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A B S T R A C T

Construction companies have issues meeting building demands, and supply chain management promises are
only sometimes fully utilized in practice. This paper investigates an IT artefact called the Construction Logistics
Control Tower (CLCT). A CLCT is a control tower artefact specifically focusing on optimizing construction
logistics activities across the supply chain. We distinguish four potential construction logistics application fields
and, therefore, describe four potential variants of the CLCT. We design and narrow down these alternatives
by applying a form of co-creation in which stakeholders design and set requirements for the artefact of
interest. Our goal is to develop a reference architecture for the strategic and operational form in Enterprise
Architecture. We focus on a transportation-based CLCT, which has a strategic component, i.e., it predicts and
manages long-term logistics activities regarding construction, and an operational one, i.e., it operationalizes
and executes daily transportation processes to support construction activities. Our work provides a core
enterprise architecture diagram describing this CLCT variant’s main functionalities. Next, we find that three
key technologies need to be combined to realize such a system: Building Information Modelling, Geographic
Information System and Transportation Management System. We discuss potential hurdles in the integration
process and reflect on potential solutions. In the end, we envision that the construction of such a CLCT
takes both a bottom-up and top-down approach but at least should be supported by a large consortium of
stakeholders, constructing and supporting the system from their interests.
1. Introduction

The construction sector is facing a new set of challenges in solving
the global and regional housing shortages. In Europe, specifically the
Netherlands, additional problems make the situation even more com-
plicated. First, a reduction in emissions in the whole process is needed,
from the actual building to the construction logistics. Second, costs
are rising due to global trade problems and stricter building regula-
tions. Third, the construction sector seems to be rapidly adapting new
building techniques (e.g., prefabrication, modular construction, addi-
tive manufacturing, and robotics (Casini, 2022)) but has had issues for
years with digitization for many reasons (e.g., technologies, regulations
and other aspects of digital transformation are in an early stage (Naji
et al., 2024)). These challenges hinder the industry’s ability to attain
full efficiency and collaboration. Addressing these issues requires more
active coordination and collaboration across the construction supply

∗ Corresponding author.
E-mail address: r.l.a.harmelink@utwente.nl (R. Harmelink).

chain. In that sense, supply chain management and more active coor-
dination and collaboration in the construction supply chain could be a
potential solution (see Vrijhoef and Koskela (1999), O’Brien (1999)) to
the earlier mentioned issues.

This paper approaches the problems discussed by applying a control
tower artefact perspective. Different definitions and applications of a
control tower exist (Harmelink, 2022). An early definition is given
by Bleda et al. (2014), ‘‘A service control tower acts as a centralized
hub that uses real-time data from a company’s existing, integrated
data management and transactional systems to integrate processes and
tools across the end-to-end supply service chain and drives business
outcomes’’. (Bleda et al., 2014), a more recent definition is given
by Harmelink (2022): ‘‘An (inter-) organizational system which uses IT
to optimize specifically (a part of) the service logistics supply chain’’.
Control towers have the potential to integrate supply chain activi-
ties across different organizations. Waste reduction, higher efficiency,
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and better supply chain coordination should occur in the integration
rocess. We use the definition of Harmelink (2022) as a basis.

We focus on a specific case of the control tower, called a Construc-
tion Logistics Control Tower (CLCT). A CLCT is a version of a control
tower specifically focusing on construction logistics activities. Earlier
esearch into practical applications of a CLCT was done in 2018 by
NO on sustainable construction logistics in inner cities (De Bes et al.,

2018). Building on lessons learned in the research mentioned earlier,
e investigate the CLCT in the case of Amsterdam. High-populated

nner cities bring additional challenges for construction activities. The
reation of zero-emission zones and limitations on construction trans-
ortation are additional restrictions in the already complex puzzle of
nner-city logistics.

On the contrary, the construction industry’s challenges provide
an opportunity to innovate in multiple directions. New concepts like
modular, circular, and sustainable construction, construction hubs, and
IT developments (e.g., Building Information Modelling, Geographic
Information Systems, and the Internet of Things) can help tackle the
issues presented. Also, multi-modal transportation options could reduce
emissions by altering the mode of transportation (e.g., via waterways).
However, such solutions need coordination in the supply chains to
succeed, which a CLCT could provide.

This paper aims to generalize and develop a reference architec-
ture for a CLCT based on the Amsterdam municipality’s case. We do
this because the use case in Amsterdam is likely feasible for supply
chain management practices to facilitate better construction logistics
activities. Next, developing a CLCT will only occur if collaboration
opportunities are researched and may catalyze further development.
By developing a reference architecture in enterprise architecture, we
implicitly generalize a CLCT’s design, allowing other organizations to
implement the solution in their socio-technical infrastructure.

We start in Section 2 by introducing the control tower concept and
ollowing with a more detailed perspective on the need for a CLCT
n Amsterdam for construction logistics. Following this perspective,
e introduce the methodology in Section 3, in which this research

follows a co-creation approach in which stakeholders co-create the
reference architecture. In Section 4, we develop a functional design of
 CLCT (i.e., an architecture which describes the inner workings) and

discuss two versions of a CLCT. A strategic CLCT focusing on long-term
logistics and an operational CLCT optimizing transportation processes.
ection 5 describes technological opportunities, recommendations and
imitations for the CLCT. We finalize the paper in Section 6 with a
onclusion and discussion.

2. Academic and practical relevance

2.1. Literature review: The control tower concept

The control tower concept is new in the construction industry, but
n the aviation industry, it plays a pivotal role in airplane takeoff

and landing (Meekings and Briault, 2013). In the previous decade, the
introduction of the term came from IT consultancy firms as a metaphor
for an IT system that manages a part of the supply chain of business
operations. The definition given by Bleda et al. (2014) is one of the
ore origins of the control tower concept in the IT domain.

However, the concept of a control tower still needs to be clarified.
he commercial interest of IT firms has a potential conflict with the
erm to resell the old ’supply chain management software’ concept
nder the term control tower. Conversely, control towers are running in
ifferent intra- and inter-organizational settings. This unclear division

between intra- and inter-organizational applications begs the question
of the exact boundaries of such an IT environment, an ongoing debate
in the (academic) world).

In the academic literature, only Trzuskawska-Grzesińska (2017)
ynthesizes the academic literature on control tower research. For the
est, the literature discusses different applications and architectures of
2

control towers for different purposes. Multiple examples exist which we
mention, an integrated logistics control tower for off-shore (Mohammad
nd Mohd Azani, 2018), a rail-enabled control tower (Milenković et al.,

2019), a transportation control tower (Baumgrass et al., 2014), and a
service control tower (Topan et al., 2020).

As the previous section shows, each control tower operates in a spe-
ific niche, but this does not imply that control towers are standalone
T artefacts. Networks of control towers exist, which communicate
nd coordinate the supply chains as intended by their users. Such
 combination of control towers is usually referred to in the litera-
ure as the cross chain collaboration center (4C) (see Dalmolen et al.

