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Introduction

Construction projects are highly complex (Bertelsen, 2003). Traditional project delivery
models that use a centralized organizational strategy often struggle to manage this complex-
ity (Levitt, 2011). In response, the Lean Construction community has developed the project
delivery model known as Lean Integrated Project Delivery (Lean IPD). Lean IPD uses a
new organizational structure for more decentralized decision-making, a new operating sys-
tem to improve handoffs and work commitments, and new commercial terms based on the
principles of relational contracting (Mesa et al., 2016, 2019). The Lean IPD model has seen
increased adoption across the industry (Hall & Scott, 2019).

However, the construction industry is now entering an era of Industry 4.0 and the emer-
gence of new technologies, such as Digital Twins (see Chapter 2 and 14), Internet-of-Things
(Chapter 2), artificial intelligence (see Chapter 5, 8, and 14), and virtual reality (see Chapter
11), offers new opportunities. To date, these technologies focus on improving the operational
system to better manage production flow and eliminate ‘waste’. In this chapter, we suggest
that Industry 4.0 also simultaneously provides the opportunity to rethink the organizational
structure and commercial terms of project delivery. In other words, how might project de-
livery models transform in an era of Industry 4.0?

We suggest that future project delivery models can take the approach of decentralized
organizational structures and relational contracting found in Lean IPD and extend it fur-
ther. For example, future project delivery models could embrace approaches like hive or
swarm behavior that have been found to be highly effective in the management of complex
production systems (Helbing et al., 2006). Guided self-organization, increased participant
flexibility, and well-coordinated system dynamics can lead to better outcomes for complex
systems (Helbing & Limmer, 2008).

In this chapter, we propose that blockchain technologies can act as the technological
foundation for this new model of project delivery. Blockchain and other distributed led-
ger technologies provides a distributed peer-to-peer system for value transactions without
requiring a central intermediary. Blockchain is more than cryptocurrency transactions;
it has inherent affordances that can also be useful to design new crypto-economic incen-
tive systems. Through smart contracts and tokenization, new forms of micro-economic
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coordination can challenge existing assumptions around value and the nature of com-
mercial terms.

We call our future vision Integrated Project Delivery 4.0 (IPD 4.0). IPD 4.0 is a project
delivery system coordinated through blockchain technologies. While it should be noted
that our thinking around IPD 4.0 remains early and underdeveloped, we attempt with this
chapter to provide a conceptual and theoretical foundation for how IPD 4.0 might develop.
To do so, we first review the limitations of the organizational structure, operational system,
and commercial terms of the traditional project delivery system. We explain the problem of
complexity, and how Lean IPD has made the first steps toward decentralization. Next, we
introduce the fundamentals of blockchain technologies and describe how the use of smart
contracts and tokens can increase automation, transparency, and alignment towards overall
project success.

We then describe the key conceptual building blocks of IPD 4.0. This includes our vision
for a collective organizational model based upon the crypto commons, an operating system
built upon a value-based theory of production, and a commercial system that emphasizes
micro-exchanges. We summarize the key differences between traditional project delivery
systems, Lean IPD, and the proposed IPD 4.0. Next, we identify early research efforts and
implementations that give tangible examples of how these ideas can be applied. Finally, we
conclude with a discussion of the benefits and implications of the proposed IPD 4.0 model
and the directions for future research.

Theoretical Underpinning

A project delivery system can be summarized by three distinguishing characteristics: the
organizational structure, the operational system, and the commercial terms (Thomsen et al.,
2009). The organizational structure defines the roles and relationships between the partic-
ipants. The operational system describes the timing and sequence of events and practices
and techniques of management. The commercial terms define the legal responsibilities for
defining, designing and constructing a project (Mesa et al., 2016, 2019).

Traditional Project Delivery Systems

Traditional project delivery systems use a ‘command-and-control’ organizational structure,
an activity-based operational system, and a series of transactional contracts (Alarcon et al.,
2013). Command-and-control organization assumes that planners can develop detailed plans
and performance targets that are feasible to implement and will remain valid for the entire
execution of the project (Levitt, 2011). However, the nature of complex construction proj-
ects is such that change is inevitable; one or more key assumptions in the plan are likely to
become invalid over time. When this occurs, the ‘validity of the baseline plan — even if it
was developed by experts with a great deal of execution experience — immediately begins to
erode’ (Levitt, 2011). A detailed plan that is constantly changing becomes ‘a virtual ball and
chain around the legs of people trying to get the project completed’ (Levitt, 2011).
Traditional project delivery systems use an operating system that comes from a transfor-
mation view of production. The transformation view of production has dominated con-
struction for a major part of the 20th century (Koskela, 2000). In the transformation view,
production is viewed as a transformation of inputs to outputs. Production management re-
quires decomposing the overall transformation into smaller transformations and tasks, and
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then carrying out these tasks as efficiently as possible (Bertelsen & Koskela, 2002). This is
typically achieved using the critical path method (CPM) — regarded as the most important
innovation in construction management in the 20th century (Koskela et al., 2014). However,
the CPM can struggle to deal with the complexity and ever-changing nature of modern
construction projects (Dallasega et al., 2020).

Traditional project delivery systems use transactional commercial terms. Transactional
contracts emphasize ‘one-off’ exchanges between two parties. In practice, this is achieved
through the process of a low-bid tender process. Contracts are written with the assumption
of a singular exchange and that can clearly define the entire scope of work (Henisz et al.,
2012). However, there are several challenges to transaction contracting for the delivery of
complex projects. At each stage in the project life cycle (e.g., design, construction, and oper-
ations), multiple stakeholders can have different sub goals (Henisz et al., 2012). For example,
designers have little incentive to reduce the life cycle costs of facility management and facil-
ity managers have a relatively weak voice during the design phase. Transaction cost econom-
ics suggests that the cost of writing general contracts and pursuing third-party intervention
(e.g., arbitration, litigation) for contractual disputes can be prohibitive due to the nature of
infrequent and highly idiosyncratic transactions (Williamson, 1979). This is especially true
for construction projects because they involve shifting counterparties sequenced over multi-
ple phases (Henisz et al., 2012).

The Problem of Complexity

While traditional project delivery methods can be adequate for simple and repetitive proj-
ects, the traditional approach struggles to deal with the problem of complexity.

Bertelsen first suggested that construction projects can be understood as complex systems
due to the presence of autonomous agents, undefined values, and non-linearity (Bertelsen,
2003; Son et al., 2015). Construction projects are characterized by many mutually interact-
ing parts (Corrado, 2019). Complexity arises when dependencies among the subsystem be-
haviors become important to the objective or function of the system (Miller & Page, 2009).
Complex systems have very different characteristics from other systems, such as emergence,
nonlinearity, decentralization, and adaptation (Son et al., 2015). System-level characteristics
cannot be understood as a simple sum of subsystem behaviors. Instead, the emergent prop-
erties of the system are influenced by the interactions and behaviors that occur between the
sub-elements (Bar-Yam, 2004).

The governance and management of such complex systems is difficult. Complex systems
do not behave linearly. The system does not always do what is desired. The proportional
effect of a single change in production or management is difficult to predict as it propa-
gates across the system. Small subsystem interventions might cause a large-scale change in
system behavior, while greater intervention efforts might remain useless (Helbing & Lam-
mer, 2008). In such settings, classic managerial strategies such as the structured hierarchical
control used by traditional project delivery are likely to fail. Highly centralized and con-
trolled systems can become unstable in the face of complexity, and skilled, well-informed
and well-intentioned system managers can lose control (Helbing, 2013).

