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Abstract
Research on blockchain technology implementation
within civil engineering is quickly emerging. The use of
blockchain for the integration of the material and
economic flows within construction supply chain – thus
creating a new digital business model for the related actors
– to enhance a construction project’s production, logistics
management, and constructability, has been only scarcely
investigated. In this paper, this shortage is documented
through a comprehensive literature review. Then, the
potential of Swedish independent third-party logistics
consultants as a fertile ground for such a digital business
model, is examined. Finally, conclusions about the
pursuance of this potential paradigm shift are drawn.

Introduction
There are several approaches to define and frame the field
of blockchain technology, after its first emergence in
Nakamoto’s (2008) seminal work (Konstantinidis et al.,
2018). Among others, there has been focus on
understanding it as a disruptive technology that prepares a
technological ecosystem for the upcoming emergence of
the Internet of Things (IoT) (Woodhead et al., 2018), and
its framing as a means of performance measurement
within processes containing consecutive and/or
simultaneous steps (Kuhi et al., 2018). However, a
generally acceptable approach underlying individual
framings such as the above, defines blockchain as a peerto-peer system of transacting values (in the form of a
shared, decentralized and open ledger replicated across
nodes), without the need of trusted third-party
intermediaries in between to verify, secure, and settle the
transactions (Dannen, 2017; O’Leary, 2017; Singhal et al.,
2018). Blockchain acts as a layer on top of the Internet,
which can co-exist with other Internet technologies, and
its ledger databases are append-only; they cannot be
altered, and every entry is permanent, with the new ones
being reflected on all database copies hosted in different
nodes (Singhal et al., 2018). The three major functional
components of blockchain are game theory (as its
mathematical basis), cryptography (as its main operational
framework), and computer science (as the field of its
realization) (Belle, 2017; Singhal et al., 2018).
Within the construction sector, and following earlier
considerations on the transparency of information access
and management in construction projects (Craig &

Sommerville, 2006), and the improvement of the
contractual and procurement procedures (Eriksson &
Lind, 2016), blockchain has been researched both in terms
of theoretical understanding and practical implementation
(Barima, 2017; Belle, 2017; Turk & Clink, 2017; Wang et
al., 2017; Kamenetskii & Yas’kova, 2018; Klyukin et al.,
2018; Li et al., 2018,2019a; Navadkar et al., 2018).
However, the use of blockchain for the integration of the
material and economic flows within the production
process of a construction project has yet to be investigated.
Such an integration could formulate a new digital business
model – namely, the organizational background and
processes to create, deliver and capture value (Osterwalder
& Pigneur, 2010; Konstantinidis et al., 2018; Momo et al.,
2018), but in a digitalized context. This is culminated
through the “value proposition”, namely the creation of
value for the client who is willing to pay for it, thus
converting it into turnover and profit for the firm
(Mangematin & Baden-Fuller, 2015; Andreini &
Bettinelli, 2017). Such a new digital business model could
integrate the attributes of the operational canvas by
Osterwalder and Pigneur (2010): proposing and creating
value for the key stakeholders and clients, monitoring key
activities, key resources, stakeholder relationships and
flow channels, understanding the related cost structure,
and facilitating the revenue streams. In this paper, the
absence of such a digital business model within the civil
engineering research on blockchain technology, is
highlighted; its problem-solving capabilities, uses, faced
challenges, and limitations – also considering its security
(Kareem et al., 2018) and its relation to constructability
(Kifokeris & Xenidis, 2017) – will be noted; and the fertile
ground for its implementation within the growing
ecosystem of independent third-party logistics consultant
firms operating in the Swedish construction sector, will be
examined.
In the second section of the paper, the literature review
about the state-of-art research on blockchain
implementation in construction is presented, and the
research and implementation gaps are showcased. In the
third section of this paper, certain particularities in the
Swedish construction sector are shown; then, they are tied
with the proposition of the new general digital business
model. Finally, in the fourth section, conclusions about the
proposed paradigm shift and the advent of the new digital
business model, are drawn.
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Blockchain technology in the construction
sector
Research on the development and implementation of
blockchain technology within the construction sector is
relatively new (Penzes, 2018), and with related application
systems and developed solutions generally not being yet
technologically and commercially mature (Gerber &
Nguyen, 2019; Nguyen et al. 2019). The research efforts
are mainly discretized into two categories: holistic
research on the understanding and implementation of
blockchain, and dedicated research on the targeted
integration of blockchain with distinct fields within the
lifecycle of a construction project.
The holistic approach features the following research
dimensions:
• Lateral integration of blockchain within existing
processes and frameworks in the construction project
lifecycle, namely within procurement (Barima, 2017;
Wang et al., 2017; Kamenetskii & Yas’kova, 2018;
Navadkar et al., 2018), process re-engineering through
digitalization (Belle, 2017; Polim et al., 2017; Coyne &
Onabolu, 2018; Gausdal et al., 2018; Klyukin et al.,
2018), setting the goals of strategic innovation (Graglia
and Mellon, 2018), knowledge management (Piraquive
et al., 2017), and logistics and supply chain
management (Wang et al., 2017; Dobrovnik et al. 2018;
Rubio et al. 2018). The efforts following this dimension
mainly address the problem of process automation and
optimization, as well as the effect of mitigating the
human intervention in such processes.
• Proposal of new integrated frameworks using
blockchain, regarding the technical, social and political
dimensions in addressing the problem of the relative
technological implementation (Li et al., 2018,2019a)
The dedicated approach features the following research
dimensions:
• Implementation of smart contracts (namely, computer
protocols that facilitate, verify, or enforce the
negotiation or performance of a contract, and/or obviate
the need for a contractual clause) for all transactions
(Cuccuru, 2017; Mason, 2017; Lamb, 2018; Mason &
Escott, 2018). The efforts following this dimension
mainly address the problem of process automation and
optimization as well, but in dedicated fields rather than
at a high-end systemic level.
• Interconnection of blockchain with IoT, to enhance
construction productivity and performance (Heiskanen,
2017; Kochovski & Stankovski, 2018).
• Interconnection of blockchain with Building
Information Modelling (BIM), and especially for
facilitating trust among stakeholders (Mathews et al.,
2017), resolving data issues like confidentiality,
provenance
tracking,
disintermediation,
nonrepudiation, multiparty aggregation, traceability, interorganizational record keeping, change tracing, and data
ownership (Turk & Klinc, 2017), and using IoT as a
data source for BIM (Arthur et al., 2018). There has