(2015), Trzuskawska-Grzesińska (2017)). We refer to Harmelink (2022)
for a more elaborate discussion of control tower applications, their
rchitectures, and their definitions.

2.2. The need for a control tower for construction logistics support

The need for a CLCT is a double-edged sword. On the one hand,
there is a need from a societal perspective to reduce particular waste
and social nuisance (e.g., emissions, traffic congestion, societal costs).
On the other side, there is also an opportunity to digitize the supply
chain in the construction industry. Oosterwijk (2017) discusses that
fragmentation in the construction industry (e.g., contractors, trans-
porters, logistics service providers, producers and suppliers) and mis-
alignment between production and information processes are reasons
for inefficient supply chain organization. Building Information Mod-
elling (BIM) could solve this, but BIM and logistic information are
currently not well connected (Oosterwijk, 2017). Additionally, if lo-
gistic data is available, it is usually distributed over the individual
organizations in the supply chain in different formats (Brusselaers et al.,
2020), making it even more challenging to organize the construction
logistics. A CLCT could be the first step in integrating the different data
formats) of actors in the construction logistics supply chain.

To further address potential issues, we also look at the challenges for
(inner-city) construction logistics. These challenges are there, mainly
due to the characteristics of construction logistics. Most construction
sites receive deliveries early during the workweek (before 09:00),
of which some goods need to be handled by a crane, lengthening
the delivery process (Sezer and Fredriksson, 2021). New production
processes (e.g., prefabrication and modular approaches) further com-
licate the logistical process. If the construction site uses modular

construction, which is becoming more popular, on-time delivery of
the individual modules is necessary for the construction planning.
However, the construction industry has uncertainties surrounding the
construction supply chain (Peiris et al., 2023), making modular con-
struction difficult. In inner cities, these construction logistics require
no or low emissions due to legislation; this is possible but requires
good planning and collaboration between stakeholders (Venås et al.,
2020). The concept of construction logistics hubs could reduce the
urden on inner cities by offering logistics capacity for multi-modal
ransportation and realizing modular construction. However, these are
hallenging to realize due to different drivers that motivate end-users
nd implementers in practice (Janné and Fredriksson, 2022).

The core issue lies in supply chain integration in the construction
(logistics) industry. Although benefits are envisioned (e.g., reducing
costs, removing waste, gaining a competitive advantage, creating value,
improving planning, etc.), and research into supply chain management
in the construction industry has shown these benefits, problems in the
actual supply chains still exist widely (Papadopoulos et al., 2016). If
a CLCT is going to be applied, some form of supply chain integration
would need to occur. However, the construction industry usually has
many Small and Medium Enterprises (SMEs) with more significant
scepticism towards supply chain management practices (Dainty et al.,
2001). The considerable fragmentation of parties in the construction
supply chain even limits the levels of integration achievable (Briscoe
and Dainty, 2005). Therefore, such parties need to be included, not
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only by mere stakeholder management but by showing the practical
(economic) benefits of CLCT solutions.

Many studies have investigated the potential benefits of supply
chain management in the construction industry. Especially on trans-
portation, probable benefits are enormous, as 39 to 58 percent of
total logistics costs are transporting goods (Ying et al., 2018). In their
project, TNO has shown these benefits in practice, with a 50 to 65
ercent transport reduction in the finishing phase and 80 percent in
he shell phase (De Bes et al., 2018). Additional savings on the side of

better management of supply chain-wide construction logistics will also
result in better on-site logistics performance (Sundquist et al., 2018).

The artefact of a CLCT could be a tool and a facilitator for better
ooperation in the supply chain management process in the construc-
ion (logistics) industry. Other applications of a supply chain control
ower show that integration requires a combination of technology types
i.e., long-linked, mediating and intensive1) to realize an intelligent
upply chain (Vlachos, 2023). However, control tower applications
lso need a reasonable organizational readiness, technology require-
ent and supply chain maturity (Vlachos, 2023). In the construction

ndustry, this might be problematic due to a lack of business case,
absent governance model, improper use of ICT across the chain and
(perceived) risks in data sharing (Staring, 2019). On the contrary, the
CLCT could be an open platform, facilitating necessary information for
all stakeholders involved in construction projects and providing public
services and residents in construction areas (Tesselaar, 2020). The CLCT
ould even be part of a trust-building strategy (Meissner, 2015).

As a preliminary for this research, we investigated the motivation
of stakeholders related to the case of inner-city construction logistics in
Amsterdam. The consortium comprises various stakeholders, from the
municipality to construction (logistics) companies and an IT provider.

he group expects that insights into their current supply chain will re-
sult in gains in efficiency and cost savings, especially in transportation
processes. However, if asked how to approach the construction of a
CLCT, conflicting opinions are given (i.e., top-down versus bottom-up).

he consortium, however, also recognizes potential risks regarding a
oo broad application on the supply chain, limited support and lacking
igitization (van Merriënboer et al., 2023). There is a need for a CLCT,

but the risks surrounding its application might limit its realization.

3. Methodology

The risks presented in the previous section are also an opportunity.
e bridge the potential risks by drafting a reference architecture for

 CLCT. We do this with the help of enterprise architecture. Enter-
prise architecture is ‘‘a conceptual framework that describes how an
nterprise is constructed by defining its primary components and the

relationships among these components’’ (Rood, 1994). Compared to
n information system architecture, enterprise architecture takes a
roader point of view by including the dependencies with business

processes, technologies and organizational structure. We use enterprise
architecture, standard terminology for development, integration and
ommunication about (information) system standards (Rood, 1994).

Developing an enterprise architecture is comparable to develop-
ng an information systems artefact. Therefore, we use the engineer-
ng cycle for information systems and software engineering as a ba-

sis (Wieringa, 2014). This engineering cycle is a more generic Design
Science Research methodology specialization. It focuses on creating an
artefact which should be validated (i.e., checked on valid assumptions
in a theoretical setting) and evaluated (i.e., implemented and analysed
in practice). The engineering cycle consists of the phases: problem
investigation, treatment design, treatment validation, treatment im-
plementation and implementation evaluation (Wieringa, 2014). For
this study, we limit ourselves to developing the CLCT from problem

1 See Thompson (2017) and Appelbaum (1997) for the technology typology
3

s

investigation until and including treatment validation. We later link
these engineering cycle steps to our primary methodology in this
section. Conversely, we need to specify how to develop the enterprise
rchitecture itself.

Developing an enterprise architecture can be done in multiple
ways. Kotusev (2016) outlines three approaches to enterprise architec-
ture development: the traditional, the MIT and the DYA approach. The
TOGAF2 fits within the traditional approach spectrum, in which step-
by-step enterprise architecture development occurs. The traditional
pproach is easy to understand and highly centralized, ideal for small
nd stable organizations (Kotusev, 2016).

