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Preface
Whenever I try to explain the subject of modular construction of this master thesis, the remark is made:
"Oh, just like LEGO®-bricks". It is therefore not surprising that the book 'LEGO®lisation of the
construction' by the somewhat eccentric professor Hennes de Ridder is an important vision document
for this research. Reading this revolutionary book during my bachelor degree in the Built Environment
at the Hague University of Applied Sciences, I was left with the question: “It must be possible to
organize the construction industry differently?”. During my master Construction Management &
Engineering at the University of Technology Eindhoven (TU/e) I was once again introduced to modular
construction methods. During one of my Construction Technology certificate courses, Mr Willem van
Dijk challenged us to translate the viral video in which a 57-storey Chinese skyscraper was built in 19
days so it can be suitable for the Dutch construction industry1. Together with my other major interest,
namely collaboration forms and contracts in the construction industry, these two topics form the basis
for this extensive document.
Achieving this milestone took a lot of energy and short nights, but it was all worth it! With a lot of
dedication, I have taken on everything that has to do with modular construction. The data collection
of the chosen case study research was not always easy in practice, it was overall a learning period. It
has resulted in three high-profile cases, in three different countries. In the first place, I would like to
thank the expert of qualitative research, namely my first supervisor, Dr. Raymond Opdenakker. I have
warm memories of our constructive (skype) meetings. I also want to thank ir. Leon Hombergen for his
support in the field of collaboration forms in the construction industry. Our meetings set me thinking
but always ended with a happy note. Professor de Vries, as chairman of the committee, thank you for
your guidance and support in the graduation process.
In this way, I also want to thank all those interviewed who have taken the time to answer my questions,
often longer than planned. Your input has been crucial for the end result of this document. Thank you
for making company-specific documents available and an insight into your business operations.
Everyone who has given suggestions or tips during my research: thanks for that. Not to forget my fellow
students and friends: Masoud, Michael, Samir, Tanju, Tarik, for the valuable lunch breaks. The fun we
had during the intensive master's period, made sure we got here. You are the real deliverers.
Last but not least, I really would like to thank my girlfriend Bo, my family and friends for their
unconditional support, endless patience and confidence in me. It was a turbulent period, however,
positivity, perseverance and love conquered everything!
This document may be the end of my full-time student life, but it is also the start of a lifelong learning
process in a working environment. There is nothing left to wish you just as much reading pleasure as I
have experienced during the writing process!

Mark Michiel van der Ham
Den Haag, February 2020

1

Search on YouTube for: Mini Skyscity 57-story building in 19 days
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Summary
The ever-growing urbanisation demands a strong need for high-rise projects in the city. Smaller
construction sites and stricter regulations in an urban environment require different construction
methods. A development that potentially can solve the problem of the growing need for housing in
inner cities is the industrialising of construction methods. A good design practice of high-rise buildings
is to embrace simplicity, standardisation, repetition, and economy of scale. This renders the high-rise
buildings to be intrinsically modular by off-site factory production. (Barlow, et al., 2013; Generalova,
Generalov, & Kuznetsov, 2016; Jonsson & Rudberg, 2014; Liew, Chua, & Dai, 2019) A great deal of
academic research into modularity in the construction world has been carried out, but research into
forms of collaboration is still lacking. Through this exploratory study, the two topics are modular
“building methods” and “forms of collaboration”. The main question in this study is: How to organize
collaboration forms within a prefabricated modular high-rise project for the Dutch construction
industry in such a way that the current process-related barriers can be overcome?
The exploratory research was conducted in three different research phases: In phase 1, a literature
study was conducted on the topics of modular construction and forms of collaboration. This was done
by discussing the characteristics of both topics based on previous studies. The current process-related
barriers were also examined. Phase 2 consists of verification of the theory. By means of a multiple
holistic case study, three different case studies were analysed according to a cross-case analysis.
Archive data together with 10 in-depth interviews were used to investigate to what extent the barriers
are also experienced in practice, and how things come across the barriers.
The characteristic properties of modular construction were investigated through a theoretical
explanation, using Fine's (1998) concept or 3-dimensional modularity: product modularity, process
modularity and supply chain modularity. Modularity is determined on the basis of "design rules" that
are drawn up by a "system architect". Previous studies have shown that modular construction is faster,
safer, more reliable and gives less inconvenience to residents. Unlike conventional building methods,
modular construction does not carry out the design, engineering, and construction activities in
sequential order. Modular construction makes it possible to carry out these activities in parallel both
inside the factory and outside on the construction site. This creates extra pressure on the design and
planning phase of a modular building. For example, designing a modular building system requires more
engineering effort and earlier collaboration between different parties. Earlier in the process, more
detailed "key decisions" must be made. A so-called "Design freeze" - meaning that a binding decision
is made on the total design - takes place earlier than in a conventional construction process. This
requires effective communication between more partners where modular knowledge is essential in
the design process.
The second topic of the literature study relates to the characteristics of collaboration forms in the
construction industry. Collaboration forms within the current construction industry mainly focus on
project-specific team composition for a one-off construction assignment. The lack of continuity in
knowledge and team compositions is essential for the implementation of modular building concepts.
Comparative research into the forms of collaboration in theoretical modular concepts shows that
modular construction benefits from a long-term project-independent collaboration. The choice for an
actual organizational form is crucial for the success of a project. The six most common organization
forms, or 'Project Delivery Models' (PDMs), of the Dutch construction industry, are described: DesignBid-Build, Early Contractor Involvement, Design & Build, Turnkey, Design Build Finance Maintain
vii

Operate and Partnership. The biggest differences are in the coordination and control of the models.
To make a well-founded choice, the various PDMs have been described on the basis of 17 selection
criteria, as mentioned in the study by Hosseini, et al., (2015). To compare the properties of the six
PDMs, scores from 0 to 4 were given to the selection criteria. What ultimately the best PDM is for a
client for a specific project depends on his client profile. The client profile is drawn up by letting the
client give a score for the 17 selection criteria in accordance with his management. These scores can
be compared with the PDM scores via a spider chart.
A practical study was carried out in the second phase of the study. Three leading case studies were
investigated: The Fizz Spartaan (the highest modular in the Netherlands), CitizenM Bowery (the highest
modular hotel in the world), and Mapleton Crescent SW18 (the highest residential modular building
upon completion). A different PDM was selected in each case (Turnkey, Design-Bid-Built, Design
&Build), so that a clear preference for a PDM cannot be concluded directly. Each case has a specific
client profile with specific requirements and wishes for the audit of the project. The results of the case
studies do confirm the need for long-term partnerships between regular partners. For example, in the
CitizenM Bowery case, the client works together with a permanent architect and modular supplier to
reach at a "hotel room concept". In the Fizz Spartaan, the executing parties (contractor, installer, and
modular manufacturer) have united in "Team modular" and jointly developed a modular student
residence. In the Mapleton Crescent SW18 case, the modular contractor has a permanent chain
collaboration with its own in-house architects, structural designers and installers. In all cases, the
permanent collaboration goes further than a one-off project, and there is talk of a "best-for-product"
approach. On the other hand, the long-term cooperation between the parties was not legally recorded
in any of the cases. This was re-aligned for each project.
The case studies showed that theoretical barriers are also experienced in practice. The need for an
"early design freeze" is recognized by all respondents. Clients are made aware of the specific
information needs of modular construction. Prototypes are a possible tool for making crucial decisions.
Prototypes of a first module were used as the final design and quality check. If the client agrees with
the first module, the assignment is awarded for the rest of the modules.
The conclusions of the report were drawn up in the third phase of the investigation. In conclusion, it
can be stated that the characteristics of modular construction (the development of projectindependent building concepts) are a contrast to the current construction industry where mainly oneoff projects are realised in a unique composition of project partners. It is debatable whether the
current PDMs meet the long-term needs of modular concepts. The need for modular knowledge in the
design phase is indispensable when choosing a PDM. One best PDM for modular high-rise project does
not exist. The most suitable choice for a PDM depends on the client profile. However, it can be
concluded that certain PDMs are less suitable: a Design-Bid-Built is less suitable because in this case
the client acts as a system architect and a contractor will never take responsibility for the design of a
self-supporting module. Heavily administrative PDMs such as DBFMO and Partnerships cannot meet
the fast decision needs associating with modular construction. This means that integrated contracts
such as ECI, D&B and Turnkey are preferred. The choice between the three different PDMs depends
on the client profile.
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Samenvatting
De alsmaar groeiende verstedelijking vraagt om een sterke behoefte aan hoogbouwprojecten in de
stad. Kleinere bouwplaatsen en strengere voorschriften in een stedelijke omgeving vereisen andere
bouwmethoden. Een ontwikkeling die mogelijk het probleem van de groeiende behoefte aan
woningen in binnensteden kan oplossen, zijn modulaire bouwmethoden. Een goede ontwerppraktijk
van hoogbouw is om eenvoud, standaardisatie, herhaling en schaalvoordelen te omarmen. Dit maakt
de hoogbouw intrinsiek modulair voor off-site fabrieksproductie. (Barlow, et al., 2013; Generalova,
Generalov, & Kuznetsov, 2016; Jonsson & Rudberg, 2014; Liew, Chua, & Dai, 2019) Er is veel
academisch onderzoek gedaan naar modulariteit in de bouwwereld, maar onderzoek naar vormen van
samenwerking ontbreekt nog. Door deze verkennende studie zijn twee onderwerpen onderzocht:
“modulaire bouwmethoden” en “vormen van samenwerking”. De hoofdvraag in dit onderzoek is: Hoe
kunnen samenwerkingsvormen binnen een geprefabriceerd modulair hoogbouwproject voor de
Nederlandse bouwsector zo worden ingericht dat de huidige proces-gerelateerde barrières kunnen
worden overwonnen?
Het verkennend onderzoek is verricht in drie verschillende onderzoeksfases. In fase 1 is er een
literatuur studie verricht naar de onderwerpen “modulair bouwen” en “samenwerkingsvormen”. Dit
is gedaan door de karakteristieken van beiden onderwerpen te bespreken op basis van eerder studies.
Ook is er gekeken naar de huidige proces gerelateerde barrières. Fase 2 bestaat uit verificatie van de
theorie. Middels een meervoudige holistisch casestudie onderzoek worden drie verschillende case
studies geanalyseerd volgens een cross-case analyse. Archiefgegevens samen met 10 diepteinterviews zijn gebruikt om te onderzoeken in hoeverre de barrières ook in de praktijk worden ervaren,
en hoe de cases de barrières zijn overkomen.
Via een theoretische uiteenzetting zijn de karakteristieke eigenschappen van modulair bouwen
onderzocht. Daarbij wordt gebruik gemaakt van Fine’s(1998) concept of 3-dimensionaal modulariteit;
product modulariteit, proces modulariteit en supply chain modulariteit. Modulariteit wordt bepaald
aan de hand van ‘design rules’ die worden opgesteld door een ‘systeem architect’. Uit eerder studies
blijkt dat modulair bouwen sneller, veiliger, betrouwbaarder is en minder overlast voor omwonenden
geeft. Anders dan conventionele bouwmethodes wordt bij modulair bouwen het ontwerp, de
engineering, en bouwactiviteiten niet in een sequentiële volgorde uitgevoerd. Modulair bouwen
maakt het mogelijk deze activiteiten parallel uit te voeren zowel binnen in de fabriek als buiten op de
bouwplaats. Hierdoor ontstaat er een extra druk op de ontwerp- en planningsfase van een modulair
gebouw. Zo vraagt het ontwerpen van modulaire bouwsysteem om meer engineering aandacht, en
eerdere samenwerking tussen verschillende partijen. Er moeten eerder in het proces gedetailleerdere
‘key’- beslissingen worden genomen. Een zogenaamde ‘Design freeze’ - wat inhoud dat er een bindend
besluit wordt genomen over het totale ontwerp - vindt eerder plaats dan in een conventioneel
bouwproces. Dit vergt effectieve communicatie tussen meer partners waarbij modulaire kennis in het
ontwerptraject onmisbaar is.
Het tweede onderwerp van de literatuurstudie heeft betrekking op de karakteristieken van
samenwerkingsvormen in de constructie industrie. Samenwerkingsvormen binnen de huidige
bouwindustrie focussen zich voornamelijk op project specifieke teamsamenstellingen voor eenmalige
opdrachten. Het ontbreken van continuïteit in kennis en teamsamenstellingen is van essentieel belang
voor de introductie van modulaire bouwconcepten. Vergelijkend onderzoek naar de
samenwerkingsvormen in theoretische modulaire concepten tonen aan dat modulair bouwen gebaat
is bij een langdurige projectonafhankelijke samenwerking. De keuze voor een daadwerkelijke
organisatievorm is van groot belang voor het succes van een project. De zes meest voorkomende
organisatie vormen, ofwel ‘Project Delivery Models’ (PDM’s), van de Nederlandse bouwindustrie zijn
ix

beschreven: Design-Bid-Build, Early-Contractor-Involvement, Design & Build, Turnkey, Design-BuildFinance-Maintain-Operate, en Partnership . De grootste verschillen zitten in de coördinatie en controle
van de modellen. Om een goed onderbouwde keuze te maken, zijn de verschillende PDM’s beschreven
aan de hand van 17 selectiecriteria, zoals vernoemd in de studie van Hosseini, et al. , (2015). Om de
eigenschappen van de zes PDM’s met elkaar te vergelijken zijn er scores van 0 to 4 aan de
selectiecriteria gegeven. Wat uiteindelijk de beste PDM is voor een opdrachtgever voor een specifiek
project is afhankelijk van zijn opdrachtgevers profiel. Het opdrachtgevers profiel wordt opgesteld door
de opdrachtgever, afgestemd op zijn behoefte, een score te laten geven voor de 17 selectiecriteria.
Deze scores kunnen via een spider-chart met de PDM scores kunnen worden vergeleken.
In de tweede fase van het onderzoek is een praktijk onderzoek verricht. Drie toonaangevende
casestudies zijn onderzocht: The Fizz Spartaan (het hoogste modulaire van Nederland), CitizenM
Bowery (het hoogste modulaire hotel ter wereld), en Mapleton Crescent SW18(bij oplevering het
hoogste residentiele modulaire gebouw). In iedere case is een andere PDM gekozen(Turnkey,DesignBid-Built,Design &Build) , waardoor niet direct een eenduidige voorkeur voor een PDM kan worden
geconcludeerd. Iedere case heeft een specifiek opdrachtgeversprofiel met specifieke eisen en wensen
voor de controle van het project. Wel bevestigen de resultaten van de casestudies de behoefte van
langdurige samenwerkingen tussen vaste partners. Zo werkt de opdrachtgever in de CitizenM Bowery
case samen met een vaste architect en modulaire leverancier om tot een ‘hotelkamer-concept’ te
komen. In de Fizz Spartaan hebben de uitvoerende partijen (aannemer, installateur, en modulaire
fabrikant) zich verenigd in ‘Team modulair’ en gezamenlijk een modulair studentenwoning ontwikkeld.
In de Mapleton Crescent SW18 case heeft de modulaire aannemer een vaste ketensamenwerking met
eigen in-house architecten, constructieve ontwerpers en installateurs. In alle gevallen gaat de vaste
samenwerking verder dan een eenmalig project, en wordt er gesproken over een ‘best-for-product’
aanpak. Daarentegen werd de langdurige samenwerking tussen de partijen in geen van de gevallen
juridisch vastgelegd, dit werd voor ieder project opnieuw afgestemd.
De casestudies tonen aan dat de theoretische barrières ook in de praktijk worden ervaren. De behoefte
van een zogenaamde ‘early design freeze’ wordt erkend door alle respondenten. Opdrachtgevers
worden bewust gemaakt van de specifieke informatiebehoefte van modulair bouwen. Een mogelijke
instrument om te komen tot cruciale beslissingen is het gebruik maken van prototypes. Prototypes van
een eerste module werden gebruikt als laatste ontwerp- en kwaliteitscheck. Indien de opdrachtgever
akkoord gaat met de eerste module wordt de opdracht geven voor de rest van de modules.
In de derde fase van het onderzoek zijn de conclusies van het rapport opgesteld. Concluderend kan
worden gesteld dat de karakteristieken van modulair bouwen (het ontwikkelen van projectonafhankelijke concepten) een tegenstelling zijn op de huidige bouwindustrie, waar voornamelijk
eenmalige projecten in een unieke samenstelling van projectpartners worden gerealiseerd. Het is
discutabel of de huidige PDM’s voldoen aan de lange termijn behoefte van modulaire concepten.
Onmisbaar in de keuze voor een PDM is de behoefte van modulaire kennis in de ontwerpfase. Er
bestaat geen beste PDM voor modulaire hoogbouw project bestaat niet. De meest geschikte keuze
voor een PDM is afhankelijk van het opdrachtgevers profiel. Wel kan worden geconcludeerd dat
bepaalde PDM’s minder geschikt zijn: Een Design-Bid-Built is minder geschikt, omdat de opdrachtgever
in dit geval als systeem-architect fungeert en een opdrachtnemer nooit de
uitvoeringsverantwoordelijkheid zal nemen voor het ontwerp van een zelfdragende module. Zwaar
administratieve PDM’s zoals DBFMO en Partnerships kunnen niet voldoen aan de snelle
beslissingsbehoefte die gepaard gaan met modulair bouwen. Dit resulteert in een voorkeur voor
geïntegreerde contracten, zoals ECI, D&B en Turnkey. De keuze tussen de drie verschillende PDM’s is
afhankelijke van het opdrachtgeversprofiel.
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Modular construction can provide an answer to strong urbanisation and thus the paired high-rise that
is taking place. This research offers an exploration of two interconnected concepts: modular
construction and forms of cooperation in the construction industry. The aim of this research is to
present a framework in which forms of cooperation can be organized to overcome the process-related
barriers.
In this research, a literature study was done on the topics “modularity” and “collaboration forms”.
Fine’s (1998) 3-dimensional concept of modularity was used to characterize modularity: Product
modularity (product decomposition and interfaces), Process modularity (decomposition of processes),
and Supply Chain modularity (vertical integration or project partners). Modularity in the construction
industry is about dividing a building into treatable standardized parts and shifts many aspects of
building activity away from traditional onsite projects to offsite manufacturing-style production.
Working with modular building systems is faster more reliable, safer, and of better quality and just-intime delivery requires less storage space than conventional building methods. From previous studies,
the biggest barriers to modular construction are filtered for process-related obstacles. Seventeen
selection criteria have been used to describe the most common forms of cooperation within the Dutch
construction industry. The choice of a most suitable PDM depends on the specific client profile that
can be determined on the basis of these 17 selection criteria.
Practical research in three different case studies shows that the theoretical barriers are also
experienced in practice. Each case has its own way of responding to the experienced barriers. The
product modularity is guaranteed in all cases, because the modules have a predetermined layout with
standard interfaces. Process modularity is achieved by prefabricating as much as possible, in two of
the three cases even including the facade. Supply Chain modularity in the cases is described using the
selected Project Delivery Model (PDM): Turnkey, Design-Bid-Built, and Design & Build. Each case has a
different organization form, but in all cases, the client has a withdrawal role in the area of
implementation responsibility. In addition, the case studies confirm the need for long-term
relationships between stakeholders that lead to project-independent building concepts.
In conclusion, it can be said that there is not one most suitable PDM. However, not all PDMs are equally
suitable for the characteristics of modular construction. Design-Bid-Built is eliminated by the missing
input of modular knowledge during design. Design-Built-Finance-Maintain-Operate and Partnership
models are also less suitable because these are large, stiff organisations that cannot meet the required
need for making quick detailed choices. This leaves the more integrated PDMs such as Early Contractor
Involvement, Design & Build, and Turnkey.
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Glossary
Terms
Contract form

Abbreviation
-

Contractor

Definition
Legal recording of the contractual agreements as made between the participants in the construction process.
One who contracts to carry out tand complete construction works in return for a financial consideration

Design for manuacturing

DfMA

Design philosophy that also on the manufacturing and assembly process. (Murray-Parkes & Bai, 2017, p. 13)

Design-Bid-Build

DBB

Contract form in which the customer carries out the demand specification and design within the own organization. The
implementation task is in any case outsourced to a market party. (Regieraad bouw, 2009)

Design-Build

DB

Appearance of the integrated building organization form, in which the contracting authority outsources the design and
implementation tasks to one market party (Regieraad bouw, 2009)

Design-Build-Finance-MaintainOperate

DBFMO

Appearance of the integrated building organization form, in which the contracting authority outsources the design and
implementation tasks, the financing, the long-term maintenance and operation to one market party (Regieraad bouw, 2009)

Design rules

Design rules determines the interdepencies between the modular components

Early Contractor Involvement

ECI

Construction contract form where the contractor is involved before the design phase. (Wijck, 2018)

Integrated contract model

Umbrella terms for several contract types where the design and execution (and possibly management and operation) is in the
hands of a single party in relation to the client (Chao-Duivis, Koning, & Ubink, 2013)

Interface

Interfaces are the boundaries of the modules facing each other. Interfaces describe a detailed descriptions of how the different
modules will interact, including how they will fit together, connect, communicate, (Miller & Elgård, 1998)

Modularization

-

The activity in which a building is structured into modules, at least in its essential parts (Peltokorpi, Olivieri, Granja, & Seppänen,
2018)
Self-contained component with a standardized interface with another part of a building. It includes several functions, divided
into several components in traditional construction. (Ulrich, 1995; Voordijk, Meijboom, & Haan, de , 2006)

Module
-

Process which incorporates prefabrication and preassembly. The process involves the design and manufacture of units or
modules (Gibb, 1999, p. 2)

Pre-assembly

-

Means to ‘assemble before’ and covers the manufacture and assembly (usually off-site) of buildings or parts of buildings earlier
than they would traditionally be constructed on-site, (Gibb & Isack, 2003)

Prefabricated

-

Manufacturing process, generally taking place at a specialised facility, in which various materials are joined to form a component
part of the final installation. (Gibb, 1999, p. 2)

Project Delivery Model

PDM

System for organizing and financing the design, construction, operation and maintenance activities and facilitates the delivery of
a good or service (Miller, Garvin, Ibbs, & Mahoney, 2000)

Off-site
Partnership

Traditional contract model

see Design-Bid-Build contract
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CH 1. Introduction
Several studies show that the world population is growing each year by roughly 1,1% and by 2023 a
global population of 8 billion is expected. (United Nations, 2017) Coupled with the rise of the global
population is mass urbanisation. More than one half of the world population lives now in urban areas,
in 2016 it was estimated at 54.3% of the total population (United Nations, 2014).
Also in The Netherlands, there is a growth of the population: up to 18,4 million inhabitants in the year
2060 (CBS, 2017) Urbanisation also takes place in The Netherlands. The largest growth is expected for
the four large cities, which 2030 will have an average of 15 per cent more inhabitants than in 2015.
Amsterdam, Rotterdam, The Hague and Utrecht together account for a third of Dutch population
growth on balance up to 2030. (CBS, 2016). Urbanisation is putting big cities under pressure, there is a
large short of housing and office spaces.
Due to regulations, big cities in The Netherlands are bounded in their expansion to growth. A
recognisable trend is the opposite of expansion namely the so-called ‘infill’ of cities. Expanding urban
population calls for more high-rise buildings. In dense megacities such as New York, Shanghai, Hong
Kong, Singapore and Tokyo skyscrapers have been the standard for a long time, whereas in The
Netherlands this is still an exception to date. In the near future, this could be changing. In the city of
The Hague high-rise of 180-meter height are proposed. As the municipality announced that they have
a growth of 105.000 inhabitants until the year 2040 (Gemeente Den Haag, 2017, 2018) 2
Building within urban areas involves different issues and challenges than building on the outskirts of
the city. On the outskirts of the city, there is sufficient space and possibilities to build. Site space is
considered a limited resource in construction projects, besides materials, equipment, labour, time, and
money. It is often said that building in an inner-city area is like building on a stamp (Sadeghpour &
Andayesh, 2015) The possibilities for logistics activities (such as storage and stock keeping, transfer
and another handling) on the construction site are limited due to the limited space on the construction
site. The lack of space, together with the industrialisation of the construction process, leads to a shift
from the transport of basic raw materials to the transport of semi-finished or building parts (prefab)
to the construction site. (Quak, Klerks, Aa, Ree, Amstel, & Merriënboer, 2011)
Modular Building
A development that potentially can solve the problem of the growing need for (affordable) housing in
inner cities is the industrializing of construction methods. A good design practice of high-rise buildings
is to embrace simplicity, standardization, repetition, and economy of scale. This renders the high-rise
buildings to be intrinsically modular by off-site factory production. (Barlow, et al., 2013; Generalova,
Generalov, & Kuznetsov, 2016; Jonsson & Rudberg, 2014; Liew, Chua, & Dai, 2019)
Modular buildings consist of off-site factory-made components, parts, pieces and sub-assemblies
(called modules) that are transported and assembled on-site to become part of a larger, primary
building project. They may represent a small portion of the project or form an entire building. (Ferdous,
Bai, Ngo, Manalo, & Mendis, 2019; Kobet, 2009)
Benefits
Modular building takes most of the production away from the construction site, and essentially the
slow, unproductive site activities are replaced by more efficient, faster factory processes. (Lawson,
Ogden, & Bergin, 2012) Modular building methods potentially have major advantages on Improved
quality and accuracy in the manufacture, Economy of scale in the manufacturing of multiple repeated
units, The speed of installation on-site, Improved safety and health on-site, and Reduced
2

Gemeente Den Haag. (2017). Bevolkingsprognose Den Haag 2017. Den Haag: Gemeente Den Haag DSO/PSO.

Gemeente Den Haag. (2018). Gebiedsagenda HS/Laakhavens. Dienst Stedelijke Ontwikkeling, Den Haag. Retrieved April 2, 2019, from
https://denhaag.raadsinformatie.nl/document/7210949/1/RIS301328_Bijlage_2
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environmental site disturbance. (Aitchison, 2018; Lawson, Ogden, & Bergin, 2012; Musa, Mohammad,
Mahbub, & Yusof, 2014) These advantages result in less wastage, fewer required on-site materials
which lead to a neater and cleaner environment. And furthermore, because the components are
assembled in the factory, in a controlled environment, materials are exposed less to (bad) weather
conditions. (Kobet, 2009; The Modular Building Institute, 2004; National Research Council of the
National Academies, 2009)
Another major advantage of modular building methods is that it can involve a faster construction
process, thus an efficient process, with better predictability to completion time. Several researchers
indicated that modular construction can reduce the construction period by 50–60% as opposed to the
traditional method. The savings of construction time can considerably minimise the final cost of a
project as on-site construction is a labour-intensive process. (Ferdous, Bai, Ngo, Manalo, & Mendis,
2019; Gibb, off-site fabrication: Prefabrication, Pre-assembly, Modularization, 1999)
Context
Large-scale construction projects are often very complex, both in terms of technical feasibility and
process control. A large number of stakeholders involved in a construction project only complicates
cooperation. (National Research Council of the National Academies, 2009)The unique character of
project organisations in the construction industry makes collaboration even harder; Different
companies work together building unique buildings in temporary projects. (Duboir & Gadde, 200)
The use of modules (i.e. prefabricated assemblies of components) can reduce the dependencies
between construction activities that are carried out on-site by different subcontractors. This, in turn,
will increase the efficiency of the construction processes. (Isaac, Bock, & Stoliar, 2016) Modularity has
been perceived as an appealing approach to improve flow and quality. Existing work has shown how
complexity can be decreased by developing modular smaller subsystems ( or modules) that can be
designed independently yet function together as a whole. (Peltokorpi, Olivieri, Granja, & Seppänen,
2018; Tee, Davies, & Whyte, 2018)

1.1 Problem Definition
Despite all these advantages, modular building is not yet a common construction method in high-rise
projects. Several studies have researched the past and current barriers to implementing prefab
modular housing. Barriers that have been identified could be categorized by the construction phase;
pre-construction, construction, and post-construction. (Jabar, Ismail, & Mustafa, 2013). Examples of
barriers for modular building are High initial cost, Lack of integration of project team, Lack of technical
knowledge, Lack of design guidelines, Loss of management control, Lack of cooperation between
contractors, manufacturers & suppliers, Transportation difficulty, Insufficient training on-site levels,
and Reputation. (Aitchison, Prefab Housing and the Future of Building: Product to Process, 2018;
Ferdous, Bai, Ngo, Manalo, & Mendis, 2019; Jabar, Ismail, & Mustafa, 2013) Of all these identified
barriers several issues involve process-related barriers of modular building, such as lack of integration
of the project team, lack of cooperation between contractors, and communication issues. Processrelated factors are important to ensure the successful implementation of modular building methods.
A successful modular building project may be measured by some of the above-mentioned benefits as
reduced construction time, improved quality production, reduced budget.
Proper management is a necessity when trying to mitigate or reduce the effects of the barriers. A
successful path to modular prefabrication is one of collaboration, which requires teamwork and a
broad set of complementary skills and knowledge. (Aitchison, Prefab Housing and the Future of
Building: Product to Process, 2018; Jonsson & Rudberg, 2014) Modularisation is a strong concept that
explains not only the architecture of products but also the organizations and processes for designing
and producing them. (Peltokorpi, Olivieri, Granja, & Seppänen, 2018)

2
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Many of the barriers of a modular building that have been studied in the literature contain a processbased barrier. Overcoming the existing process-based barriers to modular building methods for highrise projects3 will contribute to the applicability of these methods.
The main objective of this research is describing a framework of a collaboration form that can
overcome existing process-related barriers from modular building methods in Dutch high-rise
projects.

1.2 Research Question
With the research objective in mind, and based on the problem statement in the previous chapter, the
research question to be investigated is
How to organize collaboration forms within a prefabricated modular high-rise project for the Dutch
construction industry in such a way that the current process-related barriers can be overcome?
This main research question is divided into five sub-questions
1. What are the main characteristics of modular building in high-rise projects?
2. What are the current process-related barriers for prefabricated modular high-rise projects?
3. What are the main characteristics of collaboration forms within the current construction
industry?
4. Which variables of collaboration can help to overcome the current process-related barriers for
prefabricated modular high-rise projects?
5. What collaboration form fit the best for the required conditions of a prefabricated modular
high-rise project?

1.4 Research Design
This chapter describes how the sub-questions are answered to complement each other and build up
to answer the research question. The research is divided into three phases: (1) Theoretical Framework,
(2) Verification Theoretical Framework and (3) Report. A schematic overview of this described research
design can be found in figure 1.1 (page 7).
The first phase focus on what the literature says about the two concepts being mentioned in the
research question, modular building and collaboration forms. For modular building methods, there will
be looked into the different definitions of prefabricated modular building methods. Within the existing
literature, there are several interpretations of the term modular building. By describing the
commonalities and their intended outcomes of the different terms of modular off-site construction a
wide perspective of modular methods is given. This will result in a comparison between the traditional
construction process and the modular process. This will answer the first sub-question: ‘What are the
main characteristics of modular building in high-rise projects?’
From literature is known that there are still some barriers in the applicability of modular construction
methods. Therefore it is important to look into the known barriers and what conditions are required
for a successful implementation of modular building methods in a high-rise project. In other words:
How can the current process-related barriers be overcome? By describing these parts the second subquestion will be answered: ‘What are the current process-related barriers for prefabricated modular
high-rise projects??’
The concept of collaboration in the Dutch Construction industry is also being investigated in the first
phase via literature research. The characteristics of collaboration in the construction industry are being
investigated. Various forms of collaboration, which are customary for the Dutch construction sector,
and associated legal agreement is described. By summing up the advantages, disadvantages and risks
of all collaboration forms a wide perspective is given. And will answer the sub-question: ‘What are the
main characteristics of collaboration forms within the current construction industry? ‘
3

In this research, the definition of a high-rise building is taken over from SBRCURnet, The Fire Saftey Guide for
tall Buildings, (2014): ‘A building with a usage area floor higher than 70 meters above the measuring level are
considered high-rise buildings in the Netherlands.’
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Furthermore, the differences between the forms of collaboration are investigated. For example, what
are the difference in control mechanism and payment mechanism, and what are the consequences for
the collaboration within a project. This will result in a number of variables that determine the form of
collaboration is able to overcome the known process-related barriers in a modular building project.
This will answer sub-question four: ‘Which variables of collaboration can help to overcome the current
process-related barriers for prefabricated modular high-rise projects??’
By answering the first four sub-question a theoretical framework is built in order to overcome the
current process-related barriers based on the available literature. In here the conditions for
prefabricated modular building methods will be weighed against the variables of collaboration that
can help to overcome the current process-related barriers. The theoretical framework will complete
the first phase.