even been negative critique on such an interconnection,
as Ghaffarianhoseini et al. (2017) state that blockchain
cannot be integrated with BIM in a way that creates
additional value but would rather be more useful just as
a tool for document handling, auto-invoicing and
automated control.
• Interconnection of blockchain with Computer Aided
Design (CAD), for the optimization of the issue of
digital design distribution and validation (Dounas &
Lombardi, 2018).
• Interconnection of blockchain with radio frequency
identification (RFID) technologies for logistics and site
management (Lanko et al., 2018), to address the
problem of streamlining the construction supply chain.
In all the above, and especially regarding construction
logistics and supply chain management (Wang et al., 2017;
Dobrovnik et al. 2018; Lanko et al., 2018; Rubio et al.
2018), there has not been an investigation on the
capabilities of blockchain for the integration of the
respective material and the economic flows.
Considerations on pursuing this integration have been
already been noted in the relative research (Love et al.
2004; Koçtaş & Tek 2013; Li et al., 2017). The consensus
was that such an integration could:
• Facilitate a holistic overview of the full production of
the construction project.
• Foster trust, transparency and traceability in
transactions and flows.
• Enhance the quality management of the on-site
deliverables (e.g. equipment or materials).
• Aid in stakeholder collaboration through the
decentralization brought about by the blockchain
network.
• Create monetary and qualitative value for the
stakeholders.
• Assist in the optimization of a project’s
constructability, namely “the optimum use of
construction knowledge and experience in planning,
design, procurement, and field operations to achieve
overall project objectives” (Construction Industry
Institute, 1986). Important constructability aspects are
a holistic view on logistics, supply chain integration,
and close stakeholder cooperation through trusted
transactions (Kifokeris & Xenidis, 2017), which pose
direct interfaces with blockchain implementation.
The need for such an integration can also be addressed by
the capabilities of blockchain technology itself, as has also
been noted in related research efforts outside the field of
construction (Chen et al., 2017; O’Leary, 2017; Risius &
Spohrer, 2017; Wu et al., 2017; Francisco & Swanson,
2018; Kavassalis et al. 2018). For the conception of a new
digital business model regarding the integrated blockchain
implementation within the construction logistics and
supply chain, the research output mentioned above (both
construction-related and not) should be considered, along
with:
• State-of-art developments on the understanding and
implementation of blockchain technology for logistic
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and supply chain management in general (Büyüközkan
& Göçer, 2018; Chichoni & Webb, 2018; Hofmann &
Rutschmann 2018; Hofstetter, 2018; Kim &
Laskowski, 2018; Kshetri, 2018; Mukri, 2018;
Verhoeven et al., 2018). Central in these research
efforts is novel “value creation” through blockchain
solutions for the corresponding supply chains. Such a
value can be enhanced by integrating interrelated
business aspects of supply chain processes with the
introduced blockchain technologies, such as the
material and the economic flows.
• Insights gained from the particularized blockchainrelated research for supply chains within the
manufacturing industry (Kayikci, 2018; Kremer, 2018;
Mondragon et al., 2018). While Aloini et al. (2012)
have noted certain differences between the
manufacturing and construction supply chains (namely,
dissimilar project complexity, configuration intensity,
customer influence, process fragmentation, and
stakeholder interconnection), these supply chains
depict indeed a certain procedural similarity (Koçtaş &
Tek, 2013). The discretization of manufacturing supply
chains into discernible processes and flows
(Mondragon et al., 2018) can correspond to the
processes and flows of construction supply chains, and
thus be extrapolated accordingly (Koçtaş & Tek, 2013).
So, the advances of blockchain implementation in
manufacturing, complemented by the research
outcomes noted in the previous bullet, can be valuable
for blockchain development within construction.
• Attention to the security issues identified for and of
blockchain implementation (Khong & Escobar, 2017;
Harlev et al., 2018; Kareem et al., 2018; Sklaroff, 2018;
Underwood, 2018; Veuger, 2018). The “for” issues are
mainly connected to the lack of trust among
stakeholders in the adoption of blockchain; the
disruption brought about by blockchain can be viewed
with discomfort, and extreme opinions even regard it as
a fad. The “of” issues are mainly derived from the abuse
of those properties that make blockchain a novel
disruption technology in the first place; the node-like
anonymity of the distributed network can be a driver for
illicit activities, the cryptocurrencies used can cause the
loss of real-value grasp, any breach in the system
cryptography can lead to the immediate and
unrecoverable loss of virtual funds (as opposed to the
potentially retrievable flat currency funds), and the
potential inflexibility of the automated processes can
lead to loss rather than creation of value for the
stakeholders. A new integrated digital business model
for blockchain implementation in the construction
supply chain and logistics should address and face those
concerns.
• Emphasis on construction-specific frameworks of
production and management interconnected with
supply chains. Most prominent among such
frameworks is constructability, which can both impact
and be impacted positively by an effective supply chain
with integrated flows, procedural transparency, and
simultaneous early contractor involvement in the