On the contrary, the traditional approach also neglects that ‘‘the
enterprise is not an ordinary system like a machine or a building and
annot be architected or engineered as such’’ (Bloomberg, 2014). Löhe
nd Legner (2014) see additional issues with the traditional approach,

especially regarding the cumbersome documentation required and low
utilization thereof. Also, the step-wise approach offers a clear structure
but provides less flexibility for larger, decentralized and more volatile
organizations (Löhe and Legner, 2014).

This research focuses on developing a CLCT reference architecture
for a broad consortium of companies and organizations; therefore, the
consortium is highly decentralized. The traditional method is unsuit-
able, but there still is a choice between the MIT and DYA approaches;
the MIT approach by Ross et al. (2006) sees enterprise architecture as a
basis for business strategy development and focuses on a so-called core
diagram for long-term enterprise architecture. The DYA approach, on
the other hand, is more pragmatic and only develops enterprise archi-
tecture documentation at the right time. The MIT approach suits large
and complex organizations with stable business models. In contrast,
the DYA approach is more for organizations operating in unpredictable
and dynamic environments (Ross et al., 2006), in which organizations
still need a fully-fledged business model. We opt for the MIT approach
in this research because it focuses on a core diagram. For the DYA
approach, a clear business case should be present, which is lacking in
he case of the CLCT.

The MIT approach has three steps: (1) Decide on the operation
model, (2) Develop the Core Diagram, and (3) Establish the IT En-
gagement Model. For this research, the focus is on the first two steps,
as implementation is, in the case of the CLCT, a long-term project re-
quiring the commitment of stakeholders; the engagement model is out
of scope, as it coordinates the alignment of IT and business objectives
resulting from the enterprise architecture model. We combine the MIT
approach with a co-creation designing approach.

Co-creation is an evolving paradigm which has developed from the
dea of the willingness of customers to participate in the design and

creation of products and services (Prahalad and Ramaswamy, 2000).
s a result, co-creation can also increase the possibility of adopting
ertain products, which could benefit the CLCT artefact in general.
owever, multiple definitions of co-creation exist, and we use the

ollowing: Ramaswamy and Ozcan (2018) define co-creation as ‘‘enact-
ent of interactional creation across interactive system-environments

afforded by interactive platforms), entailing agencing engagements
nd structuring organizations.’’ (Ramaswamy and Ozcan, 2018). In this

research, we co-create with the stakeholders involved from the consor-
tium, and we align the co-creation paradigm with the MIT approach for
enterprise architecture. The following table describes our substeps and
approaches within the MIT approach.

Table 1 shows the seven steps we took to develop the reference
architecture for the CLCT, also related to the engineering cycle. We
narrow down four conceptual CLCT alternatives to a single reference
architecture. All consortium members (i.e., municipality, construction

2 The Open Group Architecture Framework (TOGAF) is the most well-
nown and extensively described methodology. TOGAF is a broadly adopted
tandard in industry.
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Table 1
Steps taken in the development of a CLCT reference architecture.

MIT Approach Step Goal MIT Approach Co-creation steps taken in this research

1. Create an operating model. Choose processes and IT systems
to be integrated and standardized.

(1) Investigate and discuss potential construction
logistic processes to be integrated and standardized.
(Problem investigation)
(2) Conceptualize four potential CLCT solutions
based on first consortium discussion.
(Treatment design)
(3) Stakeholders vote on the two favourite CLCTs
to further develop, resulting in two CLCTs to develop.
(Treatment validation)

2. Develop enterprise architecture. Develop an enterprise architecture as a strategic
long-term architectural vision, which links
systems, processes and technologies.

(4) Co-creation workshops, participants are asked
to sketch their designs in mock-up style which are the
basis for discussion.
(Problem investigation)
(5) Transferring the designs of the workshops
into CLCT prototypes.
(Treatment design)
(6) Individual semi-structured interviews
with stakeholders to co-create core CLCT functionality.
(Treatment design)
(7) Develop core enterprise architecture reference model
and validate with expert feedback
(Treatment validation)

3. Establish the IT engagement model. Ensure the realization of the enterprise architecture by
providing alignment between IT and
business objectives based on governance mechanisms.

None
Table 2
Participants in the interviews and workshops.
Type of organization Function Experience Background

IT company Director 23 years Civil Engineering,
Business Administration

Construction
company

Project leader 15 years Civil Engineering

Municipality Policy officer 31 years Landscape Architect

Entrepreneurial
organization

Knowledge expert 26 years Applied Economics

Construction
company

Project controller 3 years Industrial Engineering

Transportation
company

Company owner 24 years Logistics & Economy

Construction
company

Project manager 16 years Civil Engineering

Construction
company

Manager 8 years Civil Engineering

Construction
company

Advisor sustainability 27 years Construction
Management

Construction
company

Teamlead construction
logistics

9 years Construction
Management
N

d

h
c

(logistics) organizations, transportation companies and business orga-
nizations) provide input and co-develop the reference architecture by
discussing and interacting. In Table 2, we show the ten participants
nd interviewees in the different workshops and individual interviews.
he participants are from different types of organizations, functions and
ears of experience. However, they all have experience in the construc-
ion (logistics) industry, and a few participants even have far-fetched
xperience with BIM and other techniques within the construction

sector. We design the artefact of interest, namely, the CLCT. However,
we do this in multiple steps.

4. Development of a reference architecture for a CLCT

In this section, we design the artefact, the CLCT. We do this for two
variants, a strategic and an operational version, which we will explain
later. First, we describe the underlying case in Section 4.1., fuelling
the enterprise architecture design, which is infrastructure works taking
4

T

place in the Wallenarea, the historic centre of Amsterdam, in the
etherlands. Second, we conceptualize multiple variants in Section 4.2

of a CLCT with different perspectives, describe them, and narrow them
down to two potential solutions. Third, we ask consortium members
to sketch and visualize the CLCTs of interest discussed during multiple
workshops. Fourth, we transform early sketches into a CLCT prototype,
escribed in Section 4.3 as the basis for individual interviews. Based

on these interviews, we designed an enterprise architecture core model
for a CLCT in two versions: a strategic CLCT and an operational CLCT,
discussed in Sections 4.4 and 4.5.

4.1. The Amsterdam case: The Wallen area

For this research, we looked at the case of Amsterdam. Amsterdam
as a unique history with its inner city, primarily because of the
ombination of densely populated streets combined with waterways.
he Wallen area is hard to reach by road; therefore, the municipality
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stimulates the use of waterways for logistical purposes. Historically,
the waterways were a means of transporting goods to and from the
warehouses near the water. Now and in the future, the municipality
would like to see the use of these waterways increase to relieve the
pressure on the busy roads and quays and to improve the living
nvironment and accessibility of the area.