1.4.2 Qualitative study: Case study research
In the second phase of this research, the verification of the theoretical framework is central. By
conducting a multiple case study the theoretical framework is being tested on practical real-life
projects. Investigating multiple case studies is seen as a theoretical replication investigation. The case
studies will be used as an instrument to confirm, modify, advance or reject the theory. This is called
the analytic generalization. (Baarda, Goede, de, & Teunissen, 2005; Yin, 2014) The case studies will
have a supportive role and facilitate the understanding of the theoretical framework. The theoretical
framework at the beginning may not be the same one that survives to the end (Baarda, Goede, de, &
Teunissen, 2005, p. 114; Løkke & Dissing Sørensen, 2014)
To ensure the quality of the case studies a number of quality criteria of qualitative research must be
met; construct validity, internal validity, external validity, reliability. (Yin, 2014) In this research, the
theoretical framework of overcoming current process-related barriers is verified among three case
studies, wherein some way a modular building method is used for a high-rise project. From the
different case studies, similar results are predicted, resulting in a ‘Literal replication’. (Yin, 2014) By
addressing multiple cases within this research the External validity test is met. The actual selection
criteria for the case studies and respondents will be presented in the research based on the outcomes
of the previous phase.
Construct validity is a criterion that is about the appropriateness of the framework; does it measures
what it supposed to measure. In order to meet the criteria for construct validity, multiple sources of
evidence are being used: documentation, archival records and interviews. This data triangulation
allows the development of converging lines of inquiry. (Yin, 2014) By diving into the available
documents, and archival records, evidence from other resources can be confirmed. Further, certain
topics of the theoretical findings are verified. (Bowen, 2009)
The other evidence source in the case studies will be the semi-structured interview. By conducting
shorter case study interviews the theoretical framework is checked. The respondents will give a
practical insight into the experiences, acts, and interpretations in relation to collaboration in the
specific modular building project. Comparing the experiences with the available documents will sketch
a complete picture of the collaboration in the case study. The development of a case study protocol
(the chapter Methodology in the report) will increase the Reliability. Describing the method ensures
that other researchers who go through exactly the same steps, in the same case study, achieve
approximately the same result. In addition, an interview protocol is also written to keep the applied
interview techniques transparent. The actual selection criteria for the case studies and respondents
will be presented in the report based on the outcomes of the previous phase.
After conducting three within-case analysis there will be cross-case syntheses, collecting findings
across a series of individual studies. If the findings within the cases match the theoretical framework
the replication investigation is successful. The technique will treat each individual case study as a
separate study. With this cross-case syntheses, Internal validity is met.
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The cross-case syntheses will complete Phase 2. The aim of this cross-case syntheses is answering the
fifth sub-question ‘What collaboration form fit the best for the required conditions of a prefabricated
modular high-rise project?’ A comparison is made between the outcomes of the theoretical framework
and the outcomes of the cross-case syntheses: What are the differences and similarities, and how were
they caused?

1.4.3 Report
The third phase of this research model consists of writing the conclusions of the findings from the two
previous phases. Based on the findings in the research some advice for collaboration forms in modular
high-rise project is given, answering the main research question: ‘How to organize collaboration forms
within a prefabricated modular high-rise project for the Dutch construction industry in such a way that
the current process-related barriers can be overcome?’. Also, implications to practice collaboration in
modular projects are given. This will lead to discussion points, points for further investigation, and a
conclusion.
Phase 3: Report

Phase 2: Verification Theoretical Framework

Phase 1: Theoretical Framework
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Figure 4.1 Roadmap of research design (source: own illustration)

1.5 Scientific importance of thesis
Existing research work in modularity for high-rise buildings focusses on design rules (Generalova,
Generalov, & Kuznetsov, 2016; Lawson, Ogden, & Bergin, 2012; Smith, Prefab architecture: A guide to
modular design and constuction, 2010), or on the structural behaviour of a modular system (Dai, Zong,
Ding, & Li, 2019; Ding, et al., 2017; Liew, Chua, & Dai, 2019). Also, operational logistics on-site, such
as automated crane planning and crane selection received some attention. (Olearczyk, Al-Hussein, &
Bouferguène, 2014; Taghaddos, Hermann, & Abbasi, 2018)
However, there has been limited considerations into collaboration forms within modular construction.
Earlier research on modular building and organisational forms for the Dutch industry focusses on
matching supply networks to a modular product architecture in the house-building industry. Halman,
Voordijk, & Reymen, (2008) did an exploratory survey about the opportunities, limitations and external
restraints on the implementation of platform-based approaches in de Dutch house building industry
in (Halman, Voordijk, & Reymen, 2008). Voordijk, Meijboon & De Haan, (2006) investigated the
combination of modularity with concepts from supply chain management in the Dutch construction
industry. They investigated the applicability of three-dimensional modularity of product, process and
supply chain alignment in a construction context.
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They argue that the latter is important for establishing the conditions for the application of modular
networks in (Voordijk, Meijboom, & Haan, de , Modularity in supply chains: a multiple case study in
the construction industry, 2006).
While Hofman, Voordijk & Halman, (2009) focussed on the contractor-supplier relationship in
developing and producing a modular housing system in (Hofman, Voordijk, & Halman, 2009). This
research focuses more on the relationship between the whole supply chain within the development of
a modular building method. This corresponds to the recommendations for future research from Da
Rocha & Kemmer, (2018). They state that: ‘Further research should also examine the potential for
applying integrated product and process design in traditional supply chains such as design-build and
design-bid-build or the need for innovative models such as Integrated Project Delivery (IPD) for its
successful implementation.’ In (Rocha, da & Kemmer, 2018)
Research between the repositories of Dutch technical universities, as well as other search platforms
such as ScienceDirect, ResearchGate and Google Scholar, shows that no further research has been
done into collaborations in a modular building that focuses on the Dutch construction industry.
Innovative part
Within this research existing collaborations forms, focused on the Dutch construction industry are
weighing against the development of modular construction methods. This research will be a specific
focus on high-rise projects as this is been seen as a potential solution to the increasing urbanisation.

1.6 Reading guide
This thesis is meant as exploratory research into the subject collaboration in modular building
methods. The two concepts of modular building methods and collaboration in construction projects
will be linked to each other. This document is initially suitable for experts and practitioners in the field
of modular building methods. However, it is written in such a way that it is certainly legible for less
skilled people. This thesis follows the roadmap as described in the research design and which is
visualised in figure 1.1. The main text is divided into seven chapters with the main purpose of
answering sub-research questions, providing a discursive process to answer the main research
question. Five thematic information ‘boxes’ have been added between each chapter(numbering from
A till E) providing more detailed background information. The ‘boxes’ are recognisable by the different
background colour and letter type. The main text is written in such a way that it is understandable
without having read the ‘boxes’, which does not alter the fact that the ‘boxes’ contain important
information. Each ‘box’ can be read independently and readers with specific interests can refer directly
to the relevant parts.
The main text is divided as the following: After the introduction from chapter one, chapter two follows
with the theoretical description of the characteristics of modular construction. Chapter three describes
the process-related barriers in modular building solutions which are known from previous studies.
Chapter four describes the theory of the second research topic within this thesis: collaboration forms
within the construction industry. the most common forms of cooperation are described not only with
the advantages and disadvantages but also by means of specific selection criteria. The empirical study
starts with chapter five, case studies. After the case methodology is described, three cases are
discussed and following into a cross-case analyse. Subsequently, Chapter six is all about the Discussion.
In the final chapter, Chapter seven answers the research questions and recommendations for further
research is drafted. Each chapter is prefaced with an overview text and ends with a sub-conclusion
answering the sub-question.
Definitions and explanations can be found in the main text or in the footnotes of the text. To prevent
unnecessary searching, an overview of the definitions used in this thesis is provided in on-page (xii).
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Box A: History of modular construction
Prefabrication and modularisation have both separately and jointly been a part of building construction for many years in
various forms. The history of prefabrication goes back to the late 1800s with the use of prefabricated components in buildings,
like steel structures and curtain wall formations. This technology was based on standardization. (Smith, 2010, p. 25)
Later on, around the early 1900s, famous architects Mies van der Rohe, and Le Corbusier further developed the interest in
functional minimalistic architectural design. Le Corbusier
saw the house as ‘a machine for living’. In that time Le
Corbusier already recognised the perfection of the
automobile, aircraft, and ship industry. (Smith, 2010)
They wanted to bring architecture to the masses and to
face up the realities of an industrial society. What better
way to achieve this goal than to design houses that
would be mass-produced in factories just like Model TFords. (Davies, 2005)Inspired by the manufacturing
methods in early standardized automobile production in
1920 Le Corbusier designed the Citrohan House(referring
to the French automobile Citroën)(see figure A.1).
Although none of Le Corbusier’s buildings was built using
prefabricated methods, his ideas about using the
manufacturing industry were widely known by architects
of the era. Le Corbusier saw beauty in the
A.1Maquette
Maquetteof
ofthe
theCitrohan
Citrohanhouse
housewith
withaaprefabricated
prefabricated
standardization of everyday objects. (Aitchison, 2018; Figure A.1
structure
(Source:
XX)
(Aitchison,
2018))
Smith, 2010, p. 30) According to Davies, (2005) the
failure of the prefabrication of houses is typical of all
initiatives of that time because they are mainly explained because they were conceived by well-known architects.
After world war II there was a tremendous shortage of housing, which take modular housing in a new spotlight. In the US and
UK, temporary projects were developed. However, these temporary projects were replaced for permanent options.
The next major wave of prefab architecture occurred around
the 1950s with the mobile home industry. By 1968, one in four
of all single-family houses in the United States were mobile
homes. What they lacked in beauty, quality, and
permanence, they made up for in heavily discounted prices
and flexible financing. (Smith, 2010) Mobile homes filled the
hunger for affordable housing at the time, but architects
were not content with the poor quality and designs. (Parker,
2017, p. 11) Mobile homes were a great success, however, it
forever associated the words “manufactured” or “factorymade housing” to low-quality cheap homes. A stigma that
has been hard to shake as modular, too, is created in the
factory but a far better product. Based on the knowledge of
the mobile home industry Arthur D. Bernhardt presents in his
1980 book ‘Building Tomorrow’ the results of extensive
research at the MIT towards what lessons could be learned
from the mobile home industry to be used in the normal
housing industry (Bernhardt, 1980). According to Bernhardt,
(1980) the main reason for its success was precisely that it
was not part of the construction industry; its base was and
always had been the factory, not the building site. Bernhardt
describes the applications of the mobile home industry at six
different scales: single wide, double wide, cluster, low-rise
stacked, high-rise stacked, megastructure(see figure A.2).
Figure A.2 Bernhardt’s configuration of a possible application
of modules as an ‘infill’ with conventional building structure in
a mega structure, based on mobile industry (source:
(Bernhardt, 1980) )
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In the early 20th century, Modular permanent
construction began to be used more often. In 1968 in
San Antonio, USA a 500-room hotel, the Hilton Palacio
Del Rio, was constructed in a factory as part of the
World’s Fair. By nearly halving the delivery date
compared to a traditional construction method, it
only took 7 months to deliver this 21-story building.
Each room was furnished – including furniture
televisions, towels and light bulbs before it was lifted
and placed(see figure A.3). It showcased how
powerful modular building methods are, and even
introduced modular building methods for high-rise
purposes. (Parker, 2017)

Figure A.3 A prefabricated rook was lifted for the Palacio del Rio
Hotel in 1967. Each room weighed 35 ton and was completely
decorated (source: (Salinas, 2015))
In the 1970’s Walt Disney also used modular building methods to
construct three of their Disney World hotels in Orlando: The
Contemporary, the Polynesian Resort, and the Court of Flags(see Figure
A.4). A few miles from the construction site workers not only built the
individual room chassis—each approximately 9 feet high, 15 feet wide,
and 30 feet long—but also installed interior finishes and furniture,
including the television set. Once the modules arrived at the site, they
were craned directly into the super-structure and hung on cables from
its top bracing. (Fortmeyer, 2016)

Figure A.4 Walt Disney executives with module
model the Polynesian Resort (source: (Modular
Building institute, 2017)
An even more appealing application of modular highrise project is the Nakagin Capsule Tower in Tokyo the
13-story tower was realised in 1972(see figure A.5). The
architect Kisho Kurokawa was a strong believer in the
post-war architectural movement Metabolism, where
buildings were not seen a static but as regenerative.
Being very sustainable and recyclable where each steel
capsule/module can be plugged into the central core
and can be replaced or exchanged when necessary. Each
module, measuring 107 square feet, was prefabricated
in a factory and then attached to the cores using 4 hightension bolts. The building was built in 1972 in just 30
days. (Smithson, 2019) Each ‘capsule’ is actually a steeltrussed box measuring some 2.5 meters by 4 meters,
clad in galvanized reinforced steel. Capsules could be
combined to create
larger spaces, although this was done infrequently.
None of the capsules has been replaced. The core, built
on-site, also employs numerous prefabricated elements.
The clip-on capsule structure is decidedly compact,
leaving little room for customization of any sort. Even
alarm clocks, task lights, soap dispensers, and flip-down
desk surfaces were predetermined. (Bergdoll &
Christensen, 2008)

Figure A.5 The Nakagin Capsule Tower with its washing machine
like modules after it's opening in 1972 (source: (Smithson, 2019))
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CHARACTERISTICS
MODULAR BUILDING
METHOD
The second chapter will discuss the characteristics of
modular building method. This will be done by describing
the definition and categories within a modular building.
The advantages and challenges of modularity are briefly discussed. Apart from that, important issues such as
having an integral process and the changed project planning are considered. This all will answer the first research
sub-question: ‘What are the main characteristics of modular building in high-rise projects?’
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CH2. Characteristics Modular building method
There are numerous terms associated with industrials building techniques in circulation, which change
from country to country. Each of these terms can represent slightly different methods, techniques or
traditions. Because prefabricated modular is a blurry term it is more helpful to think about modular
and its associated terms with their commonalities and intended outcomes in mind, rather than
attempting, once and for all, to reach consensus around terminology and definition. (Aitchison, Prefab
Housing and the Future of Building: Product to Process, 2018)
The in 1999 presented book by Alistar Gibb ‘off-site fabrication: prefabrication, pre-assembly,
modularisation’ is widely recognised as an important piece and quoted very often: ‘Prefabrication is a
manufacturing process, generally taking place at a specialised facility, in which various materials are
joined to form a component part of the final installation.’ (Gibb, 1999, p. 1) Industrialisation in the
construction industry includes a higher degree of standardisation of both materials and processes, a
higher degree of prefabrication and offsite production, platform-based approaches, and moving the
value-adding activities upstream in the supply chain. (Barlow, et al., 2013; Generalova, Generalov, &
Kuznetsov, 2016; Jonsson & Rudberg, 2014; Liew, Chua, & Dai, 2019)
In this research the term prefabricated will be used, however, men must know that terms as preassembly of off-site production could be used interchangeably to mean elements intended for building
construction that is manufactured (at a specialised facility) to a greater degree of finish and assembled
onsite.

2.1 Modularity as a key element to mass customization
Modularity is one of the key elements of mass customisation strategies. It concerns the use of a limited
set of modules to create several product variants which allows efficient production.
Ever since the industrial revolution men are seeking a way to industrialise the building industry. Up
until the 19th century, houses were typically built individually and were customised to the owner.
Resulting in very expensive houses only accessible for the richer citizens. (Niemeijer, 2011) The
establishment of Henry Ford’s first assembly line for model T cars was the breakthrough for ‘massproduction’ strategy, this strategy aims to produce a large number of standardised parts to achieve
economies of scale. Thus creating a precedent for famous architects at that time to investigate the
opportunities to industrialise the building industry as an opposite of the current practice (Davies, 2005;
Gann, 1996; Smith, 2010). The acute housing shortage after the Second World War pushed the housing
industry even further to produce mass production of housing. According to Thillart, van den, (2002):
Labour is a major factor in the building industry. The emphasis on tackling the housing shortage is to
increase productivity. Productivity increases were encouraged in two ways: Efforts were made to
rationalise design in the planning stage by using standard housing plans. As soon as the market became
more saturated the building industry moved away from mass-produced identical houses. This is largely
due to increasing levels of wealth, which provide both the means and desire for customized housing.
Since then, the building industry is moving to a combination of the two systems, Mass Customisation.
The central idea of mass customisation is the paradox of delivering products that have some degree of
customisation while striving to meet the standards of efficiency, cost, and quality of mass production
(See Figure 2.1) (Niemeijer, 2011; Rocha, Da, Formoso, & Tzortzopoulos, 2015; Thillart, van den, 2002;
Wolters, 2002)
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Product modularity is one of the key elements of mass customisation strategies. Product variants are
often the result of different module combinations, which should be able to meet different client
orders. Thus, it is important to devise modules that fulfil as many requirements as possible but that
can also be used in a large number of product variants. (Rocha, Da, Formoso, & Tzortzopoulos, 2015)
Modular design inherently combines the mass production advantages of standardisation, since
modularity is impossible without some level of standardisation, (high volume normally equals low
manufacturing costs) with those of customization.

Figure 2.1 Chart showing the schematics of mass customization. From mass production with low cost and low customization
to mass production with high cost and customization, and mass customization which tries to achieve both. the lower right
corner is the death of the company (source: adapted from (Roser, 2017))

2.2 Definition of modularity
Modularisation is a strong concept that explains not only the architecture of products but also the
organizations and processes for designing and producing them (Peltokorpi, Olivieri, Granja, &
Seppänen, 2018) Therefore, Fine, (1998) considers modularity as a three-dimensional model product
modularity, process modularity and supply chain modularity.

2.2.1 Product modularity
An important study into product modularity has been conducted by Ulrich, (1995): ‘The architecture
of the product is the scheme by which the function of the product is allocated to physical components.
Functional elements define what a product does, whereas physical components are the chunks
designed to fulfil these functions. A product has either an integral architecture or a modular
architecture(see figure 2.2). A modular architecture includes a one-to-one mapping from functional
elements in the function structure to the physical components of the product and specifies interfaces
between components. Interfaces indicate how the component interacts with other components within
the larger system. An integral product architecture involves a complex (one-to-many, many-to-one,
many-to-many) mapping between functional elements and physical components and/or coupled
interfaces between components. An integral product architecture, a change made to one component
requires a change to the other components in order for the total product to function correctly (Ulrich,
1995).
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‘A modular system, in general, is composed of modules that are designed independently but function
as an integrated whole’ (Baldwin & Clark, 1997) Modularity arises from the decomposition of a product
into subassemblies and components. The mixing and matching of components in different
combinations lead to high product variety, whereas high volume is achieved by using a limited number
of modules across a large number of product variants (Rocha, Da, Formoso, & Tzortzopoulos, 2015)

Figure 2.2 Ulrich's visual display of the difference between a modular trailer architecture with a one-to-one mapping from
functional elements to physical components on the left, and an integral trailer architecture exhibiting a complex mapping of
functional elements on the right (source: (Ulrich, 1995))

2.2.2 Standardised interfaces
Miller & Elgård, (1998) argue that: ‘Modules can only be interchanged if they have compatible
interfaces and interactions. The compatibility is ensured by setting a common system standard for
interfaces and interactions. The famous Lego blocks have a standardized interface - but no interaction.
It is a very simple interface. Usually, interfaces are more complex. Interfaces are the boundaries of the
modules facing each other’ (Miller & Elgård, 1998). This type of interfaces is described by Ulrich, (1995)
as a sectional architecture: ‘In a sectional architecture, all interfaces are of the same type and there is
no single element to which all the other components attach. The assembly is built up by connecting
the components to each other via identical interfaces.’ (Ulrich, 1995) According to Baldwin & Clark
(2000), ‘An interface is a preestablished way to resolve potential conflicts between interacting parts of
a design. It is like a treaty between two or more sub-elements. To minimize conflict, the terms of these
treaties – detailed interface specifications – need to be set in advance and known to the affected
parties. Thus interfaces are part of a common information set that those working on the design need
to assimilate.’ (Baldwin & Clark, 2000)

2.2.3 Design rules
The number of different interface standards is a key issue when designing a product for mass
customisation, as it determines the possible combinations between modules and, consequently, the
product variants that can be created (Rocha, Da, Formoso, & Tzortzopoulos, 2015). Standard interfaces
can be achieved by pre-determined design rules. According to Baldwin & Clark, (2000) even before
designing the modular components men must think of the interdependencies between them early in
the process. Design rules fall into three categories: the architecture defines what modules will be part
of the system, and what their functions will be; the interfaces describe a detailed descriptions of how
the different modules will interact, including how they will fit together, connect, communicate, and so
forth; and standards guide the conformity of the modules. Hofman et al, (2009) argue that design rules
mainly initiated by high innovation speed from suppliers and / or by a large need for variation from
customers (Hofman, Voordijk, & Halman, 2009).
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According to Baldwin & Clark, (2000) these design rules are described by a ‘systems architect’ which
can be one person or a group of persons. Hofman et al, (2009) describe in their study that in specialized,
non-integrated business networks, two forms of networks can be identified: centralized and
decentralized(see figure 2.3 for a schematic overview of the theory):
• Centralized networks are those in which suppliers are tied to a ‘lead’ firm (as in the
Japanese automobile industry)the design rules (standards of compatibility) are laid down
by the lead manufacturer, and they may differ from one lead firm to another. The lead
manufacturer fulfils the role of systems architect.
• In decentralized networks, however, suppliers have to meet the demands of diverse
customers, and the standards are determined jointly by component producers,
assemblers, and users through market processes or negotiation. Nobody in the network
has total control, and anyone who attempts to standardize in a decentralized network risks
isolation if other producers and users do not follow their lead.

2.2.4 Process and Supply Chain modularity
In addition to product modularity, researchers also define two other dimensions of modularity: process
and supply chain modularity. Fine (1998) considers the many different connections between the
product, process, and the design of the supply chain: product design is divided into activities of
architectural choices and detailed design choices whereas process design is divided into the
development of processes and manufacturing systems. Concepts such as “platforms,” “design for
manufacturing” and “concurrent engineering” seek to improve manufacturing performance by relating
the design of products to the actual production system.
Fine (1998) also claims that modular products not only tend to be designed and built by modular
processes but also by modular supply chains. In other words, he adds a third perspective on modularity,
namely that of “supply chain modularity” in addition to product and process modularity in. Supply
chain design is defined as the activity concerned with supply chain architecture and
logistics/coordination system decisions. Supply Chain modularity relates to the degree of vertical
integration and the degree of autonomy of participants in the chain. (Gosling, Pero, Schoenwitz, Towill,
& Cigolini, 2016; Voordijk, Meijboom, & Haan, de , 2006; Wolters, 2002)
Can be replaced by
Functional
requirement 1

is satisfied by

Standard
Interface A-B

Functional
requirement 2

is satisfied by

Physical
Component
A2,A3 An

Physical
Component A1

Physical
component B1
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System
Architect

Prescribe

OR
Centralised network
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Figure 5.3 schematic overview of the interaction between functional requirements and physical components with a standard
interface between different models. Which is based on design rules prepared by a 'system architect' (source: based on the
theory of (Baldwin & Clark, 2000))
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As it becomes clear that the concept of modularity has it’s origins in the manufacturing industry it is
important to look at how the concept relates to the construction industry, and how these three
dimensions of modularity can be fulfilled within the construction industry.

2.3 Modularity in Construction
According to Da Rocha & Kemmer, (2018):’In manufacturing, a single set of modules (sub-assemblies
added together to provide an end product) is often repeatedly used to produce thousands of
identical products. Construction differs, as, each building is usually assembled or fabricated from a
unique set of modules that is not likely to be used to produce another building.’ The concept of
product modularity in manufacturing is widely explored in studies however what constitutes a
module in construction is challenging. Voordijk et. Al (2006) and Wolters, (2002) apply Fine’s model
to analyse modularisation within the construction industry. This study will use their views later on in
the description of the case study research, in CH5 Case studies (page 72).

2.3.1 Product modularity in construction
As the needs for mass customisation is growing in the construction industry, the interest in
modularisation in the construction industry grows. According to Voordijk, Meijbook, & De Haan,
(2006), modularisation in the construction industry allows products to be differentiated to a high
degree and thus meet varied customer requirements. Product modularisation in construction is the
activity in which a building is structured into modules, at least in its essential parts (Peltokorpi, Olivieri,
Granja, & Seppänen, 2018) A Module in construction is a self-contained component with a
standardized interface with another part of a building. It includes several functions, divided into several
components in traditional construction. (Ulrich, 1995; Voordijk, Meijboom, & Haan, de, 2006) Hofman,
Voordijk & Halman (2009) investigated the needs for modularity to build a wide range of dwellings as
a strategy to improve the performance of the housing industry.

2.3.2 Design rules/standards in Construction
As earlier mentioned design rules in specialized, non-integrated business networks can either be
drafted within a centralised network or a decentralised network. Hofman et. Al, (2009) argue that most
construction companies operate in such a decentralized network of suppliers and customers, and draw
on the production capacity of various external suppliers. In such networks, it is hard to function as a
lead firm (a systems architect) and introduce design rules for standardized product modules. They state
that: ‘If a housing company adopts a modularisation strategy, it can choose between two substrategies.
Firstly, it could compete as a systems architect and integrator, defining the product architecture and
creating the design rules for a product made up of modules, and then communicate this to its suppliers.
Alternatively, it can compete as a module supplier that produces goods that conform to the design
rules laid down by the systems architect.’ (Hofman, Voordijk, & Halman, 2009)
According to the theory of De Ridder, (2011), the development of modular product variants is a
Bottom-up approach where design rules are prescribed by the modular suppliers, which they base on
successful results of the past. In that case, the modular supplier acts as a systems architect. See more
about De Ridder’s theory in BOX B: Modular Construction Movements in The Netherlands(Page 31).

2.3.3 Process modularity in construction
In construction, process modularity is predominantly determined by production and manufacturing
techniques used in the building industry. These techniques greatly determine the final appearance of
a house. (Voordijk, Meijboom, & Haan, de , 2006; Wolters, 2002) Modular building solutions are
constructed within a factory using modular principles and delivered, installed and commissioned onsite to a pre-determined modular plan.
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‘Modular building methods seek to maximise the off-site prefabrication content (including framing,
cladding, services, fittings and finishes assembled in factory conditions), minimise the on-site building
activity/ use of trades, and minimise the potential for rework on site. The optimum mix and degree
of these objectives vary from project to project. Where this concept is maximised to deliver
structurally complete building units to the site it is described as volumetric (or three-dimensional)
Modular Construction.’ (Murray-Parkes & Bai, 2017)

2.3.4 Supply chain modularity in construction
Supply chain modularity refers to whether certain supply functions or tasks are carried out by a single
organization or not and whether they can explicitly be distinguished from others. Supply chain
modularity refers to who does what- the division of labour, and how different actors interact with each
other. (Voordijk, Meijboom, & Haan, 2006) Wolters, (2002) argue that the initiative, design and
execution phase are strongly related to each other; they could even overlap or be integrated. The way
the parties cooperate during the project strongly determines the way a building project progresses as
well. (Wolters, 2002)More about the organisation of how parties cooperate with each other within the
realisation of a building in CH4 Collaboration forms in the Construction industry (page 46)

2.3.5 Modular categories in Construction
Several studies have categorised modular and related buildings systems in the construction industry.
(Gibb, off-site fabrication: Prefabrication, Pre-assembly, Modularization, 1999; Gibb & Isack, Reengineering through pre-assembly: client expectations and drivers, 2003; Gosling, Pero, Schoenwitz,
Towill, & Cigolini, 2016; Jonsson & Rudberg, 2014) Different categories of modules have in common
that they all are manufactured off-site in a controlled environment, but the degree of on-site assembly
can vary from a lot of assembly work to very little. (Gosling, Pero, Schoenwitz, Towill, & Cigolini, 2016)
In general, existing investigations divide production systems into the following four categories,
according to the degree of product standardization and offsite production( See Table 2.). According to
Lawson, Ogden, & Goodier (2014): ‘In modular levels 1 and 2, the proportion of prefabricated
components is typically in the range of 10 to 25% of the overall build cost, whereas in level 3, this
proportion increases to 30 to 50%, and in level 4 to more than 70%. This percentage use of prefab
leads to an approximately proportionate reduction in overall construction time relative to level 0.’
This research will mainly focus on level 3 and 4 of modular building methods, volumetric
construction and modular buildings.

Table 2.1 Categories of Modular building methods (source: adapted from (Goodier & Gibb, Future opportunities for offsite in
the UK, 2005) )

Increasing level of degree

Level

Category

Definition

Example

Proportion off-site

0

Materials

This category is the conventional entirely site-based building method (Lawson, Ogden, & Goodier, 2014

Reinforced concrete of
bricks

0%

1

Sub-assemblies & Components

Components are fully or partially finished factory made building elements that form part of larger
traditionally made structural elements assembled on site. (Gosling, Pero, Schoenwitz, Towill, & Cigolini, 2016;

Prefab concrete
foundation, Columns,
Precast conrete slabs

10 -15 %

2

Non-volumetric (panelised)

Structural steel frames,
Structurally insulated
panels

15- 25 %

3

Volumetric construction

30 - 50 %

2003; Peltokorpi, Olivieri, Granja, & Seppänen, 2018)

Bathroom pods, Kitchen
pods, Technical
installation room

4

Modular Building

Pre-assembled volumetric units which form the actual structure and fabric of the building. The only
work performed on site is the assembly of the modules and finishing operations. (Gibb & Isack, 2003;

Hotel modules, Student
rooms module,

60 -70 %

Gunawardena, 2016)

These are flat panel, 'two-dimensional' elements which do not create a usable space. Are assembled
on site to create a three dimensional space (Gibb & Isack, 2003; Jonsson & Rudberg, 2014; Peltokorpi, Olivieri,
Granja, & Seppänen, 2018)

Volumes of specific parts in the building are produced offsite and assembled onsite within an
independent structural frame, which create an usable space. Often reffered as a pod. (Gibb & Isack,

Jonsson & Rudberg, 2014)
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2.4 Application modular building methods
Modular building methods tend to be best suitable for cellular-type buildings, with a lot of repetition
in design making a strong connection with high-rise buildings.
Now the definition and the categories for modular building methods are set, there could be looked at
the applicability of modular building methods. According to Smith (2010), prefabricated building
methods should not be used in every situation. Due to the unique nature of each project, it must be
assessed per project whether prefab is desirable or not. Prefabrication or Modular building methods
should not be the goal in itself but a means to meet certain demands. The benefits of modular
construction may be focused on certain market sectors, where there is a demand for speed of
construction, and economy in manufacture, or where reducing the disturbance of the building process
is an important business or planning requirement. (Lawson, Ogden, & Goodier, 2014, p. 4) The current
range of applications of modular construction is in cellular-type buildings such as hotels, student
residences, military accommodations, and social housing, where the module size is compatible with
manufacturing and transportation requirements. (Lawson, Ogden, & Bergin, 2012) A volumetric
module generally compromises a whole dwelling or hotel room, making it a space with the less usable
floor area. Partially or fully open-sided modules may be manufactured, in which two or more modules
create larger spaces. In other words, the manufacturing and transport limitations that a volumetric
module entails are no obstacle to this type of application. With this extra space, modular building
methods are also suitable for target groups with higher living standards, including mid-rental
properties. Modular building methods are also suitable for the realization of a single owner-occupied
home, but this application falls outside the scope of this study. This research focuses on the application
of modular building methods in high-rise projects.

2.4.1 Modular high-rise
Choi, Chen & Kim, (2019) Investigated the opportunities and challenges of modular methods, especially
in dense urban environments. Pan, Yang & Yang, (2018) review the 10-year journey of high-rise
modular building. They argue that the technical practicability modular construction for high-rise
buildings is especially suitable in congested areas (Pan, Yang, & Yang, 2018). High-rise building from
origin tend to be located in densely populated areas, therefore, these results are of interest for this
research.
A good design practice of high-rise buildings is to embrace simplicity, standardization, repetition, and
economy of scale. This renders the high-rise buildings to be intrinsically modular by off-site factory
production. (Barlow, et al., 2013; Generalova, Generalov, & Kuznetsov, 2016; Jonsson & Rudberg,
2014; Liew, Chua, & Dai, 2019)
The nature of high-rise buildings is such that the modules are clustered around a core or stabilizing
system (see figure 2.4). In this building form, the transfer of forces from the modules to the core is
minimised. The concrete core is usually constructed first, usually as an in situ slip-formed concrete, or
sometimes using precast concrete core units. (Lawson, Ogden, & Bergin, 2012; Lawson, Ogden, &
Goodier, 2014, p. 91)
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This method was already used in 2007 on a project called Paragon in west London and presented in a
paper in The Structural Engineer. In this, 839 student rooms and 221 key worker units4,
accommodation there was decided to use a modular building method due to the tight time schedule,
limited site access and difficult site location. Traditional construction methods would struggle to meet
the client’s programme (Cartz & Crosby, 2007)
Although there is a strong link between the characteristics of a high-rise building with the
characteristics of modular construction, Mills, Grove & Egan, (2015) reported that at that time still less
than 1% of tall buildings are constructed using modular technologies and when a developer had chosen
to go truly modular case studies top out at around 30 stories. Although more recently there have been
cases of adopting modular construction for high-rise there is still an insufficient understanding of
strategies for implementing high-rise modular building. This is recognised by Pan, Yang & Yang, (2018),
they state that previous studies largely focused on low-rise modular buildings. Therefore, this study
seeks to contribute to the understanding of specific requirements for modular high-rise buildings by
describing the required organization forms.