construction project lifecycle (Love et al., 1999;
O’Brien, 1999; Khalfan et al., 2001; Love et al., 2004;
Karim et al., 2006; Khalfan et al., 2010; Chen, 2012;
Saunders et al., 2015; Kifokeris & Xenidis, 2017).
Other construction-specific aspects to be emphasized
can include the implementation of lean construction
principles (Koçtaş & Tek, 2013; Santorella, 2017),
component prioritization (Jiang, 2016) for economic
flow optimization, and the effect of the chosen
contractual strategy (e.g. design-bid-build or designand-build) (Clough et al., 2015).
• Acknowledgement of the capabilities of already
developed blockchain systems – such as IBM
Blockchain (Forrester Consulting, 2018) – and research
on their enhancement, customization, implementation
and even replacement.
Building on the above, and in considering the
implementation of such a digital business model, major
potential uses of blockchain in construction logistics with
the aim of integrating the material and economic flows in
the supply chain, can include the following:
• Deployment of a decentralized blockchain network,
with the nodes corresponding to stakeholders involved
in the logistics and supply chain management (e.g.
clients,
contractors,
subcontractors,
suppliers,
transporters, and logistics consultants – see in the
following section). This network will function as a
shared, immutable ledger with historic data accessible
by the stakeholders.
• Automation and direct connection of the payments to
the suppliers and transporters, also with potentially
using IoT. For example, data regarding the arrival and
supply of materials and equipment (e.g. through sensors
identifying the RFID tags of construction vehicles
arriving on-site) can trigger smart contracts on the
blockchain network, which will automatically support
the sending of the respective payments to the relevant
actors. Such payments can be realized in a form of
cryptocurrency accepted by the actor, or they can be
translated in fiat currencies, as per the respective
crypto-system implemented in the utilized blockchain
network.
• Tracking the origin of supply chain inputs (e.g.
construction materials like gravel and cement) through
the append-only sequences of blocks in the blockchain,
and cross-checking their quality, along with the
integrity and validity of the process followed by the
respective subcontractors, suppliers and transporters.
Any smart contract triggers related to the payment of
the aforementioned actors can also include clauses
considering such process-oriented cross-checks.
However, such an implementation can face significant
challenges. Central among them, are the “for” and “of”
security issues described above and within the respective
literature (Khong & Escobar, 2017; Harlev et al., 2018;
Kareem et al., 2018; Sklaroff, 2018; Underwood, 2018;
Veuger, 2018); namely, the lack of trust among
stakeholders in the adoption of blockchain, discomfort in
the disruption brought about by blockchain, fear of
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potential illicit activities rooted in the node-like anonymity
of the distributed network, loss of real-value grasp due to
the use of cryptocurrencies, immediate and unrecoverable
loss of virtual funds in the case of breach in the system
cryptography (however unlikely and/or extremely costly
in computational means this may be), and potential
inflexibility of the automated processes. In addition,
blockchain is considered by some researchers as
somewhat ambiguous in its claim on value creation –
especially for construction logistics – (e.g. in Li et al.,
2019b), and as difficult to implement without the
simultaneous implementation and support of other types
of infrastructure as well, such as BIM and IoT (Ye et al.,
2019). Finally, an always present challenge is the
stimulation of the respective actors and stakeholders into
adopting a new digital business model utilizing such a
technology. For this, the matter of understandable,
monetizable, and readily available value creation is
crucial.
Coupled with the challenges are the potential limitations
of such an implementation. There is currently little
widespread understanding of the technology underlying
blockchain within the construction sector (and especially
within the field of construction logistics), making the
respectively dedicated and/or knowledgeable practitioners
relatively rare. Due to this limitation, even in the case of
an actual investment in blockchain for construction
logistics, its realization may entail the outsourcing of the
development process to blockchain technicians not
necessarily familiar to the particularities of construction
supply chains and logistics. Furthermore, cryptocurrencies
may be increasingly accepted as means for transactions,
but not by all, and especially not all in the construction
industry; and even if a cryptocurrency is translated into fiat
currency through the relative system, it cannot be avoided
in the first place, since it is essential for the function of the
blockchain framework.

