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Abstract 

Applications and uses cases of distributed ledger technology (DLT) are increasingly attracting interest in the construction industry. 

However, DLT in construction is still considered a nascent field of research and practical applications of DLT in construction are 

at the very early readiness stages. This paper builds on a previously developed socio-technical systems framework for DLT in 

construction (i.e. Li et al., 2019) built on four dimensions of technical, process, policy and social, and proposes a roadmap to 

achieving readiness for macro adoption of DLT in the construction industry. First, the paper reviews existing readiness and adoption 

models and technology roadmaps for new technological innovations in the context of DLT highlighting their strengths and detailing 

why they are not suitable for DLT. Then, drawing on experience of existing models as a basis, it proposes a four-stage roadmap to 

readiness for adoption of DLT in the construction industry. The four-stage DLT Roadmap incorporates Conceptualisation, 

Appraisal, Preparation and Implementation. This roadmap is intended to provide the industry with a comprehensive framework to 

support adoption and diffusion of DLT for specific use cases. Future work will involve proposal of guidelines for each of the four 

dimensions across the four-stage DLT Roadmap and testing through workshop-identified use cases of DLT in construction. 
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1. Introduction

Distributed ledger technology (DLT) will produce the most benefits when adoption reaches a critical mass and the 

community consists of many relevant members [1]; in the construction industry this necessitates extensive market-

wide adoption of the system. This could involve mobile applications linked to DLT that record activities or 

performance as transactions on a distributed ledger as part of a construction project or facilities management of a 

building, or supply chain integration with Building Information Modelling (BIM) models where procurement decisions 

and shipping and delivery of goods and services are automatically uploaded to the ledger as the information model is 

simultaneously updated. These use cases bring about a number of challenges such as: (a) the consistency between the 

digital environment (e.g. information models, documentations, data), agreements (e.g. as in the information container), 

and the actual built assets (e.g. physical assets, goods, and services); (b) the need for recording key decisions about 

both the digital and the physical environment of a built asset across its lifecycle from conception through design, 

planning, construction, to operation and demolition [2,3]; and (c) the successful integration of required technologies – 

BIM, DLT, Internet of Things (IoT) and smart contracts as discussed in [3]. The characteristics of DLT (e.g. redefining 

trust, decentralisation, anonymity) have the potential to support solutions to these challenges. 
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This paper contributes to the body of research through proposal of a roadmap for achieving readiness for adoption of 

DLT in the construction industry. This a continuation of the extended socio-technical framework developed in [4] that 

assimilates four dimensions of technical, policy, process and social, and proposes two models – DLT Four-

Dimensional Model and DLT Actors Model. A roadmap for new technologies is both a strategic and operational 

approach to support organisations and industries in charting technology issues relevant to their future success [5]. This 

is done by assessing current readiness models and roadmaps for new technology in construction and other industries, 

which were used as a basis for development of the DLT Roadmap for construction. The approach proposed in this 

paper may be applicable to other technological innovations and industries; however, terms and concepts may need to 

be redefined to be appropriate for the use/use case for which they are intended. 

Several terms used throughout this paper do not have universally accepted definitions in the existing literature. Terms 

often have different meanings at different stages of a technology’s adoption whether at the implementation stage or at 

the diffusion stage that follows [6]. For the purpose of this study, each of the terms’ definitions are clarified: macro 

defines the scope of adoption which is at the industry scale within one defined market (e.g. a country) and includes the 

different user groups (individuals, organisational departments/teams, entire organisations, inter-organisational 

projects) such as those identified in the DLT Actors Model [4]. This study does not differentiate between these groups, 

it considers them as a whole making up the industry at the macro scale. Adoption is referred to as a ‘state’ or a 

‘milestone’ that is achieved within a market once the corresponding construction sector perceives the use of DLT in 

construction as the norm. There will be varying levels of diffusion (i.e. rates of adoption) for the different use cases of 

DLT in construction by the time this milestone is reached. This milestone is preceded by ‘implementation’ which refers 

to the wilful act of inserting DLT into the construction industry for selected applications once readiness has been 

achieved for the corresponding use cases. Readiness is defined by the point at which the industry is in a suitable 

position to implement DLT across organisations and projects; it refers to the preparation and propension required to 

adopt DLT and involves being in a state where policies, processes and systems are sufficiently robust to withstand 

adoption of the new system.  