Figure 2.4 Typical layout of rooms (modules) clustered around a core (source: (Lawson, Ogden, & Bergin, 2012))

4

Key workers are public sector employees considered by the UK government to be essential to society, for
example teachers, police officers, nurses, fire fighters who may find it difficult to buy property in the area here
they work. In the Netherlands, this distinction is not made per profession to be eligible for affordable houses
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2.5 Benefits of modular building methods
Modular building methods have potentially major advantages upon traditional construction methods.
Numerous studies have identified these advantages. The significant benefits of modular building
methods are briefly discussed in this section. Most of these benefits are common for different
techniques of off-site construction and are :
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+

Faster & more predictable
One of the core promises of modular construction is faster and more predictable production
time. Several researchers indicated that modular construction can reduce the construction
period by 50–60% as opposed to the traditional method. (Aitchison, 2018; Ferdous, Bai, Ngo,
Manalo, & Mendis, 2019; Gibb A. G., 1999; Goodier & Gibb, The Modular Building Institute,
2004) From a 2011 internet survey with 809 respondents conducted by McGraw-Hill
Construction, it came out that 66% of the respondents saw saving time as the main driver for
choosing modular building methods. (McGraw-Hill Construction, 2011)
Besides a faster construction time also the predictability of the process is important.
Prefabrication offers more predictability in finish dates. This is due to the ability to procure
materials and processes more quickly and the fact that prefab occurs in a controlled
environment where the weather does not have an effect on the labour force. (Jonsson &
Rudberg, 2014; Smith,2010) In addition, the risk of delays due to weather extremes, vandalism,
and site theft are minimal in modular construction. (Kamali & Hewage, 2016)

+

Product Quality
Higher quality can be achieved due to the controlled manufacturing facilities in which the
components are built. Using prefabrication can increase the precision of the products and
therefore allow for greater control over the end product. Repetitive processes and operations,
as well as automated machinery, can result in a higher level of product quality. (Choi, Chen, &
Kim, 2019; Kamali & Hewage, 2016; Lawson, Ogden, & Goodier, 2014; Rogan, Lawson, & BatesBrkljac, 2000; Smith, 2010)

+

Environmental Performance
Modular building methods can increase environmental performance because there is less
wastage by recycling materials. Controlling inventory and protecting building materials since
modular units or modules are produced in the factory. (Jonsson & Rudberg, 2014; Musa, Yusof,
Mohammad, & Mahbub, 2014) Besides that, there will be less site disturbance from workers,
suppliers and equipment’s since the modular units are produced at the factory. In addition,
the bulk of transport mainly materials is moved to the factory. (Choi, Chen, & Kim, 2019;
Lawson, Ogden, & Bergin, 2012; Musa, Yusof, Mohammad, & Mahbub, 2014; Navaratnam,
Ngo, Gunawardena, & Henderson, 2019)

+

On-site Safety
Modular building methods can drastically improve the safety on site. Workplace accidents,
working at height, congestion, severe weather, dangerous activities, and neighbouring
construction operations can be reduced by transferring the main construction work to
factories with easier and highly repetitive site operations (Choi, Chen, & Kim, 2019; Haas &
Fagerlund, 2002; Kamali & Hewage, 2016; McGraw-Hill Construction, 2011; Pan, Gibb, &
Dainty, 2007; The Modular Building Institute, 2004) In a research study Lawson, Ogden, &
Bergin (2012) state that the safety on site can improve with 80% relative to site-intensive
construction.
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2.6 Challenges modular building methods
While the benefits will help to determine the use of modular building methods, the decision to actually
use modular building methods will be a balance between benefits and challenges. The reviewed
literature pointed to some possible challenges for modular building methods:
-

Project planning & level of engineering required
‘A significant challenge of modularisation is the need for intensive pre-project planning and
engineering. Case studies have estimated that engineering costs can increase as much as 15%
and home office costs 5-15% per unit of pre-work. Depending on the extent of pre-work, it
may be necessary to complete 90% of engineering design prior to construction, as opposed to
the 40% generally necessary for conventionally built projects’ (Goodier & Gibb, Future
opportunities for offsite in the UK, 2005; Haas & Fagerlund, 2002). Complex modules need
more engineering design because of the subsequent complexity of interfaces. A clear scope is
needed in advance as it is hard to make any changes later during the construction phase, this
corresponds to the challenges in flexibility (Choi, Chen, & Kim, 2019; Kamali & Hewage, 2016).

-

Transportation
An important challenge not to overlook is the vital role of transportation. Before taking any
design step, the modular project team should investigate the limitations of module
transportation in the area. The transportation regulations and the route can restrict size,
weight, and dimensions of modules. Besides studying the general transportation regulations,
special traffic control allowance requirements for dense urban areas, for a project within the
city, should be checked. It can happen that heavy transport is not permitted at certain peak
times. Methods of delivery may not only be dictated by access at the fabrication site and the
project, but also by the routes to and from. Routes must be able to handle loads and the
necessary permitting acquired. Once the components reach the site, additional lift planning
may be required, especially for heavier lifts. While the number of lifts may be reduced, the
complexity of each lift generally increases with the increase in the level of pre-planning. (Choi,
Chen, & Kim, 2019; Haas & Fagerlund, 2002, p. 11; Hwang, Shan, & Looi, 2018; Kamali &
Hewage, 2016)

-

Flexibility
Another perceived downside for modular building methods is reduced flexibility compared to
traditional methods. Due to the increased engineering and transportation requirements, the
design could feel like a bit less flexible. These requirements must be taken into account from
the start of the design to ensure adequate integration during construction and final assembly.
The reduced flexibility in the design is also reflected in the possibility of adapting the design.
The design must be established at an early stage in order to be able to manage the module
manufacturer in time. Making key decisions at an early stage in the design phase makes it more
difficult/costly to make design changes later. This so-called early design freeze is a major
challenge from a traditional building. This requires good coordination and cooperation which
needs to be considered when teaming up. (Gibb & Isack, 2003; Haas & Fagerlund, 2002;
Jonsson & Rudberg, 2014; Kamali & Hewage, 2016; Pan, Gibb, & Dainty, 2007; Pan, Gibb, &
Dainty, 2008; Rogan, Lawson, & Bates-Brkljac, 2000)
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2.7 Considerations modular building methods
As stated, modularity should not be the goal in itself, rather modularity and prefabrication are a means
to an end. The consideration of using modular building methods for a project depends on a number of
interdependent criteria. Sometimes modular building methods are only described as a technologydriven innovation, however in order to succeed there also should be attention to the organization and
process-related site of modular building methods. As Peltokorpi, Olivieri, Granja, & Seppänen (2018)
states it: ‘Modularisation is a strong concept that explains not only the architecture of products but
also the organizations and processes for designing and producing them.’ Based on Tormatzky and
Fleischer, Smith, (2010) outlined three criteria that have proven necessary for technology to thrive
within other industries. These are environment, organization, and technology. Technology
considerations will be about the improvement of automation, the growing popularity of Building
Information Modelling, and the use of CNC-machines for instance. Environmental considerations will
be about the type of project, is the restricted site space and reduction of expensive labour costs.
(McGraw-Hill Construction, 2011; Smith, 2010)
This research will mainly focus on the organizational, process and planning-related considerations that
must be taken into account if one opts for modular building methods in a project.

2.7.1. Type of project
The type of project can have a major impact on the consideration of using modular building methods.
For example, due to a tight schedule, it may be a requirement that work must be extremely efficient.
In every construction project, there is a benefit from a quick delivery, but in some cases, it is a specific
requirement of the customer from the start of the project. From a 2011 internet survey with 809
respondents conducted by McGraw-Hill Construction, it came out that 66% of the respondents saw
saving time as the main driver for choosing modular building methods. (McGraw-Hill Construction,
2011) Another important consideration to take in mind is the repetition within a building project: if
there is a lot of repetition it is more likely to choose prefabricated methods to realise a certain
component. In this research, the focus is on high-rise projects, where repetition naturally takes place.
(Smith, 2010, p. 50)

2.7.2. Location
Perhaps an even more determinant criterion to consider modular building methods is the location of
the project. The accessibility of the construction site is increasingly becoming a part of a discussion in
a construction project. This is increasingly becoming a point of concern with the growing number of
inner-city building projects that urbanisation entails. Cartz & Crosby (2007) indicate that modularity
soon emerged as a possible solution in their Paragon project for the congested construction site that
was only partially accessible.
On the other hand, site space is considered a limited resource in most of the urban construction
projects, besides materials, equipment, labour, time and money. Traditionally, temporary facilities are
set up on unoccupied areas within the boundaries of the construction site (Kumar & Cheng, 2015).
Also, a matter of location is the availability and cost of labour forces for a construction project. If labour
is expensive, as it is in Europe and Japan, prefab methods that reduce the number of workers and the
time spent in labour benefit the project more significantly than in locations where labour is inexpensive
and available. (Smith, 2010, p. 51) From the McGraw-Hill survey, it came out that 69% of the current
users’ decisions to use modularisation was driven by the cheaper labour cost. (McGraw-Hill
Construction, 2011)
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2.7.3 Integrated process
Smith (2010) did extensive research on the history of prefab and what lessons could be learned from
it. He states that: ‘Many failures in prefabrication occur because of a lack of integrated process early
in the planning stages of a project. The timing of thinking about prefabrication in a design process
should be early on in a building venture. This requires a collaborative and integrative process of
delivery.’
Construction projects are highly complex collaborative events involving many different bodies and
organisations, e.g. clients, designers, consultants, contractors, and inspectors. Inter- and intradiscipline communication between these distinctive professionals is often problematic(see figure 2.5).
The lack of integration and coordination
between the industry’s distinct professions
can be perceived as a major contributory
factor to poor project performance.’ (Craig
& Sommerville, 2006, p. 131) The unique
character of project organisations in the
construction industry makes collaboration
even harder; Different companies work
together building unique buildings in
temporary projects. (Duboir & Gadde, 200)
Figure 2.5 Description of a traditional bi-directional
communication and information flows by (Craig & Sommerville, 2006)

An integrated design and construction process is an approach for the design and realisation of a
building. In this approach, the specialists’ team members work as early as possible and as often as
possible together throughout the whole process. An integrated design process is often visualised by
the ‘Macleamy Curve’, introduced by Patrick Macleamy of AIA (see figure 2.6). It illustrates the
advantages of making design decisions earlier in the project when an opportunity to influence positive
outcomes is maximized and the cost of changes minimized, especially as regards the designer and
design consultant roles. (The American Institute of Architects, 2007)The importance of an integrated
process for the success of a modular construction project is endorsed in several studies (Aitchison,
2018; Gosling, Pero, Schoenwitz, Towill, & Cigolini, 2016; Jonsson & Rudberg, 2014; Kamali & Hewage,
2016; Tee, Davies, & Whyte, 2018; Thanoon, Peng, Kadir, Jaafar, & Salit, 2003)
The importance of good collaboration between all parties is also endorsed by Cartz & Crosby (2007):
‘We established a close working relationship with the firm. The main challenge was for the architect,
structural engineer and services engineer all to work on the same elements simultaneously. For
example, the builders work holes associated with service installations required input from the
Mechanics & Electronics as well as the architect before the structural engineer could finalise the
structural details. It was essential that the whole design team coordinate very early on with the
manufacturer.’
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Figure 2.6 The 'Macleamy Curve', a visual representation of a preferred integrated design where design efforts are shifted
toward the front-end of a project where there is maximum flexibility to make high-impact design decisions. The further, men
move to the right in the process the higher the cost of design changes. (source: (The American Institute of Architects, 2007))

With an integrated process, the roles of the different stakeholders within a construction project will
change. In an integrated process, a greater, more active, role of the client is required. The client will
be actively involved in terms of the design, costing and logistics. (Rogan, Lawson, & Bates-Brkljac, 2000)
Generally, the role of the design firm and the contractor is reduced. While the engineering design
required increases, much of the work is transferred to the supplier or offsite fabricator. This results
in decreased fieldwork and activity at the actual job site. The role of the supplier increases, and in some
cases the supplier works directly with the owner. This can bypass the design firm and contractor,
further reducing their involvement (Haas & Fagerlund, 2002, p. 14)
A successful path to modular prefabrication is one of collaboration, which requires teamwork and a
broad set of complementary skills and knowledge.

2.8 project planning modular building methods
The advantages of the faster construction time with modular building method is partly due to the
merging of building processes that traditionally follow each other linearly. Apart from the fact that this
is a major advantage, it is also an important point for attention: there must be clear coordination
between all parties involved.
Traditionally the construction of a building is roughly divided into five phases: Design & Engineering,
Permits & approvals, Site development & foundation, Building construction, and last Completion. All
these activities will follow a linear process. A previously known critical path determines when the
consecutive activity can take place.
Primarily, four stages make up factory-built construction(see figure 2.7). First, design approval by the
end-user and any regulating authorities; second, assembly of module components in a controlled
environment; third, transportation of modules to a final destination; and fourth, erection of modular
units to form a finished building. Unique to modular building methods, while modules are being
assembled in a factory, site work is occurring simultaneously. (The Modular Building Institute, 2004)
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De La Torre, (1994) already described that: ‘Compared to conventional construction, modular
construction requires greater interaction among construction activities. Modular construction
redefines the relationships among activities that are usually independent in conventional construction.
Unlike standard construction, where most of the design and engineering, and construction activities
are performed in sequential order, the activities for modular construction involve additional
interdependency since these activities can be performed in parallel in· various fabrication shops and/or
at the construction site. The planning of many construction activities often needs to occur early in the
project.’ The planning and design processes of modular projects demand early collaboration among
different parties such as architects, contractors, and manufacturers, which normally requires
additional efforts from different project stakeholders. (Hwang, Shan, & Looi, 2018)
Also unique to modular building, is the ability to simultaneously construct a building’s floors, walls,
ceilings, rafters, and roofs. Whereas traditional onsite construction is a linear process by which
subcontractors wait until the preceding trade has completed their work, in a factory, teams may work
concurrently allowing entire sections of a building to be constructed by more than one trade. (Kamali
& Hewage, 2016; Smith, 2010, p. 84; Smith, 2014)
Construction Phase in Conventional Construction

Design

Engineering

Permits and
Approvals

Site Preparation
and
Foundations

Construction on Site

Construction Phase in Modular Construction
Site Preparation
and
Foundations

Design

Engineering

Permits and
Approvals

Installation on
Site

TIME SAVINGS

Construction at
Factory Plant

Figure 2.7 Overview of the changing construction phases in traditional and modular construction with noticeable time savings
(source: (Kamali & Hewage, 2016)

Simultaneous realization of the modules and preparation for construction not only has advantages but
also have points for attention. The building is already prefabricated in the factory directly as a finished
product, while the building site has not even been prepared for construction. This means that more
information must be available earlier in the construction process. Whereas in on-site construction
projects the design is often not final until the site is already prepared, this is not possible with modular
construction projects. According to Haas & Fagerlund (2002): ‘Depending on the extent of pre-work, it
may be necessary to complete 90% of engineering design prior to construction, as opposed to the 40%
generally necessary for the conventionally built project.’ This means that there must be an early
‘design freeze’ so that the factory can get started with the design of the module. Design Freeze within
an offsite construction process is important because late design changes can be costly due to the
necessity for re-work. (Alkahlan, 2016; Blismas, Pendlebury, Gibb, & Pasquire, 2005; O'Connor,
O'Brien, & Choi, 2014; Hairstans, 2016; Pan, Gibb, & Dainty, 2007)

2.9 Other considerations modular building methods
Considerations such as financial, legal, regulations, structural, fire safety and design considerations are
very important as well but fall outside of the scope of this research. A lot of research about these
considerations already have been done.
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2.10 Conclusion Modular building methods
This chapter describes the characteristics of modular building methods for high-rise buildings by
answering the first sub-question: ‘What are the main characteristics of modular building in high-rise
projects?’
For decades, the construction industry is searching for a way to improve productivity performance.
Mass customisation is seen as one of the strategies to improve productivity. Modularity is one of the
key elements of mass customisation strategies. It concerns the use of a limited set of modules to create
several product variants which allows efficient production. Modularisation is a strong concept that
explains not only the architecture of products but also the organizations and processes for designing
and producing them. Modularity in the construction industry is about dividing a building into treatable
standardized parts and shifts many aspects of building activity away from traditional onsite projects to
offsite manufacturing-style production. All modular buildings are prefab, but not all prefabs are
modular. Fine’s three-dimensional concept is used to describe this: Product modularity, Process
Modularity and Supply Chain Modularity.
• Product modularity in construction is the development of modular products makes it possible
to mix and match with modules within and switch with different scalable variants, thus making
it possible to use variants over multiple projects. Moving the construction industry more or
less in the direction to the product development. This in comparison to the current
construction industry where buildings usually are a unique one-off project.
• Process Modularity in construction is the degree of used prefabrication in the factory.
• Supply Chain Modularity in Construction is described by the used organisational model within
the project.
In this research four categories of a modular building are determined: Components, Non-volumetric,
Volumetric, and Modular building. From the lowest degree of product standardization and offsite
production to the most.
Modular buildings are ideally suited for cellular-type buildings, such as hotels, student housing, prisons
with a lot of repetition. Due to technological developments and growing knowledge, modular
construction is becoming increasingly suitable for a target group that places higher demands on the
residential area. The promising benefits of higher quality, a safer, faster and more predictable
construction process, and less environmental nuisance could be one of the main drivers for the
realisation of a modular high-rise project. High-rise projects seem to be particularly suitable for
modular building methods due to the naturally present repetition and standardization in the design.
Besides all these advantages there are also some challenges about modular building methods; the
transportation of the prefabricated parts should be considered extensively beforehand. Also, the loss
of flexibility in design is mentioned; when it is decided at an early stage of the process to go for modular
building methods, the manufacturer can make his conditions known in time.
Modular building methods require different project planning compared to other building methods. An
extensive pre-engineering at an early phase of the project is required in order to come to an ‘early
design freeze’. To reach this collaboration between all stakeholders should be the basis from the start.
Within this integrated process there are changing roles: for example, there must be a more active role
for the client. Besides, in the design phase engineering work being transferred to the manufacturer of
the modules. This means there will be a declining role for the engineering firm and the main
constructor.
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BOX B: Modular Construction Movements in The Netherlands
The research into modular building methods isn’t new in the Netherlands. In fact, standardisation in design is
already recognised in the early 1960s as an important requirement to give more quality to a building. Within this
research four well-known modular construction movements are discussed. Later on, in this document, there will
be referred to these theoretical concepts.
SAR-method/Support & Infill
Professor J. Habraken, of the Massachusetts Institute of Technology(MIT) and founder of the Department of
Architecture at the University of Technology Eindhoven, presented in 19961 his book: ‘Supports: an Alternate to
Mass Housing’ the open building concept, a sustainable flexible building method whereby in particular the ‘inside’
of a building can be adjusted relatively easily. (Habraken, 1961) Habraken has put his theory, where there is a
clear separation between the ‘supports (the construction) and the ‘infill’ (rooms, kitchen, bad rooms), into practice
together with a collective of architects in the Stichting Architecten Research (SAR) method. (Niemeijer, 2011) The
clear separation between the support and the infill arises from the different lifecycles of the two, the supports
have a much longer lifespan compared to the infill. Within the SAR-method home flexibility in the use, the phase
is crucial, therefore there is an important role for resident participation. (Lüthi S. & Schwarz, 2013) Habraken
introduced the idea that environment and buildings can be described by “levels” that are controlled by different
“players” (e.g., the investor, dweller, etc.) and have different changes or renewal cycles.:
1. Furniture is controlled by a dweller or renter; it can be changed very quickly (2–5 years).
2. Interior finishing is subject to the control of owners or builders, and are often hard to change (10 years).
3. The building itself is subject to the control of owners or builders and renewal cycles are very long (10–30 years).
4. The neighbourhood, district, and city are subject to the control of various parties; change can be decided only
by agreement of various actors, and therefore renewal cycles are even longer (>30 years).
According to Habraken, lower levels can be changed more quickly and easily, yet the degree of freedom is always
constrained by the higher level. For example, infill can be changed only within the constraint of the building (house
allocation level) and so on. (Bock & Linner, 2015) The architect restricts himself to designing the support, the
residents should make, in corporation with professionals, the design for the infill according to their own wishes.
According to Habraken’s concept, the industrialization of suppliers plays an important role in the development of
ready-to-use infill components on the supply side, so-called catalogue components. (Lüthi S. & Schwarz, 2013)
However, due to the lack of this infill market, fundamental resistance from politic, architects and financiers
Habraken’s concept remained more of a theoretical exercise
IFD-concept
Later on, Industrial Flexible and Demountable building (IFD) has become a new investigation topic in a way to
industrialised building techniques. In 1997, The Dutch Ministry of Economic Affairs requested Damen Consultants
to investigate the market potential of IFD in (Hermans & Damen, 1997). In that report, they describe the
construction industry as characterized by a location-specific character, a project-based approach, production to
client specifications, the incidental nature of commissioning, and the presence of many small companies. The
construction is a relationship market. Hardly any money is spent on product development and marketing. A
relatively large amount of money is spent on maintaining the relationship network and on acquisition in the form
of project acquisition.
The primary motive for industrial building is the improvement of the building production process. Flexible
buildings aim at the fulfilment of the user’s demands and wish at the first delivery of a building and the following
periods. The primary motive for a demountable building is reducing environmental pressure. (Brand, 2003;
Niemeijer, 2011) According to Giulio, Coccagna, Brand, & Kiang, (2005): ‘The IFD design system tries to develop
technical solutions to meet the high-tech performance requirements of flexibility and demount ability, using a
‘soft’ architectural design.’ In IFD building takes into account possible changes in buildings, flexible buildings
permanently match the wishes of users and can be adjusted relatively easily. (Brand, 2003) The IFD design
concept envisages separation of the building production process into three distinct sub-processes viz. production
of primary building components (load-bearing parts of the structure), secondary components (facades and roof),
and tertiary components (infill and services). (Giulio, Coccagna, Brand, & Kiang, 2005)
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Hermans & Damen, (1997) conclude that: ‘Encourage change in the structure of the construction industry from
project-based cooperation on an ad hoc basis, via project-based, structural cooperation in the form of comakership, to integrated construction producers. Co-makership is a solid collaboration between architect,
contractor, subcontractors and suppliers, where each party has its own specific input and responsibility.’
Conceptual building
Another theory that relates to the innovative development of construction works to be realized in conceptual
construction, developed by Pieter Huijbregts. (Huijbregts, 2010) Conceptual building has been developed to make
the construction sector function as the normal consumer market. Conceptual building is the realization of areas,
structures or building parts from project-exceeding standardized solution principles, if desired in combination with
services. A concept is a solution principle for a target group with room for customization per individual customer.
Providers who market such a concept must choose which part of the solution space they want to use. Which are
offered by a network of companies working together as one organization. Conceptual building combines
standardization and individual customization. (Huijbregts, 2010)

Legolizing
However according to prof. dr. ir. De Ridder IFD and Conceptual Building never have been able to meets his
expectations, the main reason for this was the lack of market size for meaningful reuse. Besides that, were the
demountable modules to large. Rather De Ridder would see the IFD developed as a more flexible way. As an
answer he presented the theory ‘Living building’ in 2006 in his handbook ‘Living Building Concept, een wenkend
perspectief voor de bouw’ which describes a changing perspective in the construction industry. (Ridder, 2006)
The living building concept is further described in his book ‘Legolisering van de bouw’(legolizing the Construction
Industry) (Ridder, LEGOlisering van der bouw; Industrieel maatwerk in een snel veranderende wereld, 2011).
Legolizing is one of the most well-known theories which promotes the industrialising of the construction industry.
De Ridder describes the current situation in the construction industry as: ‘the fragmented, artisanal design and
construction of one-off, unique, customer-specific structures, which are immovable and difficult to adapt at a
certain location for a long time.’
De Ridders’ practice presents a way to integrated Research & Development with co-makers, aimed at creating
product families with underlying: industrialized building sets with standard components, from which unique,
customer-specific structures can be made with high-quality architecture and quality, which are effortless and
without inconvenience. Just like LEGO© components. (Ridder, LEGOlisering van der bouw; Industrieel maatwerk
in een snel veranderende wereld, 2011)
An important aspect in Professor De Ridder's theory is the change from a program of requirements to a program
of wishes. A construction customer starts an initiative based on a problem on which possible future scenarios are
defined. A wish list is made with accompanying frameworks with regard to quality and price. Suppliers are thus
forced to come up with self-developed buildings, which is actually a further development of successful buildings
from the past. Variants are created on existing successful structures, variants with the same structure but with a
different shape. With the freedom that the customer has given, suppliers will automatically specialize in
construction with the same structure. The structure can therefore change but remains within the established
standards. Because the structure is determined by the relationships between the objects(interfaces), this means
that the interfaces are standardized. This makes the objects variable. De Ridder, (2011): ‘Compare LEGO blocks,
which come in all shapes and sizes, but are industrially manufactured and have a fixed geometric relationship.
Each block fits on all other blocks. The structure of the Lego system is fixed. Playing with elements is possible,
provided that the fixed structure is met.’
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barriers modular
building methods
This chapter will discuss the process-related barriers known
from the literature. This will be done by describing the required extensive coordination, the extra engineering effort and
the required extra communication. For each barrier, there is
tried to come up with a mitigation strategy which can help to
overcome this hurdle. Overcoming the existing process-based barriers to modular building methods for high-rise projects will contribute to the applicability of these methods.
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CH 3 process-related barriers modular building methods
Despite the advantages of using modular building methods, researchers highlighted several issues as
being potential hurdles to the implementation. Looking at the various studies that have been
conducted in the world, we see that the barriers to modular building methods are largely the same in
all cases. From the studies in the U.K., Singapore, Australia, China and the U.S. the same barriers are
always mentioned. It is, therefore, logical to think that these barriers also apply for the Dutch
construction industry. In several studies (Blismas, Pendlebury, Gibb, & Pasquire, 2005; Han & Wang,
2018), the constraints for the implementation are classified, such as Economic constraints, Site
constraints, Technical constraints, Market constraints, and Process-related constraints. This research
will discuss mainly the process-related barriers. As is Process-related factors are important to ensure
successful implementation of modular building methods. A successful modular building project may
be measured by some of the above-mentioned benefits as reduced construction time, improved
quality production, reduced budget. Besides the process-related barriers, there are some generic and
remarkable barriers which are also described for completeness.

3.1 High initial costs
One of the most recognised economic barriers of modular building methods is the need for a heavy
upfront investment, a so-called economic constraint. In the beginning, there is a requirement on large
investment for setting up the plant, supplying machinery and mould, engineering consideration in
dealing with the complexity of interfaces and expenditures of the transportation process. (Haas &
Fagerlund, 2002; Jabar, Ismail, & Mustafa, 2013; Kamali & Hewage, 2016; Lawson, Ogden, & Bergin,
2012) Various studies have shown that for both contractors and customers, high initial costs are one
of the biggest barriers to not opting for modular methods. (Ferdous, Bai, Ngo, Manalo, & Mendis, 2019;
Goodier & Gibb, 2005; Pan, Gibb, & Dainty, 2007; Pan, Gibb, & Dainty, 2008; Schoenborn, 2012; Smith,
2015) According to Goodier & Gibb (2005), a good way to overcome this problem is by looking at the
total life cycle cost. The extra revenues that the faster construction time entails can eliminate the
higher investment costs. Other advantages such as increased quality and reduced snagging are rarely
included in costing and many projects are still judged purely on initial cost. According to Blismas,
Pendlebury, Gibb, & Pasquire (2005), looking at total life cycle cost moves the focus away from cost
alone to a raft of other benefits that should be evaluated before deciding between different building
methods. It provides the stimulus for project teams to look beyond ‘lowest cost’ when planning
projects.
Besides plant investments the use of modular building methods require an intensive investigation in
modules itself, the modules should be developed as a concept itself. This cost of the Research &
Development of a concept requires a large volume of work to break even on the investment which
means modular building methods needs a large scale of production in order to achieve economic
viability. This barrier is several times identified as problems in the economics of scale. (Jabar, Ismail,
& Mustafa, 2013; Jonsson & Rudberg, 2014; Pan, Gibb, & Dainty, 2007) In the study of Pan et al
(2008), it ranked second as a barrier to use prefab. This is also recognised by Blismas et al (2005),
where the repeatability of a concept is not feasible and is difficult to re-use the concept on new
projects. This is the result of a more general problem within the construction industry where there is
hardly any repeatable project, all projects are unique, see chapter3.5 Current Culture of Construction
Industry (Page 34).
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3.2 Awareness/ knowledge
The second barrier is the lack of awareness of modular building methods, this is a so-called Market
constraint. In almost all known studies, it appears that the lack of knowledge about modular building
methods from both the customer, the architect and the contractor is one of the biggest constraints for
implementation. From early studies in the UK, it came out that the limited knowledge and experience
of offsite production and its modular building methods is recognised as a hindrance in the
implementation of these methods. Knowledge and experience of modular building methods within
project teams encourage the investigation of the possibilities of modularity that perhaps would not
normally be considered. (Blismas, Pendlebury, Gibb, & Pasquire, 2005; Goodier & Gibb, 2005; Smith,
2010) Furthermore, Blismas & Wakefield (2009), discovered that also in Australia the lack of
knowledge, is a major obstacle in the implementation of modular building methods: ‘Approaches to
design are still largely based on traditional methods that are unsuited to offsite manufacturing.
More integrated design skills and understanding are required to ensure system interfaces are managed
and designed for production, erection and performance. ‘In several Malaysian studies, it came out that
the lack of knowledge among the designers as well as the poor knowledge among the approving
authorities is an important barrier for adaptation for industrialised building techniques such as
modular building methods. (Ahmad, Haseneshkorfu, & Kashinigar, 2017; Jabar, Ismail, & Mustafa,
2013; Kamar, Alshawi, & Hamid, 2009)
The McGraw-Hill Construction (2011) study, also shows that the most frequently mentioned reason
for not using a modular building method in the U.S. is ignorance because it was not suggested by the
architect. This corresponds to the study results that Schoenborn (2012), did in his research. According
to Aitchison (2018), the lack of consensus around terminology and definition, as discussed in chapter
1.1, has greatly impaired the ability to collect accurate data or to provide metrics on prefabrication.
The focus on the ‘what’ of prefabrication has overshadowed the ‘why’. (Aitchison, 2018, p. 63)
As an answer to this constraint, it is proposed to offer training courses for project teams and workers
to enhance their knowledge and skills in modular building methods. (Hwang, Shan, & Looi, 2018; Luo,
Mao, Shen, & Li, 2015) Raising awareness and increasing the perception of offsite by promoting and
marketing the benefits and advantages of modularity more widely is mentioned by (Goodier & Gibb,
2005)It is also proposed to adopt internal benchmarking to encourage learning from projects. It should
help increase the empirical evidence for using modular building methods across the industry. (Pan,
Gibb, & Dainty, 2008)

3.3 Negative perception
Another market constraint is the public's negative perception of offsite construction methods. It is a
considerable factor that hinders the fast development of off-site construction techniques all around
the world. (Kamali & Hewage, 2016) As can be read in the history of prefab modular,
Box A: History of modular construction(page 9), the origin of modular houses lies in temporary postwar houses with low quality for the immediate need. These buildings, which were built for only three
to five years, were used for permanent applications The image of prefab modular buildings is coloured
by these past applications. Clients are often in doubt of using modular prefab methods because of fear
of customer rejection. (Aitchison, 2018; Goodier & Gibb, 2005; Kamar, Alshawi, & Hamid, 2009;
Schoenborn, 2012) According to Van den Thillart, (2002): ‘Industrial building methods are in Europe
still compared to colossal ‘prefab panel slab blocks’ with monotonous mass-produced houses, of poor
quality, in Central Europe during the post-war communist era. ‘
Besides that, modular and prefabricated homes are usually believed to be similar to mobile homes
(manufactured houses) in the United States; however, they are completely different. Mobile homes
lack the quality and permanence of modular buildings. (Aitchison, 2018; Kamali & Hewage, 2016;
Parker, 2017).
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According to Schoenborn (2012), the modular building industry, therefore, should advertise different
building product altogether, featuring design innovation and ingenuity executed through advanced
building techniques. The environmental benefit should be prominently featured. The reusability of
demountable components raises the resale value of building parts, or even whole buildings, that can
be replaced, recycled or moved based on need. The need for improved branding and promotion is also
being recognised by several other studies (Kamali & Hewage, 2016; Kamar, Alshawi, & Hamid, Barriers
to industrialized building system: the case of Malaysia, 2009)

3.4 Not one supplier
In the research of Blismas, Pendlebury, Gibb, & Pasquire (2005), it came out that another constraint is
the unwillingness to commit to single-point suppliers, as a risk-averting measure. Suppliers, or in this
case the manufacturer of volumetric modules, are usually specialists who may, therefore, be the only
available suppliers to a project. Clients and contractors aren’t willing to be dependent on one single
manufacturer. This requires a high degree of trust. According to Blismas, Pendlebury, Gibb, & Pasquire
(2005), data suggests that such trust within the industry is required for modular building methods to
be explored and employed more often within a building project.