Lean Integrated Project Delivery

Lean IPD has emerged over the past 20 years as an alternative to traditional forms of con-
tracting, design and supply chain management (Hall & Scott, 2019; Mesa et al., 2019). The
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Lean approach has long emphasized decentralization as part of its approach to deal with the
challenge of complexity in construction projects (Bertelsen & Koskela, 2004).

A full description of Lean IPD goes beyond the scope of this chapter (readers are re-
ferred to Mesa et al. (2019) for a more detailed description). Instead, a short summary is
provided to describe how Lean IPD departs from traditional project delivery systems with
regard to organizational structure, operating system, and commercial terms. Lean IPD
uses a decentralized organizational structure composed of interorganizational teams-of-
teams (Bygballe et al., 2014). Projects can create an inter-firm project board composed
of whom the project firms collectively feel are the most important people (Hall et al.,
2018). The organizational structure emphasizes joint project control to encourage collab-
orative decision-making, team buy-in and shared responsibility for innovation decisions
(Hall et al., 2018) and this is reinforced by a co-located, shared workspace (Kokkonen &
Vaagaasar, 2018). Lean IPD also uses early involvement of key participants allowing con-
tractors to contribute construction knowledge and experience to design (Bygballe et al.,
2014; Papadonikolaki, 2018).

Lean IPD uses an operating system based upon principles of Lean Production. Specifi-
cally, Lean IPD emphasizes a flow-based theory of production as opposed to the transfor-
mation theory of production (Koskela, 2000; Mesa et al., 2019). Pull techniques govern the
flow of materials and information through networks of collaborating trade contractors and
specialists. Optimization efforts do not focus on improving productivity, but instead making
workflow more reliable and eliminating bottlenecks from the production system. Feedback
loops enable learning and rapid system adjustment and decisions about planning are intended
to be bottom-up from the so-called Last Planner (Ballard, 2000). Overall, the operating
system emphasizes clear handofts and workflow leveling.

Lean IPD uses commercial terms based on relational contracts instead of transactional
contracts. Relational contracts are long-term agreements based on substantial mutual com-
mitment, extensive cooperation, and trusted communication (Williamson, 1979). Relational
contracting is well-suited for construction (Henisz et al., 2012) because highly interdepen-
dent but diverse counterparties engage in multiple sequential and complex transactions
(Argyres & Liebeskind, 1999). Using this approach, construction managers pursue modified
cost-minimization approach that balances the governance of an individual transaction with
that of transaction’s contractual hazards (Henisz et al., 2012). In practice, this is done us-
ing multi-party, incentivized contracts such as the Integrated Form of Agreement (IFOA)
(Lichtig, 2010). Without a contractual hierarchy, IPD uses ‘pluralistic coordination to align
decisions and actions towards an established direction’ (Tillmann et al., 2014). Project cli-
ents, contractors, and planners collaborate with one another on equal standing and a shared
destiny dependent on the overall success of the project. Put in another way, the Lean IPD
model creates a shared financial resource pool, shared decision rights, and shared risk and
reward for the project outcomes. The project begins to resemble a common-pool resource
scenario (Hall & Bonanomi, 2021) with a pooled project budget available to all signatory
parties (Thomsen et al., 2009).

Blockchain Technology

Historically, transactions of value have been facilitated by trusted private or institutional
intermediaries. The recent emergence of blockchain technology removes the need for these
intermediaries while still allowing for secure and direct value transactions between actors
in a network.
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To do this, a copy of transactions (called a ledger) is distributed across many networked
computers. The ledger is fully transparent, so everyone can always check and compare dif-
ferent versions for potentially malicious transactions. This is possible because the transactions
are stored in a sequential chain of timestamped and cryptographically connected blocks
(hence the name blockchain). As soon as new transactions are appended, it is not possible to
change past transactions without causing a change in the signature of newer transactions.

The encoded consensus rules of the blockchain define how users agree and add new trans-
actions. These consensus mechanisms are the main innovation of blockchain technology. A
well-designed incentive system ensures that it is more profitable to secure the chain rather
than to attack it. The most famous consensus mechanism comes from the first ever block-
chain Bitcoin (Nakamoto, 2008) and is called proof-of work (Gervais et al., 2016). For fur-
ther details, readers are referred to various taxonomies of the distributed ledger technology
(DLT) landscape (Ballandies et al., 2021; Tasca & Tessone, 2019). Furthermore, Hunhevicz
and Hall (2020) provide information on how these technical characteristics of blockchain
enable various use cases in a construction industry context.

Since the creation of Bitcoin, many new blockchains have been developed to extend use
cases beyond transacting cryptocurrency. The Ethereum blockchain (Buterin, 2014) made it
possible for the first time that Turing-complete code pieces termed ‘smart contracts’ could
be executed on a blockchain. Smart contracts allow for the coding of interaction rules with
blockchain transactions. This enables transaction workflows and custom containers of value
(i.e., tokens). Tokens can then be transferred easily among users of a blockchain. Subse-
quently, the second big wave of innovation was triggered in the blockchain space predomi-
nantly with countless decentralized finance applications (Schir, 2020).

However, the long-term promise of blockchain lies in new economic organization and
governance, potentially disrupting or substituting existing forms of coordination (Davidson
et al., 2018; Miscione et al., 2019). Blockchain creates ecosystems where the benefits from
network effects and shared digital infrastructure do not come at the cost of increased market
power and data access by platform operators (Catalini & Gans, 2020). On the one hand,
smart contracts can encode coordination rules for digital workflows to coordinate global
economic activity of actors in a decentralized way. On the other hand, tokens can incentiv-
ize actors within the created economic system towards intended behavior at the individual
level.

For the coordination of complex construction projects, there is a strong fit between the
nature of blockchain and the problems arising from complex systems and misaligned in-
centives. Construction research has started to investigate blockchain for suited application
areas. The most prominent use cases include tracking and securing data in construction
processes and the supply chain, as well as improving the financial processes with more
transparent and automatized payment logic (Hunhevicz & Hall, 2020; Li et al., 2019; Li &
Kassem, 2021; Perera et al., 2020; Scott et al., 2021). But while many of these use cases ap-
ply blockchain to improve existing construction processes, there is a bigger opportunity to
leverage blockchain for novel forms of economic coordination in construction (Hunhevicz,
Dounas et al., 2022).

Hunhevicz, Dounas et al. (2022) outline these new possibilities of collaboration within
and across the built asset life cycle phases by describing the connection of blockchain gov-
ernance with characteristics of the architecture, engineering, and construction sector.
Blockchain-based governance for construction can enable novel decentralized incentive and
market structures towards decentralized coordination. Individuals and communities of prac-
tice can contribute to value creation in the built environment without formal affiliation to
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a centralized project organization or firm. There is potential for blockchain as an inherently
decentralized technology to embrace the loosely coupled characteristics of the construction
industry (Hunhevicz, Dounas et al., 2022).

Towards Integrated Project Delivery 4.0

In this section, we propose how blockchain technologies can act as the foundation for a new
project delivery system called Integrated Project Delivery 4.0 (IPD 4.0). Although existing
studies have replicated and extended the collective risk/reward sharing mechanisms of in-
tegrated project delivery systems (Elghaish et al., 2020; Rahimian et al., 2021), we suggest
this can be extended further to a fundamental rethinking of project delivery systems. In the
spirit of a radical rethinking for the possible governance, we propose three conceptual prin-
ciples to act as the foundation of IPD 4.0: a collective organizational structure, a value-based
operating system, and micro-contractual commercial terms.