The next section looks at technology adoption in construction and highlights existing models and roadmaps that 

supported this study; section 3 proposes the roadmap to achieving readiness for adoption of DLT in construction; and 

section 4 provides discussion and concludes the paper.  

2. Adoption of digital innovations

Understanding how new technological innovations are adopted in construction generally will help in understanding 

the conditions required for DLT. This section considers the adoption of BIM to date along with the challenges it faced. 

Then, it highlights adoption/maturity models used to assess DLT and reviews existing models and roadmaps to support 

development of the DLT Roadmap proposed in this paper.  

As BIM is the current expression of technological innovation in construction it is most appropriate to draw comparisons 

for DLT. BIM is a set of technologies, processes and policies affecting the industry’s deliverables, relationships and 

roles [6]. While BIM offers many benefits and improvements to collaboration across the industry, there have been and 

still are many barriers to its widespread adoption. Barriers are offered including “lack of initiative and training, 

fragmented nature of the AEC industry, varied market readiness across geographies, and industry's reluctance to 

change existing work practice” ([7], p. 989). Key barriers include lack of senior management support, cost of 

implementation, scale of culture change required, other competing initiatives, lack of supply chain buy-in, staff 

resistance and ICT literacy, and legal uncertainties [8]. [9] add “the lack of tangible benefits for all parties involved or 

the understanding of the business value of BIM; the lack of experience within the workforce; the lack of universal use; 

the resistance to change; the contract type/project delivery method inhibiting technology adoption, and time and cost” 

(p. 9). While these are BIM-specific, each was identified as a possible barrier to adoption of DLT in construction and 

were central to developing a framework for implementation of DLT as seen in [4].  

There is no academic literature on the adoption of DLT in the construction industry at the macro scale. Studies have 

been conducted across other industries and at different scales of analysis such as: logistics and supply chain 

management at an individual scale [10]; maturity of blockchain generally [11]; acceptance of Bitcoin and Blockchain 

at an individual scale [12]; and organisational adoption of blockchain [13].  
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2.1. Existing models for assessing readiness of innovations 

Models to assess readiness or maturity have been used for many years and many variations exist. They assess the gap 

between current and desired state in respect of an innovation or activity, however, they often omit roadmaps to 

achieving the desired state [14]. Roadmaps for adoption of new technology are more appropriate for DLT than maturity 

models at this stage in its development. Models and roadmaps key to this research are forthwith discussed.  

Rogers’ [15] Innovation-Decision Process supports evaluation and decisions of a new idea regarding adoption. The 

five stages are knowledge, persuasion, decision, implementation and confirmation. The process is offered as applicable 

at different scales including individual or other decision-making unit [15].  

Technical Readiness Levels (TRL), the most widely used method of assessing an individual technology’s maturity [16–

18], is effective in assessing the current level of a technology. However, it does not look at the surrounding nor 

operational environments of the technology; it does not offer guidance of the uncertainty to be expected during maturity 

of a system; nor does it offer a comparative analysis technique to assimilate against other TRLs [16]. The majority of 

complex systems fail at integration points with other technologies, therefore, [16] propose a readiness model to address 

these challenges, Systems Readiness Levels (SLR). SLR incorporates TRL and Integration Readiness Levels (IRL) –

measurement of the interactions of various technologies and comparison of the maturity between integration points 

[16]. The model is applicable to different applications and architectures [19] thus supports the socio-technical 

framework developed for implementation of DLT in construction. However, it focuses solely on technological systems 

and their interaction with other technologies; it is missing the interrelation between technologies and the remaining 

dimensions of process, policy and social as in the DLT Four-Dimensional Model. Similar readiness levels scales 

aligning to policy, process and social include a taxonomy of Policy Readiness Levels (PRL) [20] that mimics TRL [21] 

“for research directed towards the design of institutional and/or regulatory policies” ([20], p. 393); Process Readiness 

Levels (PRL) appearing alongside Material Readiness Levels (MRL) in the context of aerospace/space exploration 

[22,23]; and Societal Readiness Levels (SRL) to assess the level of societal adaptation of a social project, technology, 

product, process, intervention or social or technical innovation to be integrated into society [24].  