3.5 Current culture of Construction Industry
The traditions and structures of the construction industry have been one of the biggest barriers to the
implementation of modular building methods. The conventional project management system of the
construction industry is seen as a barrier. In traditional construction, each building is developed as a
unique object, for a unique location, for a unique client. Prefabricated modular construction solutions
require a process-based approach that goes beyond the life of any building or project. The project-toproject approach is problematic because it does not provide the kind of continuity of experience and
knowledge needed for the process-intensive approach, which relies on integration with the entire
team and on receiving feedback from each built project. (Aitchison, 2018, p. 83) In construction,
operational management has focused on project management, not business management. Projectbased working is typical of traditional building. Project unbound work is specific to industrialization.
(Hermans & Damen, 1997) Making the development of an industrialized modular concept within the
current construction industry paradoxically.

3.5.1 Need for change in the UK
An international influential report on the required efficiency improvement in the construction industry
is ‘Rethinking Construction’ by former chairman of Jaguar Motorcars, Sir John Egan in 1998 (Egan, 1998)
about the needed improvements in efficiency and quality for the UK construction industry. With his
background in the automobile industry, Egan recognized that the assumption that every project is
unique was the main obstacle to productivity improvements. Because of this ever-present ad hoc
collaboration on a one-off project all individual project partners have no stake in long term success of
the product and no commitment to it. Egan concludes in his report that many buildings, such as houses,
essentially repeat products which can be continually improved but if more focussed on product
development, more importantly, the process of construction is itself repeated in its essentials from
project to project. (Egan, 1998)
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To propose radical improvements in the process of construction Egan looked into the drivers for radical
changes in other industries such as manufacturing and service industry what is missing in the
construction industry, and conclude that: committed leadership, a focus on the customer, integrate
the process and team around the product, quality-driven agenda and commitment to people (Egan,
1998) In his conclusions about improving the construction industry Standardisation also has an
important role: ‘The average car contains about 3,000 components. A house, by comparison, has about
40,000. We see a useful way of dealing more efficiently with the complexity of construction is to make
greater use of standardised components.’ (Egan, 1998)

3.5.2 Need for change in The Netherlands
Also in The Netherlands, there have been done some important researches into the culture of the
construction industry, after ‘the building fraud’ (in Dutch: Bouwfraude) the House of Representatives
decided to start a Parliamentary investigation on tendering practices which ended in 2003 in an end
report called ‘De bouw uit de schaduw’ (The construction industry out of the shadow) (Tweede Kamer
der Staten-Generaal, 2003) 5.
The results of this parliamentary enquiry commission led in 2004 to the market initiative of Process
and System innovation in the Construction industry(PSIBouw); a network of innovators, as a
compensation settlement for the building fraud. Besides PSIBouw also innovation programs as
Regieraad Bouw, Vernieuwingsplatform Bouw en Vernieuwing Bouw tried to move the construction
industry towards a more Research & Development based industry leading to several theories for a
more industrialised, integrated, efficient building industry leading to higher qualities. All these
theories developed more or less the same picture about the direction the construction industry should
be taken: More value provision for the end-user and the client; better collaboration; greater
professionalism and development of project independent building concepts.
The construction industry should move away from the fragmented, unique client-specific structures.
For this movement, a major change in the behaviour and thus the culture of the construction industry
is needed. According to De Ridder, (2011): ‘The way of working is like being cast in concrete in the
culture and structure. There is a strong embedded system that is difficult to change’ (Ridder, 2011)
Industrial movements such as modular building methods require a cultural shift: ‘from thinking in
unique projects to thinking in solutions for a target group, from thinking in technical possibilities to
thinking in terms of the needs of groups of customers, and from purchasing at the lowest price, with an
eye for own profit, to working together on the best solutions, at market prices that offer everyone the
chance of a good result.’ (Huijbregts, 2010)

5

Construction companies made mutual price agreements, held double-entry bookkeeping and divided the
work, so there was no competition. Contractors divided the contracts among themselves, which must be put
out to tender. The acquirer of the order reimbursed the competitors at least the costs of issuing the offer.
Within the construction industry it turned out to be deep-rooted, it is as it were in the "genes" of the
contractors. The system led to price increases and to a reduction in technological innovation in construction.
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3.5.3 Required change in roles
The structure of the construction industry should change as a whole, a more detailed description per
specialism is made up out of the commonalities from the three industrial theories in The Netherlands,
as discussed in Box B Modular Construction Movenements in The Netherlands (page 28); IFD by
(Hermans & Damen, 1997), Conceptual Building by (Huijbregts, 2010) and Legolizing by (Ridder, 2011):
Role clients
An important condition for changing the structure of the construction industry is a different
behaviour of local governments, corporations and other administrative clients: less
paternalistic, more open, more creating conditions than conducting. (Hermans & Damen,
1997) In a traditional building process, a client and his architect/consultants come up with the
desired solution and select a builder. The customer must then be actively involved in coming
up with the desired solution. That changes when working with concepts. Customers are now
going to choose from a range that they did not come up with. That is why they must be well
aware of the available range. After the choice, implementation is entirely in the hands of the
provider of the chosen concept. That means they have to dare to trust the provider.
(Huijbregts, 2010)De Ridder propose a couple of concrete measurements to achieve this
cultural change:
The schedule of Requirements(SoR) should be replaced for a Schedule of Wishes. A SoR has
captured all design variables for a building and is the basis for the development of every
building structure. The idea is that the structure must ultimately comply with that initial SoR.
In a SoR a fixed value has been chosen for each variable, which makes it no variable anymore,
leaving no room for the contractors’ own interpretation. By presenting a Schedule of Wishes
the contractor can make a design solution which will fall within the minimum criteria and
conditions which are relevant for the client. (Ridder, 2011)
Clients should move away from competition on price and should start choosing the best
solution for the target group and the client. By formulating a Schedule of wishes a contractor
can fill in his own perception of the minimum criteria and conditions, this is the value he
provides within the pre-determined budget. (Ridder, 2011) According to Hermans & Damen,
(1997) is the changing role for the client not easy: ‘You are asked to give up powers; to put
one's own importance into perspective.’ The process changes from struggle to sustainable
collaboration based on equality. The role of the customer is to assess the solutions that the
providers propose. Once that choice has been made, it is important to accept the limits of a
concept. (Huijbregts, 2010)
Role Contractors
‘Large contractors should develop into concept providers. Reducing the added value at the
construction site and shifting production to the supply industry is an autonomous process.’
(Hermans & Damen, 1997) According to Huijbregts, (2010): ‘Developing your own concept can
be compared to setting up a new company. It starts with an evaluation of your own practice.
This must show the necessity of a new supply strategy, of working with concepts. Developing
and improving a concept requires its own organization. This can be considered as an R&D or
business development department. If this department has developed and tried out the concept,
it will come to sell and deliver. This is done by a different type of organization.’ (Huijbregts,
2010)
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Role Suppliers
According to Hermans & Damen, (1997): ‘Of the parties on the supply side, there is only a direct
interest for the supplying industry in the realization of industrial construction. Other parties see
the developments as a threat rather than a challenge.’ In the industrialised construction
industry, the suppliers will play a much larger role of importance, they will need to offer their
solutions to the clients instead of the client’s will look at suitable solutions. De Ridder state
that: ‘Suppliers should provide clients with digital catalogues of their modular concepts.
Suppliers should promote their concepts to the clients so that the client knows what concept to
choose for the best price to quality ratio. Only in that case the construction industry act as a
normal market’ (Ridder, 2011)

3.5.4 Little change
As described, a number of theories were developed about 10 years ago for the required change in the
construction industry, but so far little has changed in the construction culture. Also in 2017, the
innovation program 'De Bouwagenda', initiated by the government, knowledge institutions, the
business community and interest groups, continues to talk about: an inefficient market, more
attention for the end-user, the need for process product and concept innovation, a change in tendering
with the lowest price instead of quality, a less fragmented construction sector and a more learning
construction organization. (De bouwagenda, 2017) So the question arises why so many theories
haven’t worked out yet?
To provide a full scientific analysis of why these concepts have not yet been fully implemented to date
falls outside the scope of this study. To learn from previously proposed concepts, initial analysis has
been given based on existing studies. Besides the unique character of the construction industry as
mentioned before, one can address another reason why modular concepts haven’t implemented
successfully.
Most of the above-mentioned concepts include the development of standards. Standardization is
primarily initiated by innovative suppliers or a great need for variation from customers. As for
innovative suppliers: Van den Thillart, (2002) describe that the construction industry mainly consists
of small and medium-sized enterprises (SME) and is sensitive to daily events. The order book often
extends no further forward than six months. Thus people see little reason to increase investment today
for a return at some time in the future, in (Thillart, van den, 2002)
With regard to the demand for a large number of customer variants, reference can be made to the
theory of Hermans & Damen, (1997). They state this does not happen as long as the demand exceeds
the supply; in that case, the consumer will look for "the best fit" in the market. As soon as the supply
starts to exceed the demand, the preference of the consumer will be dominant for the nature of the
production. The fact that the supply of buildings is almost never predominated by demand is due to
the fact that construction is strongly influenced by a number of adjacent sectors, including the financial
market first. A lower interest rate level or a greater willingness to finance creates a more powerful
demand and makes a higher building production possible. (Huijbregts, 2010) Demand for buildings and
infrastructures fluctuates with business and investment cycles. Production is often triggered in
response to user needs and in this sense, projects are demand derived rather than the result of armlength market transactions, which typify consumer-goods industries. Government regulatory and
procurement policies have a strong influence on demand an play an important part in shaping the
direction of technological change. Many of these issues are similar to those encountered in other
project-based sectors, producing complex products and systems, such as aircraft, ships, oil-platforms
and high-speed trains. (Gann & Salter, 2000)

36

Collaboration forms in modular high-rise projects

Standards can be drawn upon the basis of design rules. As discussed in 2.3.2 Design rules/standards in
Construction(page 17), construction companies operate in a decentralized network of suppliers and
customers and draw on the production capacity of various external suppliers. Dubois & Gadde, (2002)
even describe the construction industry as a loosely coupled system where innovation is hindered by
the temporary of the collaboration for only one unique project. Each considered having a life of its
own- without either history or future. In a decentralised network, it is hard to function as a lead firm
(a systems architect) and introduce design rules for standardized product modules. Design rules are
achieved through market processes or negotiation. Nobody in the network has total control, and
anyone who attempts to standardize in a decentralized network risks isolation if other producers and
users do not follow their lead (Hofman, Voordijk, & Halman, 2009).
This means that all modular design concepts struggle with setting design rules that are embraced by
the entire construction sector.

3.6 process-related barriers
Working with modular building methods not only involves a different design architecture, but also the
entire construction process. It requires a completely different attitude from all stakeholders in the
project. Managing this changed process is extremely important. Poor management of modular projects
often led to many difficulties, which end up to project delays, unacceptable qualities and higher cost.
(Jabar, Ismail, & Mustafa, 2013) In a conventional industry such as the construction industry, it is
therefore obvious that many studies encountered process-related barriers that reduce the
implementation of modular building methods.

3.6.1 Extensive coordination during and after the design phase
The concept of prefabricated modular building methods is closely associated with manufacturing and
draws on principles which seek to achieve improvements in quality and efficiency combined with
reductions in waste. The guidance required and flow of information between design, production and
assembly is therefore different from traditional construction and requires to be more integrated with
a need for more holistic knowledge at all levels. (Hairstans, 2016)
As the interdependence of construction activities increases, the need for communication and control
mechanisms between activities increases. Hwang, Shan, & Looi (2018), did extensive research about
the key constraints and mitigation strategies for prefabricated volumetric building methods for the
Singapore market. They found out that: ‘Extensive coordination required prior to and during
construction’ was ranked as the most significant constraint to use modular building methods. In
contrast to the conventional construction methods, modular building methods involves
multidisciplinary professionals to work in parallel and collaboratively in every stage of the project. A
multidisciplinary collaboration means that extensive coordination among different project
stakeholders is required to handle the design, manufacturing, transportation, and installation of the
prefabricated modules. However, this is not in line with the current construction industry, which is
often experienced as conservative.
The process in a conventional design process is described by Nawi, Lee, & Nor, (2011): ‘Here, based
on the client brief, the architect will produce an architectural design, which is given to the structural
engineers. After completing the structural design, the detail specification will be passed to the quantity
surveyor to produce costs and the bill of quantities. Later, these documents will be passed to the main
contractor who will then discuss the matter with the manufacturer and in the end take responsibility
for the construction (assembly) of the building structures.’ in (Nawi, Lee, & Nor, 2011)
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McMahon and Browne (1998) define the traditional design process as an ‘over the wall’ approach,
sometimes called the sequential approach. The reason behind this metaphoric expression was the
barriers in communication among the design team, the design analyst team and the manufacturing
specialists throughout product development. Each team routinely tends to focus upon its expertise
within the design and development processes. After completing their work, they pass it (over the wall)
to the next team(see figure 3.1). Accordingly, a slower and more costly development phase may result.
(Alkahlan, 2016)

Figure 3.1 Over the Wall Syndrome: the traditional design and development process

If there is decided to use prefabricated modular building methods it is necessary to understand that
extensive coordination among all stakeholders, in all stages of the project, is required. Including, preproject planning, procurement, supply chain scheduling, installation and construction, and delivery.
Apart from that, adjustments in the work breakdown structure, terminology, drawings, progress
measurement, scheduling for materials management and supply chain scheduling should also take into
consideration. This, so that all processes and terms correspond to all parties involved. The coordination
is established through frequent information exchanges, which rely on links among independent
organizations that increase the complexity of the supply chain. (Hwang, Shan, & Looi, 2018; Jabar,
Ismail, & Mustafa, 2013; Kamali & Hewage, 2016; Luo, Mao, Shen, & Li, 2015)
Already in the year 1999 Gibb A. G. (1999) and Warszawski, (1999), recommended that prefabricated
modular buildings methods as a part of the industrialisation of the construction process require a more
coherent structure of process planning and control from start to end of the project in order to reach
the goals and reduce defect and errors. The challenges at the time are still seen today as a barrier that
hinders the implementation of modular building methods.

3.6.2 Extra planning/engineering effort
Working with modular design requires extra commitment from all stakeholders involved. In order for
the design to meet the requirements of the manufacturer, additional engineering effort must be made.
The planning and design processes of modular projects demand early collaboration among different
parties such as architects, contractors and manufacturers, which normally requires additional efforts
from different project stakeholders compared to conventional construction methods. Early detailed
schedules are required, for example, for the design, fabrication, and transportation activities. This fact
is already recognised in the year 1994 by De La Torre (1994), based on the 1987 book ‘Constructability
improvement using prefabrication, preassembly and modularisation’ by C.B. Tatum, J.A. Vanegas &
J.M. Williams.
Yet, still in the year 2009 Kamar, Alshawi, & Hamid (2009) found out that the biggest process-related
barriers for improving industrialised building systems such as modular building in Malaysian region are
planning and implementation. Even in 2018 Hwang, Shan, & Looi (2018) discovered that the need for
additional project planning and design efforts was ranked as the second significant constraint in the
implementation of modular building methods in Singapore. Even though the points for attention for
modular building methods have been known for some time, it still causes problems in some countries.
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3.6.3 More communications
Given the increases in coordination for projects utilizing prefabrication, effective communication is
necessary. The needs of effective, open communication becoming vital for the distribution of
information regarding decisions, designs, transportation requirements and deal with critical
scheduling from the beginning until the project completion. At the same time, since modular
construction projects involved with various stakeholders, it requires integrated involvement of these
people. If this is not tackled, this will lead to the unnecessary need for redesign of plans and working
drawings resulting in additional costs and time (Haas & Fagerlund, 2002; Jabar, Ismail, & Mustafa,
2013; Kamali & Hewage, 2016; Kamar, Hamid, & Alshawi, 2010; Nawi, Lee, & Nor, 2011)
In their study Pan, Gibb, & Dainty (2007), found out that the complexity of interfacing between systems
is ranked as number 3 in the seen barriers for the use of modular building methods among the leading
housebuilders in the UK. Luo, Mao, Shen, & Li (2015), Did research in the risk factors affecting
practitioners’ attitudes towards the implementation of an industrialized building system focussing on
the Chinese market. They state that risk is a significant factor that influences the success of enterprises
in launching innovation. They found out that: The most significant risk that affects IBS implementation
is “poor coordination between multi-interface,” which indicates the problems existed at the interfaces
between different work packages.

3.6.4 Design freeze/key decisions early process
One of the characteristic features of modular building is also seen as a barrier that slows down the
implementation of modular methods. Pan, Gibb, & Dainty (2007), state that, due to the changing
process, it is important that key decisions are made early in the process. The customer or the designer
is often not able to freeze the design and specification early enough within the construction project
process. This constrains the manufacturing process from proceeding concurrently with other works in
order to ensure that delivery of the component is made when required on-site. Ordinarily, clients and
designers have some freedom to develop designs and make changes during the construction phase of
a traditionally-procured facility (Blismas, Pendlebury, Gibb, & Pasquire, 2005; Gibb & Isack, 2003; Pan,
Gibb, & Dainty, 2007). Hwang, Shan, & Looi, (2018) describes this as the requirement for early
commitment. And ranked fourth as a constraint in the implementation of modular building methods
in Singapore. From their research, it came out that the intensive upfront commitment in modular
projects was inflexible, particularly regarding the possible changes in the later project stages, which
becomes an obstacle to using modular building methods.
Making key decisions early in the process is further emphasized by the lead-in time of prefabricated
components. Goodier and Gibb (2005) showed that long lead-in time was a significant barrier to clients,
designers, and contractors. However, this barrier was observed in a higher proportion of contractors
presumably because the use of off-sites could delay the beginning of the project on-site.
Blismas, Pendlebury, Gibb, & Pasquire (2005), also suggested a mitigation strategy to address these
constraints. They state that: ‘Early advice to the client and design teams would encourage design freeze
by explaining the consequences to prefab modular solutions.
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3.7 Conclusion Barriers Modular building methods
This chapter looks into the known process-related barriers for modular building methods by answering
the sub-question: ‘What are the current process-related barriers for prefabricated modular high-rise
projects?’ Many of the challenges that modular construction method entails have been known for
more than 20 years. The points of attention that were mentioned at that time are still seen as a barrier.
First, some general barriers are discussed to give a more complete view of the modular building
solutions and their barriers.
One of the most recognised economic barriers is the need for high initial investment for setting up the
factory, and the upfront development of a building concept even before an actual client is on board.
A market constraint is the lack of awareness of modular building methods. From the investigated
studies it appears that modularity is still relatively unknown for customers, architects, and contractors.
Which is extra supported by the lack of consensus around the definition. The focus on the ‘what’ of
prefabrication has overshadowed the ‘why’. Another market constraint is the public's negative
perception of offsite construction methods.
Modular building methods often compared to temporary buildings or mobile homes, resulting in the
perception that prefabricated modular solution is associated with low quality. ‘Industrial building
methods are in Europe still compared to colossal ‘prefab panel slab blocks’ with monotonous massproduced houses, of poor quality, in Central Europe during the post-war communist era. ‘ (Thillart, van
den, 2002) Promoting successful case studies should overcome this barrier.
Besides these generic barriers, the current culture of the construction industry is a major hindrance
in the implementation of modular building methods. Conventional projects are demand derived
rather than the result of arm-length market transactions, which typify product-driven industries.
Prefabricated modular construction solutions require a process-based approach that goes beyond
the life of any building or project. Project-based working is typical of a conventional building. Project
unbound work is specific to industrialization.’ (Hermans & Damen, 1997) Making the development of
an industrialized modular concept within the current project-based construction industry
paradoxically.
Even in the area of process-related barriers studies have been known to identify these barriers. For
example, there must be a more frequent and intensive collaboration with all stakeholders involved,
throughout the entire process. To prevent information loss after every construction phase, when
information is sent from one party to another, there must be a multidisciplinary integrated process. A
process in which all parties work together in all phases of the process. For example, during the design
of a module, the conditions that the manufacturer sets to be able to produce the module must already
be taken into account.
One way to achieve this is by assigning a larger and more determining role of the manufacturer during
the design phase. Managing this process is seen as the biggest process-related barrier to modular
construction. More collaboration, with more parties, requires effective open communication from all
stakeholders involved. Effective communication is needed to make key decisions that must be taken
early in the process. The planning in a modular construction project is critical because the
manufacturer already starts producing the end product before the construction site is already finished.
This requires making early key decisions, which is experienced as difficult. The customer or the
designer is often not able to freeze the design and specification early enough within the construction
project process.
The extent to which these process-related barriers, based on theory, are actually experienced in
current practice is offered in Chapter 5 case studies(page 72). It is also described here which tools they
have used to overcome these barriers.
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BOX C Modular building in Japan
Many prefabrication companies today look to Japan as the most sophisticated housing industry in the world and
seek to emulate its technological advances. Modular housing has been widely used in Japan since the early 1970s,
and at the peak of output in the early 2000s, over 170,000 houses were sold per year, mainly to private purchasers.
Sekisui Heim produces modular houses from its six factories in various locations. Factories are highly automated
and use an array of standardised components. (Lawson, Ogden, & Goodier, 2014) According to Barlow & Ozaki,
(2005): Japan’s new housing market is the second-largest in the world – over 1.1 million dwellings were built in
2001(see figure C.1.) (In comparison, in the same year there were only 17,4 thousand dwellings produced in The
Netherlands (CBS, 2018)) The high rate of housebuilding is partly the result of a ‘scrap and build’ culture where
homes have historically been replaced on average every 26 years (Barlow, et al., 2013) Approximately 75% of
newly built detached houses are commissioned by individuals and built on their own plot of land to replace their
existing house once it has outlived its usefulness. Japanese households tend to remain on the same plot of land
for generations. Although the house itself may be demolished and rebuilt, as needs change, the land remains
within the ownership of the family. In addition, individual houses are regarded as a consumer, rather than
investment, goods- the investment value largely remains in the land. (Barlow & Ozaki, 2005) Making the degree
of substitution in the housing sector in Japan at least twice as high as in Europe. Thus the dominant housebuilding
model in Japan does not involve speculative development, that is, purchasing land and building homes without
an identified purchaser. Most housebuilders build houses to commission from households. The building industries
in Japan and Europe are both susceptible to economic trends, but the Japanese example demonstrates that a high
degree of substitution is perfectly possible in a saturated market. (Thillart, van den, 2002)

Figure C.1 The Japanese new homes market, (source: (Barlow & Ozaki, 2005) )

The first suppliers of prefabricated housing appeared around 1960. Many of these were established by
manufacturing companies involved in industrial sectors unrelated to construction. (Barlow & Ozaki, 2005) They
were started by large conglomerates, these companies have R&D facilities, each employing several hundred
scientists, technologists, ergonomists, architects and engineers. They are structured with varying degrees of
vertical integration, from design and sales to materials and component fabrication, assembly and erection on
site. (Gann, 1996) Some of these factory-based suppliers are extremely large compared with housebuilders in
most countries. The largest, Sekisui House, supplies over 60 000 houses and flats annually, See figure B.2. (Barlow,
et al., 2013) David Gann, 1996 made an extensive comparison between the similarities and differences between
industrialized housing and car production in Japan, he concluded that: ‘In the 1950s there were several push
factors triggering the need to modernize construction process and to research the safety of new technologies in
Japan, such as shortage of skilled labour forces, the need for earthquake protection, and the large repair of World
War two-damaged houses. Industrialized housing techniques offered immediate benefits in the management and
timing of re-source allocation, reducing construction time on site. Industrialized systems combine different levels
of a factory and site-based activities. However, early forms of industrialized housing were highly uniform,
produced from a small range of standard components.’ (Gann, 1996)
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James Barlow, et al. , 2013 did research to the lessons that can be learned from the Japanese prefabricated
housing industry, they state that: ‘mass customization can be supported by several generic supply-chain models.
These allow specific customer needs and market segments to be more effectively met without the costs associated
with full customization. These findings hold particular lessons for housebuilding because of the breadth of
customer requirements that need to be satisfied’ (Barlow, et al., 2013)
Japanese industrialized housing producers appear
to have learnt from other manufacturing
processes, particularly in the delivery of wider
ranges of customer choice. This has been achieved
through managing the whole production system
from supply-chain management to factory
production, sales and on-site erection. (Gann,
1996)
Japan is often used as a success story, where the
parallel car industry plays a feature role. For most
other countries, particularly those who aspire to
emulate the level of automation evident in some
Japanese companies such as Sekisui House(see
figure C.2 and C.3). (Aitchison, A house is not a car
Figure C..2 A display of a Sekisui House at a factory (source:
(yet), 2017) The Japanese industry is indeed
(Aitchison, 20 shades of beige: lessons from Japanese prefab
sophisticated and a handful of Japanese companies
housing, 2014))
have achieved something comparable to the auto
industry in both scale and technique. The achievements are impressive but they are also highly specific to Japan
and its corporate traditions and structures and are not readily applicable to other countries, and particularly not
entrant companies. (Aitchison, Prefab Housing and the Future of Building: Product to Process, 2018) Because
housebuilding in this segment of the Japanese housing market does not involve land development, as the plots
are already in the ownership of the housebuilder's customer, firms supplying this market have been obliged to
innovate to reduce production costs and also develop new products to differentiate themselves and compete. The
Japanese housing industry isn’t speculative, that in comparison to other countries, where standard houses are
built to stock before customers are found. (Barlow & Ozaki, 2005)
But what can we learn from the collaboration forms which have been used in the Japanese modular building
industry?
Barlow & Ozaki, (2005) state in their research that:
‘Long-term relationships with suppliers help to inform
product development and collaborative R&D with key
suppliers is common. Together, these productiontechnology and process innovations have enabled the
mass customised housing suppliers to exploit
opportunities for improving productivity and quality,
improving managerial control and coordinating
processes more effectively.’ (Barlow & Ozaki, 2005)

Figure C.3 Sekisui House Modular House factory (source: (Sekisui, sd))
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The fourth chapter of this literature study will elaborate on collaboration forms within the construction
industry and in particular the Dutch construction industry. By answering the third sub-question: “What
are the characteristics of collaboration forms within
the Dutch construction industry?” This will be done by
explaining the essence of collaboration and what are
the common collaboration forms are. In order to have
a broad view of collaboration forms and modularity,
there is also a cross-industry comparison, and some
advice of earlier described industrial concepts are
discussed.
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CH4 Collaboration forms in the Construction industry
4.1 Essence of collaboration
In the construction industry, collaboration centres on the development of a building concept. This
work can be considered as the supply of a product (the desired result), for which a set of actions is
required (the process). The owner/client is in the position of being the ‘value demander’, who
receives a value for which he must pay a certain price. The contractor incurs cost in order to develop
a concept, which has enough value for the client to justify him paying the price asked for. (De Ridder
& Noppen, 2009) On the other hand the price for the object should cover the risks which needs to be
taken by the contractor in order to realize the object. They both collaborate to achieve the same aim,
with each working according to his interests.
The nature of the collaboration is an interaction between the client do everything himself, or he puts
it out to tender. (De Ridder & Noppen, 2009) The client will not be able or willing to do these tasks
himself. Instead, he will appeal to other professional parties in the market to transfer or share certain
tasks with them. This could include architects, consulting engineers, contractors, suppliers and
advisors. (Regieraad bouw, 2009) According to Wamelink, Geraedts, Hobma, Lousberg, & De Jong,
(2010): The responsibilities of construction partners can differ completely per project. The difference
between the models is reflected in the various characteristic tasks of the construction partners in and
the different contractual relationships between those construction partners.

4.2 Construction industry and collaboration forms
In the construction industry, designing, constructing and supplying parties work together in constantly
changing coalitions on different building projects. In a traditional building setting, several bilateral
contracts are negotiated between the contractor or architect and the suppliers. This temporary
coalition lasts only until the completion of the project. Each party is responsible only for its specific
input and has its own domain of expertise. These professional and organisational boundaries are rarely
crossed. (Voordijk, Haan, de, & Joosten, 2000) The single-project based collaboration is paired with all
information loss and starting problems, and with that leaving no option to have a certain learning curve
within the collaboration form. Public clients are even obliged to tender out each construction project
in itself. It must be acknowledged that the construction industry is being fished in a particular pond.
It so happens that the different actors have already cooperated, whether or not in a different
composition. ‘The difficulty, and what sets construction industry procurement far apart from anything
else, is the complexity of projects. Influences such as ground conditions, topography, logistics,
weather, available technologies, finance, labour availability and services, just to name a few, all affect
the ability of a project to be completed on time, on budget and to a high quality.’ (The Chartered
Insititute of Building, 2010) Within the current construction industry, there are several standard
collaboration forms, who all try to meet the properties of the project in a different way.
The nature of modular buildings means that the modular manufacturer is the key supplier to the
general contractor which creates a strong inter-dependency. The chosen collaboration form should
answer somehow this inter-dependency. Until now there aren’t relevant studies into the required
collaboration forms for modular high-rise projects, the aim of this research is to find a collaboration
form which can overcome the process-related barriers for modular high-rise projects. Although studies
for this specific project types are missing it is useful to look at comparable studies for modular projects
in itself, and collaboration forms for conventional high-rise projects.
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4.2.1 Collaboration forms modular housing
From the results of the 2018 study by Salama, Moselhi among 58 respondents it turned out that a
Design and Build collaboration form is the most used for modular projects (44,9%) (see figure 4.1).
(Salama, Moselhi, & Alhussein, 2018) Due to the lack of background information about the type of
project this theoretical information cannot be taken over for this specific research in a modular highrise. Nor does the results say anything about the country the respondents are located, making
generalisation of the results difficult. However, it does match the conclusions that involving contractor
knowledge early in the process is required for the success of modular building methods. Thus giving it
an insight in a possible suitable PDM for modular high-rise projects.

Figure 4.1 Overview of commonly used Project delivery system in modular
projects, (source: (Salama, Moselhi, & Alhussein, 2018))

4.2.2 Collaboration forms in industrial building concepts
As described in Chapter 3.5 Current culture of Construction Industry (page 34) if an industrial
construction method such as modular construction wants to have a chance of success, the construction
industry must move away from project-based unique working and move more towards a processbased industry. In the description of forms of cooperation for modular building, it is therefore obvious
to see what these documents write about collaboration forms.
Rethinking Construction:
In his report Egan, (1998) describes the need for long term relationships in the construction
industry: ‘An essential ingredient in the delivery of radical performance improvements in other
industries has been the creation of long term relationships or alliances throughout the supply
chain on the basis of mutual interest. A team that does not stay together has no learning
capability and no chance of making incremental improvements that improve efficiency over the
long term. ‘ (Egan, 1998) In order to achieve long-term relationships, Egan advocates the
reduced requirement of tendering, and to end the reliance on contracts. Instead, clients should
focus on the relationship with their contractors and recognise their mutual interdependence.
Partnering implies selection on the basis of attitude to team working, ability to innovate and
to offer efficient solutions. All the players in the team sharing in success in line with the value
that they add for the client. Such relationships inevitably require mutual interdependence,
some continuity in workflow and, if not stability, at least greater predictability. Resulting in
fewer but bigger contractors which will be compared on quantitative performance
measurement with clear targets for improvement. Egan recognises that this can be difficult for
the construction industry but he directs to the success of an example in the car manufacturing
industry at Nissan UK. (Egan, 1998)
IFD
In the research of Hermans and Damen, (1997) the advice for collaboration forms has more
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similarities with current building contracts. In their research, they encourage the use of
contract forms such as design & Build and Turnkey. Turnkey has the advantage that the client
knows at an early stage where he stands: there are a clear responsibility and liability. According
to Hermans and Damen, (1997) many industrial systems have been fully tested and are free of
construction errors. In order to guarantee the continuity of industrial developments,
customers should tender for projects independently, in their report, they recommend series
tenders: ‘In the case of serial tendering (serial tendering), agreements are made about future
contracts if the contractor satisfactorily completes the first contract. Price agreements are
made for this in advance. This form of tendering is suitable for pilot projects, in which the
expected continuity, routine and staggered depreciation leads to a low price.’ (Hermans &
Damen, 1997)
Conceptual building
According to conceptual building, there are two basic strategies when choosing a project:
when it concerns a very special project where a high quality of architecture is required,
described as ‘haute couture’, the current unique project-specific approach is best suited to
that. If a "custom made" project is sufficient for a project, then working with building concepts
is preferable. The choice for the most suitable provider of building concepts is done through a
procedure in which the suitability of the concepts is assessed on the basis of predetermined
customer values (more than just costs). (Huijbregts, 2010) After a choice for a concept has
been made, a contract must be selected, according to Huijbregts, (2010) this corresponds
mostly to a turnkey agreement, in which within the set frameworks, there is still room for
customization: ‘Because the provider of the construction concept is the expert of that concept
and the client does not, the client has a minimal role, there is management required because
the initiator/client only has a say in decision-making. A supervisor who nevertheless comes to
work on behalf of the client merely has a signalling task.’ (Huijbregts, 2010)
Legolizing
Also in the concept of Legolizing described by Professor De Ridder, (2011), the matching of the
supply and demand of contractors and client’s is important. The customer should choose the
supplier who has the building with the best value for money. Suppliers should actively
approach clients with their building solution, by providing them with digital catalogues. The
client only describes the context in which the building concept should solve the demand, and
he needs to look at possible concepts out there in the market. As the suppliers are fully
responsible for the development of the concept the client has no responsibility whatsoever
with regard to the construction to be delivered, this is the entire responsibility of the supplier.
According to De Ridder, (2011) this means that the supplier not only delivers the product but
also has a standard contract that belongs to that product: ‘The contract not only describes what
the customer receives but also what the product consists of, how it was produced and what
qualities, properties and characteristics the product has. In addition, there are of course the
delivery conditions that are connected by the provider to the delivery and that, just as in the
normal world, is deposited with the bodies that the government has created for this purpose.
Such delivery terms and conditions concern reflection times, financing, instalments, payments,
guarantees and trade-in options. This means that the suppliers compete not only with a value
for money of the structure but also with their terms of delivery. ’(Ridder, 2011)
Looking at the different industrialised building concepts discussed, we can reach the following
consensus: First, the customer must determine whether the building requires an extra special
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architecture if this is the case we are talking about haute couture and this requires an individualized
project-based building process. If a custom-made building is required, modular concepts developed by
implementing parties can be used. All reports agree that the client will have a smaller role since the
executing parties are the experts of that specific concept. De Ridder, (2011) goes even further in this
and indicates that the implementing parties should even set the conditions in which they supply the
modular product. Besides that, the construction industry will benefit if clients enter into long-term
relationships with implementing parties.