Collective Organization: The Crypto Commons

The proposed IPD 4.0 begins with a novel organizational structure known as a decentral-
ized autonomous organization (DAO). A DAO is a blockchain-powered organization that
can run on its own without any central authority (Wang et al., 2019). The management and
operational rules of a DAO are solely governed by the rules embedded using smart contracts
(Hassan & De Filippi, 2021). Participants in a DAO are responsible to define governance
mechanisms using smart contracts. In this way, the DAO can self-operate, self-govern, and
self-evolve (Wang et al., 2019).

Basic implementation of a DAO requires that stakeholders organize and develop rules
around a treasury, which is then controlled by stakeholders. IPD 4.0 will use this concept
for construction project funds. The project begins with an escrow fund controlled by a
project DAO. Such escrow funds could come from a lump sum provided by a single owner,
or collective funds from a community of interested stakeholders. The rules by which partic-
ipants can withdraw funds from this escrow would be determined by the governance rules,
including blockchain-based tokens to enforce voting rights. In IPD 4.0, the participants in
the DAO collaborate and coordinate for the delivery of the final project according to the
scope, time and budget constraints. Like the shared risk and reward terms of Lean IPD, the
DAO governance rules can be encoded to allocate project rewards proportional to the over-
all success of the project.

The project escrow governed by the DAO represents a common-pool fund. The project
resources become contractually available for free use by any token holders. The project
participants must develop collective governance structures to deal with allocation of these
resources throughout the project. Therefore, it will be the job of project participants to
self~organize their own effective governance structures to help protect the project escrow
from becoming ‘overdrawn’.

To do this, governance structures should be based on the principles for governance of
common pool resources first proposed by Nobel-Prize winner Elinor Ostrom (2015). To be
specific, IPD 4.0 teams will need to create principles that:

1 Define clear boundaries for project participants.
2 Match rules governing the use of project funds to the local project needs and conditions.

3 Ensure that those participating in the DAO can participate in modifying the rules.
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4 Make sure that rule-making rights of community members are respected by outside
authorities.

Develop a system for monitoring the project members behavior.

Use graduated sanctions for those who break the rules or do not perform.

Provide accessible, low-cost means for dispute resolution.

@~ N vl

Build responsibility for governing the project in nested tiers, from the lowest levels up
to the entire interconnected system (Ostrom, 2015).

Scholars suggest that blockchain is a key enabling technology to scale real-world commons
(Bollier, 2015; Fritsch et al., 2021). The Ostrom principles act as guidelines to build such
applications of real-world commons by encoding the respective governance rules with smart
contracts (Hunhevicz, Brasey et al., 2022; Rozas et al., 2021). This connection was estab-
lished because blockchains themselves can be described as a digital common pool resource.
Actors in the network are motivated to contribute to the system through a bottom-up in-
centive system grounded in digital tokens that have perceived values to users, enabling peer-
production of blockchains without any centralized coordinator (Red, 2019).

Therefore, Ostrom’s design principles act as a theoretical starting point to conceptual-
ize the governance structures of IPD 4.0 on the crypto commons. Following these prin-
ciples, project participants can program specific governance structures and practices of the
project delivery system on the blockchain (Hunhevicz, Brasey et al., 2022). The adoption
of blockchain-based transparent decision-making procedures and decentralized incentive
systems for community governance in commons could help avoid the tragedy of the commons
(Bollier, 2015), or in this case the tragedy of the project where project participants overdraw
resources from the common pool (Hall & Bonanomi, 2021). Blockchain can help create
networked project governance to scale project delivery commons, similar to how the stock
market enabled corporations to scale (Maples, 2018).

Operating System: A Value-Based Theory of Production

IPD 4.0 uses an operating system that emphasizes a value-based theory of production.
Koskela (2000) first argued for the value-based concept of construction production alongside
the theories of transformation and flow. Value-based production differs from the traditional
transformation theory of production because:

*  Value generation model considers all activities taking place inside the supplier, while
transformation considers just the physical production.

*  Value generation considers the customer, while transformation abstracts this away.

e Value generation inputs are based solely on customer dependent information and out-
puts are fulfillment of customer needs, while transformation considers all possible in-
puts, and the output consists of the products or services.

*  Value generation is not a hierarchical model and not all activities are similar (Koskela,
2000).

Because blockchain can enable self-organizing and interconnected supply chains, the IPD
4.0 operating system can be based on guided self-organization to maximize value for each
individual task, product or service. Lean-based approaches such as the Last Planner can still
be used, with the addition that each activity can be assigned a token representing the per-
ceived value in the current system. So how can a token represent the value of an activity?
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Figure 18.1 Revisiting the black box of value generation (adapted from Koskela, 2000)

Koskela (2000) began this in his exploration of the black box of value generation (see
Figure 18.1). In Koskela’s conceptualization of production value, the customer formulates
measurable or quantifiable value of the products or services and passes them to the supplier
to deliver this value. For construction activities, Koskela (1992) suggests that there are two
types of customers, the subsequent activities and the final customer. Therefore, for most
construction activities, the supplier is the previous activity in the production system and the
customer the next activity. This means that value of an activity is not absolute. Instead, an
activity’s value is relative to the needs of future project activities, is time dependent, and ever
changing based on the current status of the project. Therefore, participants of subsequent
production steps or the final customer could assign tokenized value for project activities rel-
ative to their perceived value at a given time step.

As a simple example, consider a hypothetical trade-off between the delivery of prefabri-
cated concrete columns and the delivery of a pump system, when there is only laydown space
for one of the deliveries. How should the project team decide which activity will be post-
poned? In an IPD 4.0 operating system, each delivery could be ascribed value tokens on the
blockchain by affected project participants. In case the delivery of the prefabricated concrete
columns would provide a higher value than the pump system, this activity will be done.

In the simple example above, such a decision is obvious, but the power comes when the
value of each activity is tokenized across the project. A value-based production system will
incentivize the production of certain activities based on their relative value to all future
activities in the project. Once value is clear, the participants in the system should in the-
ory self~optimize to maximize their own rewards. Instead of the requirement of top-down
controlling agents (e.g., managers), self-organizing agents (e.g., workers) can perform tasks
with increased flexibility following simple rules. These decentralized interactions will ap-
pear closer to collective or swarm intelligence than a well-structured production approach.
However, the system can also be designed for guided self-organization keeping project-level
objectives in mind while allowing the system to self~optimize around individual agents.

The challenge is that setting up these rules towards guided self-organization requires a
good understanding of the complex system. Only a slight modification of the interaction
rules of a complex system can have favorable or undesirable results towards the overall sys-
tem state (Helbing, 2014). Nevertheless, decentralized and non-hierarchical management
approaches using principles of guided self-organization can be successfully implemented if
several conditions are fulfilled (Helbing, 2014). For example, the use of self~organizing signal
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control adapting to local traffic demand performs better than pre-determined traffic light
schedules that attempt to enforce prescribed controls (Kesting et al., 2008). Decentralized
control of material flows for continuous conveyer systems that optimize local traffic flows
performs better at the system level then centralized controlled systems (Gue et al., 2014;
Mayer & Furmans, 2010). In general, guided self-organization inspired by biological ap-
proaches is seen as very promising in logistics and supply networks to cope with nonlinearity
and complexity.

Commercial Terms: Micro-Exchanges

The commercial terms of IPD 4.0 will be based on smart contracts that enable micro-
exchanges. From a micro-economic perspective, blockchain enables a fundamental shift
in the distribution of rewards within an organization and the structure of that organiza-
tion’s transaction costs (Jacobo-Romero & Freitas, 2021). Smart contracts and new forms
of reward distribution can therefore promote a bottom-up model of economic organization
(Jacobo-Romero & Freitas, 2021).