In 2020, the City of Amsterdam established the long-term Pro-
gramme for Bridges and Quay Walls (PBK) to restore 800 out of 1,800
bridges and 200 out of 600 kilometres of quay walls throughout the
city. These objects are in critical shape, and in 2020, a quay wall even
collapsed completely. The first projects of the PBK program started
in 2023 and 2024, particularly in the historic city centre. Besides the
PBK program, the city runs a parallel maintenance program to renovate
nner-city streets.

In the case study, we looked into the logistics of three concurrent
earby projects: two quay wall renovations and one street renovation.

The case study aims to investigate and assess the potential for combined
logistics and transport aimed at transport movement reductions. The
first case study was a past case and looked into transport registrations
from a hindside after the completion of three concurrent projects. The
second case study was a live case based on project planning and bills of
materials of three other projects before they started. The quest in both
case studies was to find logistics optimization when the logistics of the
three projects were combined rather than kept separate. The case study
research by TU Delft showed that the potential savings in the past case
could be some 1.000 ton-kilometres (7% of all transports added up) if
only transport combinations and usage of a construction hub could be
applied.

If we optimize project planning and activities with the help of
a CLCT, i.e. adjusting the timing of project activities and transport
movements, we save an additional 1.135 ton-kilometres (7%). In the
past case, 14% of potential savings on transport activities could be
ossible. The savings added up to all 339 truck movements in the live

case. Because of the modal shift of trucks into ships, 57 ship movements
(equalling some 230 trucks) are necessary, adding to the existing 52
ship movements (210 trucks). The total savings of the live case would
be 20%. More details on validating this use case are visible in Vrijhoef
and Harmelink (2024). The question is, where should the CLCT focus
on achieving these savings (van Merriënboer et al., 2023).

4.2. Potential CLCT solutions and narrowing down the alternatives

Based on the use case described earlier and preliminary interviews
ith consortium members, we envision four potential CLCT solutions:

he transportation CLCT, the material planning CLCT, the logistics
pace CLCT, and a waterway CLCT. Each CLCT type has a unique focus

and different functional requirements. Therefore, we need to recognize
the CLCT type with the most potential in daily operations for the
stakeholders involved.

Table 3 summarizes the different types, their needed functionality
nd data availability. We ask consortium members to vote for two

of their favourites regarding practical contribution to their business
rocesses and realizability. The consortium members preferred the

transportation and logistics space CLCT options to investigate further.
Table 4 shows the first and second preferences per organization. Please
ote that we have focused on the preferences of companies involved in

the supply chain; we have explicitly excluded entrepreneurial organi-
zations and an IT developer from voting that they are not end-users in
the CLCT environment.

4.3. Co-creation workshops

For both CLCT types, we organized two workshops where co-
reation is crucial. We asked participants to prepare for these work-
hops with a mock-up or sketch of what, in their opinion, a CLCT
olution is for the type of interest. Additionally, participants reflected
5

n

on two topics. First, we asked them about the potential problems
hat the CLCT could help solve. Second, we asked the participants to

determine the need for specific information in such a system and its
availability.

4.3.1. The transportation CLCT
The problem of collaborative transportation

For the transportation CLCT, the consortium acknowledges that the
current ways of working are highly individualistic, i.e., there needs to
be collaboration regarding the transportation process. There is contact
with the supplier for typical transportation over the road, and a trans-
porter does the transportation activity. Construction companies usually
have a fixed long-term agreement with a specific water transporter
if something needs transport via a waterway. This agreement could
potentially hinder collaboration between transport companies.

On the other hand, new concepts also provide opportunities. The
consortium mentions that circularity could be an opportunity to fill
the empty spaces in transport by transferring waste for reuse in other
construction projects (e.g., application of industrial symbiosis), which
was also researched and validated in the Amsterdam cases. The munic-
ipality recognizes that it should have an overview of the transportation
activities for traffic management purposes. However, parties should
also receive incentives to approach transportation for construction
logistics collaboratively.

The need for information
A transportation CLCT should connect to different information

ources and databases. A link should exist with transport management
ystems, traffic management systems, accessibility, and environmental
ata from the municipality and systems hosting construction and ma-
erials planning. There should also be a certain level of information
epth in these systems. Experts involved in the research gave examples
f detailed information that needs to be known, including transports at

a particular moment and what they are transporting. As the Amsterdam
ase shows, the CLCT should be an intelligent system that identifies col-
aboration opportunities and predicts future transportation movements

and congestion.

A first concept of a transportation CLCT
Based on interviews with practitioners involved in the research, two

practical applications for the transportation CLCT are feasible. One is
a strategic version, which can predict and anticipate future construc-
tion logistics activities. The second is an operational version, which
acilitates the ongoing transport process in the short term but also
elps to predict and anticipate short-term changes. Conceptually, the
trategic version facilitates long-term anticipation of transport through
he urban environment, and the operational version helps improve
ogistics coordination and collaboration in and between projects in
rban areas in the short term.

4.3.2. The logistics space CLCT
The problem of sharing logistics space

In the case of the logistics space CLCT, participants in the workshop
mentioned that working with limited space for storage (e.g., for stock,
emporarily storing building materials and construction machinery) is
ntegral to their daily operations. The participants mentioned that while
orking in public spaces, there are agreements with the municipality
nd other parties on where construction equipment and materials can
e stored. Managing the limited space on construction lots is vital to

keep operations ongoing. Adding construction hubs or extra temporary
local storage close to projects is a valuable solution to increase logistics
efficiency.

However, some issues are specific to particular projects. In the case
f Amsterdam, there is limited or no space on the quay wall itself or
earby. If there is space, there are often zero emission restrictions,
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Table 3
Description of CLCT types.

CLCT Type Description/Main focus of the
CLCT

Needed functional requirements Data availability # votes

Transportation The focus is on sharing
transportation resources,
therefore reducing waste and
empty transport activities

A link with transport management systems
A link with construction planning systems

There is a six-week planning
with delivery times, but additional data
is hard to get or not digitized.

10

Material planning Looking for opportunities to
collaborate on the sourcing
of materials for construction
projects.

A link with construction planning systems
A link with material planning systems

Construction planning is usually
available for individual organizations
but not often combined over multiple
projects.

2

Logistics space Optimizing the availability of
space and inventory
in construction hubs and sites

Planning inventory and space available Construction hubs have insights into the
usage of their spaces. However, on
construction sites
this might be more cumbersome.

9

Waterway management Managing traffic and capacity on
the waterways

A link with transport planning systems
A link with traffic management
A link with AIS data

AIS data is available relatively easily.
Information on routing and traffic
intensity is available as well.

1

Table 4
First and second choices for CLCT types by companies.

Transportation Material planning Logistics space Waterway management

Construction company 2 1
Construction company 1 2
Construction company 1 2
Construction company 1 2
Municipality 1 2
Construction company 1 2
Construction company 1 2
Construction company 1 2
Construction company 2 1
Transportation company 2 1
Dredging company 2 1
a
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requiring charging facilities for electrical equipment. Maintenance ac-
tivities for quay walls often have storage facilities in hopper barges
on the water. The Amsterdam case study shows the advantages of
sharing logistical space and transport between two or more projects.

his sharing requires additional agreements among the contractors and
he municipality, as well as nautical firms and residents using the
aterway.