4.2.3 Collaboration forms in other (modular)industries
In the search for the most suitable form of collaboration for projects where modular building methods
are applied, it is wise to also look at lessons that can be learned from other industries where modularity
is applied. Cross-industry learning has also worked out well in the case of Toyota Homes the supplier
of modular homes, See BOX C Modular building in Japan(page 42). Hofman, Voordijk, & Halman, (2009)
argue that previous research in other industries such as the photolithography (Henderson and Clark,
1990), aircraft (Brusoni et al., 2001), and computer industries (Baldwin and Clark, 2000) has found that
product architecture and supply chain structure designs are complementary and that alignment leads
to better performance. So the question arises can we learn something from other modular industries
related to the collaboration form?
For instance, the aircraft industry. According to Bock & Linner, (2015): ‘The massive amounts of aircraft
needed for the war effort led to a high degree of standardization and modularisation. Although aircraft
are products with dimensions comparable to that of buildings, the technical know-how needed in
engineering is more complex and the precision needed to produce them is required to be higher.’
Similar to the theory of Habraken, most aircraft are decomposable into Support and Infill. The modular
decomposition of aircraft into major units, such as fuselage, cockpit, tail unit, wing elements, and
engines allows for highly complex modules to be almost completely manufactured by suppliers or
related factories. The long-term form of cooperation between suppliers and the contractor (aircraft
manufacturer) is described by Bock & Linner, (2015) as the in software usual term Original Equipment
Manufacturer (OEM) structure in the software industry. An OEM integrates and assembles
components and subsystems coming from sub-factories and suppliers to the final product within the
OEM model.
Making a strong argument for a long-term relationship between different actors within the
construction industry. However, as Hofman et al, (2009) argue standardisation is usually easier in a
centralized network such as the aircraft industry, which is dominated by two large products (Airbus
and Boeing) than in a decentralized network such as the construction industry. So although they may
be a good source of inspiration for the construction industry, the cross-industry comparison of
common forms of cooperation must be handled with care.

4.3 Project Delivery Models
As is mentioned in chapter 2.3.4 Supply chain modularity in construction (page 18), supply chain
modularity refers to who does what- the allocation of tasks among the stakeholders- and how different
actors interact with each other. When analysing supply chain modularity in construction we focus on
the different phases of building process: the initiation, design, execution, delivery and usage phases.
During these phases, decisions are made about whether or not to outsource certain activities, which
parties to contract and so on. Voordijk et al. (2005) state that: When determining the degree of supply
chain modularity in construction the degree of separation between design and execution is of special
interest. Therefore, the following sections describe what organization models within the construction
exist and how to distinguish them.
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Building is organizing in such a way that the various parties work together efficiently. To steer this in
the right direction, it is important that mutual relationships between the project partners are clear.
(Wamelink, Geraedts, Hobma, Lousberg, & De Jong, 2010) Koning & Sproncken, (2001) state that
organizing a construction project requires a number of fundamental considerations. These
considerations are mainly related to the desired role, task and risk distribution of the participants in
the construction process, phases and operation of a construction project. It is needed to address the
contractual and functional relationships between parties getting involved in the project, the
continuation of risks and responsibilities and the legal relationships between parties, so-called project
delivery models.
A Project delivery model(PDM) is a system for organizing and financing the design, construction,
operation and maintenance activities and facilitates the delivery of a good or service (Miller, Garvin,
Ibbs, & Mahoney, 2000). Hosseini, et al., (2015) state that selection of an appropriate PDM is the basis
of success in every construction project and has never been an easy job due to the characteristics of
procurement systems. A PDM that can lead a project to success in some aspects may lead a project to
failure under different circumstances, thus one PDM will not fit for all projects. However, Luu, Ng, &
Chen, (2003) state that the current process of procurement selection tends to be carried out in a rather
unstructured and cursory manner. In many cases, clients simply base their decisions upon the biased
experience of in-house experts and/or advice from external consultants without a deep exploration of
the strengths and weaknesses of each method, or any regard to the influencing success factors and
characteristics of each project. (Ashworth, 2012; Hosseini, et al., 2015; PSI Bouw, 2005; Ng, Luu, Chen,
& Lam, 2002)

4.3.1 Selection criteria PDM
As mentioned, there are different PDMs, each with its own advantages and disadvantages for a specific
project situation. Selection criteria are used in this study to make a significant distinction in the
characteristics of the various PDMs. Last years, several researches have been conducted on the
selection of PDM’s for construction projects, using different approaches such as Delphi method (Chan,
Yung, Lam, Tam, & Cheung, 2001), Fuzzy approach (Chan C. , 2007; Mostafavi & Karamouz, 2010; Ng,
Luu, Chen, & Lam, 2002), AHP model (Khalil, 2002; Mahdi & Alreshaid, 2005) and even Artificial neural
network(ANN) (Chen, Liu, Li, & Lin, 2011). To date, the Netherlands lacks such substantiated studies
into the most suitable selection criteria. Frequently used choice models for the suitable PDM such as
the "Considerations for outsourcing criteria”(in Dutch: Overwegingen bij uitbestedingscriteria) by (PSI
Bouw, 2005), or the "Guidelines for spending"( in Dutch: Leidraad aanbesteden) by (Regieraad bouw,
2009), and the "Assessment model for the purchasing process" (in Dutch: Afwegingsmodel
Inkoopproces) by (Rijkswaterstaat, 2002) are often just based on experiences of the authors.
Researchers (Chen, Liu, Li, & Lin, 2011; Hosseini, et al., 2015; Luu, Ng, & Chen, 2003), conducted an
extensive literature study into the known selection criteria for a PDM. The results of these studies
largely correspond to the results of Dutch research (PSI Bouw, 2005; Regieraad bouw, 2009) and
therefore can be considered still up-to-date. In the studies, the selection criteria are mainly categorised
into three parts: Client characteristics, Project characteristics and Market conditions. Most of these
found selection criteria are taken over from the articles (see table 4.1)
According to Hosseini, et al., (2015) the selection of a suitable PDM entails two main steps:
identification and formulation of the project selection criteria, and the evaluation of the different PDM
strengths and weaknesses against the PDM selection criteria. In this research there is no specific
project, that is why it is more generally described how each PDM responds to the selection criteria.
Specific characteristics of the PDMs can be drawn from this; every PDM has its own response
mechanism to the selection criteria. In section 4.5 an evaluation of the most standard PDMs( DBB, ECI,
DB, Turnkey, DBF(M)O, and partnership) against the selection criteria will be given.
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4.4 Description Project Delivery Models
In the upcoming section, the six most often used PDM will be discussed. The PDMs are described
according to a fixed format: First, a general description with the most striking features follows. The
following is a summary of the pros and cons.
As it is clear from previous chapters that standardization within modular construction is an important
point of attention. The application of modularity in the construction industry requires standardization
of both components and interfaces, which is achieved through design rules. These are determined by
a 'system architect', who this is, depends on the type of network in which the modularisation takes
place. The system architect can differ for each PDM, that’s why it is important to determine who’s the
one responsible for determining the design rules in that specific PDM.
After that, the specific characteristics are discussed on the basis of the PDM selection criteria, as
discussed in Table 4.1. Every PDM has its own response mechanism to the selection criteria. What this
response mechanism is and how each PDM react to its selection criteria is given in a table overview.
Table 4.1 Overview of most used selection criteria for choosing a Project Delivery Model (source: adapted from (Hosseini, et
al., 2015) )

Description

Owners capability to use own resources
Ability or desire to be involved in the project details
The shifting of risk from client to the contractor
Minimize claims and disputes between design and builder

Selection criteria

1
2
3
4

Type of project (housing, road, office)
Size of project (value, number of stories, floor)
The suitability of the procurement method in handling complex project
Desire to have the project completed as soon as possible
Degree of certainty that the project will be completed on time
Ability to define the project scope accurate
Amount of flexibility for design changes during construction process
Ability to incorperate innovation into the project
The quality level required of the completed project
The certainty over the cost for completion of the project
Degree the final project cost can growth compared to contract project cost

Client Characteristics
Owners Available HR
Owner willingness to be involved
Owner willingnes to take risk
Dispute

Project characteristics
5 Project type
6 Project scale
7 Complexity
Delivery speed
Schedule delay
Scope definability
Flexibility
Innovation
Quality performance
Cost certainty
Cost growth

8
9
10
11
12
13
14
15
External environment

participants, scarcity of work in particular fields

16 Contractors capability and availability Performance of available contractors and consultants on previous (similar)
projectsof local market, including available capacities of potential project
Status
17 Market competitiveness

X
X
X
X

X
X
X
X
X
X
X
X
X
X
X

X
X

(Hosseini, et al., 2015)

X

X

X X
X
X

X
X
X
X

X
X

(PSI Bouw, 2005)

(Regieraad bouw, 2009)

X

X

X
X
X
X

X
X

X
X X

(Mahdi & Alreshaid, 2005)
(Dissanayaka, 1998)

X

X

X

X
X

(Chan C. , 2007)

X
X

X
X

(Ng, Luu, Chen, & Lam, 2002)

X

X
X

X

X
X

(Qiang, Jiang & Yuan, 2015)

X
X
X

X
X

X

X
X

(Love, Skitmore, & Earl, 1998)

X
X

X
X

X
X
X

X

X

(Ling & Liu, 2004)
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4.4.1 Design-Bid-Build(traditional contracts)
For a long time, the construction process has been characterized by the separation of the design
function from the execution function. Design-Bid-Build (DBB) is a traditional and most refined detailed
procurement model. The principal characteristics of a Bid-Build contract are the uniform and
unambiguous way in which this model is drawn up and the clearly legal separated functions of the
parties, sometimes referred to as the ‘classic triangle’( see figure 4.2). (Ashworth, 2012; Chao-Duivis,
Koning, & Ubink, 2013; De Ridder & Noppen, 2009) This means that the level of collaboration between
the contractual parties is actually low and restricted to the conditions of contract during the
construction period. (De Ridder & Noppen, 2009) In the Design-Bid-Build model, the client uses an
architect and possibly other consultants to draw up a design for a building. After this detailed design
and extensive output specification (sometimes Bill of Quantities) has been drawn up, the client, who
is responsible for these products, will tender out his assignment. (Nyström, Nilsson, & Lind, 2016)If the
contractors’ bid for the work is accepted, this party is responsible for the execution of the work. There
is no contractual relationship between the designer and the contractor. The relationship between
these two parties is only functional. (Chao-Duivis, Koning, & Ubink, 2013; Spek, 2012) The advantages
and disadvantages of a DBB model can be described as:
+ Due to the standard clauses, there are hardly any discussions (De Ridder & Noppen, 2009)
+ Stakeholders clearly know their position (De Ridder & Noppen, 2009)
+ Good opportunity to control the design and quality (Spek, 2012)
-

A strict separation between design and realization slows down the building process (Spek,
2012)
The expertise of the contractor only been used in the realization (Spek, 2012)
High chance of additional works as a result of inadequate ‘tuning’ of design and construction
(De Ridder & Noppen, 2009)

Client

Contractual Relationship
(TNR 2011)

Architect

Contractual Relationship
(UAC-2012)

Functional Relationship

Main contractor

Figure 4.2 Schematic representation of Design-Bid-Built model with a clear contractual separation between design and Build,
the so-called traditional triangle (source: (Chao-Duivis, Koning, & Ubink, 2013) )
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Liabilities
As the client prescribes the design and the schedule of requirements he is liable for design errors. In
case of an execution error, the contractor is solely liable for the damages. In the Netherlands the
responsibilities in a ‘Design-Bid-Build’ contract are clearly defined in two standard contracts, namely,
The New Rules 2011 and the Uniform Administrative Conditions 2012 (UAC-2012).
Systems Architect
Within a DBB PDM, the client acts as a system architect, often assisted by an architectural firm of
architects, design rules are drawn up in a program of requirements. By means of the program of
requirements, the client specifies exactly what he wants: the dimensions, the building components,
the interaction between the various building components (interfaces), and the quality standards of
materials. The construction to be realized is completely fixed. This is described by De Ridder, (2011) as
a top-down approach to capturing the product: "You ask we run"
Characteristics
The characteristics of the DBB model will be discussed by the selection criteria divided into three
categories: Client characteristics, Project characteristics, External environment. For each selection
criteria, it is determined whether it has a large or small impact on the choice to arrive at a DBB
model(see Table 4.2).
Table4.2 Specific characteristics of a DBB-model described per 17 selection criteria (source: Own illustration)

Design-Bid-Built
Selection criteria
Client Characteristics
1 Owners Available HR

Description effect of PDM

Score of effect

Requires an active rol with knowledge (Chao-Duivis, Koning, & Ubink, 2013; De Ridder & Noppen,

4

2009)

2 Owner willingness to be involved

Able to have major influence in the design and execution: very active role (Chao-Duivis,

4

Koning, & Ubink, 2013; De Ridder & Noppen, 2009)

3 Owner willingnes to take risk

Client is responsible for the design (Chao-Duivis, Koning, & Ubink, 2013; De Ridder & Noppen, 2009)

4

4 Dispute

A lot of changes so frequent disputes (Park & Kwak, 2007)

1

All type of projects
All type of projects
All type of projects
Considerably low (Nyström, Nilsson, & Lind, 2016)
Delays possible contractors aren't consulted

0
0
3
1
1

Project characteristics
5
6
7

8
9

Project type
Project scale
Complexity
Delivery speed
Schedule delay

(De Ridder & Noppen, 2009; Regieraad bouw,

2009)

10
11
12
13
14

Scope definability
Flexibility
Innovation
Quality performance
Cost certainty

Fully defined scope required (Elemans, 2016)
High flexibility: customer decides
Led by the client, contractor follows described work( De Ridder & Noppen, 2009)
Client high influence on quality (Chao-Duivis, Koning, & Ubink, 2013)
low certainty: no expertise of contractor present during design (De Ridder & Noppen, 2009;

4
4
1
4
2

Regieraad bouw, 2009)

15 Cost growth

-

4

Insufficient design knowledge in the market (Elemans, 2016; PSI Bouw, 2005)
Sensitive to the economic cycle: less work more competition (Elemans, 2016)

1
1

External environment

16 Contractors capability and availability
17 Market competitiveness
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4.4.2 Early Contractor Involvement/ Design team
Early Contractor Involvement (ECI) contract literally translates to involving a contractor “early”, which
in current practice implies that the contractor is involved before the design phase. (Wijck, 2018) The
Design team is seen as a Dutch version of ECI.
Design team
According to Chao-Duivis, Koning, & Ubink (2013), a design team is a partnership between the client,
designers, and contractors for the purpose of producing a design. The parties jointly enter into a
‘design team contract’ (see Figure 4.3) In this contract, the members of the team commit/legally bind
themselves to prepare the (design) works. The purpose of a Design Team structure is to break down
the walls between subsequent building stages such as tender preparation and construction, in order
to make it possible to use everyone’s skills and experiences as soon as possible. (Chao-Duivis, Koning,
& Ubink, 2013; De Ridder & Noppen, 2009; Wijck, 2018) In her master thesis research Riggelen, (2019)
state that: ‘In the case of a Design Team, the client can still be actively involved during the design
phase.’
The execution of the works is laid down in another contract between the client and the contractor.
(Koning & Sproncken, 2001)This contractor does not necessarily have to be a member of the Design
Team, the contractor in the Design Team has an advisory role during the design. However, it is very
rare for the Design Team contractor not to be given the job of execution. (Chao-Duivis, Koning, &
Ubink, 2013; De Ridder & Noppen, 2009) The advantages and disadvantages related to an ECI model
can be described as:
+ More room for influence and flexibility for the client regarding the design, and more freedom
in the design, innovation and creativity of the contractor (Riggelen, 2019)
+ Improved quality of design and project, the contractors’ expertise can contribute to design
(Wijck, 2018)
+ Better understanding between the client and the contractor, a better alignment of goals, more
trust, which increases the chances of higher satisfaction for all parties, fewer lawsuits, and
reduced disputes (Riggelen, 2019)
-

The distribution of responsibilities can become very complex because the client has several
contracts with different parties (De Ridder & Noppen, 2009)
ECI involves contractors earlier in the process, they require either an incentive or
compensation for their work. (Wijck, 2018)
Client

Main contractor
and SubContractors

Architect

Structural
Engineering
Consultant

Cost Expert

Technical
Engineering
Consultant

Installation
Engineers
Contractual Relationship

Project
Coodinator

Coordination Agreement

Figure 4.3 Schematic representation of the design team model, with only direct contractual relationships between the client
and other consultants, but with a functional relationship. (source: (Chao-Duivis, Koning, & Ubink, 2013) )
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Liabilities
If the damage is caused as a result of a particular team member fulfilling his responsibility, he is liable
for it. Each participant is liable for an error made in his particular area. If for instance, bad advice is
given by another design team member liability rest not with the person giving the advice but with the
person in whose particular area the error lies and who has adopted the other person’s advice. The
client’s responsibilities and related liabilities do not differ substantially from the DBB model. (ChaoDuivis, Koning, & Ubink, 2013)
System Architect
Within an ECI PDM the design and schedule of requirements, including choice of materialisation,
quality standards is made in collaboration between all design consultants. The design consultant is all
equal in advising the client and have a responsibility for their own expertise. However, in the end, the
client is the one who determines these standards and is the system architect.
Specific Characteristics
The characteristics of the ECI model will be discussed by the selection criteria divided into four
categories: Client characteristics, Project characteristics, and external environment (see Table 4.3).
Table 4.3 Specific characteristics of an ECI-model described per 17 selection criteria (source: Own illustration)

Early Contractor Involvement
Selection criteria
Client Characteristics
1 Owners Available HR

2 Owner willingness to be involved
3 Owner willingnes to take risk

Description effect of PDM

Score of effect

Require active role by setting requirements, conditions and wishes and making
final decisions (Riggelen, 2019)
Still very active role: needs to bundle their forces with contractor (Riggelen, 2019)
Each partner responsible for own design taks: less risk (Chao-Duivis, Koning, & Ubink,

3
3
3

2013)

4 Dispute

Better alignment contractor and design parties: less disputes (Riggelen, 2019; Wijck,

2

2018)

Project characteristics
5
6
7

8

Project type
Project scale
Complexity
Delivery speed

All type of projects
Especially for larger scale projects
Especially for complexer projects
Less hard distinction between design and execution: faster process (Chao-Duivis,

0
0
2
3

Koning, & Ubink, 2013)

9 Schedule delay

Added contractor knowledge in design phase so less delay (Chao-Duivis, Koning, & Ubink,

3

2013)

10
11
12
13

Scope definability
Flexibility
Innovation
Quality performance

14 Cost certainty
15 Cost growth

Fully defined scope required (Elemans, 2016)
High flexibility: customer decides

3
3
2
3

More room for innovation from contractor's side (Riggelen, 2019; Wijck, 2018)
Optimisation of design due to contractors expertise (Chao-Duivis, Koning, & Ubink, 2013;
Riggelen, 201 9)

2
2

Contractor adds financial knowledge: more accurate estimated (Chao-Duivis,
Koning, & Ubink, 2013; Riggelen, 2019)

External environment

16 Contractors capability and availability
17 Market competitiveness

Contractors still some inexperienced with ECI-model: less capable of carrying out
ECI (Wijck, 2018)
Sensitive to the economic cycle: a lot of work less willing to work with ECI (Wijck,

2
2

2018)
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4.4.3 Design & Build
In a Design & Build(DB) PDM design and execution are in the hands of a single party in relation to the
client(see figure 4.4). That’s why a DB PDM is often referred to as an integrated contract. Within DB
contract agreements the tasks, risks and responsibilities are distributed in a totally different way
compared to traditional contracts. Rather than prescribing precisely what the contractor is supposed
to do, the tendering documents formulate in broad, functional requirements what the clients want to
buy. (Nyström, Nilsson, & Lind, 2016).
The single party could be the building contractor, or it could be the designer or another consultant.
The contractor does not necessarily take responsibility for the design and/ or execution. If the
contractor does not possess that expertise of having it in-house he will bring in an architect or
consulting engineer, or a building contractor. (Ashworth, 2012; Chao-Duivis, Koning, & Ubink, 2013) If
a consultant is brought in it makes sense to make a separate contract subject to The New Rules 2011.
(Chao-Duivis, Koning, & Ubink, 2013)
The advantages and disadvantages related to a DB model can be described as:
+ The client has to deal with only one party therefore, there is a single point of responsibility for
design and execution (Spek, 2012)
+ Fewer discussions about responsibilities and liabilities, the contractor itself are responsible for
the design (Chao-Duivis, Koning, & Ubink, 2013)
+ The execution of the project is improved due to the specific construction knowledge within
the design and thus reduce construction time (Koning & Sproncken, 2001)
+ Cost and time estimates are more reliable, a delivery deadline and price are already set at an
early stage of the process (Spek, 2012)
-

-

The client is, already in an early stage, legally bound to adhere to contractual conditions. (De
Ridder & Noppen, 2009)
Higher transaction costs, the preparation efforts are not only great for the client, but also for
the providers they often have to make a design effort without being certain that the contract
will also be awarded to them (Spek, 2012)
Less influence on design, The biggest criticism of Design-Build is the limited possibility for the
client to influence the quality of the end result (Spek, 2012)

-

Client

Client

Contractual Relationship
UAV-IC (2005)

Contractual Relationship
UAV-IC (2005)

Contractor

Contractor (=
Builder + Design
consultant)

Architect

Sub-Contractors

Sub-Contractors

Figure 4.4 Schematic representation of the integrated contract DB (source: (Chao-Duivis, Koning, & Ubink, 2013) )
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Liabilities
With a DB model, the liabilities become harder the define. However, in an ideal contract, the risks can
be distributed as follows: The risks with respect to ‘unknowns’ belong to the client because it is this
party that’s wants something done. The client takes care of everything that is ‘not foreseeable’. The
risks with respect to ‘uncertainties’ belong to the contractor. This party must be capable, using its
expertise, of estimating what can be expected and what adequate measures should be taken in case it
happens. The liabilities are described in the standard contract Uniform Administrative Conditions for
integrated projects 2005 (UAC-IC 2005). (De Ridder & Noppen, 2009)
System Architect
In the case of modularisation of the building within a DB model, the system architect is a combination
of the client and the responsible single party (main contractor). The client specifies his quality and
interfaces standard by design rules laid down in the Schedule of Requirement. However, the main
contractor decides upon in what manner the design fulfils the Schedule of Requirements. Design rules
for the chosen product modularity.
Specific Design-Build Characteristics
The characteristics of the DB model will be discussed by the selection criteria divided into four
categories: Client characteristics, Project characteristics, and External environment. For each selection
criteria, it is determined whether it has a large or small impact on the choice to arrive at a DB model(see
Table 4.4).
Table 4.4 Specific characteristics of a DB-model described per 17 selection criteria (source: Own illustration)

Design & Built
Selection criteria
Client Characteristics
1 Owners Available HR
2 Owner willingness to be involved
3 Owner willingnes to take risk
4 Dispute

Description effect of PDM

Score of effect

One party responsible: Lack of available HR (Assem, 2014; Spek, 2012)
One party responsible: Low willingness to be involved (Assem, 2014; Spek, 2012)
The DB firm is solely liable: client less willing to take risks (De Ridder, 1994)
Both design and execution are in hands of one party less room for claiming
disputes (Nyström, Nilsson, & Lind, 2016)

2
1
2
3

All type of projects
High start up costs: Especially for larger scale projects(Park & Kwak, 2017)
High start up costs: Especially for complexer projects(Park & Kwak, 2017)
Overlap design and exection: faster delivery time (Nyström, Nilsson, & Lind, 2016; Spek,

0
0
3
2

Project characteristics
5
6
7

8

Project type
Project scale
Complexity
Delivery speed

2012)

9 Schedule delay
10 Scope definability
11
12
13
14
15

Flexibility
Innovation
Quality performance
Cost certainty
Cost growth

design and implementation are coordinated by one party, there is a high degree
of certainty in delivering the project on time (Spek, 2012)
Difficult to record all the requirements without having made design, often it will
"grow" during design process

2
2
3
3
2
3
3

Due to freedom in design DB-firm can innovate a lot (Nyström, Nilsson, & Lind, 2016)
All dependend on the accurate formulation of functional requirements
design and implementation are coordinated by one party: certainty in costs (Spek,
2012)

External environment

16 Contractors capability and availability
17 Market competitiveness

Client must trust capabillity of contractors in the market (PSI Bouw, 2005)
Risk is shifted from client to DB firm: this affects the price and so the competition
between companies (Nyström, Nilsson, & Lind, 2016)

3
3
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4.4.4 Turnkey
A Turnkey Project Delivery Model (PDM) is an example of project development or purchase model
from the second quadrant of (Koning & Sproncken, 2001) (see figure 4.5). Client and project developer
agree on a total program at an early stage, sometimes referred to as Engineering, Procurement and
Construction(EPC) contracts. The basis for this is usually a program of requirements from the client.
Wamelink, Geraedts, Hobma, Lousberg, & De Jong, (2010) describe a Turnkey model as a collective
name for contracts in which the responsibility for design, implementation and in some cases also the
financing lies with one contracting party. In the purest form, there is a purchase agreement, which
means that a one-off payment takes place upon delivery with the transfer of ownership and liabilities.
According to Koning & Sproncken, (2001), the Client and the contractor agree on a specific delivery,
which is then carried out entirely at the contractor’s own risk. Usually, there are no interim evaluation
moments during the realization by the buyer/client. An overview of the advantages and disadvantages
of the Turnkey model is given:
+
+
+

-

Single supplier responsible, clear overview of all risks and liabilities (Huse, 2002)
Speed of procurement, turnkey projects combines both the design as the construction phase
so less procuring (Huse, 2002)
Efficiency, the contractor do both the design and the construction work. There is no longer
time needed to understand the designs. (Huse, 2002)
Loss of control, the overall design and construction is led by the contractor so the client has
less day-to-day interventions(Huse, 2002)
Cost of tender, when tendering for a turnkey contract, the contractor often must have an
advanced design and thus upfront cost even before the tender is accepted (Huse, 2002)
Cost of risk, all the risks are placed upon the contractor which can lead to a higher overall price
for the project (Huse, 2002)

Client

Turnkey Contract

Turnkeyprovider

Architect

Sub-Contractor

Installation
advisor

Figure 4.5 Schematic representation of the Turnkey PDM (source: (Wamelink, Geraedts, Hobma, Lousberg, & De Jong, 2010))
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Liabilities
Within a Turnkey PDM fully liable for the whole building, including the design and execution. In the
Netherlands, there are no standard conditions for turnkey that are supported by both clients and
contractors. Reference is often made to the international FIDIC Silver book contract standard.
System architect
Due to the full responsibility of the contractor he is the one who decides upon the design rules within
the project. Product and interface standards can be introduced since the client has no active role
whatsoever, he only provides the guidelines for the total program. In this case, the main contractor
will develop the project based on knowledge from previous successful projects. Bij De Ridder, (2011)
described as a Bottom-up-approach to modularisation.
Specific Turnkey Characteristics
The characteristics of the Turnkey model will be discussed by the selection criteria divided into four
categories: Client characteristics, Project characteristics, and External environment. For each selection
criteria, it is determined whether it has a large or small impact on the choice to arrive at a Turnkey
model(see Table 4.4).
Table 4.5 Specific characteristics of a Turnkey-model described per 17 selection criteria (source: Own illustration)

Turnkey
Selection criteria
Client Characteristics
1 Owners Available HR

2 Owner willingness to be involved
3 Owner willingnes to take risk
4 Dispute

Description effect of PDM

Score of effect

particularly suitable when the client’s available HR is unable to adequately guide
the project
Least willingness to be involved
Least willing to take risks: The contractor is fully and unambiguously responsible
for design and execution (Koning & Sproncken, 2001)
any defect or fault is contractor's responsibility except where the contract
provides otherwise. (Huse, 2002)

1

All types of projects
All types of projects
All types of projects
One party responsible for both design and execution overlap possible: fast
delivery time (Koning & Sproncken, 2001)
Usuallly fixed date for finishing the project
Client describes only a global program of requirements (Huse, 2002)
Client's flexibility to make adjustments is very limited (Huse, 2002)
Innovation is entirely led by the contractor
Fixed price: contractor not motivated to use expensive products (Pícha, Tomek, &

0
0
1
4

1
1
4

Project characteristics
5
6
7

8

Project type
Project scale
Complexity
Delivery speed

9
10
11
12
13

Schedule delay
Scope definability
Flexibility
Innovation
Quality performance

3
4
1
3
2

Löwitt, 2015)

14 Cost certainty
15 Cost growth

Fixed Price
Fixed Price: very limited options for contractor to claim extra time or cost (Pícha,
Tomek, & Löwitt, 2015)

4
1

Contractor must be able to bear all the risks (Huse, 2002)
If there is little competition the price will be high due to the increased risk the
contractor (Huse, 2002)

4
4

External environment

16 Contractors capability and availability
17 Market competitiveness
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4.4.5 Design-Build-Finance-Maintain-Operate
In a Design-Build-Finance-Maintain model in addition to the plan development, the other necessary
process functions are also integral to the offering parties. According to Wamelink, Geraedts, Hobma,
Lousberg, & De Jong, (2010) the client agrees with it here delivered construction project the same as
for example when he has a car would lease. A DBFMO contract covers all stages of a project through a
single contract with a single procuring authority. Financing within the DBFMO model is laid upon the
DBFMO contractor (see Figure 4.6)Within DBFM contracts the private consortium (or SPC: Special
Purpose Company) is not paid for the delivery of an asset, but rather for the availability of a service.
On the one hand, the SPV enters into a long-term obligation (15-30 years) with the government in the
form of a DBFM contract and, on the other hand, to implement the project as far as possible, it enters
into agreements with (sub) contractors and other contracted third parties (Assem, 2014; Koster, et al.,
2008; Lovink, 2014) Once the term of the contract is ended, the contractor is obliged to hand back the
project to the client in the agreed-upon state. (Algemene Rekenkamer, 2013)
When a DBFMO contract is applied, the client is demanding an accommodation service instead of a
building delivered as a product at a certain moment in time. Within a predetermined performance
specification a client buys usable space or functionality for a certain period. This is in sharp contrast
with a traditional contract where an amount of square meter floor area is bought as a building (Straub,
Prins, & Hansen, 2012)
The advantages and disadvantages of a DBFMO-model can be described as:
+ Integration of all the stages can produce whole life cycle optimisations. By taking account of
all stages of a project's entire life, the overall cost may ultimately be lower (Algemene
Rekenkamer, 2013)
+ The successful transfer of knowledge between the consortium members in the early stage may
result in more innovative and sustainable solutions (Assem, 2014)
+ Under DBFMO, there is a high degree of ‘price certainty’. For both the client as the contractor
the upcoming years the payments are known (Algemene Rekenkamer, 2013)
+ By efficiently distributing tasks and responsibilities, the risks can be allocated to the parties’
best able to manage them. (Assem, 2014)
- This type of contract requires a long preparation time. The preparations for the tendering and
tendering itself can take up to 48 months (Nagelkerke et al., 2009)
- The tender procedure is far more complex than the procurement under the traditional
approach (Assem, 2014)
- Due to the longer preparation times, complexity issues and agency costs, the costs of
preparing, entering, executing and controlling a DBFMO contract are high. (Heiligers, 2012)
Client
(Government)

Banks
Special Purpose
Vehicle (SPV)

(80-90%)
Financing

Private equity
(10-20%)

Performance contracts
Operation and
Management
company

Design & Build
company

Builder

MEP

Architect

Sub-Contractors

Builder

MEP

Facility
Management

Figure 4.6 Schematic overview of a Design-Built-Finance-Maintain-Operate Project Delivery Method (source: (Algemene
Rekenkamer, 2013))

59

CH4 Collaboration forms in the Construction industry

Liabilities
The liabilities are primarily for the contractor, after all, they are the genes who carry out the design,
implementation and maintenance. The customer is only responsible for any permit granting and risks
related to additional costs due to inflation. A standard contract model for Public client’s is the National
Model Agreement DBFMO Housing, for the Government Buildings Agency (in Dutch: ‘Rijksbrede
modelovereenkomst DBFMO Huisvesting Rijksvastgoedbedrijf ‘) (Rijks Vastgoed Bedrijf, 2018) And the
DBFM-agreement Rijkswaterstaat for the executive agency of the Ministry of Infrastructure and Water
Management (Rijkswaterstaat, 2018)
System Architect
When modularising the building assignment within a DBFMO PDM the main contractor acts as a system
architect he is responsible for distributing design rules to project participants. The main contractor is
responsible for all the disciplines within a building project. Leaving room for the system architect to
introduce design rules.
Specific DBFMO Characteristics
The characteristics of the DBFMO model will be discussed by the selection criteria divided into four
categories: Client characteristics, Project characteristics, and External environment. For each selection
criteria, it is determined whether it has a large or small impact on the choice to arrive at a DBFMO
model(see Table 4.6).
Table 4.6 Specific characteristics of a DBMFO-model described per 17 selection criteria (source: Own illustration)
Design-Built-Finance-Maintain-Operate
Selection criteria
Client Characteristics
1 Owners Available HR

2 Owner willingness to be involved

3 Owner willingnes to take risk

Description effect of PDM

Score of effect

clients can focus as much as possible on their core tasks and can distance themselves from the execution of
the services. (Koster, et al., 2008)
Rather limited as compared to DBB and UAG-IC models no contract supervision on the side of the client nor
is the active involvement of the client in the contractor’s operations allowed (Chao-Duivis, Koning, & Ubink, 2013)

2

risks are allocated at the party which is able to manage them more effectively: less risk for the client (Lovink,

1

1

2014)

4 Dispute

the client exert influence on the work carried out is the payment structure of DBFMO. In DBFMO projects,
the client no longer pays for the delivery of the building but pays for the availability of the building during
the term of the contract. (Assem, 2014)

4

Public clients
Especially large projects( > €25 million Houses, >€60 million)

4
4

Project characteristics
5
6

Project type
Project scale

7

Complexity
Delivery speed

(Algemene Rekenkamer, 2013; Koster, et al., 2008; Lovink,

2014)

8

9 Schedule delay

Especially complex projects
expected that DBFMO contracts can generate added value in terms of time, money and quality compared
to other contract forms (Algemene Rekenkamer, 2013)
Compared to traditional projects: extra value of 10 - 15% and are delivered on time and within the budget

4

3

(Straub, Prins, & Hansen, 2012)

10 Scope definability

DBFMO don't have schedule of requirements but have output specifications: it describe the performance
that the procuring authority wants to be delivered (the 'what') and not the technical solutions (the 'how')

1

(Algemene Rekenkamer, 2013; Assem, 2014; Koster, et al., 2008)

11 Flexibility

freedom to decide how the contractor will deliver the result desired by the client: high flexibility (Koster, et al.,

4

2008)

12 Innovation
13 Quality performance
14 Cost certainty
15 Cost growth
External environment
16 Contractors capability and availability

the total life cycle approach the DBFMO construction organization has a positive influence on the
development of innovations (Straub, Prins, & Hansen, 2012)

4
4
1
1

the procuring authority pays a periodic availability fee from the moment the asset is handed over until the
end of the contract. If the building or road is not fully available, a deduction is made from the fee (Algemene

Due to the sheer size of the projects and the corresponding contracts the capability of contractors is low,
within the Dutch construction industry there are only a couple companies capable of handling such big
contracts.

