davidson’s (2006) argument that it is necessary to develop context-specific frame 
structures and content for different IT phenomena. Each of these three frames is important for 
blockchain in its pre-adoption stage as they reflect a multi-faceted interpretation of blockchain, its 
potential usage and evaluative concerns. Understanding how these frames shape an organization’s 
perceptions and their subsequent behaviors should enhance an organization’s ability to realize and 
leverage the potential value of a technology (Mengesha, 2010), such as blockchain. 

Third, this research has elaborated differences in emphasizing and interpreting each frame by 
different stakeholder groups. To the best of our knowledge, no previous study has applied a 
stakeholder-specific view to interpret adoption challenges and explore how these challenges are 
generated. The findings of this research indicate that interpretive rationales for blockchain 
adoption challenges are not necessarily the same across different stakeholder groups. In other 
words, these findings provide a crucial interpretive nuance, suggesting that whilst there are diverse 
blockchain adoption factors presented in the literature, the weight given to these factors depends 
on the type of stakeholder groups they apply to.

Fourth, we argue that this research provides insights that are relevant to technology adoption 
research in general, helping to appreciate the complexity of the process and develop effective 
strategies for a relatively underexplored, yet important, stage: pre-adoption (Mishra and Agarwal, 
2010; Wang, Singgih, et al., 2019; Ostern et al., 2022), promoting a contextual understanding of 
technology adoption challenges and offering both frames and seven categories of blockchain 
challenges that might be used to structure an exploration of other national contexts and applied to 
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other ‘disruptive’ technologies that support distributed and decentralized information 
infrastructures.

Finally, we provide insights into an important potential application of blockchain within the 
world’s largest carbon emitter and identify barriers to adoption that must be addressed in any 
concerted action to manage carbon resources more effectively, and quickly. This helps 
policymakers and industrial companies with climate change concerns to properly consider the 
potential contribution that an emerging technology can make to global climate efforts and help 
inform better adoption decision-making by all parties.

5.3 Implications for Practice
Given the above discussion, we present five recommendations for improving the appraisal of 
blockchain as a candidate technology for application in contexts that have comparable scale, 
complexity, diversity of stakeholders and long-range interdependencies.

5.3.1 Evaluate technology, instead of assuming that ‘IT’ is ‘general purpose’

Despite the importance and wide application of information and communications technologies to 
many industries, policy makers and stakeholders should keep in mind that technologies are rarely 
‘general purpose’ and useful and effective in any context without substantial adaptation. 
Blockchain is no exception (Ozcan and Unalan, 2020). To prevent such inertial thinking, potential 
adopters should test for frame incongruence between vendors and experts who know both the 
industry’s process requirements and blockchain capabilities. This has long been the case for 
globally distributed IT ‘top-down’ infrastructure (Jackson et al., 2017) however, blockchain is 
relatively novel because it is strongly aligned with decentralization and ‘bottom-up’ innovation 
diffusion. In such cases it is important to reject inherited assumptions or ‘vision lock-in’ (Sun and 
Medaglia, 2019) and use approaches such as frames, to construct the requirements and map that to 
available flexibility in the candidate technology. In the present case, it is clear that blockchain 
design can support deployment in China, but it needs to embed suitable roles and permissions to 
achieve this.

5.3.2 Embrace emerging technologies by building a sharing and learning environment

Technological maturity is an important consideration for adoption, but our research highlights that 
perceptions of blockchain maturity differed amongst stakeholders and that this dispersion mattered. 
Learning and the availability of training and learning opportunities can positively impact 
technology use intention (Venkatesh and Speier, 2000). It follows that building a sharing and 
learning environment in different fora, including industry associations, may prove necessary for 
practitioners and policymakers from different disciplinary traditions to gain sufficient knowledge 
of emerging technology and its complements, such as Artificial Intelligence (Jamil et al., 2021) 
and the Internet of Things (Zhu et al., 2021), to enable effective design and implementation. Such 
sharing and learning activities not only reduce ‘perception gaps’, they also allow organizations to 
identify ‘talent gaps’ early in the adoption process and work with education and policy sectors to 
address them. 
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5.3.3 Focus on diverse challenges and their interaction within and beyond the industry, 
organization and country