With this background, an early concept of such a new and
generic digital business model can be presented in the
canvas by Osterwalder and Pigneur (2010), as in Figure 1
(see next page). It should be underlined that within this
generic model, several firm-specific business models will
be needed.

The case of the Swedish independent thirdparty logistics consultant firms
Sweden is experiencing urbanization, as is the rest of
Europe. This intensified activity and its associated
complex processes, may result in issues such as delayed
deliveries, complicated supply chain coordination, and
low productivity and efficiency (Dubois et al., 2017). To
ameliorate such issues and facilitate all associated logistics
services, one state-of-art business practice is the
employment of independent third-party logistics
consultant firms, which assist in coordinating and handling
complex, recurrent and conflicting flows consisting of
deliveries of materials, arrival of incoming goods, and
other sub-systems. These firms are often small
organizations; they embody a business model for
improved construction logistics, strengthening the
coordination across the supply chain by connecting the
client, the material and equipment transport companies,
the contractors, and the subcontractors. The most
prominent among these firms are featured in Table 1 (see
next page), with this list being based on the authors’
targeted communication with firm representatives, the
firms’ websites, and related literature (Gustavsson, 2018).
By configuring their business practice in the way
described above, these firms are given a central role within
the development of a construction project.
However, there is no established approach and level of
digitalization in the coordination process they carry out –
in some cases, it is facilitated by the third-party logistics
firms taking a role as collaboration and process
consultants, while in others it is supported by IT systems,