4

17 Market competitiveness

4
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4.4.6 Partnering/ Alliances
The most elaborate form of collaboration in the construction industry is the partnering or alliance
model. Whereas in standard construction projects there is (theoretically) a strict role separation
between the client and the contractor, project alliances focus on creating an integrated project
organization for a single project (separate from the basic organizations) which includes both the
contractor and the client (see figure 4.7) (Elemans, 2016) Scheublin, (2001) was one of the first to
invest the usability of alliance contracting for the construction industry in the Netherlands. The
construction industry operates in a market where the lowest bidder is normally selected and is then
engaged under an adversarial risk transfer contract. Undertaking projects is a high-risk venture and the
way contracts are normally created and administered does not effectively deal with the risk
confronting the contractors and clients alike. (Henneveld, 2006) The purpose of an Alliance
collaboration model is that parties work together on the basis of equality, driven by a best-for-project
mindset. This is done in a context of mutual trust and the intention to share both the risks and the
profits to be gained, so-called pain and gain sharing. (Chao-Duivis, Koning, & Ubink, 2013; Young,
Hosseini, & Lædre, 2016; Salamah, 2017) This creates a financial incentive to manage risks well and to
invest in opportunities. (Elemans, 2016) Partnership contract models can lead to improved project
outcomes and value for money, in part due to the increased level of integration and cooperation
between planners, design teams, contractors and operators. (Young, Hosseini, & Lædre, 2016) An
overview of the advantages and disadvantages related to a partnership model is given:
+
+
+

-

-

Fewer conflicts due to best-for-project mindset resulting in a no-blame culture and fewer
disputes and save money (Salamah, 2017)
Suitable for dynamic projects with unclear scope or risk because alliance define scope
together(Young, Hosseini, & Lædre, 2016)
Allows multiple processes to occur simultaneously, for example, investigation, design, land
acquisition, approvals, materials sourcing, etc., thus reducing the time to complete the project
(Young, Hosseini, & Lædre, 2016)
Only worthwhile for large projects due to the high establishment costs (Young, Hosseini, &
Lædre, 2016)
Maturity and Competence of the Industry: Alliancing is an advanced form of relational
contracting and requires competent organisations with the particular knowledge, skills and
attributes. (Young, Hosseini, & Lædre, 2016)
The degree of price detailing by the ‘open book’ approach may sometimes be way beyond the
contractors liking(De Ridder & Noppen, 2009)
Contractor

Risks

Risks

Risks

Allocated risk on
execution

Client

Risks

Alliance
•
•
•

Shared risk on:
Design
Cables/ducts/ERW
Projecmanagement
Stakeholder

Allocated risk on
scope changes

management

Figure 4.7 Schematic representation of Partnership/Alliance Project Delivery Model (source: (Elemans, 2016))
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Liabilities
Within a Partnership model, the parties have to agree on a certain distribution formula of the liabilities.
For this purpose, a business is set up in which both of them hold a stake and which is managed by both
of them. This business bears a large proportion of the risks, which are shared if relevant circumstances
do occur. (Chao-Duivis, Koning, & Ubink, 2013) If a risk event occurs, the focus is on mitigating the
impact of the risk and not apportioning blame. (Henneveld, 2006)
For this type of collaboration-model is not yet a readymade solution( standard contract type).
Reference is often made as a standard PDM for partnerships to the American variant Integrated Project
Delivery (IPD) guide of the government agency AIA architects. (Salamah, 2017)
Systems Architect
As with everything within an alliance PDM the design rules are prepared by both parties. The system
architect can consist of a new form partnership.
Specific Partnership characteristics
The characteristics of the Turnkey model will be discussed by the selection criteria divided into four
categories: Client characteristics, Project characteristics, and External environment client. For each
selection criteria, it is determined whether it has a large or small impact on the choice to arrive at a
Partnership model(see Table 4.7).
Table4.7Specific characteristics of a Partnership-model described per 17 selection criteria (source: Own illustration)
Partnership
Selection criteria
Client Characteristics
1 Owners Available HR

Description effect of PDM

Score of effect

Considering the unique nature of the Alliance projects, they require a new set of rules for
management, such as one integrated management team, collaborative performance, open-book
communications, and collective decisions making. (Salamah, 2017; Scheublin, 2001; Young, Hosseini, &

4

Lædre, 2016)

2
3
4

Owner willingness to be involved
Owner willingnes to take risk
Dispute

Active role
Risks is shared with contractor so less risk compared to DBB (Elemans, 2016)
everyone is working on the same team, there is a no-blame culture within an alliance
collaboration agreement. This eliminates the expensive and lengthy court battles often
associated with traditional contracting methods (Chen, Zhang, & Xie, 2010)

4
1
4

8

Project type
Project scale
Complexity
Delivery speed

Unique projects (Henneveld, 2006; Salamah, 2017; Scheublin, 2001)
Large projects (Henneveld, 2006; Salamah, 2017; Scheublin, 2001)
Complex unique projects (Henneveld, 2006; Salamah, 2017; Scheublin, 2001)
Partnership models are very complex and require a large administrative organisation which can
slow down the process

4
4
4
1

9

Schedule delay

eam members will perform based on a best-for-project policy which eventually will be for their
own benefits : Fast delivery
Partnership models are primarily suitable for dynamic projects where it is not immediately
known in advance what the precise scope of the project will be (Salamah, 2017)

4

Due to the intensive collaboration between customer and contractor, there is more room for
flexibility in the design. (Henneveld, 2006)
The purpose of the risk-reward scheme is to direct the efforts of the alliance towards delivering
value for money through the pursuit of innovation. (Elemans, 2016; Henneveld, 2006)

4

Project characteristics
5
6
7

10 Scope definability

11 Flexibility
12 Innovation
13 Quality performance
14 Cost certainty
15 Cost growth

eam members will perform based on a best-for-project policy which eventually will be for their
All project partners work with an best-for-project if extra costs occure it will be devided among
all project partners

1

4
4
1
1

External environment

16 Contractors capability and availability

17 Market competitiveness

requires the necessary knowledge and expertise from both the customer and the contractor. If a
partnership model is chosen, the starting point must be that the knowledge and expertise within
the project grow. (Elemans, 2016)
True partnering can only be carried out by firms and organisations that share similar aims and
objectives. It relies on openness, transparency and honesty

4

4
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4.5 Making a Choice for PDM
Six different PDM’s have been described: Each of the models described has its own characteristics,
advantages and disadvantage. But how can a client make the best choice for one of the PDMs? What
is his most suitable collaboration form? There is, however, no one solution that will suit all projects,
one option may be better suited than another based on the unique requirements of a particular
project. It can only be said that one PDM can respond better to selection criteria than the other. That’s
why an overview with all PDM’s is made in which the response capacity to the selection criteria is
given( see Table 4.9). The ranking is done through Simple Multi-Attributing Rating Technique where a
scale qualitative effects score is used, as described in Hombergen, Goovaerts, & De Ridder, (2004).
When giving scores, the emphasis is on comparing: it is not about saying per PDM "this is good" or
"this is bad", but to present the different alternatives side by side so that a comparison based on
different selection criteria is promoted. This is done by giving a score of 0 to 4, as described in Table
4.8.
Table4.8 Overview of scale with a neutral centre point (source: (Hombergen, Goovaerts, & De Ridder, 2004))

4 Very strong effect
3 Quite a lot effect
2 Little effect
1 Very little effect
0 No effect at all

Design-Bid-Built

Early
Contractor
Involvement

Design & Built

Turnkey

Design-BuiltFinanceMaintainOperate

Partnership

Table 4.9 Overview of six different PDMs and their response capacity of each selection criteria given in a score of 0 to 4(source:
own illustration)

Client

Client

Contractor

Contractor

Contractor

Client & Contractor

Client Characteristics
Owners Available HR
Owner willingness to be involved
Owner willingnes to take risk
Dispute

4
4
4
1

3
3
3
2

2
1
2
3

1
1
1
4

2
1
1
4

4
4
1
4

Project characteristics
Project type
Project scale
Complexity
Delivery speed
Schedule delay
Scope definability
Flexibility
Innovation
Quality performance
Cost certainty
Cost growth

0
0
3
1
1
4
4
1
4
2
4

0
0
2
3
3
3
3
2
3
2
2

0
0
3
2
2
2
3
3
2
3
3

0
0
1
4
3
4
1
3
2
4
1

4
4
4
3
1
4
4
4
1
1

4
4
4
1
4
1
4
4
4
1
1

1
1

2
2

3
3

4
4

4
4

4
4

Selection criteria
System Architect

1
2
3
4

5
6
7

8
9
10
11
12
13
14
15

External environment

16 Contractors capability and availability
17 Market competitiveness
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In addition to the specific characteristic of how each PDM responds to the selection criteria, the
choice of a most suitable PDM therefore actually depends on the profile of the client. If a client
wants to remain at the helm himself, not every form of building organization is suitable. The wishes
of the client may or may not match the characteristics of a PDM. Different scenarios can outline the
client profile: Is it a non-professional client with a one-off development? Is it an investor? Is it a
professional-client with the desire to use a concept more often? Based on the method of Pries,
Keizer, Kuypers, & Mooiman-Salvini, (2006) a client profile is compared with the characteristics of
two PDM’s; Do the scores of the client profile match the scores of the PDM? The spider chart as
which have been used in the report is taken over within this research. By comparing the form of the
client with the main forms of the PDM’s, a choice can be made for the most suitable form of building
organization based on the above criteria. An example of a scenario is given as illustration:

Investor X is a real-estate investor who wants to quickly build a functional building and then
sell it to an actual user. Real architectural knowledge is lacking, and he wants to be involved
as little as possible in the process. Together with a consultant, he has drawn up his schedule
of requirements and leaves the design to the market. The building must above all be
available for multiple types of users and therefore requires no real innovation. He does want
financial security and he works with a fixed budget.
As can be seen from the spider charts(see Figure 4.8), a Design-Bid-Built PDM is less suitable
for the specific requirements of investor X than a Turnkey PDM.

Figure 4.8 Scenario: Comparing score of customer profile Investor X with a DBB-model and a Turnkey-model(source: Own
illustration)

64

Collaboration forms in modular high-rise projects

4.5 Conclusions Collaboration forms
This chapter describes the characteristics of collaboration forms and will answer the sub-question:
“What are the characteristics of collaboration forms within the Dutch construction industry?”
As Voordijk et al. (2006) describe in his study, supply chain modularity is described by the chosen
collaboration form in a project. Collaboration within the construction industry centres about the
development of a building. The client can choose between doing everything himself or tendering out
some works. Building is organizing in such a way that the various parties work together efficiently. To
steer this in the right direction, it is important that mutual relationships between the project partners
are clear. (Wamelink, Geraedts, Hobma, Lousberg, & De Jong, 2010)
Research into industrialized building concepts and other modular industries discuss that not every
project is suitable for modular building concepts: If a customer requires an extra special architecture,
we are talking about haute couture and this requires an individualized project-based building process.
If a custom-made building is required, modular concepts developed by implementing parties can be
used. Furthermore, the researches emphasize the need for a long-term relationship between client
and contractors.
Clients need to make an informed decision for a collaboration form, given that it largely determines
the future process and end product. What this well-considered decision strongly depends on the
degree of influence by the client characteristics, project characteristics, and market environment at
that moment. A Project delivery model(PDM) is a system for organizing and financing the design,
construction, operation and maintenance activities and facilitates the delivery of a good or service
(Miller, Garvin, Ibbs, & Mahoney, 2000). Hosseini, et al., (2015) state that selection of an appropriate
PDM is the basis of success in every construction project.. In construction law, there are several
standard most used project delivery models: Design-Bid-Built model, Early Contractor Involvement
model, Design-Build model, Turnkey model, Design-Build-Finance-Maintain-Operate model and
Partnership model.
The most important difference among all the models is the way coordination and control takes place.
In the DBB model, the client takes care of the coordination. The client may decide to form a team to
coordinate the entire process (Building team). In both PDM’s the client remains responsible for
coordination and control, which means that he is also the system architect. When using DB the
coordination is partially outsourced to a contractor. DBFMO and Turnkey PDM’s fully outsource the
coordination. Besides these options, the client could also form a new partnership with a contractor
and both are equally responsible for coordination (Wolters, 2002). In all these four PDM’s the market
parties decide upon the design rules and thus are the system architect.
Each of the models described has its own characteristics, advantages and disadvantage with the best
choice being governed by the requirements of the specific project. Selection criteria are used in this
study to make a significant distinction in the characteristics of the various PDMs. Seventeen selection
criteria are categorised in three characteristics: Client, characteristics, Project characteristics and
Market environment. To compare how the PDMs behave towards each other, a value of 1 to 4 is
attached per selection criteria. There is, however, no one solution that will suit all projects, one option
may be better suited than another based on the unique requirements of a particular project.
To make the most suitable PDM choice, a client profile can be made using the seventeen selection
criteria. The client profile is based on his specific requirements and wishes. The scores of the client
profile can be compared by means of a spider chart with the scores of the PDMS.
It can be assumed that in a modular high-rise project these specific client profiles also exist and that
the form of cooperation to be organised differs per modular project.
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BOX D: Modular Construction VS Car industry
Industrialised housing such as modular building methods is often compared to other industrial sectors. One of the most prolific
and important comparisons is with the automotive industry. The auto industry holds important lessons for prefab housing.
Much like Henry Ford revolutionising the automobile industry in 1908 delivering the first affordable automobile to the middle
class in America using a production line, there is a strong believe that prefab could for industrialise the building industry.
Before Henry Ford, cars were just like buildings build in a unique way as craftmanship. Mass production is the production of
large amounts of identical parts. (Niemeijer, 2011) Many attempts have been made to transfer knowledge from massproduction of automobiles and other consumer products to low-cost housing production. (Gann, Construction as a
manufacturing process? Similarities and differences between industrialised housing and car production, 1996) Already in the
year 1920, Le Corbusier made with his Maison Citrohan a comparison between the construction industry and the automotive
industry, he envisioned the house as a machine for living. Le Corbusier argued that: ‘houses must go up all of a piece, made
by machine tools in a factory, assembled as Ford assembles cars, on moving conveyor belts.’ (Russell, 1981, pp. 125-59) in
(Gann, Construction as a manufacturing process? Similarities and differences between industrialised housing and car
production, 1996) However according to Niemeijer, (2011): ‘Economies of scale, mass production reduces costs significantly,
but it prohibits individual choice, resulting in urban monotony and houses that do not fit their occupants as well as they might.
This lack of choice is common when first introducing mass production in an industry. Instead of merely producing one car
model as in the days of the Model T Ford, customers can now choose from a wide range of models in different colours and
with different extras, which are all assembled on the same assembly line. Making the car industry nowadays a mass
customization industry, a mix between mass production and customization. It is interesting to consider the adoption of a
similar methodology in the building industry, as there appear to be no real reasons why the same could not be achieved with
buildings..’ (Niemeijer,2011)
The benefits of the car industry are described by a McGraw-Hill study in modular construction as: ‘Carmakers use the same
chassis in multiple car models but swap out various features to make different models look and feel distinct. Even within these
models, customers are often given options to personalize a vehicle, all of which can be achieved in the manufacturing process.
The design needs to lend itself to maintaining a processing line, without the need constantly to change the line itself to deliver
some custom features.’ (McGraw-Hill Construction, 2011)
An often referred to modular product strategy is the Volkswagen
Platform ‘Modularer Querbaukasten’, or ‘Modular Transversal
Toolkit’ approach (see Figure D.1). Which is according to the
definitions of Ulrich, (1995) a bus type of modular product, where
a single component (the bus) links the other components. Allowing
Volkswagen to use one base for a wide range of cars from the
supermini class to the mid-size SUV class. (Aitchison, Prefab
Housing and the Future of Building: Product to Process, 2018)
Toyota, Peugeot, and Citroën even share this across companies.
The Toyota Aygo, Peugeot 107, and the Citroën C1 are all based on
the same car, with only minor cosmetic modifications (see Figure
D.2).
Figure D.1 MQB Bodengruppen Volkswagen floor assembly

Figure D.2 Side by side comparison of the Toyota Aygo, Peugeot 107, and Citroën C1. They are all very similar and produced
in the same factor (Source: https://www.allaboutlean.com/mass-customization/toyota-aygo-peugeot-107-citroen-c1/)
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BOX D: Modular Construction VS Car industry

Gann, (1996) stated in his study that: ‘There appear to be converging approaches to the treatment of flexibility in
industrialized housing and car production. In housing production, it is recognized that some work must inevitably be carried
out on sites, such as foundations, connection to services, erection, and inspection.’ (Gann, Construction as a manufacturing
process? Similarities and differences between industrialised housing and car production, 1996) The most important issue in
both housing production and car manufacturing systems is one of balancing the trade-off between standardization and to
facilitate the benefit of efficient utilization of production lines and flexibility and to ensure that products are marketable to
consumers who wish to exercise choice over a wide range of customized options. This trade-off is being met in both car and
housing production through the use of standard subassemblies and `platform’ design approaches together with computerized
component optimization techniques (Ward et al., 1995) in (Gann, Construction as a manufacturing process? Similarities and
differences between industrialised housing and car production, 1996)
According to Aitchison, (2018) we should be cautious between the analogy between our future housing industry and the
current car industry. There are a number of problems in comparing prefab housing with car manufacturing. These include
sheer size, parts and compartmentalisation, site conditions, users, climate, codes and regulations, materials and construction,
tolerances, customisation. For example, globally there are only two real differences, almost any car can be driven all over the
world. Most houses, in contrast, cannot be moved across a street without breaking some regulation or making the function
or design of a house unworkable. Herbert characterised the analogy as ‘The Henry Ford syndrome’, he illustrated the reliance
of home building companies on Fordist principles. The car/house analogy is so enduring and elastic because it is powerful and
we can learn much from it. (Aitchison, Prefab Housing and the Future of Building: Product to Process, 2018).
So even though we should be cautious can we learn something from the collaboration forms within the car industry? According
to the well-known Egan report ‘Rethinking Construction’ in 1998. The car industry shows some good example for long term
relationships between manufacturers and suppliers: ‘Nissan UK and Tallent Engineering Ltd have no formal contract beyond
an annual negotiation of the cost and quality of the rear axles that Tallent produce for Nissan's cars and rigorous targets for
improving performance. If a problem was to occur with quality Tallent would send engineers to Nissan to fix it on the car
production line. If a problem resulted in a significant loss of production, Nissan would expect to compensate talent for lost
business or vice versa.’ (Egan, 1998)
Thus, creating a strong argument for long-term relationships which spans beyond just one project. Clients and suppliers
become mutual dependent on each other for multiple projects. In the construction industry this was also recognised by the
Hermans & Damen, (1997) within the IFD-concept where they opt for a more serial-tendering approach, see Box B Modular
movements in The Netherlands, Page 28
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Case studies
Within this chapter the qualitative research will take
place, it was decided to conduct a multiple case
study. First, the case study methodology and the
reason for conducting case studies are provided.
Then the criteria on which a case study is selected
are described. Next, an overview is given of how
the data is collected and processed. The results
are then described per case, in a so-called withincase analysis. The results are compared with each
other in a cross-case analysis.The purpose of this
part of the report is to provide answers to the following sub-questions:
‘What collaboration form fit the best for the required conditions of a prefabricated modular high-rise
project?’
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CH 5 Case studies
In this chapter the theoretical results will be substantiated by practice, qualitative research will be
conducted to search for a theoretical replication. Within this qualitative research, it was decided to
conduct a multiple case study to use practical experiences from different cases. First, the case study
methodology and the reason for conducting case studies are provided. Then the criteria on which a
case study is selected are described. Next, an overview is given of how the data is collected and
processed. An overview of the cases, including the participants, is given. The results are then described
per case, in a so-called within-case analysis. The results are compared with each other in a cross-case
analysis. Finally, the discussion described how the qualitative study went and how it could be improved
next time. The purpose of this part of the report is to provide answers to the following sub-questions:
‘What collaboration form fit the best for the required conditions of a prefabricated modular high-rise
project?’

5.1 Case study Methodology
Within this qualitative research, there is chosen to conduct a multiple case study. By conducting
multiple holistic case studies, the so-called type 3 research design, the theoretical findings are tested
on practical real-life projects. The case studies will be used as an instrument to confirm, modify,
advance or reject the theory. This is called the analytic generalization. (Baarda, Goede, de, & Teunissen,
2005; Yin, 2014) Yin (2014) state that when there is only one concept presented within the Theoretical
Framework, two to three cases would cover the literal replication. The evidence of more cases is often
considered more compelling. However, he also mentions that conducting multiple cases will require
extensive resources and time. Due to the pre-imposed time limitation within this graduation project,
there is decided to use three cases. To assess whether a case is suitable for this research, it must meet
several case study selection criteria:
- A modular construction method must be applied in a certain way. In this case, this applies to
category 3, Volumetric construction, or category 4, Modular building, of the definition of
modular building methods as described in chapter 2.3, table 2.1.
- The building must represent a certain degree of a high-rise. As described in Chapter 1.4, the
definition of a high-rise building is taken over from SBRCURnet, The Fire Saftey Guide for tall
Buildings, (2014): 'A building with a user area floor higher than 70 meters above the measuring
level is considered high -rise buildings in the Netherlands.’
- As described in the main question, this study relates to the Dutch market, unfortunately, the
modular high-rise market isn’t so far developed to use three Dutch cases, international cases
compensate for this. However, at least one case study should focus on the Dutch market.
- Another criterion for the case selection is that the cases must be completed or should be at
least in the construction phase. This is relevant because then the client and contractor have
collaborated during the design phase and the construction phase. If a project would only be in
the design phase, the experiences are only on the design of the project. It would be more
interesting for the research to see what the experiences are in both the design and
construction phase, as in the construction phase most unforeseen risks arise.
- Also important in the selection of the case studies is the number of perspectives. There must
be several perspectives to get a complete picture of the cases. Both designing parties and
implementing parties must, therefore, be prepared to participate
Taking into account the above-mentioned case selection criteria, three cases have been selected in
which the theory is supported by practical experiences: The Fizz Spartaan, Amsterdam Nieuw-West,
Citizen-M Bowery, New York and Mapleton Crescent, London. An overview of the type of project, the
participants and their function is shown in Table 5.1
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table 5.1 Overview interviewees and their function

Overview Interviewees and their profession
1
2

3

4

Client

Contractor

Architect

Sub-consultant

5.2 Data collection
The primary data for the study were gathered through semi-structured interviews with
(project)managers. The secondary data were derived (with the organisation’s permission) from
documents such as organisational forms, collaboration policies and meeting overviews. But also
project websites, project descriptions, and news items about the project were also reviewed to get a
deeper understanding of each of the projects. The semi-structured interview approach allowed for
flexibility with a preference for posing questions so that the interview is more like a conversation;
whilst the focus was maintained on particular key issues of the research questions.
These semi-structured interviews are all conducted in synchronous communication in time, either by
face-to-face interviews or online conference call interviews. Which has the advantages of social cues,
such as voice, intonation and body language which provides the researchers with a lot of extra
information that can be added to the verbal answer of the interviewee on a question? (Opdenakker R.
, 2006)

5.2.1 Selecting interviewees
The aim of the project-based interview is to investigate to what extent the process-related barriers as
identified by theory also play a role in practice, and to what extent the form of collaboration could
provide an answer to this. To meet this requirement, the interviewees must have had direct
involvement with the project at management level during the design phase or execution phase The
interviewee must also have some knowledge of the realization of the form of collaboration and
associated contracts. Both the contracting parties as the design parties are interviewed to get a broad
understanding of what happened in a specific case, the list of participants can be seen in table 5.1.

5.2.2 Interview protocol
An interview protocol is used to conduct interviews and thus collect data from the cases. Based on the
theory some research subjects are selected, and translated into the interview questions, see Appendix
A . Following the five levels of interview questions as stated by (Yin, 2014). The protocol is tested in
test interviews and discussed with the supervisor in order to increase the construct validity. The
protocol roughly discussed the structure of the interview procedure, the respondents' profile,
permission for voice recording and some research questions. Recording the semi-structured interview
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has the advantage that you can listen more carefully and have more interaction with the interviewee,
which leads to a more natural conversation. In this way, more non-verbal communication can be taken
care of, since there is no need to always write along. The interview protocol has been signed by each
respondent. After each case study, this protocol was slightly adjusted to the gained knowledge.
While conducting the interviews the protocol was mainly used as a guide for the topics to be discussed
and not always followed sequentially. The conclusions and transcripts were sent to the interviewees
for verification, which improves the construct validity of the question list as prepared in the interview
protocol.

5.2.3 Analyse style within case
After verification of the respondents, the interview transcripts are coded in Atlas.ti using coding into
understandable concepts. Coding is a way of categorizing the data into concepts, properties and
patterns. Within the case report, a Template analysis style is chosen to analyse the data obtained from
the semi-structured, face-to-face interviews. (Crabtree and Miller, 1992, pp. 19-20) in (Opdenakker R.
, 2012) Meaning a coding template has been drawn up based on the literature studied in advance. In
this research, the answer of sub-question four: ‘variables of collaboration to overcome process-related
barriers‘ will give a provisional ‘start list’ of codes before the actual execution of the case study. Within
the transcripts, all relevant parts what had to do with a certain variable will be highlighted and given
to the previous corresponding code assigned.
Computer-assisted qualitative data analysis software(ATLAS.ti) is used for this(see Figure 5.1). The preprepared template for coding relevant data will be further developed and refined as soon as this
appears necessary as a result of the first interviews, see figure 5.1.
Data display will be done by determining the relationships between the categories by using Axial
coding. The purpose of axial coding is to begin the process of reassembling data that were fractured
during open coding. (Strauss & Corbin, 1996, p. 123)
Conclusion drawing and verification, in this case, is done by the use of Selective coding. Selective
coding is the process of integrating and refining the theory. The goal of selective coding is to identify
and select a core variable that includes all of the data is identified. (Strauss & Corbin, 1996, p. 161)This
will conclude the single case report. After conducting the other case studies there will be cross-case
syntheses, summarizing the findings across the three case studies. The result of the cross-case study
will be compared with the theory. And will be the input for the conclusion of this report.

Figure 5.1 Screenshot of used qualitative data analysis software ATLAS.ti with predetermined codes (source: own illustration)
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5.3 Results
Now the methodology and data collection for the case studies is introduced, the following sections will
show the actual results per case. The first case study will be the Laan van Spartaan student housing
project, in Amsterdam Nieuw-West. The second case study contains the results of the Citizen M hotel
in Bowery, New York. The third case study describes the results of Mapleton Crescent SW18, Europe’s
highest residential tower located in Wandsworth London.
Every within case study follows the same structure where general information about the project is first
given, and how the choice of modular building methods was made. The results are then described
using Fine's concept or 3-dimensional modularity as discussed in section 2.3 Modularity in Construction
(page 17).
The product modularity is described; to what extent is the product and the interfaces
standardized?
The process modularity; To what extent is the process of production and manufacturing
techniques integrated, what is the degree of prefabrication in the factory?
Supply Chain modularity; what is the way the parties cooperate during the project, or what is
the chosen PDM?
Subsequently, there is also looked at the extent to which the cases experienced the process-related
barriers as summarized in 3.7 Conclusion Barriers Modular building methods, page 41, and what tools
they used to overcome the barriers. Each within case ends with a commentary about the most
remarkable findings. Resulting in the following layout for each case:
•
•
•
•
•
•
•
•
•
•
•

.1 General information
.2 Choice modular building methods
.3 Product Modularity
.4 Design Rules & System Architect
.5 Process Modularity
.6 Supply Chain modularity
.7 Design freeze
.8 Key decisions
.9 Integrated process
.10 Communication
.11 Commentary

This chapter ends with the conclusions of the cross-case analysis between the three cases.
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5.4 Case study 1 Laan van Spartaan

Figure 5.2 Overview of the Fizz Laan van Spartaan case ( Source: (Heddes, sd))
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5.4.1 General information
Table 5.2 Characteristics Laan van Spartaan project

The project The Fizz Spartaan, located at the Laan van
Spartaan in Amsterdam, The Netherlands, is currently
the highest modular building project in The Netherlands.
The 361 student apartments are developed by IC
Netherlands and BPD gebiedsontwikkeling and are
finished in the year 2017. The building is 16 levels high
and consists of in total of 389 modules. With an assembly
time of the modules of 4 months, and a total construction
time of 12 months it had a very fast building time.
The building and the modules are designed by
Studioninedots (see table 5.2). The main contractor is
Heddes Bouw en Ontwikkeling B.V. (hereafter Heddes),
who’s responsible for the assembly of the modules at the
construction site. The manufacturer of the modules is
Ursem Modulaire Bouwsystemen(hereafter Ursem), and
the Mechanical Electrical and Plumbing installations are
realised by Schouten Techniek B.V.(hereafter Schouten).

Project Characteristics
Budget

€17.1860.000,-

Purpose building

361 Student apartments

Contract type

Turnkey

Number of modules

389

Client

IC Netherlands/ BPD
Gebiedsontwikkeling

Architect

Studioninedots

Contractor

Heddes
Bouw
en
Ontwikkeling
B.V.
Usrem
Modulaire
Bouwsystemen
Schouten Techniek B.V.

Construction time

12 months

The project is a part of a larger area development in the
district Amsterdam Niew-West initiated by BPD Gebiedsontwikkeling. A neighbourhood with a
combination of owner-occupied housing, social rental housing and student housing.6 BPD owned the
lot with the preconditions from the municipality that construction had to be started within a couple of
months, which immediately put a certain amount of pressure on the project. IC Nederland also had
the desire to develop several rooms for students. Subsequently, a program was written for the
realization of a student complex on that lot.
The building was originally developed for DUWO, A Dutch foundation which provides student housing,
which would become the user of the building. DUWO brought IC Netherlands in the year 2012 into
contact with Ursem by DUWO with the question whether they could realize a student complex that
fits in with the zoning plan for the western lot on the Laan van Spartaan. Due to changing regulations,
Duwo withdrew as a user and IC Netherlands itself became the building owner.