Project firms no longer will need to sign a single contract intended to cover the entire
scope and duration of the project. Instead, commercial terms will be characterized by re-
peated and frequent micro-exchanges. These micro-exchanges can be transactional or rela-
tional in nature.

Transactional micro-exchanges will transact funds from the DAO escrow for project
tasks, such as design activities, production activities, or information sharing. The value of
each transaction has already been tokenized, so the smart contract exchange simply confirms
the completion of the activity and transfers the appropriate value. By focusing commercial
terms on single exchanges with high asset specificity, projects can avoid the uncertainty costs
priced into the delivery of complex projects.

To use an example, let us consider the design of a structural steel system. In traditional
project delivery systems, the structural engineering firm would receive a contract to com-
plete the overall system design, to complete detailing for each of the structural steel con-
nections, and to approve the shop drawings of the beams proposed for production. In a
micro-exchange environment, a series of smart contracts could be encoded to reward value
for the design, detailing, and approval of the structural steel system. First, the contract could
reward a systems-level design that ensures optimization of the whole system and not just the
parts. Next, the work is parsed into specific, smaller tasks (e.g., detailing of the connections).
A micro-exchange rewards the successful completion of each design and approval activity as
they occur. As deadlines near, the relative value of completing certain tasks increases. There-
fore, project participants are incentivized to “swarm’” their time and attention on the most
valuable tasks in order to maximize rewards. When these tasks are confirmed as complete, it
triggers automated micro-payment from the DAO escrow.

Micro-exchanges can also work on the level of relational contracting. Micro-relational
exchanges can make sense if micro-transactional exchange is not possible. For example, if a
task involves multiple actors and it is hard to define clearly the scope of actors and the value
of each activity because there is high interdependence and reciprocity. Relational contracts
could be formalized into smart contracts, creating shared sub-reward pools for parts of the
project. There could be multiple sequential or parallel relational contracts within one con-
struction project.

As another example, micro-relational contracts could self-adjust the risk/reward distri-
bution based with token-based peer review mechanisms. For example, reputation tokens
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could be issued to stakeholders according to the value contributed and the alignment with
the overall perception of value of the community (Pazaitis et al., 2017). The final distribution
of the reward pool depends on the final relative share of reputation tokens of the contractual
parties. The Covee protocol is an example that sets up such a peer-review mechanism to
determine the final rewards of anonymous contributors of a project, but with a score and not
reward tokens (Dietsch et al., 2018). In a similar manner, reward tokens could be distributed
on a regular basis when intermediate work packages are delivered, adapting continuously
the reward structure of the relational contracting parties according to the relative share of
reward tokens.

Comparison of Project Delivery Systems and Support of Lean Principles

Table 18.1 Comparison of the three project delivery systems

Traditional project

management Lean IPD IPD 4.0
Organizational Command-and-control ~ Decentralized Collective(Commons)
structure (Hierarchy) (Teams-of-teams)
Operating system Emphasis on Emphasis on flow Emphasis on value
transformation
Commercial terms Transactional Relational Micro-exchanges

(Transactional &
relational)

Organizational Structure

Traditional project delivery organizational structures have overestimated the ability of cen-
tralized command and concentrated decision making to control complex projects. As the
advanced technologies described in the other chapters of this book bring additional data and
information systems to manage, the complexity of project systems will only increase. Com-
plexity science suggests the need for a fundamental redesign of organizational structures that
use decentralization and distribution to better deal with these situations.

Decentralization is the dispersion of organizational communication while distribu-
tion is the dispersion of decision-making (Vergne, 2020). Lean IPD can be considered a
decentralized-concentrated organizational form. This organizational form emphasizes
problem-solving teams, incentive pay, flexible job design, and information sharing among
workers (Mookherjee, 2006). The project sub-teams are tasked with reaching consensus and
recommending a course of action, which the project management team can, based on extant
knowledge, either accept or reject (Vergne, 2020). However, Lean IPD only includes partial
distribution of decision making; decision-making power and autonomy are assigned to sub
teams to a certain point (Levitt, 2011), but still require consensus of the project management
team or sometimes a senior management team to make final decisions (see Figure 18.2).

By contrast, the collective structure of IPD 4.0 on the crypto commons takes both a
decentralized and distributed organizational form (Vergne, 2020). To be able to make deci-
sions without formally assigning decision-making authority to higher-ranked members, IPD
4.0 must define a non-hierarchical protocol for its members to reach consensus, which we
suggest should be based on the Ostrom principles. In this organizational form, trust is both
distributed (i.e., any member can be a decision-maker) and decentralized (i.e., every member
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Figure 18.2 Organizational structure of the three project delivery models (from L to R: Traditional,
Lean IPD, and IPD 4.0) (adapted from Baran, 1964)

has equal access to data and information) (Vergne, 2020). However, this organizational form
comes with challenges. It can be difficult to ban specific members or censor transactions
since no one entity holds the formal authority to do so.

Complexity theory suggests distributed networks, what we call the collective commons,
offer an advantage over a concentrated teams-of-teams decision making approach. Distrib-
uted networks are more robust. There is redundancy in the network; if someone cannot
deliver or decide, the mechanisms are in place so that someone else can immediately help.
The project delivery team can be scaled across many individual actors and behave more like
self-organizing hive structures than a collaboration of firms. In addition, project contribu-
tors could remain anonymous, conduct remote work, or only do small tasks for a short time.

Value-Based Operating System

When Koskela (1992) introduced three views of construction production, he argued that
traditional project management was overly concerned with the transformation model of
production. He conceptualized a new production philosophy for construction, based on two
additional theories for production: flow and value.

The Lean Construction research community has made great advances in theory and in
practice for flow-based production. The Lean Construction techniques that are most widely
applied (e.g., Last Planner System) or that are rapidly emerging (e.g., Takt Planning) empha-
size flow by reducing variability, reduce cycle times, and increase process transparency. The
legacy of the past three decades of Lean Construction research has been an understanding of
production flow on the construction site.

However, an argument can be made that the current approach overemphasizes the flow-
based operating system. Concept and practices for value are present (e.g., Target Value De-
sign) but these are applied in service of production flow. Discussions around value, such as
reducing the share of non-value adding activities (Koskela, 1992), are done in order to im-
prove the production flow. Other valuation practices such as Target Value Design are applied
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at a high level (e.g., the overall project cost), but little is known about the specific valuation
of production activities.

The new operating system of IPD 4.0 returns to Koskela’s assertion that concepts of
transformation and flow work in service of value. A value-based production does not exist
in isolation. Theories of production based on flow and transformation will still exist but will
be re-focused on control of the transformation and the flow for the sake of the customer
(Koskela, 2000). However, IPD 4.0 introduces a major shift through value tokens and smart
contracts that will incentivize the behavior of the operating system to more closely resemble
a guided self-optimizing system (e.g., a swarm or hive) instead of a production line (e.g.,
train or parade of trades). Because value is only created by fulfilling customer requirements,
not as an inherent merit of conversion (Koskela, 1992) nor an inherent merit of maintaining
steady workflow, the creation and management of value will receive new attention in IPD
4.0. Since blockchain is transparent, all actors can see the valuation of activities, as well as
who contributed how much to value generation. This could lead to more open discussions
about what is value to a project, how does value change over time, and how can value be
maximized.