Technology roadmaps follow six steps: 1) identify the needs and drivers; 2) identify products or services to meet the 

needs and the drivers; 3) identify technologies to support the products or services; 4) establish the linkages among the 

first three steps above; 5) develop plans to acquire or develop the technologies; 6) assign resources to accomplish the 

plans for acquisition and development [5]. A 12-step roadmap for organisational adoption of Information Technology 

and Infrastructure Library (ITIL) is proposed by [25] focusing on adoption within an organisation. [26] builds on the 

technology roadmap developed by [27] which is adaptable to both organisation and industry scales. Its three phases 

are: preliminary activity, development of the technology roadmap and follow-up activity. [27]’s process was developed 

with a focus on product/process driven needs; [26] extends the process for disruptive technologies. As DLT involves 

more than just adoption of a new technology [4], this process alone is not suitable to support its implementation. [28] 

use this process to develop a roadmap for smart city development in Korea. [29] proposes an Innovation Roadmap 

utilising a multi-layer, timeline-based structure incorporating technological change, industrial change, policy change 

and social change and the dynamics of regime and niche level developments within.  

None of the models discussed in this section are suitable for the macro adoption of DLT in construction as a standalone 

tool to achieve readiness either because they were developed for a different organisational scale (i.e. individual, 

organisation), for a different industry, or simply do not fit the requirements for DLT. While some elements are 

applicable under the right circumstances, a number of the steps in existing models are elementary and carry little 

meaning. Construction is complex and requires changes across many faces of the industry before acceptance and 

adoption of new innovations and systems can be successful. This has been shown through the challenges faced by 

BIM, therefore, a specific roadmap that addresses the industry’s complexity and track record of technological 

advancement is required. The next section proposes the DLT Roadmap that was influenced by some of the models 

discussed here. 

3. Proposed DLT Roadmap to achieve readiness for adoption of DLT in construction 

The proposed DLT Roadmap is a continuation of the socio-technical framework offered in [4]. As DLT is yet to be 

adopted in the construction industry to any noticeable extent, the purpose of this roadmap is to support the industry 
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with its itinerary toward implementation and adoption. A roadmap at this stage will provide a more streamlined 

approach to adoption of a new system allowing the industry the opportunity to have all supporting infrastructure in 

place prior to implementation; it allows time to educate users/beneficiaries of the new system about its benefits whilst 

highlighting any potential challenges they should prepare for; and it supports the development of industry standards 

and regulations [30]. As discussed earlier in this paper, adoption of DLT in construction needs to happen at the macro 

scale at this early stage. DLT is a collaborative system that requires adoption throughout the supply chain and 

throughout the asset lifecycle; individual or organisational adoption alone will not be sufficient for its success as this 

does not increase trust between contracting parties nor does it promote intra-organisational decentralisation. 

Technology roadmaps provide “a comprehensive approach for strategy planning to integrate science/technological 

considerations into product and business aspects as well as to provide a way to identify new opportunities in achieving 

a desired objective from the development of new technologies” ([5], p. 690). The DLT Roadmap (Fig. 1) is designed 

to support the construction industry in its decision to adopt DLT through offering a robust sequential process that will 

support development of a new set of processes and policies and aid in preparation and planning for its implementation. 

The roadmap is designed to support implementation of DLT for specific use cases rather than DLT generally 

recognising that some will require more preparation and legislation and will involve different actors and activities than 

others before successful adoption can occur. It consists of four stages: 1 Conceptualisation, 2 Appraisal, 3 Preparation 

and 4 Implementation. Conceptualisation provides understanding of what value DLT can add for a specific use case; 

appraisal considers the current environment and what needs to change to allow for adoption of DLT for the selected 

use case; preparation puts measures in place to ensure implementation of DLT is a success; and implementation sees 

those measures realised successfully. It considers the construction industry’s current and desired state with respect to 

DLT and proposes progressive activities for the industry to follow at each stage that will guide informed decisions to 

continue toward adoption or whether to reject the new system between stages. These decision gates, indicated by the 

diamonds between stages in Fig. 1 offer the industry a structured process and introduce formal points where the benefits 

of continuing in terms of time, cost, opportunity costs, likelihood of success and appetite for the new system are 

reviewed. It is recommended that an industry appointed task force be established early (i.e. by government) to drive 

this roadmap as in [27]. The task force should consist of participation from diverse groups within the industry (i.e. 

industry practitioners, government, academics) who should be available for the duration of the roadmap giving the 

benefit of early buy-in from the people tasked with implementation [25]. 

Fig. 1. DLT Roadmap 
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In further work, the four stages will be supported by a set of guiding components across the four dimensions (technical, 

process, policy, social) to for application to specific uses of DLT (i.e. automated supply chain payments, maintaining 

a historical digital record throughout the lifecycle of an asset). The four roadmap stages were devised from assimilating 

relevant aspects of existing models and roadmaps for adoption of new technologies as discussed in section 3.  