5.4.2 Choice Modular building methods
The choice for modular construction methods in the Laan van Spartaan comes from the
implementing parties. The client IC Nederland originally had contact with Ursem who had made a
first rough sketch design together with Studio Ninedots. Because the client was unfamiliar with
modular construction, he also asked the architect to design the design in a traditional way: “BPD
asked if I could work it out in a traditional method because she really wanted to know what the difference
would be. I gave to the client, I can also design this traditionally but this will cost you twice as much. So my
design hours are half in a modular fashion, so this works much more efficiently if I can do everything in one
process. With modular construction, I know that the process is better than traditional construction ” (Neut,

2019)

6

(BPD, sd)
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Most of the time clients will only look at the contract price of the building, an integral look at the
total cost of development for a building is hardly taken into account when considering a specific
building system, as is recognised by one of the respondents: “ And that's where the biggest mistake lies
with clients, the total costs of a project are never considered. If you build in a modular way and you can realize
the project so many months earlier, what does this mean? Rental income six months earlier, how much is this?
You have previously lost your building interest from your land. In the Netherlands, the time factor is never
expressed in money; this was not the case with the client in this project either. If a project is traditionally built in
2 years and modular in 1.5 years, that saves so much money in revenues, your staff what your project supervises
also costs tons. But they only look at the contract price.” (Neut,2019)

However, in addition to modular construction, the executing parties have also investigated what the
costs were of realizing the building in a conventional manner. "Heddes has looked in advance to see
whether it can be built traditionally. This also happened at the Laan van Spartaan. Financially, it might not have
been an interesting choice to build in a modular way, and they might have been better off building it traditionally.
"(Ursem, 2019)

Because not only Heddes but also Schouten has shares in the Ursem modular factory, Schouten has an
additional interest in realizing the project in a modular manner. "Then we found out that if we were to
do it with Ursem's original building system, it would all be difficult to see in terms of budget, and then
it threatened to be built in a conventional way by Heddes. So then I said: “No, we don't want that, because
we want to keep that lead modular. "(Schouten, 2019) The continuity of work in the factory was also very
important:" We are both (Ursem and Heddes) part of Ballast Nedam so they always look at the capacity of the
factory, and as the factory becomes empty and then the urge for modular construction is always greater. Because
an empty factory also costs a lot of money. ”(Ursem, 2019)

The above arguments have ensured that a modular building system was ultimately chosen.
However, all respondents showed that in the future it would be better to opt for a modular system
right from the start. This means that even before the first sketch designs are made, the customer must
already decide whether he wants to implement the project in a modular building system. And with
that in mind, the client actually should already choose a certain modular supplier even before the first
drawings are made. “In general the schedule of requirements(SoR) starts from the customer, who already has
in mind who the end-user will be. We already checked that directly with the modular possibilities. This
consultation already takes place in the contract phase. That is to say, Ursem commissioned Heddes to check the
SoR on suitability for modularity. They check to what extent a SoR can be implemented in a modular way. ”(Bos,

2019) The client asks the architect and contractor to work together. In his first design sketch, the
architect must already take into account the characteristics of modularity. “The architect isn’t earlier
involved, but he only needs to adjust his process to modular building methods. The moment he makes his first
designs, he already must take modular methods into account. The basic design must already be built with the
modular concept.” (Bos, 2019) This is completely different compared to traditional projects, where a

client together with an architect makes a full design and a bill of quantities, and ask several contractors
to make a price for it. “In a traditional project something is thought of in advance, and later they will see how
they can prefabricate certain things. And we have to think about prefabrication right from the start. “ (Ursem,
2019) When modular building methods are considered at a later stage, the design in many cases does
not meet the requirement for modularity: “In fact, if an architect already has a plan and asks if it can be
modular, then the answer is actually no. Because the moment he starts drawing, he has to think in a modular
system, you can't do this afterwards ”(Ursem, 2019)
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5.4.3 Product modularity
Product modularity can be analysed by focusing on the components and the degree of standard
interfaces.
To realize the requested height of the building, an entirely new building system had to be developed
by Ursem. In combination with the standard partners Heddes and Schouten a prefabricated concrete
module is realized. The construction of the modules consists of a concrete floor slab and four concrete
columns. Each student apartment is made out of a single standard module with fixed dimensions that
are adjusted to the maximum transport options. The layout of the modules is predetermined and offers
no possibilities for personal adjustments or variations. The product architecture can be described as a
sectional architecture with components having the same standard interface: Each module is selfsupporting and stacked on top of each other by using a coupling plate.

5.4.4 Design rules & System architect
In order to achieve the above mentioned sectional product architecture some design rules need to be
established: what do the modules consist of, what are the maximum dimensions and what does the
interface between the modules look like?
The modular concept which has been used for the Laan van Spartaan case is specially developed for
the customer IC, but the intention is to re-use the concept for multiple projects as an answer to student
housing. However, no real ‘student housing’-the concept has developed in cooperation with a regular
client. According to one of the respondents, the original client DUWO could really benefit by
developing a DUWO-concept: “As a client, I would be a student housing provider, so we would really like to
have a special DUWO home. You could say: I want to have developed something that fits with how I want my
student to live, how they meet, how this feels. That this becomes a product. As a client, you would, therefore,
have to pursue a product much more than a separate project. Do not see your project as a project in itself, but on
a much larger scale of what you ultimately want. That would help.” (Neut, 2019)

System architect
Because this initiative of the client was missing in this case, it was decided to develop a modular
product according to the design rules that the implementing parties themselves have drawn up. Ursem
in collaboration with the other standard parties of ‘Team Modulair’ has developed the modular system.
It is developed based on the possibilities of the factory, such as the maximal width of a module. But
also the maximal height of the whole building. “The modular building system decides what is possible and
what is not in the process. “ (Neut, 2019) A meaningful statement was made by one of the respondents:
”Everything is mechanically controlled here in the factory: every power outlet; any recess; every pipeline course.
You put everything in a system so that the machines here know what to do. So it may not be that an electrician
thinks at a given moment: Well I do this socket I do it here somewhere else.” (Ursem, 2019)

The dependency applies not only to the design but also for the execution planning of the project. As
soon as the modular factory starts like a conveyor belt, other contracting parties are subordinate: “The
success of a factory gets better as you produce more modulus. Your factory will always perform better and better.
You want that as early as possible, every mistake you make will postpone this Break-Even Point.” (Ursem, 2019)

The other contractors also have to take into account the requirements that apply from the factory, and
this is sometimes experienced as tricky: “As Schouten, we sometimes have to get used to the fact that the
factory is leading, the conveyor belt is decisive. And that production must run because if that production stops,
the entire process will also stop. The reasons for scaling up or downscaling a production is much more important
to Ursem than the consequences for the installer.” (Schouten, 2019)
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5.4.5 Process modularity
Process modularity is described by the used manufacturing technique and especially the degree of
prefabrication.
Each module is completely prefabricated, and consists of a kitchen, bathroom, and also the façade is
included. The façade was largely assembled in the factory, allowing construction without scaffolding.
Resulting in category 4 Modular building, as described in Table 2.1 Categories of Modular building
methods (page 18). Meaning the only on-site activities are the piling and foundation, the first two
floor levels and the stability core. The modules require the only assembly through the standard
interface when arriving on site. Ursem that produces the modules in their factory has standard
subcontractors for the required components, such as windows, doors, sanitary etc.

5.4.6 Supply Chain modularity
Supply chain modularity is determined by the chosen PDM within the case. Within the Laan van
Spartaan case, this was a Turnkey PDM.
As for the Laan van Spartaan, the project was designed in a design team form, with the contracting
party Heddes being present right from the start. Within the design team, there were individual
contracts between de client and the architect (design task according to DNR 2011), and the client and
the main contractor (design and execution task according to Turnkey project). From a contractual point
of view, the client only had involvement with the architect, Studio Ninedots and the main contractor,
Heddes. The different risks are directly divided among the other contractors via a back-to-back
contract, the so-called ‘Overeenkomst van Opdracht en samenwerking’ which is used more often
between these three contractors. This means that Schouten is directly responsible for the design and
execution of the technical installations, and Ursem is responsible for the design and execution of the
concrete modules, and Heddes for the execution of onsite work and the assembly of the modules.
However, from a functional point of view, there was constant contact between the client, architect
and all contracting parties(see Figure 5.3).
Ic Nederland/BPD
gebiedsontwikkel
ing

DNR 2011

Turnkey

Heddes Bouw en
Ontwikkeling B.V.

StudioNinedots

OOS

OOS

Team Modulair

Ursem Modulaire
bouwsystemen

OOS

Contractual relation
Functional relation
OOS = Overeenkomst van
Opdracht en Samenwerking

Figure 5.3 Schematic overview of contracting parties in Laan van SPartaan project (source: own illustration)
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Choice PDM
The fact that the contractor has been selected via a Turnkey PDM has to do with the characteristics of
the client. See selection criteria 1 to 4 client characteristics of table 4.1 (page 47). IC Nederland was
initially primarily involved as an investor with Laan van Spartaan, which means that they would invest
in the project and would hand it over to the actual end-user after completion. Both the willingness to
be involved as the willingness to take a risk was very low.
The willingness to be involved is described by the ability or desire to be involved in the project details.
IC Nederland hardly had a desire to be involved in the project details. They mainly pointed to the
Schedule of Requirements(SoR), everything that was in it had to be done and what was not in it could
give the parties their interpretation. One of the respondents describes it as: "The people from IC have
actually had a very retreating movement, and they have said: we monitor our requirements but you do
everything." (Schouten, 2019)
A precondition for this receding role in a Turnkey agreement is having an unambiguous SoR. “The
moment that SoR does not connect well with the project or with modular construction, the client does have a
problem. Then as a contractor, you always come back with questions, or if requirements are not stated in the SoR,
we will take the decisions with the chance that they will regret it afterwards. So that very much depends on the
provision of information in advance. "(Bos, 2019) This was not a problem for Laan van Spartaan:" Duwo had
drawn up a sufficiently clear program of Requirements therein “(Schouten, 2019) This attitude of the client

was decisive for the rest of the design process and typical for an investor who won’t be maintaining
the building.
The willingness to take risks is determined by the project itself: Due to the requested height, ‘Team
Modulair’ had designed a completely new building system. Due to the newly developed construction
method, the client indicated that he did not want to take the implementation risk, which meant that
it was entirely up to the contracting parties. “Because it was a new method, the client was very keen that he
wanted a Turnkey delivery. The client did not want to keep any risk with him, and said: ‘It is a new system that
comes from you, so the risk must stay with you.’ The project is being fully developed at the risk of Heddes and
with that his partners in the Modular team. ”(Bos, 2019) According to the respondents, this is also typical
of modular projects; “As a client, it is not possible to write a contract document that is entirely based on modular
construction methods, because it is a special product. The risk at which a customer prescribes an implementation
method will never be taken by a customer. It will always be a contract form where the largest risk part lies with
the contractor. ”(Bos, 2019)

As a result, the client was mainly interested in what the project can deliver, so having a fixed budget
was a necessity. This is in accordance with the cost certainty of a project “In this project, the customer did
not want to bear any risk, he did it purely for the investment. Their thought was: ‘Everything I spend now must
go according to plan, and so I know exactly what it will deliver.’"(Bos, 2019)

Giving a fixed budget is also interesting for the contractor, and it makes some room for innovation
according to a respondent “IC is like: we choose a party ourselves, we provide a budget. So we got a budget,
if we were able to make it for that budget then we could make it. Then you know where you stand and then you
go all out to make something for that budget. So as a team you know: this is it and with that, you have to do it.
So I think giving a budget is very positive to bring innovation into a project” (Schouten, 2019)

5.4.7 Early Design freeze
The design process was very different from a traditional project. A program of requirements was drawn
up in advance by the client on a global level. The architect then sketched an initial "design" in volumes,
the height and width were determined. A global floor plan was also drawn with knowledge of the
modules from previous modular project experiences.
During the design, two different building flows run together: For example, the overall design of the
building is a traditional process that involves designing from global to detailed. Furthermore, the
design of a standard module is directly drawn forward in the design process. This module is fully
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elaborated to the Technical Design level by the contracting parties.” In engineering, we are also busy
designing the foundation, with the piles. And at the same time, we are busy designing the modules, at a much
more detailed level, such as the colour of the sills under the door.” (Bos, 2019)

The construction knowledge is immediately included in this, resulting in a much more detailed and
precise model, in comparison to a traditional process: “Where an installation advisor says: ‘Well, I would
stick to about this for space reservation.’ And Schouten, in the weekend simply would craft on a wooden plate if
the pipes would fit.” (Neut, 2019) This need for high detailing is needed to steer the machines in the
factory: “In fact, everything is worked out in BIM 3D models. Everything is mechanically controlled here in the
factory: every power outlet; any recess; every pipeline. You put everything in a system so that the machines here
know what they have to do. " (Ursem, 2019) Once a standard module has been worked out, it is used by

the architect to design the rest of the building. As a result, there is a leap in the detailing, where the
building first comprises a roughly outline design, after the module it becomes very detailed. This
ensures a much more efficient process “They designed the module and with that, I started designing the
building. So I compose a building that is well thought out and fairly fixed. Before that, there was already a certain
configuration conceived by me, and there I applied that module. So you have already quickly designed 90% of the
building. Normally you work from coarse to fine, but in this case, you immediately design very fine and detailed
in the first phase. ” (Neut, 2019)

5.4.8 Key decisions
By bringing forward the standard module also the decision-making process is changed. In a traditional
process, choices for a specific colour or materialization use can be determined just before delivery of
the building, in this case, everything had to be determined in advance so that the modular supplier
could startup. From the respondents it appears that the moment at which the choice must be made
was sometimes experienced as difficult by the customer: “On the day that we are going to make the first
modules, we need to know everything, until the colour of the plinth, the door handle, your socket, everything must
be known. That puts enormous pressure on the preliminary phase. Clients are not used to this. For example, we
come along with colours that must be decided upon, while there is still no foundation pile in the ground. We then
indicate: you can choose this colour or this colour. They are simply not used to that, but they must really make
that choice.” (Ursem, 2019)

In this project, this fact was already taken into account in the collaboration form by laying down a
decision schedule in the contract. It is important that the customer understands at that time what is
being requested by the contracting parties, as a respondent indicates: “you record it in advance, but
whether a customer realizes 100% and whether he is actually working on it in the question. “ (Ursem, 2019) For
the project partners, it is therefore particularly important to make the client aware of the
consequences that a modular working method entails. In this process, this was done carefully,
according to one respondent: “The moment you walk through the factory with the customer and the architect
and show how quickly production works, and why we already should have that floor, for example. And therefore
have to decide quickly about the shower drain. The awareness is much sharper” (Bos, 2019) The moment this
awareness arises with the customer, this does not cause any further problems as it turns out: “In
modular construction, you quickly arrive at where the customer has his focus, namely the floor plans. Whether
there are good rentable properties. That process is also a bit faster because you work faster at a detailed level.
”(Neut, 2019). An important role for coordinating decision-making is the creation of a prototype

module, a standard home
All respondents recognise the importance of a prototype for one module in making fast key decisions.
This prototype is made after the module has first been fully documented. all choices in this prototype
are recorded together with the client in one go. This model home is assessed by all parties on quality,
colour and materialization. The changes are then implemented in the final drawings, and the first in
the series is made in which everything is right.
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This quality control moment is typical for modular building methods: “You have a moment somewhere
where you can test what you have come up with. And then you can adjust one more time instead of thinking at
the very end that detail can be done differently.” (Neut, 2019) The control mechanism is of great importance:
“The prototypes are really necessary because once you press a button in the factory, it does not go wrong once,
but then you also have that error 300 times. You can no longer adjust so easily, and that costs a lot of money.”
(Ursem, 2019)

In addition, there is an important point of attention for the decision making of a prototype and that is
the authority to make decisions on behalf of the client. The representative needs serious authority.
For continuity in the process, it is important for contractors to know clearly who on behalf of the client
has which authority to record decisions. “For example, if it concerns a mock-up in which a decision has been
made, then the client is out of luck, because if this is approved, and later he indicates: I do not want this at all,
then you are simply out of luck. It has already been processed 360 times. We can adjust it for you, but this just
costs money” (Ursem, 2019)

5.4.9 Integrated process
The process is experienced as integrated. The different project partners work together from the first
introduction by the customer. The chosen form of cooperation for a ‘Bouwteam’ has contributed to
execution knowledge from the start was present. Due to the requested level of detail and precision in
a modular project, knowledge of execution in the preliminary phase is indispensable. “You have to bring
in the knowledge and experience because you have to design very detailed at a very early time.” (Schouten, 2019)

According to the respondents, the steps and decisions that had to be made did not differ much from a
traditional process. A specific step-by-step plan was made in which it was agreed which building
components had to be completed at a specific moment. A cycle of two weekly meetings was set up,
with the client regularly sitting around the table. Here, a modular construction project does not differ
from a traditional project, but the entire process was more streamlined because the role of consultants
in the design phase was replaced by the actual contracting parties. As a result, there is no transfer
moment between design and execution.
The possibilities for collaboration, the cooperation, are enhanced by the use of 3D software programs,
the use of Docstream where all documents are available to all partners. All respondents experience
collaboration as integral. What is striking is that no fixed day for multidisciplinary collaboration was
planned. Scheduling these days can greatly contribute to the integration of the process, but this has
been tried in the case of Laan van Spartaan:
“What we have tried in this project is to work with a large group here at the factory at set times. All-day, because
you do it together and you can switch very quickly. I expected more from that.” Said respondent (Ursem, 2019)
By one of the respondents this was explained by the lack of continuity in projects: “My designers who
have a modular project, and then they have another Schouten project that they have to do. They always do several
projects at the same time, so that is difficult. If I have continuity in those projects, then we can put our designers
from all different parties together in one space.” (Schouten, 2019) This is a piece of investment that must be

made by the implementing parties that are currently missing. The willingness to collaborate is very
important for this, the so-called cooperation. Typical is that all respondents describe that cooperation
is good. In the preliminary phase, for example, there were face-to-face meetings at which the
implementing parties had to jointly consider how the new construction method should be
implemented. As one of the respondents describes: “I still have to think about the pizza sessions, as we have
mentioned. Whereupon we went under pressure in the evening by philosophizing how we could best solve it
architecturally. We got some pizzas and we go on. That says something about the team, so it's positive”
(Schouten, 2019)
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Yet it is noted twice that it is preferable to work with even more permanent teams: “The only thing I
could think of is firmer teams within the three project partners. The same people from Schouten, the same people
from Heddes, the same people from Ursem. There is a lot of experience in the people themselves, who are not on
paper, who are not guaranteed in the process ” (Bos, 2019) The lack of permanent teams at the installer is
explained by: “The problem with Schouten is that they are actually all separate companies: You have a plumbing
company, electricity, central heating and climate, these are four separate branches. We plead with Schouten that
there will simply be a modular department that includes four people who have all the expertise in the installation
field. That has always been difficult for the installer because what they do is so diverse.” (Ursem, 2019)
It is also noted that each contracting party still has its interests within the project “I would like it if the
neighbour is doing well, but in the first instance, I would do it greatly myself. This is a bit the ego of a person, and
certainly in business operations. “ (Bos, 2019)

5.4.10 Communication
The degree of cooperation also translates into the communication between the various project
partners. The project partners already knew each other well through experiences in previous projects.
This eased communication and ensured equality.
The ‘Overeenkomst van samenwerking en opdracht’ between the contractors ensures that there is a
common interest in making the project successful. Seen from the contract, Heddes is the main
contractor, but the responsibilities in the cooperation model are so divided that there is a common
interest. As a result, there is hardly any hierarchy, with flat communication. Besides, the Ursem factory
is partly owned by Schouten and Ballast Nedam (which is the parent company of Heddes Bouw en
Ontwikkeling B.V.). As a result, both contractors have extra interests in the smooth running of the
Ursem modular factory.
However, it appears that this cooperation can still be improved, for example, there is no complete
transparency in the data of all three implementing parties. All three parties indicate that it would be
better for the modular product to have a joint B.V. but that this has not yet been done. From this, it
can be concluded that the parties do not yet fully trust each other or the parties do not yet trust the
modular system enough.

5.4.11 Commentary
The Fizz Spartaan was successful, the project was delivered within time and within budget. It was a
project where the customer had no previous experience with modular building, the other project
partners(the architect and the contractors) did. The project partners had already gained knowledge
of modular construction methods in earlier joint projects. Those previous experiences in modular
construction have determined the success of the project.
The fizz Spartaan is characterized by a sectional product architecture in which modules that cover an
entire student residence and can be connected to each other through standardized interfaces. The
process modularity can be described by the fully prefabricated modules that are produced in the
central factory of Ursem. The modules are only assembled on site. Supply chain modularity within the
design stage is characterised by a ‘building team’ organisation with the client, architect and contractor.
First, it is striking that all respondents experience the process as fully integrated, the early involvement
of execution knowledge is key to this. The architect collaborates with the contractors from the very
first drafts designs. Knowledge of the modular building method as subscribed by the modular supplier
is indispensable, the quote:: “The modular building system decides what is possible and what is not in
the process. “ (Neut, 2019) is typical for this.
The chosen collaboration form Turnkey satisfies the need for early execution knowledge which is seen
as essential in modular building projects. Actually, the client should choose for a specific supplier from
the first start, which entails a certain risk for the client, after all, he is directly tied to a single supplier.
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In this case, the client asked the architect to also design the project in a traditional way, this would
cost him twice the designs costs and therefore did not happen. To still minimize his risk the client has
concluded a Turnkey contract with Heddes.
The chosen PDM with full vertical integration of the executing parties fits well with the intended
purpose of the client. He saw the realization of student housing as an investment. Therefore there is
no need for a large involvement in the development of a modular concept. A striking statement about
this was made about the lack of DUWO as the original client. For example, DUWO develops and
manages several student complexes every year, but there is no real DUWO concept here.
The minimal role of the client can also be explained by the fact that the client will never bear the risk
for a construction method that can be specifically related to one supplier.
In the Turnkey contract, all execution risks lay upon Heddes and are directly divided in the
‘Overeenkomst van Opdracht en Samenwerking’ document upon the other contractors. The contract
states that: ‘All parties are jointly responsible for the realisation of the end result of the project,
whereby the obligations towards the client are met’. This document describes the guarantees,
discounts and liability per specialization of the contractor if, for instance, the client charges a discount
or claim upon Heddes it will be passed on to Ursem to the extent that the discount is due to delay in
modular work. Furthermore, the exact distribution of activities is indicated in a demarcation list, which
describes in detail per building element who is responsible.
The use of a prototype has made an important contribution to the success of the project so that key
decision-making and quality assurance could be simplified for both the project partners and the client.
What is also remarkable is that the communication within the project partners is due to the early joint
experience really flat. Information is really transparent because of the exchange of the technical
drawing of the module between the contractor and the architect.
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5.5 Case study 2 CitizenM Bowery

Figure 5.4 Overview of the CitizenM Bowery case, (Source: (Stephen B Jacobs Group, sd))
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Table 5.3 Characteristics CitizenM Bowery case7

5.5.1 General information
This 21-story hotel is developed and operated by Dutch hotel
brand CitizenM, and located at 189 Bowery in Manhattan New
York. CitizenM Bowery is currently the tallest modular hotel in the
U.S. The building measures approximately 9300 square meters
with a total of 300 guestrooms and was finished in September
2018. The 210 modular steel units are prefabricated in Poland by
Polcom Modular(hereafter PolCom) and shipped to New York
containing most of their furniture, the only interior items that
needed to be installed on-site were the mattresses and
televisions. The number of truck deliveries to the construction site
was reduced by about 1,200 compared with a conventional
construction site. 8 The building and modules are designed by New
York-based architectural and interior design firm Stephen B.
Jacobs Group. The main contractor is SkyStone Group
LLC(hereafter Skystone) and is overseeing Polcom’s U.S. modular
construction on construction site (see Table 5.3).

5.5.2 Choice modular building system

Project Characteristics
Budget

$70.000.000,-

Purpose
building
Contract type

300 Hotel rooms

Number
modules
Client

JCT (UAV)

of 210

Architect

Contractor

CitizenM
Brack Capital Real
Estate
Concrete
Amsterdam
/Stepen B. Jacobs
Skystone
Group
LLC
PolCom
Modular

Construction
time

CitizenM is a fully integrated real estate developer, design and
project management company and a hotel operator. With these roles, the initiative for the building
came from the hotel brand CitizenM. The Bowery Hotel was first designed as a conventional method,
CitizenM normally a strong supporter of modular building methods thought that the building could not
be realized modular. They thought that it would be too innovative for New York, and that will
encounter many things such as regulations and trade unions. “Modular construction sometimes doesn’t
suit the local union infrastructure where they are looking to employ local labour and local skill-based, so that was
certainly the case in some projects in the United States. For instance, Boston is one of those places where we
looked to a modular solution. It could have worked structurally and architecturally, but the unions were against
it. If you don’t have the unions support you, you can’t get the cranes, you can’t have the permits. “ (Paget, 2019)

However, the building costs of the conventional method were too high. When the modular suppliers
asked if they could construct the project in a modular building method a meeting with all kinds of
specialist was planned. In this meeting, modular supplier PolCom presented their modular system to
all stakeholders and in that meeting, every feasibility component was discussed: What things need to
be arranged in terms of permits, import duties, logistics, taxes etc. Afterwards, all specialist said: ‘We
have never done this before, but don’t see any reason why it would not work.’ (Hilberts, 2019)

In parallel with the conventional design scheme, a modular alternative was developed. And the design
team were also to explain that also to embrace that as an option. The two schemes were running
parallel for a while at the beginning of the design phase. Then the contractors got in, trying to partner
up with a contractor. The building cost of the modular building method wasn’t cheaper but CitizenM
thought they could work faster, resulting in earlier income. Besides that the required quality was an
issue: “Also because the building practices in New York are very poor, poor quality, so that was the reason to opt
for modular to make up for this.” (Geus, 2019)

7
8

Project characteristics retrieved by: (Stephen B Jacobs Group, sd)
(Alter, 2019)
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5.5.3 Product Modularity
Product modularity can be analysed by focusing on the components and the degree of standard
interfaces.
Product modularity in the CitizenM Bowery case is characterised by sectional product architecture.
Most of the modules consist of two guestrooms and a small corridor. They have fixed dimensions and
a fixed layout. The modules are made out of steel, with a steel floor cassette covered with a wood
laminate, steel walls and a ceiling panel, measuring 14,6 meters long, 2,4 meters wide and 2,7 meters
high. The guestroom module also included a glass-enclosed bathroom pod with a toilet and shower.
The modules are connected by standard interfaces in order to be assembled on site.

5.5.4 Design rules & System Architect
In order to achieve sectional product modularity, some design rules need to be addressed. A system
architect is an author and controlling party of these design rules. For the case of CitizenM, the
development of design rules was in collaboration with the architect and the modular supplier:
The hotel brand grew out of frustration from the founder with the current hotels, where prices are
high and the rooms unnecessarily large with stuff that is not being used (CitizenM, sd). Modularity is
really in the DNA of the brand: The founder was former CEO of the MEXX-clothing brand and in that
capacity, he was already familiar with working concepts. All interiors of the stores were the same and
were made at a central location in the Netherlands, and been shipped to the local store. “So he soon
thought that this could be applied on a larger scale, so produce centrally and implement it locally. In addition,
there are many sea containers and we also have a need to produce things cost-effectively, so let's consider how
we can fit a hotel room into a 20-foot container. So from day one, modular thinking was already intertwined: we
only have one room type; not much space is needed and the space we have is used very efficiently. " (Hilberts,
2019)Together with design firm Concrete Amsterdam, which had experiences with interior works, a
concept for a room with the size of a shipping container is developed. “In the concept that we design, we
really talk about the layout of the room. That is where it starts, and because of the efficiency gains in which the
rooms are smaller, we ensure that this is compensated in the public spaces, which are somewhat larger than
normal. The guest never stays in the room for long. This then has the consequence that life in public space
becomes more interesting.” (Geus, 2019)

The room layout is designed is such a way that works better in a factory than on a building site: there
is less space for tolerances, there are no skirting boards to get rid of things. Everything has to be firsttime-right, with the additional benefit of extra quality: “it's about the quality control that you can achieve
with this. By modular construction, we can always maintain quality. It is a small room that fits tightly at the
millimetre and we can build it so tightly in the factory. If we want to build good rooms, if we want good quality
control, then we have to build modularly” (Geus, 2019) As a hotel operator CitizenM has an extra incentive

to get the high quality of the rooms in order to keep the maintenance cost low in the future.
All CitizenM hotels are very similar as far as their rooms and communal spaces. Each is slightly different
and site-specific depending on the local market. The design of the building always starts from the hotel
room concept: “This concept extends beyond the project. The development and improvement of the room are
independent of the projects, we are constantly improving the room. The design of sockets, lights and the like is
standard. As soon as you create a project, a certain generation of the room comes in and you immediately have
the room layouts. What happens around it, so the steel module really projects specifically. In Bowery, for example,
all modules are linked together horizontally, so that it works like a disk and is stacked vertically. Where in Seattle,
for example, stricter earthquake requirements are set, and therefore more steel columns are needed in the
modules. This must be tailored to local regulations each time per project. “ (Geus, 2019)
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System Architect
The ‘hotel-room concept’ and thus the accompanying design rules are developed by a collaboration
between CitizenM, Concrete and PolCom. However, the actual system architect, the one who decides
upon the design rules, will be CitizenM. If new companies require a change in the modular building
system, CitizenM is the one who decides upon these changes.
From conceptual thoughts CitizenM remained fairly loyal to modularity thinking, even though it wasn’t
always the cheapest option: ”I think in those twelve years we could also have said: forget that very modular
because it has cost us much more than it has delivered. If your sole purpose was to build a hotel and run it, it
might have been easier to build it traditionally. “ (Hilberts, 2019) However, the goal of CitizenM is on a longer-

term. They want to develop in the upcoming year 23 new hotels in three different continents, and a
total dream of 100 hotels worldwide. CitizenM invests now in the process of modular building in order
to save later on, in the upcoming projects. The hotel room concept is developed with the initial thought
that it could be project-independent, ideally, the module should fit all projects for CitizenM reducing
the design tasks for the module-part as a result, the focus can only be on the overall design of the
building.