Commercial Terms

Traditional construction procurement using a transactional contract often fails because there
is low asset specificity. At the time of tender, project documentation is often not complete,
and it is hard to identify the ‘unknown unknowns’ facing the project team. Relational con-
tracts create long-term agreements built upon mutual commitment, extensive cooperation,
and trusted communication. However, from the perspective of market economics, relational
contracts are not as efficient as purely transactional contracts with high asset specificity.

The proposed commercial terms of IPD 4.0 imagines a compromise between relational
and transactional principles. Using smart contracts, transactions will only occur for spe-
cific activities (e.g., design this structural steel connection in exchange for this financial re-
ward). However, not all transactions need to be monetary. The use of reputation tokens (e.g.,
for conducting a peer review of the structural connection) can help reward and recognize
trusted participants and project leaders, potentially determining also the individual share of
risk and reward defined in relational contracts.

How Do We Apply This?

Although the above is highly conceptual and theoretical, it should be noted that several re-
search efforts are already underway that align with our vision for IPD 4.0.

For collective organizational structures, Hunhevicz, Brasey et al. (2022) outline oppor-
tunities of blockchain governance mechanisms for IPD based on the Ostrom principles. The
research identifies 14 potential blockchain mechanisms to support the concept of a crypto
commons of project delivery, and 22 specific ways to apply these to a blockchain-based dig-
ital governance of IPDs. Together they can help to create blockchain governance building
blocks to manage IPD construction projects in a decentralized way on the ‘crypto commons’.

For example, blockchain can be used to define boundaries within IPDs through
access-rights for the users and resources with blockchain addresses and tokens. Since block-
chain is inherently transparent, actions can be easily monitored. The system can be designed
to incentive trusted behavior in line with the community defined goals. The project par-
ticipants can develop decentralized proposal and voting platforms to ensure scalable and
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inclusive decision making about the project’s rules and values. These rules and values can be
then formalized with smart contracts and incentivized through new token-based systems,
either representing financial rewards or reputation rewards. In addition, blockchain can fa-
cilitate the use of graduated sanctions or decentralized jurisdiction systems to collectively
resolve conflicts fast and locally.

There are other efforts to create DAOs in the built environment. For example, Dounas
et al. (2020) have prototyped a DAO for decentralized architectural design in consideration
of blockchain mechanisms and the design processes.

For value-based operating systems, Kifokeris and Koch (2021) developed a proof-of-
concept blockchain application for construction logistics. Elghaish et al. (2020) created an
automated financial system with a methodology to enhance financial transaction manage-
ment and risk/reward sharing practices in IPD. Yang et al. (2020) developed a blockchain
application framework for business processes and information integration among multiple
stakeholders for two cases: the design of an external cladding system and the engineering,
procurement, and construction management of a large distillation tower. Hunhevicz et al.
(2020) prototyped a crypto-economic incentive system for data sets that included a value
for providing data and a value for checking that the data is correct. Tezel et al. (2021) have
explored project bank accounts for payments, reverse auction-based tendering for bidding,
and asset tokenization for project financing. The Construction Blockchain Consortium is
currently working to create several white papers that consider how value, blockchain, and
construction technology can work together (e.g., Campbell-Turner et al., 2020).

For commercial terms, there are several emerging examples of smart contracts that trans-
act based on the specific completion of small pieces of work. Lee et al. (2021) integrated
smart contracts with a digital twin of robotic fabrication. The robotic placement of each
block, once verified by the digital twin to be correctly placed, triggers a micro-payment.
Hunhevicz et al. (2022) developed a performance-based smart energy contract that took
sensor measurements from a digital twin every 15 minutes. If the temperature measure-
ments matched the target performance, incentive payments were made to the contractor and
facility manager. Hamledari and Fischer (2021) developed a smart contract-based progress
payment system using drones for automated production progress monitoring.

However, these efforts are all very early and much more research will be required before
IPD 4.0 will be possible.

Implications, Limitations, and Conclusion

While there are numerous implications of the IPD 4.0 approach, only three are mentioned
here for the sake of brevity.

The collective commons, or project delivery as a DAO, has implications for project man-
agers and other decision makers. In the era of Lean IPD, it was argued that a new kind of
project manager was needed (Seed, 2014). This ‘project manager 2.0’ was an agile leader who
could empower other participants, collaborate across firm boundaries, and make decisions
from multiple sources of information (Levitt, 2011). However, in the IPD 4.0 DAO, there is
no prescribed hierarchy of decision making. Therefore, future research should identify the
skills and competencies required of an IPD 4.0 project manager toinspire collective action
for the overall good of the project without relying on formal hierarchy.

Lean IPD incentivizes rewards at the firm level. However, the micro-commercial terms
of IPD 4.0 are designed to incentivize participants at the individual level. Blockchain can
steer the individual human actors in the project delivery system through simple incentives
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towards valued contributions. Incentives in a swarm system motivate everyone to max-
imize their own rewards while also ensuring these rewards align with the overall health
of the global outcome (Helbing et al., 2006; Peters et al., 2008). Blockchain-based gover-
nance processes can support data-driven bottom-up and collective decision-making through
crypto-economic incentive systems. These systems guide individual actors toward behav-
ior that optimizes the overall project (Hunhevicz, Dounas et al., 2022). Here there are
major implications regarding professional liability, human resources, incentive design, gig
economy, and the long-term future of the firm that require more investigation. Additional
research is also needed to understand how to ensure how guided self-optimization retains
control on the complete process to optimize the whole system and not just the parts.

Finally, blockchain does not discriminate between human and machine participation.
Participants only need to own a recognized address on the blockchain. Therefore, each
participant in the project could be a machine, another DAO, or a human decision-makers.
Therefore, IPD 4.0 ultimately allow for human-machine interaction on equal standing for
project coordination. For example, the IPD 4.0 project can open a design competition that
accepts submissions from both humans and machine-learning algorithms. Such implications
show how the future of artificial intelligence may be both self-organizing and self-assembling
(Risi, 2021). Future research could study how this approach could provide incentives for
algorithmic approaches for single functions (e.g., to design a floor plan or automate the cre-
ation of a weekly work plan) to be formalized as their own DAO or distributed application
and scale across a network of IPD 4.0 projects.

To summarize, this chapter is intended as a high-level conceptualization to propose how
blockchain technologies can act as the foundation for IPD 4.0. The work is limited in that
many of the proposed ideas around IPD 4.0 remain conceptual and therefore somewhat vague.
In particular, the ideas for a collective commons organizational structure, a value-based oper-
ating system, and micro-exchange commercial terms are meant to provoke discussion. Further
research is needed to implement and prototype such systems, in order to refine or overturn the
ideas proposed here. The ongoing blockchain research in construction cited above can act as
a starting point to build an IPD 4.0 delivery system, and much more research will be needed.
Nevertheless, the suggested theoretical and conceptual implications of blockchain on project
delivery models can act as a starting point for the future of construction in an era of Industry 4.0.

References

Alarcon, L. F., Mesa, H., & Howell, G. (2013). Characterization of Lean Project Delivery. Proceedings
for the 21st Annual Conference of the International Group for Lean Construction, January 2013, 247-255.

Argyres, N. S., & Liebeskind, J. P. (1999). Contractual commitments, bargaining power, and gover-
nance inseparability: Incorporating history into transaction cost theory. Academy of Management
Review, 24(1), 49-63.