Figure 1: Canvas of an integrated blockchain solution for construction supply chain and logistics
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which are generally fragmented and non-integrated. These
approaches do not have to be mutually exclusive, and in
some cases, they are all used to some extent. They are
summarily noted in the “Approach” column in Table 1,
where it is hinted that some firms may still deploy a more
traditional business model using established methods and
tools (e.g. Prolog), while others mostly deploy a digital
business model involving advanced technologies such as
planning software and tracking systems (e.g. LogTrade,

Myloc). Nonetheless, all approaches involve collaboration
and interaction with the on-site contributing parties and
key suppliers; this is an important aspect to the “value
proposition” of the respective business models
(Mangematin & Baden-Fuller, 2015). In a broader
perspective, other adjacent players can and will influence
the collaboration on building logistics in Sweden. The
equipment supplier Ramirent, for example, presents an
approach to digital

Table 1: Prominent third-party logistics consultant firms within the Swedish construction sector
Turnover
Staff
Digital
Name
Industry
Main clients
Approach
(2017-8)
no.
solution?
Construction,
Contractors, suppliers,
≈ 2.328 M
Digitalization Yes, inLogTrade
9
manufacturing,
distributors, retailers,
€
/automation
house
retail, transportation
transporters
Construction, real
Contractors, suppliers,
≈ 1.483 M
Digitalization Yes, inMyloc
8
estate, inventories,
distributors,
€
/automation
house
manufacturing
manufacturers
Contractors, suppliers, Facilitation/
Yes, with
Prolog
≈ 1.905 M
Construction, real
22
distributors,
digitalization/ external
Bygglogistik
€
estate
transporters
automation
partner
Contractors, suppliers,
Construction,
Facilitation/
≈ 2.749 M
distributors,
Yes, inServistik
20
manufacturing,
digitalization/
€
manufacturers,
house
waste management
automation
transporters
Facilitation/
Svenskt
≈ 100.871
Construction, real
Contractors, suppliers,
Yes, in138
digitalization/
Byggdialog
M€
estate
manufacturers
house
automation
Contractors, suppliers, Facilitation/
Svenskt
≈ 4.167 M
Construction, real
Yes, in25
distributors,
digitalization/
Bygglogistik
€
estate, transportation
house
transporters
automation
Contractors, suppliers, Facilitation/
Yes, with
FM
≈ 2.337 M
Construction, real
8
distributors,
digitalization/ external
Management
€
estate, transportation
transporters
automation
partner
logistics solutions echoing the business model
implemented by other Swedish firms offering
miscellaneous construction services, such as, Buildsafe,
Loop Rocks, Ene Golv, and Edvirt. Moreover, the
continued
dominance
of
contractor-driven
buildingLogistics is also developing and should be
researched; Veidekke Sweden, for example, has acquired
and uses in-house the services of a dedicated and
previously autonomous logistics company. Finally, bestpractices and lessons-learned from the business models of
global logistics firms operating in Sweden, such as DB
Schenker, DSV, and UPS, should be studied – currently
not allowed in the short space of this conference paper.
In such collaborative business models, their digitalization
(or the enhancement of their already digitalized solutions)
with the use of blockchain can optimize their efficiency
and lower their respective costs (McKinsey Global
Institute, 2017). The properties of blockchain align with
the need to view digital business models in an interorganizational manner and not only as a single company
effort (Vendrell-Herrero et al., 2018) – something offered
when partnering with the third-party logistics consultant
firms. Digital business models involve the alliance of