The challenges of blockchain adoption identified in this research are not independent but interact 
within an industry setting from an ecosystem perspective (Barnes III et al., 2019). In the case of 
carbon markets, this ecosystem is global. This is not only important in identifying barriers to 
adoption as it follows that solving a ‘local’ challenge has the potential to suggest new solutions to 
others, and other contexts. For example, when policy makers encourage innovation with 
blockchain through policies targeted at a particular industry sector, in this case carbon markets, a 
virtuous circle may result that widens interest in exploring value creation within that sector, such 
as ‘Green Finance’, encouraging more capital investment to flow and supporting more innovation. 
The potential is significant as, according to the World Bank, current carbon pricing initiatives 
cover only 23% of global GHG emissions yet in 2021 governments raised over $84 billion from 
these policy instruments alone (World Bank, 2022).

5.3.4 Increase velocity of government engagement in technology development

Political, legal, and policy challenges were found to be the most discussed concerns inhibiting 
blockchain adoption by industry, reflecting a close alignment with governmental reactions to 
blockchain. This close alignment is important for change, but also imposes a pace of change that 
can be constrained by the ‘five-year’ planning cycle that sets targets for carbon mitigation projects 
in China (Niizawa et al., 2020).

To operationalize the next generation of industry underpinned by blockchain technologies, 
innovative design of distributed governance models in a permissioned network will be needed to 
reduce conflicts in political interests, and to incentivize and motivate participants (Dong et al., 
2018). Blockchain-related policies should be more adaptive and deployed quickly (outside the 
five-year cycle) so that they can enhance demand for innovative and efficient blockchain solutions, 
encouraging the industry communication and cooperation needed to facilitate more efficient 
business processes and ecosystem development without risking present opportunity costs, or later 
penalties.

5.3.5 Promote adoption and support with relevant processes and infrastructure

Developing from 5.3.4, although each industry will present specific challenges to blockchain 
adoption a solution to the governance issue that works effectively and efficiently with government 
processes should enable wider adoption of blockchain technology in China. This can be guided by 
general frameworks that are well-established in the IS literature, such as Iansiti and Lakhani’s 
(2017) mapping of the development strategies of blockchain in four steps based on the novelty and 
complexity of the adoption context. Their strong focus on understanding the context and the 
direction of blockchain allows supportive processes and infrastructure to be designed and deployed 
to facilitate adoption and diffusion.
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6 Limitations and Suggestions for Future Research

The principal limitations of this study are sample size and a rapidly developing landscape. In 
mitigation, the sampling only ceased when the social network of relevant contacts stabilized 
(achieved saturation), the responses were from highly credible sources, and, as noted above, only 
23% of global emissions are currently covered by the pricing mechanism that is a pre-requisite for 
market development (World Bank, 2022) so significant progress is still required.

We have discussed the limited generalizability of what is presented as exploratory research, but 
have argued that the selection of a distributed, decentralized technology applied to a use context 
that has a principal objective of global interoperation means that lessons in a Chinese context have 
relevance to all blockchain-supported carbon market developments. This may be seen as a special 
case however the interest in distributed technologies and decentralized authorities that allow high 
bandwidth interactions to occur efficiently, and with a reduced carbon footprint, at the ‘edge’ of a 
global infrastructure suggests that this issue will become more prevalent in future. 

These concerns may also become barriers to low bandwidth blockchain interactions of the type 
prevalent in logistics where more complex permission structures are in prospect. In 2022, the 
Cyberspace Administration of China (CAC) released the first edition of ‘Guidelines on 
Application for Security Assessment of Cross-Border Data Transfers’(CAC, 2022). This became 
effective 1 September 2022 and requires security to be re-assessed if major changes occur to a 
destination country’s data laws and practices. The complexity this adds to deployment in China 
needs to be understood, but also suggests that a workable local solution would have global 
application, so whilst the frames may not be generalizable, the systems developed as a result may 
prove generally applicable. Future research investigating the challenges of blockchain adoption in 
other sectors should build scale around this approach and include other facets such as culture, 
legislation and regulation, financial support, and availability of talent (Chen, Zhang, and Li, 2019), 
from which it should be possible to develop more generalizable findings.