Ballandies, M. C., Dapp, M. M., & Pournaras, E. (2021). Decrypting distributed ledger design—
Taxonomy, classification and blockchain community evaluation. Cluster Computing, 1-22. https://
doi.org/10.1007/510586-021-03256-w

Ballard, H. G. (2000). The Last Planner System of Production Control. In School of Civil Engineer-
ing, Faculty of Engineering: Vol. PhD in Civ (Issue May). http://citeseerx.ist.psu.edu/viewdoc/
download?doi=10.1.1.107.4520&rep=repl&type=pdf

Baran, P. (1964). On distributed communications networks. IEEE Transactions on Communications,
12(1), 1-9. https://doi.org/10.1109/ TCOM.1964.1088883

Bar-Yam, Y. (2004). Complexity rising: From human beings to human civilization, a complexity pro-
file. In D. Kiel (Ed.), Encyclopedia of Life Support Systems (Vol. 01, Issue December, pp. 1-33). Eolss
Publishers. http://www.necsi.edu/projects/yaneer/Civilization.html

301


https://doi.org/10.1007/s10586-021-03256-w
https://doi.org/10.1007/s10586-021-03256-w
http://citeseerx.ist.psu.edu
http://citeseerx.ist.psu.edu
https://doi.org/10.1109/TCOM.1964.1088883
http://www.necsi.edu

Daniel M. Hall et al.

Bertelsen, S. (2003). Construction as a Complex System. Proceedings for the 11th Annual Conference of the
International Group for Lean Construction.

Bertelsen, S. (2003). Construction as a Complex System. Proceedings of IGLC, 11, 143—168. https://doi.
org/10.1007/978-3-540-79037-2_8

Bertelsen, S., & Koskela, L. (2004). Construction Beyond Lean: A New Understanding of Construc-
tion Management. 12th Proceedings of the 12th Annual Conference in the International Group for Lean
Construction.

Bertelsen, S., & Koskela, L. J. (2002). Managing the Three Aspects of Production in Construction.
The Nature of Knowledge View Project. https://www.researchgate.net/publication/228608933

Bollier, D. (2015). The Blockchain: A Promising New Infrastructure for Online Commons. http://
www.bollier.org/blog/blockchain-promising-new-infrastructure-online-commons

Buterin, V. (2014). Ethereum: A Next-Generation Smart Contract and Decentralized Application
Platform. White Paper. https://github.com/ethereum/wiki/wiki/White-Paper

Bygballe, L. E., Dewulf, G., & Levitt, R. E. (201 4). The interplay between formal and informal
contracting in integrated project delivery. Engineering Project Organization Journal, 5(January 2015),
1-14. https://doi.org/10.1080/21573727.2014.992014

Campbell-Turner, B., Garbutt, L., Johnson, G., Maciel, A., Papadonikolaki, E., & Saxon, R. (2020).
Blockchain & Construction Cash Flow. In CBC White Paper Series: Vol. Revision 1.0. Construction
Blockchain Consortium(CBC).https://staticl.squarespace.com/static/58b6047520099¢545622d498/t/5fd-
b6089ad5a0604f7feaf5¢/1608212649913/CBC2020-WP1_Cashflow.pdf

Catalini, C., & Gans, J. S. (2020). Some simple economics of the blockchain. In Communica-
tions of the ACM (Vol. 63, Issue 7, pp. 80-90). Association for Computing Machinery. https://doi.
org/10.1145/3359552

Corrado, A. J. (2019). Dynamics of Complex Systems. CRC Press.

Dallasega, P., Marengo, E., & Revolti, A. (2020). Strengths and shortcomings of methodologies for
production planning and control of construction projects: a systematic literature review and future
perspectives. Production Planning & Control, 0(0), 1-26. https://doi.org/10.1080/09537287.2020.17
25170

Davidson, S., De Filippi, P., & Potts, J. (2018). Blockchains and the economic institutions of capitalism.
Journal of Institutional Economics, 14(4), 639—658. https://doi.org/10.1017/51744137417000200

Dietsch, M., Krause, J., Nax, H. H., Omeru, J., Schoettler, R., & Seuken, S. (2018). Covee Protocol:
Powering the Decentralized Future of Knowledge Work with Smart Contracts, a Cryptographic
Token and a Unique Mechanism Design. www.covee.network

Dounas, T., Lombardi, D., & Jabi, W. (2020). Framework for decentralised architectural de-
sign BIM and blockchain integration. International Journal of Architectural Computing. https://doi.
org/10.1177/1478077120963376

Elghaish, F., Abrishami, S., & Hosseini, M. R. (2020). Integrated project delivery with blockchain:
An automated financial system. Automation in Construction, 114(November 2019), 103182. https://
doi.org/10.1016/j.autcon.2020.103182

Fritsch, F., Emmett, J., Friedman, E., Kranjc, R., Manski, S., Zargham, M., & Bauwens, M. (2021).
Challenges and approaches to scaling the global commons. Frontiers in Blockchain, 4(April), 1-16.
https://doi.org/10.3389/fbloc.2021.578721

Gervais, A., Karame, G. O., Wiist, K., Glykantzis, V., Ritzdorf, H., & Capkun, S. (2016). On the Se-
curity and Performance of Proof of Work Blockchains. Proceedings of the 2016 ACM SIGSAC Con-
ference on Computer and Communications Security - CCS’16, 3—16. https://doi.org/10.1145/2976749.
2978341

Gue, K. R., Furmans, K., Seibold, Z., & Uludag, O. (2014). GridStore: A puzzle-based storage system
with decentralized control. IEEE Transactions on Automation Science and Engineering, 11(2), 429-438.
https://doi.org/10.1109/TASE.2013.2278252

Hall, D. M., Algiers, A., & Levitt, R. E. (2018). Identifying the role of supply chain integration prac-
tices in the adoption of systemic innovations. Journal of Management in Engineering, 34(6), 04018030.
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000640

Hall, D. M., & Bonanomi, M. M. (2021). Governing collaborative project delivery as a common-pool
resource scenario. Project Management Journal. https://doi.org/10.1177/8756972820982442

Hall, D. M., & Scott, W. R. (2019). Early stages in the institutionalization of integrated project deliv-
ery. Project Management Journal, 50(2), 128—143. https://doi.org/10.1177/8756972818819915

302


https://doi.org/10.1007/978-3-540-79037-2_8
https://doi.org/10.1007/978-3-540-79037-2_8
https://www.researchgate.net
http://www.bollier.org
http://www.bollier.org
https://github.com
https://doi.org/10.1080/21573727.2014.992014
https://static1.squarespace.com
https://static1.squarespace.com
https://doi.org/10.1145/3359552
https://doi.org/10.1145/3359552
https://doi.org/10.1080/09537287.2020.17
https://doi.org/10.1017/S1744137417000200
http://www.covee.network
https://doi.org/10.1177/1478077120963376
https://doi.org/10.1177/1478077120963376
https://doi.org/10.1016/j.autcon.2020.103182
https://doi.org/10.1016/j.autcon.2020.103182
https://doi.org/10.3389/fbloc.2021.578721
https://doi.org/10.1145/2976749
https://doi.org/10.1109/TASE.2013.2278252
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000640
https://doi.org/10.1177/8756972820982442
https://doi.org/10.1177/8756972818819915

Blockchain Governance for Integrated Project Delivery 4.0

Hamledari, H., & Fischer, M. (2021). Construction payment automation using blockchain-enabled
smart contracts and robotic reality capture technologies. Automation in Construction, 132, 103926.
https://doi.org/10.1016/j.autcon.2021.103926

Hassan, S., & De Filippi, P. (2021). Decentralized autonomous organization. Internet Policy Review,
10(2). https://doi.org/10.14763/2021.2.1556