The need for information
The main problem is retrieving timely and adequate information on

ogistics space available in inner cities. Additionally, the construction
ompanies mention that they would like to know which locations

are available for usage as temporary storage facilities. They would
like to see which logistic spaces on land and water are available and

ith which certainty they can use them. Additionally, construction
ubs could offer their logistic space and services within the CLCT
nvironment. For zero-emission equipment, the CLCT should provide
nformation on recharging locations. On strategic locations close to
rojects in the city centre, the construction hubs and municipality
ould deliver constant supplies of materials and move out waste in
fficient transport loads for concurrent projects, which will then be able
o collect materials in and waste out flexibly at those locations, and
referably by water transports.

A first concept of a logistics space CLCT
The participants’ first sketches are in a platform where the in-

formation mentioned earlier is available. The CLCT has more of a
latform function that provides information about selected parameters,
uch as transports and loads planned and space available, than already
nvisioning and deciding on particular supply chain organization and
ogistics optimization. If optimization is possible within this type of
LCT environment, it could support communication among firms about
he actual state of limited space available in specific locations given a
et of materials, equipment, etc.
6

r

4.3.3. Selecting a definitive type CLCT concept
During the multiple organized workshops, there was some hesita-

tion regarding the feasibility of one of the two concepts: the logistics
space CLCT. According to multiple participants, the information that
should feed into a logistics space CLCT lacks, such as external projects
nd events consuming public places and traffic situations. Digital infor-
ation retrieval technology could fill that gap, which requires invest-
ents but could be rather costly. So, based on these expert opinions, we
ecided to investigate the transportation CLCT further over the logistics
pace CLCT. This choice is mainly due to the limited information and
 lack of business cases. As stated earlier, we know that supply chain
artners can benefit from the transportation of CLCT. For a logistics
pace CLCT, more research should occur into the business and technical
easibility.

We distinguish two types of transportation-focused CLCTs: strategic
and operational. The former focuses on long-term decision-making and
predicting, while the latter prioritizes daily operations. We interviewed
onsortium members individually and showed them a prototype of the
trategic and operational CLCT versions. Based on this prototype, we
pplied a semi-structured interviewing technique to retrieve potential
equirements and needs for the CLCT of interest. These interview results
re analysed and clustered. We generalize similar functionality require-
ents to those of a specific application within the CLCT. In Tables 5

and 6, we present different application components (i.e., modules)
for which individual stakeholders have mentioned interest in their
unctionality in the interviews, where the different letters represent the
takeholders. To conclude, we validate the functionalities applicable to
he Amsterdam case study with the help of the municipality and firms
nvolved.

Tables 5 and 6 show the functional modules and stakeholders
involved, respectively. We link the different stakeholder functional
equirements to generalized functional modules. We develop these
eneralized modules based on the commonality between functional
equirements. For example, if functional requirements deem certain
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Table 5
Types of CLCT modules and stakeholder interests.
Type of CLCT
module

A B C D E F G H I J

Strategic CLCT
Municipality
Construction and
Safety Information
Circular Hub
Traffic Management
Construction Management
Construction Logistics
Operational CLCT
Transportation Intelligence
Construction Planning
Transportation Insights
Water Transportation
Interfaces
p
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t
c
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Table 6
Different stakeholders were involved in the interviews.
Letters Type of company

A IT company

B, E, G,
H & I

Construction company
(E = specialized in
water on construction)

C & J Municipality

D Entrepreneurial organization

F Transportation company

circularity features, we create a module. The tables explicitly show
the link between the modules and the stakeholder requirements. These

odules form the basis of the strategic transportation-focused CLCT
nd the operational transportation-focused CLCT, which we discuss
n-depth in the following sections.

We follow a generic structure to describe the strategic and op-
rational CLCT. First, we describe the supported business processes,
hich are why a CLCT should operate and positively impact outcomes.
hen, we describe a generic CLCT structure, showing the main appli-
ation modules in the type of CLCT. Following this, we investigate the
unctionality of the modules and validate the modules based on the Am-
terdam case. Finally, we reflect on the supporting technologies needed
o realize the CLCT in the bigger picture. Some of these technologies
re key, which we will discuss in the second to last section.

4.4. Strategic construction logistics control tower

The strategic CLCT focuses on long-term (i.e., a time horizon of at
least a few months, expanding to multiple years) transportation in the
construction logistics supply chain. However, based on the functional-
ity needs and requirements described by individual stakeholders, the
strategic CLCT’s application is broader. Firstly, we discuss the business
functions the strategic CLCT supports and show how the CLCT aligns
with these business functions and their processes. Secondly, we show
the technologies required to get the strategic CLCT running. Finally, we
describe a more in-depth strategic CLCT design and its functionality, for

hich we highlight specific modules.

4.4.1. The supported business processes
Fig. 1 shows the strategic control tower and its technologies support

two main business processes.3 The first is the construction coordination
and communication function. Usually, a municipality is responsible
for keeping a city accessible and functioning according to regular
tandards. However, they depend on how other stakeholders in the

3 Shown in the upper yellow business layer of the figure
7

T

construction landscape (i.e., construction companies, transporters, and
citizens) cooperate with them. The strategic CLCT should support the
municipality mainly in keeping the city accessible and managing traffic
so that hindrances are kept to a minimum while informing stakeholders
of potential hindrances and achieving ambitions on a city level, such
as sustainable and multimodal transport. Next, it should provide the
municipality with the information necessary to coordinate the whole
process.

On the other side of the business processes, we see a more for-
rofit-oriented business function regarding construction logistics and

management. Construction companies are especially interested in real-
izing and executing construction processes (i.e., building and maintain-
ing). However, customers that the construction companies serve trigger
these processes. A few critical business processes that the strategic

LCT supports are managing construction activities, realizing construc-
ion logistics, maintaining built assets and, for some organizations,
onstructing buildings with circular resources.

These two business processes get support from five modules, i.e., the
traffic management module and the municipality construction and
safety information module, which mainly support the construction
coordination and communication business activities. The other three

odules are construction management, construction logistics and the
ircular hub module. These three mainly support the construction
ogistics & management functionality. We discuss the functionality of
he individual modules in more depth in the following section.

4.4.2. Core functionality
At the heart of the functional design in Fig. 2 is a digital twin

simulation in the Construction Management module. This digital twin
simulates the construction environment, can forecast building activities
with, for example, BIM data, and can predict logistics activities needed
in the future. Based on this, the construction logistics module could
plan, predict and check the realization of logistical flows and their
restrictions. Predicting these logistical flows is critical, as in inner
cities, additional restrictions like zero-emission zones and limitations
to using specific resources create additional barriers for construction
companies. The construction management and construction logistics
module closely interact with the traffic management module, which
forecasts long-term traffic and potential traffic congestion.