Fig. 1 provides details of the proposed activities that should take place during each stage that will be adapted for 

different use cases. The conceptualisation stage directs the task group to gain a comprehensive understanding of the 

use of DLT as part of the solution through research into the feasibility of DLT for the use case across the industry by 

completing the activities. This will enable the task force to make a decision on whether to continue towards adoption 

or reject DLT for this use case. The appraisal stage provides understanding of the current state of the industry for the 

use case by comparing it against the desired state with adoption of DLT. This enables the task force to identify changes 

that need to be enacted during the preparation stage before implementation can take place as well as providing 

benchmarking data against which to compare post-implementation data to measure success. The decision to continue 

towards adoption or to reject the use of DLT for the use case is made based on the appraisal activities where the 

decision to continue leads to the preparation stage. Here the task force should ensure that everything required for 

successful implementation, as identified through the conceptualisation and appraisal stages, is in place and that changes 

are made where necessary such as developing and/or updating software and hardware required to adopt DLT for the 

use case and to enact legislation so the new system operates within the confines of the law closing any potential 

loopholes for criminal and/or fraudulent activity, particularly where finances are involved. Following the final decision 

to adopt DLT for the use case in question, the implementation stage commences where the implementation plan is 

executed. During this stage, the benefits identified at the conceptualisation stage, along with others identified 

throughout the process, will begin to be realised. Success can be measured against critical success factors and 

benchmarking data. Challenges and benefits not perceived until implementation will be identified and mitigated or 

exploited as the new system is re-invented to ensure it is fit-for-purpose. From the implementation stage onwards, the 

system will be continuously refined and updated as DLT advances and as new use cases emerge.  

4. Discussion and conclusions

This paper proposes a four-stage DLT Roadmap to support macro adoption of distributed ledger technology in the 

construction industry adaptable for specific use cases. It aims to assist development of a set of robust processes and 

policies to create an ecosystem that will support its implementation into a complex industry. The four-stages in the 

DLT Roadmap (conceptualisation, appraisal, preparation and implementation) were developed through considering 

contributions of other readiness models and technology roadmaps used in similar industries as no roadmap exists for 

DLT in construction. Each stage consists of a number of activities to be conducted that build on one another to create 

the ecosystem needed for successful implementation of the system. It is a developmental process that will support an 

appointed task force from conceptualisation through to implementation with structured adopt/reject points at the 

transition from one stage to the next and prescribes continuous reviews and updates of the implementation plan as the 

system advances and more is learned about how it will integrate and be implemented across the construction industry. 

The DLT Roadmap was developed specifically for the construction industry; its novelty lies in its ability to be adapted 

for any use case in the construction industry considering that the ecosystem required for successful adoption of DLT 

will differ from use cases to use case. For example, financial payments via smart contracts will require enactment of 

new financial legislation, task automation that does not include a financial payment will not. This will be demonstrated 

in future research as the DLT Roadmap is applied to specific use cases.  

The DLT Roadmap forms part of the socio-technical framework for DLT that consists of the DLT Four-Dimensional 

Model and the DLT Actors Model to represent flexible, adaptable and scalable knowledge constructs and foundations 

that can be used for various investigations related to DLT applications in construction. DLT has the potential to support 

solutions to many of the challenges the construction industry faces with regards trust, collaboration and information 

sharing, regulation and compliance, payments and more [4] but it needs to be nurtured carefully to avoid challenges 

such as those experienced by the adoption of BIM.  

This study’s key limitation is that the DLT Roadmap was based on roadmaps developed for purposes other than DLT, 

some for individual or organisational application rather than industry-wide. There is the possibility that when the 

process is used in practice some elements will not meet the requirements needed for achieving readiness for adoption 

of the innovation. However, part of the roadmap is to review the process and update it based on real-world application. 
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The next phase of the research will involve the proposal of guidelines for each of the four dimensions and their 

associated components across the four stages of the DLT Roadmap and be validated with industry practitioners and 

academics. It will consider integration with other technologies (i.e. BIM, IoT and smart contracts) as well as 

incorporating aspects such as creation of plans to train the required skills and educate the general public about DLT. 

In addition, a number of workshops will be held to identify a series of use cases with industry practitioners, academics 

and government to demonstrate how the DLT Roadmap and guidelines can be employed in practice.  
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