Helbing, D. (2013). Globally networked risks and how to respond. Nature, 497(7447), 51-59. https://
doi.org/10.1038/nature12047

Helbing, D. (2014). Guided self-organization - Making the invisible hand work (Chapter 4 of Digital
Society). SSRN Electronic Journal, 1, 1-24. https://doi.org/10.2139/ssrn.2515686

Helbing, D., & Lammer, S. (2008). Managing complexity: An introduction. Understanding Complex
Systems, 2008, 1-16. https://doi.org/10.1007/978-3-540-75261-5_1

Helbing, D., Seidel, T., Limmer, S., & Peters, K. (2006). Self-organization principles in supply net-
works and production systems. In Econophysics and Sociophysics (pp. 535-559). Wiley-VCH Verlag
GmbH & Co. KGaA. https://doi.org/10.1002/9783527610006.ch19

Henisz, W. J., Levitt, R. E., & Scott, W. R. (2012). Toward a unified theory of project governance:
economic, sociological and psychological supports for relational contracting. Engineering Project
Organization Journal, 2(1-2), 37-55. https://doi.org/10.1080/21573727.2011.637552

Hunhevicz, J. J., Brasey, P. -A., Bonanomi, M. M. M., Hall, D. M., & Fischer, M. (2022). Applications
of blockchain for the governance of integrated project delivery: A crypto commons approach.
arXiv preprint arXiv:2207.07002.

Hunhevicz, J. J., Dounas, T., & Hall, D. M. (2022). The promise of blockchain for the construction
industry: A governance lens. In T. Dounas & D. Lombardi (Eds.), Blockchain for Construction.
Blockchain Technologies. Springer, Singapore. https://doi.org/10.1007/978-981-19-3759-0_2

Hunhevicz, J. J., & Hall, D. M. (2020). Do you need a blockchain in construction? Use case categories
and decision framework for DLT design options. Advanced Engineering Informatics, 45(February),
101094. https://doi.org/10.1016/j.2e1.2020.101094

Hunhevicz, J. J., Motie, M., & Hall, D. M. (2022). Digital building twins and blockchain for
performance-based (smart) contracts. Automationin Construction,133,103981. https://doi.org/10.1016/
j.autcon.2021.103981

Hunhevicz, J. J., Schraner, T., & Hall, D. M. (2020). Incentivizing high-quality data sets in con-
struction using blockchain: a feasibility study in the swiss industry. In ISARC. Proceedings of the
International Symposium on Automation and Robotics in Construction (Vol. 37, pp. 1291-1298). IAARC
Publications.

Jacobo-Romero, M., & Freitas, A. (2021). Microeconomic Foundations of Decentralised Organisa-
tions. https://doi.org/10.1145/3412841

Kesting, A., Treiber, M., Schonhof, M., & Helbing, D. (2008). Adaptive cruise control design for
active congestion avoidance. Transportation Research Part C: Emerging Technologies, 16(6), 668—683.
https://doi.org/10.1016/].trc.2007.12.004

Kifokeris, D., & Koch, C. (2021). BLogCHAIN: proof-of-concept and pilot testing of a blockchain
application prototype for construction logistics in Sweden. 11-18. https://doi.org/10.35490/
EC3.2021.181

Kokkonen, A., & Vaagaasar, A. L. (2018). Managing collaborative space in multi-partner projects.
Construction Management and Economics, 36(2), 83-95. https://doi.org/10.1080/01446193.2017.134
7268

Koskela, L. (1992). Application of the New Production Philosophy to Construction. CIFE Technical
Report #72. http://cite.stanford.edu/sites/default/files/ TRO72.pdf

Koskela, L. (2000). An exploration towards a production theory and its application to construction.
Doctoral Thesis. VTT Technical Research Centre of Finland. http://urn.fi/urn:mbn:fi:tkk-001187

Koskela, L., Howell, G., Pikas, E., & Dave, B. (2014). If CPM is So Bad, Why Have We Been Using
It So Long? 22nd Annual Conference of the International Group for Lean Construction: Understanding and
Improving Project Based Production, IGLC 2014, 27-37.

Lee, D., Lee, S. H., Masoud, N., Krishnan, M. S., & Li, V. C. (2021). Integrated digital twin and
blockchain framework to support accountable information sharing in construction projects. Auto-
mation in Construction, 127. https://doi.org/10.1016/j.autcon.2021.103688

Levitt, R. E. (2011). Towards project management 2.0. Engineering Project Organization Journal, 1(3),
197-210. https://doi.org/10.1080/21573727.2011.609558

303


https://doi.org/10.1016/j.autcon.2021.103926
https://doi.org/10.14763/2021.2.1556
https://doi.org/10.1038/nature12047
https://doi.org/10.1038/nature12047
https://doi.org/10.2139/ssrn.2515686
https://doi.org/10.1007/978-3-540-75261-5_1
https://doi.org/10.1002/9783527610006.ch19
https://doi.org/10.1080/21573727.2011.637552
https://doi.org/10.1007/978-981-19-3759-0_2
https://doi.org/10.1016/j.aei.2020.101094
https://doi.org/10.1016/j.autcon.2021.103981
https://doi.org/10.1016/j.autcon.2021.103981
https://doi.org/10.1145/3412841
https://doi.org/10.1016/j.trc.2007.12.004
https://doi.org/10.35490/EC3.2021.181
https://doi.org/10.35490/EC3.2021.181
https://doi.org/10.1080/01446193.2017.134
http://cife.stanford.edu
http://urn.fi
https://doi.org/10.1016/j.autcon.2021.103688
https://doi.org/10.1080/21573727.2011.609558

Daniel M. Hall et al.

Li, J., Greenwood, D., & Kassem, M. (2019). Blockchain in the built environment and construction
industry: A systematic review, conceptual models and practical use cases. Automation in Construction,
102, 288-307. https://doi.org/10.1016/J. AUTCON.2019.02.005

Li, J., & Kassem, M. (2021). Applications of distributed ledger technology (DLT) and Blockchain-
enabled smart contracts in construction. In Automation in Construction (Vol. 132, p. 103955). Elsevier
B.V. https://doi.org/10.1016/j.autcon.2021.103955

Lichtig, W. A. (2010). The integrated agreement for Lean project delivery. In M. Kagioglou & P.
Tzortzopoulos (Eds.), Improving Healthcare through Built Environment Infrastructure (pp. 85-101).
Wiley-Blackwell.

Maples, M.]Jr. (2018). Crypto Commons. https://blog.usejournal.com/crypto-commons-da602fb98138

Mayer, S., & Furmans, K. (2010). Deadlock prevention in a completely decentralized controlled mate-
rials flow systems. Logistics Research, 2(3—4), 147—158. https://doi.org/10.1007/s12159-010-0035-4

Mesa, H. A., Molenaar, K. R., & Alarcon, L. F. (2016). Exploring performance of the integrated proj-
ect delivery process on complex building projects. International Journal of Project Management, 34(7),
1089—1101. https://doi.org/10.1016/].]JPROMAN.2016.05.007

Mesa, H. A., Molenaar, K. R., & Alarcén, L. F. (2019). Comparative analysis between integrated proj-
ect delivery and Lean project delivery. International Journal of Project Management, 37(3), 395—4009.
https://doi.org/10.1016/j.ijproman.2019.01.012

Miller, J. H., & Page, S. E. (2009). Complex Adaptive Systems: An Introduction to Computational Models of
Social Life (Vol. 17). Princeton University Press.