The basis for the digital twin, traffic management and construction
logistics module, lies in the Municipality Construction and Safety In-
formation module; construction companies are often legally required
to request a permit for construction activities in inner cities. Extract-
ing this information from the local systems (e.g., from VICTOR in
the Amsterdam case) could generate additional information for future
construction activities. These feed into all the other modules in the
strategic CLCT. An essential component in the system is the circular
hub module/interface; this one connects with information platforms
that run circular (construction hubs), as described by Yu et al. (2023).

he CLCT could recognize potential circular resources companies use
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Fig. 1. Strategic CLCT and its technologies.
for building and feed them into other applications, i.e., the construction
management and logistics modules.

We have validated these designs in the Amsterdam Case setting.
The following modules mainly support construction coordination and
communication business functions, i.e., municipality construction and
safety information and traffic management modules. The data from
permit applications (i.e., VICTOR and BLVC data for Amsterdam) are
mostly insufficient, unstructured, and not known on time for strategic
logistics planning. However, the departments for ‘city direction’ and
‘works programming’ look ahead a few years in advance, and this data
could be helpful. For the traffic management module, the usefulness
of Amsterdam’s traffic models and automated accessibility assessment
modules based on vehicle weight, size, and emissions are significant.
There is a need to develop such automated models and modules for
nautical transport, too.

The other modules, mainly supporting construction logistics and
management business functions, have also been validated. For bridges
and quay walls in Amsterdam, predicting status, maintenance, and
projects takes place in a structured process funnelling in from
8

5–10 years of look ahead planning for urban areas to 2–4 years of tech-
nical preparation for concurrent projects in areas, and 0–2 years project
preparation of individual projects. Logistics and traffic usually cover
these three phases, from strategic to tactical to operational levels. This
division between phases and levels could be helpful in the construction
management module. For construction logistics, we identified and used
potential opportunities and efficiency improvements for the Amsterdam
case via an integrated logistics approach to concurrent projects. The
effect was that bundling and optimizing transport movements would
considerably reduce the total amount of transport movements and
obliterate all land transport, adding efficient water transport instead
(see Vrijhoef and Harmelink (2024)).

In the final module, the circular hub module, we see that in Am-
sterdam, circular reuse directly on and between concurrent projects
in the city centre is possible, and logistics improvement, i.e. transport
movement reductions, are calculated as a result. This reuse between
projects would require additional micro hubs or temporary storage
space for reusable materials in the proximity of concurrent projects,
either on land or on water in barges.
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Fig. 2. Strategic CLCT application and their inner workings.
4.4.3. The supporting technologies
A strategic CLCT needs support from (external) technologies. We

model technologies as external applications, standards or nodes at-
tached to the CLCT artefact. Fig. 1 shows the different technologies
linked to the strategic CLCT application. We recognize six identifiable
technologies that are important, especially for the strategic CLCT. Lo-
gistical standards are an absolute necessity for the construction logistics
module. As companies have different data store standards, linking at
least well-adopted logistics data-sharing standards to the (strategic)
CLCT would be wise. Examples of such standards in the Dutch logistics
sector are DEFLOG, iShare and BDI.4

Building Information Management (BIM) software should also link
to the construction management module. The digital twin, which plays
an essential role in managing construction activities, should be mod-
elled according to 4D BIM standards such that buildings are viewable in
3D, but also making life more manageable from a planning perspective
and potential changes that are the basis for simulation in the digital
twin. To complete the addition of 4D BIM, Geographic Information Sys-
tems (GIS) should be linked to the (4D) BIM data to add a geographical
perspective, such that the CLCT could easily switch, on a map, between
different digital twins, which should be according to BIM standards. In
validating the Amsterdam case, using widely used basic applications,
such as MS Excel, and the potential for semi-automative logistics of the
input and output data in such software are discussed based on OTM
standards.

A link with planning software is necessary because we focus on long-
term construction activities in the strategic CLCT. This link must be
there to check the digital twin simulations on one side and the other;
also, the (realized) plans must be checked and linked to other activities.
However, in the case validation of the Amsterdam case, the question
was asked to what extent the data would be adequate due to changes
over time. In addition, multiple building logistics calculators exist,
which can already predict the number of logistics activities that will
be needed. Therefore, we recommend linking the planning software
and building logistics calculator via the construction logistics module.
To support the strategic CLCT, public environmental data and traffic
models are available in some countries via local and governmental

4 See DEFLog, iShare and BDI Network
9

APIs, such as in Amsterdam. Data on emission zones, traffic, and certain
construction activities is public. Governments can provide data on
the status of roads and (historical) traffic intensities. These can be
used with the traffic management module in the CLCT to minimize
hindrance.

4.5. Operational construction logistics control tower

The second part of the CLCT is the operational CLCT, which dif-
ferentiates itself from the strategic CLCT by focusing more on trans-
portation and short-term operational decision-making. We recognize
five modules in the operational CLCT: transportation insights, trans-
portation intelligence, water transportation, construction planning and
interface. We discuss each further in this section, but first, we explain
the main business processes that the operational CLCT should support
for (construction) companies.

4.5.1. The supported business processes
Fig. 3 portrays a stylized example of a construction transport process

in the upper business layer. We mention stylized explicitly because
the chronological order in the example is, in reality, often one with
multiple feedback loops because of replanning or delays. The process
shows the trigger of transportation planning (i.e., receiving an order or
fulfilling an earlier order) to the finalizing of the planning while, in
the end, delivering the order on-site, including a delivery note. The
operational CLCT focus should be on facilitating this transportation
process as well as possible.

4.5.2. Core functionality
The operational CLCT (see Fig. 4) has two core modules, the trans-

portation insights and transportation intelligence modules, which con-
tribute to the system’s primary functioning. The transportation insights
module’s main goal is to show all data and information available related
to current transport, capacity of transport and visualizing popular
routes. It uses data from transport systems (i.e., Transport Manage-
ment Systems) and additional sources (e.g., AIS data, governmental
data). The module only focuses on showing information; the transport
intelligence module is necessary for optimization. This module con-
tains algorithms recognizing collaboration opportunities for combining
partial loads into one. Next, the module generates new routes and

https://deflog.org/
https://ishare.eu/nl/
https://bdinetwork.org/
https://bdinetwork.org/
https://bdinetwork.org/
https://bdinetwork.org/
https://bdinetwork.org/
https://bdinetwork.org/
https://bdinetwork.org/
https://bdinetwork.org/
https://bdinetwork.org/
https://bdinetwork.org/
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Fig. 3. Operational CLCT and its technologies.

Fig. 4. Operational CLCT application and their inner workings.
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raises special attention to special types of materials, such as potentially
azardous materials. Therefore, this module should help multiple stake-
olders to collaborate on their transportation activities. It does this
y checking the in-place transportation agreements (i.e., contracts of
uture transportation activities) and looking for opportunities.