7 Conclusion

This paper is motivated by the apparent gap between the potential ascribed to blockchain as a 
solution for multiple industry processes across multiple industry sectors and diffusion rates that 
remain narrow in scope and limited in extent. This gap applied to adoption with China’s carbon 
markets and pointed to latent barriers in the pre-adoption phase that were explored for three key 
expert groups using Technological Frames of Reference (TFR) and then identified through frame 
incongruence. 

Having identified barriers through frame incongruence it then becomes possible to suggest the 
implications for practice detailed above, subject to the cautions that necessarily attend qualitative, 
exploratory, research. These insights support our contention that the social cognitive approach 
provides both the resolution and coherence required to surface the key barriers to adoption and 
that both this approach and a focus on the earliest stages of adoption, at which point many 
technological innovations are likely to founder without any empirical trace, deserves more 
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attention to address the survivor bias that dominates diffusion research and limits its use as a 
management and policy tool. 

Whilst the work validates the use of TFR as a technique for exploring highly nuanced contexts, 
the generalizability of the findings depends on more than the limitations of exploratory research 
using small samples. We contend that the highly authoritative nature of sample participants adds 
credibility to the observations that would ordinarily support generalizability, however of 
potentially more significance is the application context’s coupling to a global concerted action and 
technology development program addressing a global imperative: climate change. Carbon markets 
need to be global if they are to achieve the objectives of the Paris Agreement. They need to achieve 
this as quickly as possible and, in a radical departure from the Kyoto Protocol, Article 6 of the 
Paris Agreement has led to blockchain’s promotion by the UN and the World Bank as a ‘bottom-
up’ change process that is encouraged to be disruptive. However, to achieve global integration and 
compatible MRV processes that ensure a tonne of carbon has the same price across the world, and 
can hence be traded, blockchain solutions need to work with top-down legacy structures. There 
are good reasons for these to exist in populations with the scale of China and working with these 
‘top-down’ structures is important given the same imperative to accelerate a global response to 
climate change.

China, as the world’s largest carbon emitter, thus becomes perhaps the most important context for 
deploying a blockchain solution with a permission structure that engages with legacy structures. 
A solution in this context is highly likely to be compatible with other national governance 
structures and hence a major step towards the interoperability that is required to bring countries 
with mitigation potential together with countries that are net carbon emitters. This, perhaps 
paradoxically, suggests that the results of this study with limited generalizability to describing 
other contexts, have general applicability given the global nature of the application studied and the 
global requirement for interoperability.
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Appendix 1. Semi-structured Interview Protocol

1. Introduction

(1) About myself, our research background, interview aims and structure

(2) Ethical considerations, research consent and permission for recording

2. General background questions 

(1) Basic information (the current organization working for, role and responsibility, years of 
experience, education background)

(2) Please tell me more about how you initially got to know about blockchain technology?

(3) How did you respond to the emergence of blockchain technology?

(4) In your organization, is there any action or relevant discussion of blockchain adoption in 
carbon markets?

3. In-depth interview questions

(1) What do you think about the current situation of blockchain adoption in China (and 
particularly in its carbon markets)? How about the future?

(2) Which characteristics of blockchain technology could contribute to the organizational 
adoption of blockchain in China’s carbon market?

(3) What kind of blockchain applications do you consider promising in carbon markets?

(4) What are the adoption concerns that you think most organizations have now?

(5) What are the reasons that many organizations haven’t paid significant attention to blockchain 
adoption in carbon markets?

(6) To what extent do you believe blockchain could decentralise China’s carbon markets?

4. Open discussion on their previous blockchain projects involved or heard about, blockchain 
innovations in carbon markets, prospects of wide adoption milestones

(1) How is your (previous) blockchain project going in China’s carbon markets?

(2) Regarding timelines, how close or far away would you think blockchain could achieve wide 
adoption in carbon markets?

(3) What are the milestones that blockchain would revolutionise China’s carbon markets in the 
future?
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