incumbent product-oriented firms with newcomers having
digital capabilities, as a way of assuring agility and
overcoming inertia in existing supply chains (VendrellHerrero et al., 2018).
Apart from the collaborative aspect, in developing digital
business models for construction supply chains and
logistics, an integrated and agile approach is needed
(Thunberg & Fredriksson, 2018). In such an approach, the
planning of on-site space utilization for provisional
storage can be continuous, substituting the previous, more
static “Area Disposition Plan” (APD) approaches. It is
recurrent to mention APD as dynamic, but this rarely
implies continuous integration between logistics planning
and material registration, placement and installation. Such
a digital approach could be integrated with the flow control
system and would also involve blockchain in handling the
economic flow along the physical flow (O'Leary 2017).
The employment of third-party logistics consultants can
bring about all such sought collaborative, integrated and
agile aspects. However, issues of delivery failure,
unprecise data, delays in time, and inefficient flows and
data transfers between systems, still occur, preventing the
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efficiency optimization of construction supply chains and
logistics – especially in large construction sites. On-site
physical placement is rarely tied to any implemented
digital solutions. Moreover, these firms are burdened with
justifying the value-for-money for their logistics services
fees – the disintegration between the material and the
economic flows is evident in the decoupling between the
payments for the deliveries and transportation services,
and for the logistics solution.
Thus, it can be derived that the third-party logistics
consultants within the Swedish construction sector both:
• Present a fertile ground for the implementation of a
dedicated digital business (as a particularization of the
conceptual and generic digital business model
described earlier) featuring a blockchain solution that
integrates the material and economic flows within the
construction supply chain and logistics, since the firms
display the collaborative and integrating aspects
aligning with such an implementation, and
• Need such a digital business model. Even in the case of
more digitally advanced firms, on-site issues of
disintegration, and matters of value-for-money
justification due to the decoupling of the material and
economic flows, have still to be tackled.
The “value proposition” in this case, and following the
early conceptual business plan in Figure 1, would be a
holistic, transparent, automated and fully integrated
solution for the realization of the construction supply chain
and logistics processes in an unhindered way. This could
facilitate the generation of additional value for the
“customers” – owners, contractors and subcontractors –
which could then turn to profit.

Conclusions
Blockchain is an emerging technology with disruptive
potential, acting as a peer-to-peer system of transacting
values (in the form of a shared, decentralized and open
ledger replicated across nodes), with a reduced need of
trusted third-party intermediaries in between to verify,
secure, and settle the transactions.
Within the construction sector, the implementation of
blockchain has been investigated both in a general and in
a dedicated manner. However, there has been little
research on a blockchain solution integrating the material
and economic flows within the construction supply chains
and logistics. Such an integration could holistically
facilitate the full production of a construction project,
foster trust, transparency and traceability in transactions
and flows, enhance the quality management of
deliverables, aid in stakeholder collaboration, and create
monetary and qualitative value. This integration can
ultimately be realized into a digital business model for the
third-party building logistics consultants that draws from
knowledge generated from the implementation of
integrated blockchain solutions in other industries, and
incorporates construction-specific aspects, such as
constructability, lean construction and the effects of the
elected contractual strategy. However, the adoption of

such a digital business model can face challenges, such as
trust and security issues, and also be demarcated by
limitations, such as the relatively sparse knowledge of
blockchain fundamentals within the construction sector.
The Swedish independent third-party logistics consultant
firms reveal, through their distinctive characteristics and
operational processes, both a capability and a need for
such an integrated blockchain solution. Thus, problems of
on-site process disintegration, and justification of valuefor-money, could be effectively mitigated.
The robust conceptualization and development of such a
digital business models cannot be disintegrated from the
operational processes and business models of the
stakeholders collaborating with the independent thirdparty logistics consultant firms in Sweden. The interfaces
with material and equipment rental/supplying firms,
companies offering miscellaneous construction services,
and global logistics firms should be investigated.
Moreover, the dominant contractor-driven building
logistics practice should be researched, as large
contractors are currently developing their capabilities.
As future work, not only the research on the business
models and processes of the aforementioned actors will
follow, but also the identification, for each stakeholder, of
the value creation through the implementation of an
integrated blockchain solution, will take place. Moreover,
the robustification and particularization of the proposed
early conceptual and generic digital business model, with
a central interest in creating a dedicated digital business
model for the independent third-party logistics consultants
in Sweden, will be pursued. In addition, the blockchain
technology infrastructure itself, including the integration
of flows, the distributed network, the smart contracts, the
on-site triggers, and the end-user application, will be
developed into a prototype. Finally, this prototype will be
tested and verified in the case of a construction site, and
with the attendance of the actors respectively represented
by the relative nodes in the distributed network.
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