The water transportation module is a specific module that aligns
ith the transportation insights and intelligence modules. Here, data on

ransportation over water is collected and made functional (i.e., adding
he waterways and requirements, therefore, as transportation alterna-
ives if an (inner-)city has this possibility). Most important is that it

distinguishes water routes from road-based transportation. The bridge
between the strategic CLCT and operational CLCT occurs within the
construction planning module. The module retrieves information from
long-term planning but also gets information from operational (six-
week) planning, in which transportation activities are often more pre-
cise. The operational CLCT feeds them to the other modules (i.e., trans-
portation insights and intelligence) but also internally checks and up-
dates the planning based on new insights.

The final module of the operational CLCT is an interface to external
ata and systems. The operational CLCT needs to get information from
xternal sources to feed the information shown on the screen. Most

transportation companies deploy a track and trace system, which allows
them to show their fleet in real-time. For an operational transporta-
tion CLCT, this information is essential to show the current status
of the transport. A zero-emission module could also help determine
a potential modal shift or emission reduction by applying different
transportation resources (e.g., zero-emission vehicles). The operational

LCT also needs to link to building ticket systems and construction
lanning and support a potential future logistical space CLCT, which

could assist in showing the end-user whether there is enough space
in the construction area for transportation. Lastly, the interface with
municipality data and systems, such as budgets and contracts, is crucial.

In validating the operational CLCT for the Amsterdam case, we focus
n the transportation intelligence and water transportation modules.
or the transportation intelligence module, we specifically focus on
undling and combining transports, synchronizing and reducing return
ransports by introducing circular reuse of pavement at the same loca-
ion. While also looking at the water transportation module, the timing
f this module was typically found late in the process, and the same
as valid for the intelligence module. At least it should be anticipated
y a similar module in the strategic CLCT since the modal shift and
eduction of heavy transport have been the strategic aims of the city
or reasons of sustainability, air quality, accessibility, conservation, and
iveability.

4.5.3. The supporting technologies
As with the strategic CLCT, the operational CLCT has a set of

technologies that support it. Again, public data from the government
can show the current status of the roads, waterways and additional
infrastructures such as bridges, traffic intensities, and technical status
of the roads. However, the most important thing is that the operational
CLCT needs to link to third-party transportation systems. These sys-
tems are transport management systems (TMS) or freight management
systems (FMS) and should link to the operational CLCT. The CLCT
itself could function as a shared transportation system, but there are
also initiatives in which transporters link their systems. These systems
should support standards like the Open Trip Model (OTM)5 and e-

MR, such as the digital signing of transportation delivery. The water
ransportation AIS data, which is relatively easy to get and implement,
hould be used.

Combining CLCTs and their technologies also creates opportunities
for construction logistics companies. Some of these will be further
developed and implemented for individual companies involved, while

5 OpenTripModel
11
others are still a glimpse of what will be possible. In the next section, we
discuss the three key technologies supporting the CLCT, which should,
from our functional perspective, be the basis for integration in the
future.

5. Recommendations on three key technologies

In the previous section, we introduce and design the business envi-
onment of the CLCTs, as well as their functionality and interdependen-

cies. However, to realize such a system, one needs certain technologies,
hich we link to the total design of the CLCT in the last part of the

previous section. According to the results from the workshop, some of
these technologies are more important than others, including interde-
pendencies and other technologies. We recognize three critical tech-
nologies for a CLCT: (4D) Building Information Modelling (BIM), Ge-
ographic Information Systems (GIS), and Transportation Management
Systems (TMS).

BIM is important as it is the building block for all construction-
elated activities because the model often represents a digital version of
he construction asset, from which much relevant information is deriv-
ble. GIS is necessary, as it provides the context to place construction

information (e.g., BIM) in a geographical location. In other words, GIS
acilitates terrain data and can interact with TMS and BIM to provide
ata these systems would not possess. Finally, TMS is necessary, as
ogistics needs transport to get construction materials from A to B.

TMS gives insights into the most optimal way to transport materials
but could also interact with GIS (where to transport) and BIM (what to
transport).

Different companies often adopt these three technologies because
of their practical relevance for the individual companies. However,
he idea of the CLCT is an inter-organizational system in which these

systems can communicate and deliver additional functionality to their
traditional form. We discuss these technologies, their definitions, and
their historical context. Next, we look for the opportunities that the in-
dividual or combined use of the technologies provides for construction
logistics companies. We then discuss how the synergy in these tech-
nologies can be exploited by linking technologies together. To finish,
we discuss potential bottlenecks, opportunities, and recommendations
to stimulate the development of a CLCT.

The first of the three technologies is BIM; BIM is a relatively new
term, but it has evolved from predecessors like Building Description
Systems in the 1970s to Building Product Models in the 1980s to
Generic Building Models in the 1990s until BIM was the popular
erm (Latiffi et al., 2014). However, multiple definitions of BIM ex-

ist, and even alternative namings exist, such as Building Information
Management. Most often, people working with BIM see it as a digital
model of a construction asset that combines information about the
construction project (Doan et al., 2019).

The second technology is GIS, and Geographic Information System
as similar issues regarding a clear definition. Multiple definitions
xist (c.f. Maguire (1991)), ranging from ‘‘an information technol-
gy which stores, analyses, and displays both spatial and non-spatial
ata ’’(Cooperative and Collins, 1988) to ’’a decision support system

involving the integration of spatially referenced data in a problem-
olving environment’’ (Cowen, 1990) to finally ‘‘a system for capturing,

storing, checking, manipulating, analysing and displaying data which
are spatially referenced to the earth’’ (DoE, 1987).

The third and final technology is TMS, a Transport Management
System broadly applied in practice. However, in literature, compared to
the earlier two mentions, there needs to be more discussion, let alone a
clear definition of what such a system is. Nevertheless, a TMS facilitates
ompanies in handling transportation processes and is usually, but only
ometimes, linked to a more extensive Enterprise Resource Planning

system. The main goal of a TMS is to plan, follow and help execute
transportation activities. It can also inform customers about the current

status of the transport. For larger transportation companies that offer

https://www.opentripmodel.org/
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Fig. 5. CLCT key technologies.

a transportation service to other companies or organizations, such a
system is their key IT asset.

The combination of those technologies is essential to construct a
CLCT in practice. However, why should stakeholders include or link
these individual IT systems inter-organizationally? Literature provides
us with some relevant and exciting applications of combinations of the
key technologies. For construction, BIM has provided many opportu-
nities to optimize construction scheduling and other multi-objective
performance-related issues (c.f., Asl et al. (2015), Essam et al. (2023)).
However, to apply these solutions, a certain level of BIM maturity is
needed, and assessments exist to help determine the maturity of BIM
in companies (e.g., Chen et al. (2023)). If such maturity is present, BIM
could also assist in different aspects.