Miscione, G., Goerke, T., Klein, S., Schwabe, G., & Ziolkowski, R. (2019). Hanseatic Governance:
Understanding Blockchain as Organizational Technology. Fortieth International Conference on Infor-
mation Systems. https://doi.org/https://doi.org/10.5167/uzh-177370

Mookherjee, D. (2006). Decentralization, hierarchies, and incentives: A mechanism design perspec-
tive. Journal of Economic Literature, 44(2), 367-390. https://doi.org/10.1257/jel.44.2.367

Nakamoto, S. (2008). Bitcoin: A Peer-to-Peer Electronic Cash System. Www.Bitcoin.Org. https://
doi.org/10.1007/510838-008-9062-0

Ostrom, E. (2015). Governing the commons. In Canto Classics (2nd ed.). Cambridge University Press.
https://doi.org/10.1017/CBO9781316423936

Papadonikolaki, E. (2018). Loosely coupled systems of innovation: Aligning BIM adoption with im-
plementation in Dutch construction. Journal of Management in Engineering, 34(6), 05018009. https://
doi.org/10.1061/(ASCE)ME.1943-5479.0000644

Pazaitis, A., De Filippi, P., & Kostakis, V. (2017). Blockchain and value systems in the sharing economy:
The illustrative case of Backfeed. Technological Forecasting and Social Change, 125(June), 105-115.
https://doi.org/10.1016/j.techfore.2017.05.025

Perera, S., Nanayakkara, S., Rodrigo, M. N. N., Senaratne, S., & Weinand, R. (2020). Blockchain
technology: Is it hype or real in the construction industry? Journal of Industrial Information Integration,
17(August 2019), 100125. https://doi.org/10.1016/},jii.2020.100125

Peters, K., Seidel, T., Limmer, S., & Helbing, D. (2008). Logistics networks: Coping with nonlinear-
ity and complexity. Understanding Complex Systems, 2008, 119-136. https://doi.org/10.1007/978-3-
540-75261-5_6

Rahimian, F. P., Goulding, J. S., Abrishami, S., Seyedzadeh, S., & Elghaish, F. (2021). Blockchain in-
tegrated project delivery. In Industry 4.0 Solutions for Building Design and Construction (pp. 381-409).
Routledge. https://doi.org/10.1201/9781003106944-17

Red, R. (2019). Peer Production on the Crypto Commons. Version 1.0. Accessed 20 May 2022.
https://www.cryptocommons.cc/

Risi, S. (2021). The Future of Artificial Intelligence is Self~-Organizing and Self-Assembling. https://
sebastianrisi.com/self_assembling_ai/

Rozas, D., Tenorio-Fornés, A., & Hassan, S. (2021). Analysis of the potentials of blockchain for the
governance of global digital commons. Frontiers in Blockchain, 4, 15. https://doi.org/10.3389/
fbloc.2021.577680

Schir, F. (2020). Decentralized Finance: On blockchain- and smart contract-based financial markets.
SSRN Electronic Journal. https://doi.org/10.2139/ssrn.3571335

Scott, D. J., Broyd, T., & Ma, L. (2021). Exploratory literature review of blockchain in the construction
industry. Automation in Construction, 132, 103914. https://doi.org/10.1016/j.autcon.2021.103914

Seed, W. R. (2014). Integrated Project Delivery Requires a New Project Manager. 22nd Annual Confer-
ence of the International Group for Lean Construction: Understanding and Improving Project Based Production,

304


https://doi.org/10.1016/J.AUTCON.2019.02.005
https://doi.org/10.1016/j.autcon.2021.103955
https://blog.usejournal.com
https://doi.org/10.1007/s12159-010-0035-4
https://doi.org/10.1016/J.IJPROMAN.2016.05.007
https://doi.org/10.1016/j.ijproman.2019.01.012
https://doi.org/10.5167/uzh-177370
https://doi.org/10.1257/jel.44.2.367
https://doi.org/10.1007/s10838-008-9062-0
https://doi.org/10.1007/s10838-008-9062-0
https://doi.org/10.1017/CBO9781316423936
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000644
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000644
https://doi.org/10.1016/j.techfore.2017.05.025
https://doi.org/10.1016/j.jii.2020.100125
https://doi.org/10.1007/978-3-540-75261-5_6
https://doi.org/10.1007/978-3-540-75261-5_6
https://doi.org/10.1201/9781003106944-17
https://www.cryptocommons.cc
https://sebastianrisi.com
https://sebastianrisi.com
https://doi.org/10.3389/fbloc.2021.577680
https://doi.org/10.3389/fbloc.2021.577680
https://doi.org/10.2139/ssrn.3571335
https://doi.org/10.1016/j.autcon.2021.103914
Www.Bitcoin.Org

Blockchain Governance for Integrated Project Delivery 4.0

IGLC 2014, 1447-1459. https://www.scopus.com/inward/record.urizeid=2-s2.0-84921634982&
partnerlD=40&md5=55%¢ce4e4507ae8ea9fab2dd03fd55f2b

Son, J., Rojas, E. M., & Shin, S.-W. (2015). Application of agent-based modeling and simulation to
understanding of complex management problems in CEM research. Journal of Civil Engineering and
Management, 21(8), 998—1013. https://doi.org/10.3846/13923730.2014.893916

Tasca, P., & Tessone, C. J. (2019). A taxonomy of blockchain technologies: Principles of identification
and classification. Ledger, 4. https://doi.org/10.5195/ledger.2019.140

Tezel, A., Febrero, P., Papadonikolaki, E., & Yitmen, I. (2021). Insights into blockchain implemen-
tation in construction: models for supply chain management. Journal of Management in Engineer-
ing, 37(4). https://doi.org/10.1061/(ASCE)ME.1943-5479.0000939Thomsen, C., Darrington, J.,
Dunne, D., & Lichtig, W. (2009). Managing Integrated Project Delivery. Construction Management
Association of America (CMAA), McLean, VA, 105.

Tillmann, P.,, Berghede, K., Ballard, G., & Tommelein, I. D. (2014). Developing a production system
on IPD: Considerations for a pluralistic environment. Iglc-22, 1(415), 317-330.

Vergne, J. (2020). Decentralized vs. distributed organization: Blockchain, machine learning and
the future of the digital platform. Organization Theory, 1(4), 263178772097705. https://doi.
org/10.1177/2631787720977052

Wang, S., Ding, W., Li, J., Yuan, Y., Ouyang, L., & Wang, F. Y. (2019). Decentralized autonomous
organizations: Concept, model, and applications. IEEE Transactions on Computational Social Systems,
6(5), 870-878. https://doi.org/10.1109/TCSS.2019.2938190

Williamson, O. E. (1979). Transaction-cost economics: The governance of contractual relations. The
Journal of Law and Economics 22(2), 233. https://doi.org/10.1086/466942

Yang, R., Wakefield, R., Lyu, S., Jayasuriya, S., Han, F.,, Y1, X., Yang, X., Amarasinghe, G., & Chen, S.
(2020). Public and private blockchain in construction business process and information integration.
Automation in Construction, 118(February), 103276. https://doi.org/10.1016/j.autcon.2020.103276

305


https://www.scopus.com
https://www.scopus.com
https://doi.org/10.3846/13923730.2014.893916
https://doi.org/10.5195/ledger.2019.140
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000939Thomsen
https://doi.org/10.1177/2631787720977052
https://doi.org/10.1177/2631787720977052
https://doi.org/10.1109/TCSS.2019.2938190
https://doi.org/10.1086/466942
https://doi.org/10.1016/j.autcon.2020.103276