BIM and all dimensional variations (i.e., 3D BIM for 3D models,
4D BIM includes modelling scheduling information, 5D BIM includes
financial costs, etc.) are applicable for different purposes. 4D BIM could
help in reducing transportation waste (Pérez and Costa, 2019). BIM is
also a reasonable basis for estimating vertical transportation (i.e., using
cranes) activities (Wu et al., 2020). Another perspective is optimizing
material and construction layout planning (c.f., Cheng and Chang
(2019), Tao et al. (2022)). So, the link between optimizing logistics
and transportation activities regarding construction is addressed in the
literature (e.g., Pérez et al. (2016)) and practice (e.g., Whitlock et al.
(2018))

New opportunities are in combining the technologies mentioned
earlier. For TMS, we need more evidence in the literature on appli-
cations in which TMS combines with BIM technology. However, such
a link should be there from the perspective of 4D BIM (i.e., including
scheduling information). We do find literature that discusses potential
opportunities for BIM and GIS combinations. A literature review by
Fosu et al. (2015) discusses that research on integrating BIM and GIS
for different applications has been taking place for years, for example,
asset management, and could even increase the success of asset man-
agement (Fosu et al., 2015). Other applications are on supply chain
management (e.g., Deng et al. (2019), Irizarry et al. (2013)), optimizing
construction site layouts (e.g., Zavari et al. (2022)) and traffic planning
(e.g., Wang et al. (2014)). The combination of BIM and GIS, BIM and
TMS, GIS and TMS and all three provide some opportunities for the
construction logistics supply chain.

In Fig. 5, we see the combination of the multiple vital technologies
that support and execute the CLCT in its whole essence. Individual
applications are already taking place at organizations; for example,
construction companies usually apply BIM, GIS is popular under public
organizations (e.g., municipalities using it for cadastral purposes), and
transportation companies mainly use TMS. One could say that linking
these should be vital in facilitating the functioning of a CLCT. There are
12
some examples of combinations in practice. BIM and GIS are combined
in systems and defined as GeoBIM. GIS is often used in TMS systems
to visualize the current state of transport (i.e., track and trace) with
the help of GPS technology. The combination of BIM and TMS is
an addition to 4D BIM but is ill-defined in literature and practice.
However, combining the three technologies is a unique classification
of the CLCT application.

However, setting up such a CLCT system and integrating the three
technologies is problematic as many stakeholders, often with differ-
ent interests, need to implement it. Additionally, we see four other
problems that need tackling before such a system can exist. First,
digitalization is limited, especially in construction companies, as they
do not see the registration and utilization of data and information as
their core business. This lack of digitalization can change positively
by applying new technologies like artificial intelligence that limit the
amount of human input needed to realize such things. Second, in
inter-organizational collaborations, it is advised to have a leading orga-
nization, which is often hard to determine due to conflicting interests.
We could solve this by taking a decentralized approach to setting
up CLCT, in which the system is not centrally organized but linked
together decentrally.

However, this implies that decentralized links should be available.
This implication brings us to the third potential hurdle. The lack of
Application Programming Interfaces (APIs). These APIs are well suited
for sending and receiving data from IT systems, but often, they are
absent in legacy systems. Access is usually strictly guarded by the
organization owning the system if they are available. However, from
other industries (e.g., the financial sector), it is known that opening
up these APIs could generate additional business. As a potential solu-
tion, the construction industry could deploy a similar solution to the
Payment Services Directive 2 (i.e., a European Union directive stating
that financial institutions are mandated to open their IT systems by
creating open APIs). Governmental organizations could consider such a
solution for construction projects, which has been the case from a legal
perspective by mandating BIM for public projects in the UK (Davies and
Harty, 2012). However, mandating this could also result in resistance
and limit enforceability in practice (Davies and Harty, 2012). Economic
incentives are often lacking and, therefore, fail to end the potential
hurdles, especially in linking these systems, as they require additional
capacity from organizations for which the direct benefits could be
more evident. Making direct benefits more evident by valuing data
from an economic perspective and exploring new business cases for
inter-organizational collaboration solves this.

6. Conclusion and discussion

The construction industry has ample opportunity to improve, opti-
mize, and integrate its logistics processes. In this paper, we discussed
the application of a CLCT artefact for the construction industry with a
case from the inner city of Amsterdam. We explored the potential need
for a CLCT from the perspective of different stakeholders and applied a
co-creation approach to develop different types of CLCT. We consider
four types of CLCT, but eventually, we narrow them to two. Ultimately,
only one type, i.e., a transportation-focused CLCT, is developed into a
core diagram (i.e., a reference architecture with primary functionality).

We recognize two versions of the transportation CLCT, i.e., a strate-
gic version that prioritizes long-term planning and an operational
version that adapts to more day-to-day processes. We discuss the crit-
ical applications within both versions and their link to the available
business processes and technologies. From these technologies available,
we derive three key technologies for a CLCT, i.e., Building Informa-
tion Modelling, Geographic Information System and Transportation
Management System. For each, we describe potential benefits for the
construction logistics process for technology combinations. Addition-
ally, we discuss potential hindrances and opportunities in implementing
the CLCT and integrating the three technologies and provide solutions
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for them. In the case study presented in this paper, a manual approach
to the CLCT has shown clear opportunities for improving transport
efficiency and sustainability and reducing the hindrance of transport
or concurrent projects in an urban area.

Additionally, this paper adds a theoretical development of control
tower(s) in the construction (logistics) industry. The reference archi-
tecture for the strategic and operational CLCT is a blueprint for the
industry to start intensifying supply chain coordination. For academics,
this reference architecture could be the basis for research into differ-
ent configurations and studies into the efficiency and effectiveness of
individual modules. Our core diagram is a valuable starting point for
practitioners to develop individual components of a CLCT. However,
it does not tell practitioners how to develop these in detail and lacks
if they are feasible. This lack of detail is both an advantage and
disadvantage; practitioners still need to find out how these modules
should operate, but on the contrary, the reference architecture also
gives them this freedom.

This CLCT research has also amplified doubts about IT and data
maturity in the construction sector. It is well-known that the construc-
tion industry has issues digitizing its business processes. However, this
is problematic for a CLCT application, as it requires intermediate to
dvanced maturity levels. Further research should address some of the

pinpoints we provided in earlier sections. Nevertheless, an industry or
ulture will not change by mandating this change top-down. Bottom-
p change is also needed by focusing on the economic interests of
onstruction companies.

Suppose construction companies have better business models and
ays to value these systems and their data, or the government forces

ustainability requirements. In that case, this might open up the dead-
lock. One could think of methods like value mapping to show potential
waste savings with the help of IT. An alternative method combines
data valuation with game theoretical models to decide whether cre-
ating, facilitating, and sharing data benefits individual organizations.
However, such methods should be approachable and generalizable to
multiple cases easily. The top-down and bottom-up approaches need
investigation into their success rates in a broader context, including the
effect of externalities.
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