5.5.5 Process modularity
Process modularity is described by the used manufacturing
technique and especially the degree of prefabrication.
The modules within CitizenM Bowery are fully prefabricated
on a central location in a factory of PolCom in Poland,
including a bed and furniture. The only on-site activity is
determined by the structural frame of the building. The
building is divided into three main structural sections, up to
the fourth floor is a conventional concrete base, topped
with a 36-inch-thick slab that serves as a ‘table’ for the
modular units. The second section consists of 15 stories of
modular units(see Figure 5.5). The modules are Once on
site, the modules were lifted by crane and stacked moduleto-module in a 6 month period, each tied to the one directly
below by bolted connections. The third section is the
nineteenth floor up to the roof and is framed with structural
steel to provide open spaces at the upper amenity levels.
Throughout the building, a standalone concrete core and a
blade shear wall between the two northern modules act as
the building’s lateral system.9

Figure 5.5 Elevation of the building with in cyan convential first
four floors in in-situ concrete, in yellow 15 stories modular
section, in mangenta convential steel structure for rooftopbar
(source: (Castro, 2018))

9

(Castro, 2018)
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5.5.3 Supply chain modularity
The supply chain modularity is determined by the chosen PDM. The chosen PDM in The CitizenM
Bowery project was a Design-Bid-Built organisation with a clear distinction between the design and
execution phase (see figure 5.6).
Design stage
The project is designed by Concrete Amsterdam in collaboration with Stephen B. Jacobs architects
according to a design task provided by the client CitizenM. Concrete Amsterdam is from the initiative
until the execution involved in the project. As concept architect Concrete Amsterdam is responsible
for the largest part of the design, including the conceptual design of the identical hotel room and the
look and feel of the total building up until the preliminary design phase. In collaboration with the local
architect Stephen B. Jacobs, the final design is made up, and in the last design phase, the technical
design/ tender documents the design tasks lay upon Stephen B. Jacbobs. They are responsible for
making the drawings ready for the permits and other regulations. The architect firms had a traditional
design contract with CitizenM.
The knowledge of modular building methods during the design phase is taken care of by contracting
PolCom as a design consultant for modular expertise. Upfront CitizenM discusses the assignment
briefly with the modular supplier, a rough unit price is agreed in advance with PolCom per module, this
is at the very beginning. After this pricing is accepted PolCom joins the design team. PolCom received a
consultancy fee for this work. “ The cooperation with a subcontractor, the modular supplier goes quite quickly, in
the case of Bowery there was no contractor on board yet, but there are contracts with the modular party who
can build the modules. In our case, this was PolCom, from Poland.” (Geus, 2019) CitizenM Made with all the

consultant independently a contractual agreement. The contract between those parties is a standard
consultant contract. After finalising the design phase the total project is put out to tender by the client
CitizenM as is normal within a Design-Bid-Built contract

Design phase before tendering

Execution phase after tendering

CitizenM

CitizenM

Concrete
Amsterdam

PolCom

Stephen B
Jacobs

Concrete
Amsterdam

Stepen B Jacobs

Skystone Group

Other
Consultants
PolCom

Contractual relation
Functional relation

Figure 5.6 Schematic overview of the CitizenM Bowery collaboration form during design phase and execution (source: own
illustration)
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Execution stage
The execution of the project is done by Skystone with a full execution (risk) responsibility for Skystone.
Within this execution responsibility, PolCom is a subcontractor and is responsible for the production
and shipment of the modules. The design resolutions of PolCom is part of the tender documents. “We
want this modular system, for this amount you can buy this at PolCom. And then, of course, there is a conversation
with the general contractor about coordination and what costs are charged there. So as a contractor you get that
whole package from the modular builder” (Geus, 2019) This means that Skystone is responsible for the

realisation of the conventional sections within the building, and providing the correct basis for the
modules. And PolCom is responsible for the total production of the modules including all installations
and furniture. As described by one of the respondents as: “Contractor You are responsible for the modular
builders as a major sub-supplier. So in principle, we buy one building, we purchase one building. The contractor
must then take care of the supplier.” (Hilberts, 2019)

From a contractual point of view, the collaboration is very traditional with a clear separation between
the design and execution. However, from a functional point of view, there is an integrated process,
with almost daily contact between the project partners. “So it's contractually very simple, the contractor
has all the risks and takes all the responsibility. But if you go and have a look, we as a design team, including the
architects, have daily contact with the factory. This is an integrated collaboration. In practice, this means that
before concluding a contract you spend a lot of time in consultation with each other, you try to set up a
partnership so that the contractor and supplier get to know each other well and they know how they work from
each other. ” (Hilberts, 2019)

Choice PDM
The choice for this PDM is mainly determined by the client characteristics selection criteria as discussed
in table 4.9 Overview of most used selection criteria for choosing a Project Delivery Model (Page 65).
This is mainly due to the willingness to be involved by CitizenM. In addition to the conscious choice for
a modular system, the client also has active role design decisions especially compared to a
conventional building method. Because CitizenM is both a developer, project manager and end-user
of the building, therefore there is a greater interest in delivering the project as well as possible. All
respondents experience the role of CitizenM as hands-on, as one respondent indicates: “CitizenM has a
quite hands-on relation during the project. They have people involved around the whole project, they are present
at all meetings. They like to attend the construction meetings, they have representatives that dedicated to the
projects. So, they are a very involved client. “ (Paget, 2019)
CitizenM also recognizes this: “As a client, I am much more involved. Not from the contractual position but
from the functional position. To ensure that the design team; the architect, the contractor and the manufacturer
work together " (Hilberts, 2019) Due to the contractual relationship, it is always clear, according to the
respondent, that when the client makes a choice, this is immediately implemented: “The responsibility
all leads back to them, everyone sitting at the table knows that CitizenM is their client and that they ultimately
decide. This is a good way to work, they also take their responsibility there. They can make those choices well,
and also determine when these choices must be made. This is of course made with advice from local parties:
when, for example, must permit be applied for. But CitizenM is very much in its role as a client to ensure that
everything runs smoothly. " (Geus, 2019)

Besides that CitizenM is also more willing to take a risk as within this PDM to make the choice for a
modular concept a success. Especially when they notice that building with the modular system causes
problems. In that case, they are willing to take more risk within the chosen PDM. For instance, in some
cases, they also take on part of the risk of shipping the modules. The transfer of ownership is arranged
differently in an international modular project than a traditional project. This is mainly about
preventing a supplier from going bankrupt if a supplier goes bankrupt, it is more difficult to replace
than a subcontractor. As described by one of the respondents: “For example, if the electrician goes
bankrupt in a conventional process, you go to another electrician, not insurmountable. You cannot go to another
supplier in a modular structure. This is therefore not comparable with traditional construction. We, therefore,

90

Collaboration forms in modular high-rise projects

take over the ownership right when the modules are ready in the factory. We pay a substantial amount of the
costs, say three-quarters. We then officially own the modules, and we pay the last 25% of the work when
everything is installed in the work.” (Hilberts, 2019) CitizenM thereby takes on additional risk in order to be

able to apply modular methods. Due to the relative novelty of modular construction, this is still
necessary at the moment, one of the respondents describes it as: “Certainly because modular construction
is still an unexplored area of all kinds of aspects at the moment, you as a client must dare to take risks. If you, as
a client, want to set yourself up to avoid risks, then for the time being you better ignore modular construction. It
demands a lot from you as a client.” (Hilberts, 2019)

Besides the client characteristics also the external environment has been an important selection
criterion for the chosen PDM. Although the major part of the design is developed by the regular
partners CitizenM, Concrete and Polcom nevertheless local parties are always needed who are
recruited for the unique project. Because despite the fact that the product and process modularity is
properly fixed in every hotel that is being developed by CitizenM, every project has to do with local
uniqueness. That’s why there will be always some local parties contracted along the regular project
partners to adapt the hotel room concept into the local market. In this case, local architect Stephen B.
Jacobs and contractor Skystone is contracted. Especially, in the case of New York where the unions
have great power in approvals. As one of the respondents describes an anecdote: “ Sometimes modular
building doesn’t suit the local union infrastructure where they are looking to employ local labour and local skillbased, so that was certainly the case in some projects in the United States. For instance, Boston is one of those
places where we looked to a modular solution. It could have worked structurally and architecturally, but the
unions were against it. If you don’t have the unions support you, you can’t get the cranes, you can’t have the
permits.” (Paget, 2019)

In view of this fact, it can be stated that in this case, Citizenm has opted for a traditional role for the
contractor, whereby the local contractor is the main contractor in the execution of the work. The
permit would not have been granted without the support of a local contractor as the main contractor.
Long term relationship
The cooperation between the project partners in an assignment from CitizenM is based on a longterm relationship, instead of a unique one-time project. CitizenM works with a number of long term
parties who know exactly what CitizenM needs. Thanks to the growth strategy that the real estate
department of CitizenM has, they can determine how many hotels will be realized in the coming
period. As a result, CitizenM can also provide work guarantees to parties as a client, so that project
partners benefit more from entering into a relationship. One of the respondents describes this
relationship as a family: " You have a certain history of projects but also a future, so this means that you are
sitting together at a different table. You also have something to lose. You do create a dependency on each
other, but this does not have to be a problem if you consider each other as a family if you budget fairly and
openly." (Geus, 2019) From the start, the design firm Concrete Amsterdam was responsible for the

entire CitizenM concept. Concrete Amsterdam is involved in every project that CitizenM starts.
Another long-term partner is the modular supplier PolCom, and recently CIMC who are responsible
for the structural design, technical design and implementation of the steel frame modules. “CitizenM
has two modular suppliers with whom they work, who can deliver what they want, PolCom and CIMC in China.
If the choice is made for a project to be implemented in a modular way, both parties will be contacted, and one
will be chosen who wants to do it. One of those parties then becomes part of the design team with the
architects, constructors and installation consultants. ”(Geus, 2019) The fact that there is no contractual longterm relationship is also described by the other respondent: ‘it is a good relationship, PolCom understand the
quality CitizenM is looking for in their rooms. We have a lot of experience in delivering that. There is definitely a
willingness for a long-term relationship, it is not necessarily a contractual relationship. Each project is tendered,
we price each project. If we are not competitive we don’t win the project.” (Paget, 2019)
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The previous experiences make it easier to work together with the regular partners CitizenM, Concrete
and PolCom. Every partner knows what is expected, which makes the collaboration more harmonious.
Even to a point where there might be something too direct contact between the client and the supplier,
while the general contractor is contractually the client's own:
“Sometimes the relationship of CitizenM with PolCom as a modular supplier can be sometimes a bit too close for
a contractor’s comfort. There will be a direct conversation between CitizenM and PolCom about interior finishes,
which not necessarily affect the contractor directly but probably should be driven through the contactor if they
are the main contractual entity. So that is something that could be improved later on in projects.” (Paget, 2019)

Sometimes the long relationship can also be confusing for local parties that have not previously worked
together. "As a local party such as the local contractor, local consultant and local architect arriving in a kind of
warm bath. In the first instance, they think: everything has been arranged. But then it turns out that you have to
arrange and sort things out for every project. ”(Geus, 2019)

Success factor modular building
The long relationship between the parties is seen by CitizenM as one of the most important success
factors of modular construction. When parties have collaborated several times, they immediately
know what it takes to be able to perform a modular work: “Working with the same project partners is
very clearly a success factor for modular work. Now we are working with the same contractor for the second
time and notice that things are now going much better. Then you don't have to explain everything again. "
(Hilberts, 2019)
This is also recognised by the other respondent, as he explains about the differences in modular systems: “It is a
definite advantage when you are working with a team that have already experience of either modular
construction as a general concept or either your specific system. The modular systems do vary quite a lot how
they are built and how they finished on site. So, it is definitely an advantage if you work with consultants on a
repetitive basis.” (Paget, 2019)

Entering into long-term relationships is recognized as one of the most important success factors for a
modular building, but it also creates a dependence on a particular modular supplier and the associated
systems. This makes it more difficult to achieve the economic benefit that you do get with a tender,
where there is much more market forces. At present, the choice for a modular supplier is made based
on availability. At present there are four suppliers in the world who meet the requirements set by
CitizenM, the offer does not match. As one of the respondents describes: “Ideally you would say: I have
an American manufacturer for America and one or two suppliers in every market. You try to find a middle ground
between partnerships and suppliers who compete against each other from a competitive position. At the moment
it is true that those suppliers are not yet available in terms of supply, so I have no choice. So then it's better to
choose a partnership solution where we have daily contact with the factory. “ (Hilberts, 2019)

5.5.4 Design Freeze
The design process in the Bowery project was different from what CitizenM is used to, the choice to
work with a modular system was made rather late. In this case, the construction of the foundation and
the lower floors was already started. At the same time, however, it was also investigated whether the
building could also be realized modularly. This has had consequences for the efficiency of the entire
project in the design process, up to a moment when the entire project has even been idle for a while
to make the design suitable for modular construction. “it had definitely a time impact. It is not an ideal way
to approach a building in a modular design. You definitely add complexity and time to the design and coordination
process, not only because the consultants need to look at two different building methods at the same time, but
just physically it is more costing in the design running two methods in parallel. So, this shows the levels of
complexity on that project, the decision making for switching out to modular. It also shows the dedication to a
modular format in building, because a lot of developers wouldn’t willing to take that time, for that reason” (Paget,
2019)
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Apart from the late choice for a modular building system, the design process was rather traditional
and therefore separate from the execution. The design process differs in that since a modular supplier
is already involved at that early stage. The modular supplier has its own in-house design and structural
engineering, together with the local structural engineer there is a lot of communication. In the end,
the local structural engineer is still responsible for the total design and calculation of structure
including the piling, foundation, on-site works and the modules. Or as one of the respondents explains
it: “They determine how the containers work; how much steel is needed; how does the whole construction work
together, that must ultimately be taken over by the local constructor. He must ultimately have his signature under
it, he is responsible for it. The input is therefore very much given by the modular supplier: this is how we are used
to doing it. This leads to a discussion, and this is immediately the difficulty of modular construction to explain the
system. How do these steel boxes work together?” (Geus, 2019)

Besides that, the design process did not cause any further problems. The difficulties started with
contracting the general contractor. For example, some problems in coordinating the scope were
exactly what was for the modular builder and what was for the general contractor, because some parts
of the building were produced in a conventional way. As described in the collaboration form, the
contractor was not involved in the design process. The design process was ready and then the
contractor was contracted with the conditions that he purchases the modules from PolCom. This
means that the contractor is also directly fully responsible for the execution of the design, which
generated some tension, as described by one of the respondents: “This is, of course, a bit of a strange
situation for a contractor, because you get something pushed in your feet: you have to build this, and you also
have to put your signature under it that it is good but you are not involved in the design process. In the Bowery
project, it turned out that this was difficult, so some changes were made to the modules so that the contractor
could also give his approval.” (Geus, 2019)

This is something completely different than a general contractor is used to. Within modular
construction, the interaction between the general contractor and the modular supplier is not just a
subcontractor but a supplier of a complete product. This change in required coordination is described
by one of the respondents as: “So, from a traditional contractor point of view it is quite difficult for them to
understand how to price the project. Usually, they would price a project on a squared meter rate for different
services, and suddenly they give them a modular package: ‘we give you 239 rooms, this is the price, this is when
it is coming to the site.’ They have to take that and sort of finish the building, there are obviously things that still
needs to be done to finish the overall building system. And trying to split that out in terms of scope, responsibilities
and costs is quite challenging and quite time-consuming." (Paget, 2019) In the meantime, CitizenM has

changed this by involving the general contractor in the design processing future projects.
Another point of attention in a modular process is the alignment between the conventional build
construction and modular construction. As one of the respondents explains it: “it was probably the
interfaces between one form of construction and the other form of construction, and how that is controlled both
technically on design and practically on site. For example, we have a relatively tall modular construction build
against a conventional build element the concrete frame. Those interfaces are very important and that actually
slowed the project down and caused the most arguments in the project. Just from the lack of understanding of
the lack of experience in the people who were responsible for that. They didn’t understand the requirements
intolerances and accuracy in tightening the modules” (Paget, 2019)

5.5.5 Key Decisions
An important consequence of modular construction is that the design choices have to be made earlier,
and choices are made at a more detailed level, which not all parties are used to. “The parties think
differently, the speeds of processes also run differently. Contractors are not used to having to think about the
delivery of the rooms as soon as they are digging a hole for the foundation. This is not in their DNA. ” (Hilberts,
2019)
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The need for early decisions is also recognized by one of the other respondents: “With modular
construction to get full advantages of building offsite and the speed of construction that it can bring to the project,
we need to be ordering materials for our manufacturer almost before the end of the detailed design stage. So
that requires almost a reverse thinking of the design team, where they first finalizing the room, setting the exact
location of ductwork, piping and the socket location before they really submitted and packaged up the overall
design. That requires a lot more input and involvement from the interiors design and details of the drawing
process much earlier in the project.” (Paget, 2019)

However, this was not really experienced as a problem in the Bowery project because of the long lead
time. Partly due to the change from conventional to modular, there was a lot of time to make these
choices properly. “This was not so bad in Bowery. There the design process went slowly, there also had to be
demolished, so the preliminary process went slowly. However, the moment the contractor receives the contract,
the modular supplier immediately starts welding. It is even possible that CitizenM orders PolCom in advance to
purchase the sample, at the risk of CitizenM, in order to speed up the process of producing the modules. Because
the moment the contract is signed, the production of the modules must be started.” (Geus, 2019) Also, the

customer did not experience the rapid recording of choices as a problem. Thanks to previous
experiences with the modular project, CitizenM knows very well how the modular construction process
works. The respondent expresses it as: “If we take a year and a half to develop a product, you have ample
time to make choices, you only have to do it before you start a project. In the construction industry, people are
used to starting with a design, which is a sort of scrap, and then they have a year to design with a construction
time of two years. ” (Hilberts, 2019)

This long design schedule is quite unusual for a project where modular construction methods are used.
“There was a good year of involvement with the design team before the project got to site even in-ground
foundations. The modules start to get in place in late 2016. So, our involvement was already two years in the
making before the modules came into site. That is very unusual we normally work on a three to six months design
period. “ (Paget, 2019)

Flexibility
Quickly determining choices can sometimes limit design freedom, but that is inherent in the choice for
modular construction: "It indeed limits your freedom, but if you look at it from a modular side, it is a logical
consequence of a fundamental choice for modular construction. If you are going to develop a product to build
hotels, then, of course, you should not complain that this is a limiting factor. ” (Hilberts, 2019) In addition, the

choice for a modular construction method determines potential future function changes, and this is
recognized by CitizenM in this project: “This is always a problem with modular construction of course. You
build a building from LEGO blocks and you cannot suddenly make them 1.5 times as large. In a traditional building,
you have a column structure where you have the flexibility that you change the walls instead of each column into
every two columns and thus create larger spaces. In our concept this is difficult, this is one of the limiting
conditions of modular construction. If a building is a hotel then that is a hotel. “ (Hilberts, 2019) These are things

that a client and building owner must be well aware of when choosing a modular system. Modular
building can be a very interesting building method for a specific target group but has its limitations in
(future) flexibility. For this, a client must be well-informed and make a conscious choice.

5.5.6 Still some uniqueness
According to one of the respondents, this isn’t as easy as thought, there will be always some
uniqueness within a modular project: “What has bothered us is that we had developed it in the Netherlands
and we then wanted to use it in the UK that it would be difficult to start over again. And when you wanted to
apply the design again in France, you encounter problems again and can start again. And the moment we figured
out how to handle it in Europe, then we started in New York.” (Hilberts, 2019) All respondents acknowledge

that the different local regulations are a challenge in the further rollout of the CitizenM modular
concept.
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SO, we started in London building modular buildings and then took it to Amsterdam which was different inset of
requirements. And then we took it across to America which had a different set of code requirements, in specifically
fire requirements. They tend to approach fire safety can be quite different in different geographic locations, even
within different states within a country. If you go from the west to the east of America the codes can be quite
different, and the requirements. We had to do new testing for going into the American market, and we still have
to do that in London for new projects for CitizenM. Because of the regulations is changed in the UK, the attitude
for fire safety is constantly changing so that is one aspect” (Paget, 2019)

That this is perceived as a barrier is partly due to the global growth strategy of CitizenM whereby hotels
are realized all over the world, if they were only active in a local market, the regulations would be
experienced as less problematic. This is also acknowledged by one of the respondents: “Yes, indeed. If
the location is the same every time, you could record the technical design of the number of columns and the
centre-to-centre dimensions of those columns. But here again, it differs in the number of floors, 4 layers or 12
layers of course saves. So there is always something project-based, something unique for every building. " (Geus,
2019)
The uniqueness for each location is also recognised by the other respondent: “because we are not
providing just a component which slots into a structural frame, our modules are the structural frame, we have to
design to the local codes. in building designs there are always architectural constraints, planning constraints,
even the ground can vary so much within one city. New York is an example of that, you can build one project on
a rock foundation and the other project on some very soft ground in another part of the city. So, earth quack
demands can be very different. It is really difficult to say to a client: ‘here is a product that is fully designed you
can use it for any scenario’ it doesn’t really happen that way.” (Paget, 2019)

In addition, the parties have also thought about a module that is designed in such a way that it can
meet the various regulations in almost all cases. This can be achieved by over dimensioning the
modules in the material used in some cases, but you thereby lose the economic advantage that
modular construction has. "Then you get a kind of Swiss Army knife, you don't use 50% of things, but it meets
all requirements." (Geus, 2019)

5.5.7 Commentary
The Bowery project is, in various respects, a special project, it is, the highest modular hotel in the
world. In addition, the modules were built in a factory on a different continent (in Poland) as to where
they were assembled (in New York).
The product modularity within the Bowery project comes from the hotel room concept that CitizenM
has developed. There are two rooms and a corridor within one module. The modules are almost
entirely prefabricated and even furnished, which means there is a high degree of process modularity.
Although the entire building system is hybrid, by the use of some on-site produced structural elements.
There is a Design-Bid-Built PDM for the chosen supply chain modularity.
The client CitizenM believes very strongly in the realization of buildings in a modular concept. The
modular idea stems from CitizenM's company mission to make better-quality projects. This is reflected
in the loyalty in the hotel room concept, even though it may have cost more money than the past
projects. This belief in the modular system ensured that the client took more risk than it would
normally do, such as taking over the transfer of ownership.
Due to the extensive experience in modular projects, CitizenM plays an important role in providing
information and introducing a modular system to the local parties. The customer also has an active
role in making important decisions and understands very well that these decisions cannot change later.
That being said you can really tell that CitizenM acts as the real System Architect deciding upon the
design rules related to the product architecture.
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An important part of the success is the long-term relationship with Concrete Amsterdam and PolCom.
Thanks to previous experiences, these parties immediately know what CitizenM requires, and can
make decisions quickly. In addition to that, PolCom and Concrete also have an interest in the smooth
running of the process in view of CitizenM's growth strategy, with many hotels in the pipeline.
It is noted that local parties with knowledge of the market are always needed, such as a local architect,
constructor and contractor who take care of the permits and the assembly. The relationships between
regular partners and local parties can sometimes be experienced as confusing. Furthermore, it is
noteworthy that the local general contractor was not involved in the development process, as a result
of which a modular product was assigned to him, whereby he had no control over the design. What is
striking in view of he who is responsible for the entire execution of the building, and the modular
supplier is a sub-supplier. The permanent partners now recognize that this is not an ideal situation and
that the design and implementation must take place in a more integrated process.
The respondents further indicate that no additional measures have been included in the form of
cooperation in order to be able to work better with the parties, this is mainly done through a lot of
functional cooperation. This is not contractually specified anywhere.
It can be noted that the business strategy of CitizenM does not use the entire potency of modular
building. The hotels are always realized at another location in another country and on another
continent. Because locally applicable rules and legislation continue to exist, one general design cannot
be developed and can be applied multiple times. There is a hotel room concept developed which is
used more than once, but this mainly relates to the room description and the interior. The actual
(structural) design of the module is every project always different, taking into account local building
regulations. In addition, specific requirements for the structural and technical design per location with
regard to different surfaces and earthquake requirements. This ensures that the projects of CitizenM,
just like projects with a conventional construction method, require long preparation time.
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5.6 Case study 3 Mapleton Crescent

Figure 5.7 Overview of the Mapleton Crescent SW18 building (source: (Metropolitan Workshop, sd; Pocket Living, sd))
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Table 5.4 Characteristics Mapleton Crescent case10

5.6.1 General information

Project Characteristics

The Mapleton Crescent SW18 is with 27 levels Europe’s tallest
Budget
£23,700,000.residential modular building, it is located in Wandsworth, London,
89 apartments
UK. With its 89,2 meters, this triangular building offers a unique Purpose building
and slender silhouette wrapped in green glazed-terracotta tiles. Contract type
Design & Construt
The residential tower consists of 89 dwellings, 53 of which are
Number
of 243
designated by the owner Pocket Living as affordable first-time modules
buyers, There is also 36 two and three-bedroom open market. Client
Pocket Living
Pocket Living helps singles and couples on low to moderate
Architect
Metropolitan
incomes to fully own a home of their own as apartments are at
Workshop
least 20% the market rate. The affordable one-bedroom Contractor
Tide
Construction
Limited
apartments exist out of two modules and measures 38 m2. The
Vision Modular Systems
building is located on a constrained 460sqm triangular site in
Ltd.
Wandsworth town centre, directly next to two main roads and
MJH
Structural
besides the River Wandle, making storage for building materials Consultants
Engineering
and vehicle movements difficult during construction. By its just-inMendick
Waring
time delivery method, the modules reduce the problems that
Limited (Energy)
come with such a small urban construction-site. According to Construction time 20 months
Pocket Living by choosing this modular system 60% of truck
journeys could be reduced compared to conventional building methods. (Moore, 2018)The building
features high-quality shared amenity spaces, including rooftop gardens, shared balconies and riverside
terrace which will help build community and social interaction in this tall building.
The building is designed by London based architect firm Metropolitan Workshop. The modules are
produced in Bedford within a 1,5-hour drive by modular supplier Vision Modular Systems UK Ltd(
hereafter Vision Modular) and are assembled on-site by Tide Construction Limited. Tide Construction
Limited is the owner of Vision Modular. Further, MJH Structural Engineering was involved as a
structural engineer and Mendick Waring Limited as energy consultant during the finalizing the
design(see Table 5.4).

5.6.2 Choice modular building methods
Pocket Living is a real estate developer who has the philosophy that the enormous housing crisis could
be solved by developing affordable smaller houses. These called Pocket homes are exclusively for local
first-time buyers and sold for at least 20% less than the market value. The homes aren’t social housing,
they ‘re private and 100% owned homes. In order to realise this philosophy Pocket Living had to design
homes is such an efficient way they can produce cheaper, meaning floorplans are well designed with
a simple character but are extremely smart. A standard apartment is 38 sqm, about 6,2 by 6,2 meters,
and has an open plan kitchen/living space, a bedroom with space for a full-size double bed, and a wet
room with shower area (see figure 5.8.)
This efficient standardised floorplan layout making Pocket Living’s homes ideal for modular building
methods, being split into two modules. (Pocketliving, sd) Modular building methods have been used
by Pocket Living on four projects before Mapleton Crescent, however not on this scale. This scheme
generally tends to be mid-rise, six to eight stories, so can Mapleton Crescent in this presents quite
unusual in the Pocket Living portfolio with 20 up stories.

10

Project characteristic retrieved by: (Tide Construction Limited, sd) (Pocket Living, sd) (Metropolitan
Workshop, sd)
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In the Mapleton Crescent project, it wasn’t clear from the start that modular building methods would
be incorporated, as mentioned above the project was first tendered out as a conventional building
method. The client Pocket Living does have some experiences with previous projects in modular
systems. ‘Pocket Living is very keen on reducing waste, taking less time on site, less disruption, actually all of
the advantages of modular building methods actually. But it was mostly on price. after some previous smaller
projects with modular systems, they developed some interest in modular systems. They found it to be quicker. So
they were keen to investigate the possibilities on Mapleton Crescent’ (Drage, 2019) However these previous
modular projects were on a mid-rise scheme, and Mapleton Crescent was on another scale: ‘… from
development perspective modular was something that Pocket had considered and indeed used on four projects
prior before Mapleton Crescent. So, from a client perspective, it was an approach that we were familiar with’
(Edwards, 2019)

There were still some doubts if modular building methods would suit for a project like this. Therefore,
the client gave Metropolitan Workshop the assignment to develop a preliminary design in order to
competitive tender out the project. After the tender, the modular system of Doban with its modular
supplier Vision Modular still was the most economically viable bid. Together with the modular supplier,
the design was made suitable for a modular system, but there were certainly some changes required
in the already developed design: ‘The Mapleton Crescent also had to undergo wind testing for planning. We
had to add additional mass at the top of the building stop it kind of wobbling because we've moved from a
concrete frame to a steel modular frame.’ (Drage, 2019)These changes in the design were possible due to

the already repetitive character of the pocket homes, but it would have been more efficient to
incorporate the requirements paired with modular building methods right from the start. ‘It is certainly
easier to amend a volumetric design to traditional construction methodologies than vice versa.’ (Edwards, 2019)

So, if it is already known in advance that it will certainly be a modular building, having modular
knowledge in the design phase is important. However, the respondents don’t think it is a good thing
to already involve a modular supplier right from the start: ‘if a modular supplier is on board from the start,
there's no way of ensuring value for money. It's not like not to be competitively tendered It depends on how much
you trust the modular contractor's. So, for example, Pocket knew the approximate cost of Mapleton Crescent.
But, for instance, our project in Croydon has never been particularly competitively tendered and that's due to the
required finish on-site next year.’ (Drage, 2019)

5.6.3 Product modularity
Product modularity can be analysed by focusing on the
components and the degree of standard interfaces.
The building consist of 243 standard volumetric modules,
they have standard dimensions, each the size of half an
apartment. The layout of the modules is predetermined by
the architect because the walls of the modules are loadbearing, the layout of the apartment cannot be adjusted
afterwards without consequences. The modules are made
out of a combination of concrete floor slabs with steel
columns, steel walls and a steel ceiling. The product
architecture can be described as a sectional architecture with
components having the same standard interface: Each
module is self-supporting and stacked on top of each other by
using a coupling plate to distribute the vertical forces.
Figure 5.8 Floor plan layout of a typical one
Concrete floors in the modules act as a “diaphragm” to channel bedroom Pocket home in 36sqm, consisting out of 2
modules (source: (Pocketliving, sd) )
lateral loads into the core.
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5.6.4 Design rules & System Architect
In order to achieve sectional product modularity, some design rules need to be addressed. A system
architect is the author and controlling party of these design rules.
The product modularity is based on the philosophy of the client Pocket Living with their Pocket homes.
However, the design needed some adjustments after the modular supplier Vision Modular came into
the project. It had to comply with the design rules, such as dimensions and the interfaces between the
modules, as well as the interfaces between the modules and the concrete core.
What the relationships of the design rules are, is typically described by one of the respondents as a
best-product approach instead of a best-for-project approach. Between the regular project partners
of Vision Modular, there is even a continuous development on the modules, resulting in a system
where they could now develop a modular construction up to 44 levels. One of the respondents
describes it as a best-for-product approach: ‘This culture is a by-product of both the industry and the people
involved at the senior level who set the culture. In modular construction, the culture of best for project is slightly
different than traditional construction, the phrase “best for product” would probably more suitable. What I mean
by this is that for a modular system there are certain parameters that must be maintained. In some instances
these can be adapted to suit a particular clients request, however, in other cases, they cannot. In a “best for
product” culture, the goal is to accommodate the client’s requests where possible within the parameters of the
system. This manifests in improvements or additional capabilities/features of the system being developed on new
projects, which while satisfying client requests also improves the modular product. In addition to this, at the end
of each project where there has been a change to the modules, a review is carried out between Vision and MJHSE
to assess the pros and cons of the new feature and the system as whole to decide what works well and what
needs to be improved upon. This culture of continuous improvement fostered by Vision has contributed to Visions
current position in the industry and Visions ability to reach their current construction heights. (Hyland, 2019)

The fact that adapting the existing Provisional Design to the applicable design rules did not lead to
major problems can be explained by the attitude of all project partners. One of the respondents
describes it as: ‘Most of the people that worked on Mapleton Crescent they could see that it was going to be an
interesting building. The building is won lots of awards. We're very pleased with that. The client is very pleased
with it, the contractor is very pleased with it, we are very pleased with it. It's good publicity for everybody but
generally, people were kind of willing to go the extra yards to collaborate. It was a good process. (Drage, 2019)

System Architect
It can be said that the modular supplier is the system architect of the modular concept. This is also
recognised by the client: ‘you generally have to design for a particular manufacturer rather than a generic
modular approach. Because all of the manufacturers have quite significant differences in the way system the
works, even though even a dimensional level, you know different member sizes with maximum modular sizes
depending on their production reasoning.’ (Edwards, 2019) In that way client’s become to depend on a

specific modular supplier already in the first design stages, in order to overcome this, the
respondents agree on the benefits of a pre-contract service agreement in a two-stage tender: ‘If it is
definitely going to be modular than it is really important that there is some input maybe in a two-stage tender.
So maybe three contractors are brought on in the design stage and help to develop for tender information.’
(Drage, 2019)
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5.6.5 Process modularity
Process modularity is described by the used manufacturing technique and especially the degree of
prefabrication.
The construction of the Mapleton Crescent project is actually a so-called hybrid system, with some onsite activities but it mainly consists out of prefabricated modules. Before the modules can be
assembled, work must first be carried out on the construction site, such as a concrete foundation and
a triangular concrete core which is erected in via a slip-form method, which only took six weeks. And
there is also a three-storey high concrete podium realised on-site, with a thick floor slab. The transfer
slab provides vertical support for all the modules above, which are stacked one on top of the other.
The modular apartments are craned in position with a speed of one floor per day and are arranged in
two wings with the core on the third side. In order to prevent that the modules could be wobbling
there was a concrete plate on top of the building required, making room for the communal rooftop
terrace.
The modules used in the Mapleton Crescent project are completely prefabricated in the factory of
modular supplier Vision Modular and consists of a kitchen, bathroom. Resulting in category 4 Modular
building, as described in Table 2.1 Categories of Modular building methods (page 18). The 243 modules
arrived on-site complete with plaster, paint, windows, doors, wiring, plumbing, bathrooms and tiles
and were then craned into place. The production of one module in the factory took 12 days.
After the assembly of the modules, the cladding on the outside is realised by mast climbing working
platforms The total construction period only took 20 months, which is about 30% quicker in
comparison with conventional building methods.

5.6.6 Supply Chain modularity
The supply chain modularity is determined by the chosen PDM. Within the Mapleton Crescent project,
there is decided to use a Design and Build PDM after a two-stage tender(see Figure 5.9).
First stage
The building is designed by Metropolitan Workshop architects according to a design task provided by
the client Pocket Living. Originally it was a single-stage Design and Construct tender, where the
Contractor would take on design responsibility for the completion of the design and delivery of the
project. The preliminary design was first made with conventional building methods in mind. However,
Pocket Living also invited a modular contractor to make a price, based on positive previous experience.
Due to the fact that the building site was so congested by the busy road and the river, only the in turn
of Vision Modular, with its modular construction method, proved financially feasible:
Their tender was the lowest, by a considerable sum, however, it was heavily caveated around the implications
of adopting the design for volumetric construction. In order to ‘de-risk’ the project, the volumetric contractor
was provisionally awarded the contract, subject to a pre-contract design period, during which the design
implications of the volumetric construction could be more fully explored to achieve greater cost certainty.”
(Edwards, 2019)

After the tender phase the use of modular building methods was considered, the client committed to
a period of pre-contract consultancy with the preferred contractor and manufacturer whereby they
sought to value engineer the scheme. To investigate if it was possible to do it with that manufacturer
and also to get due diligence for the design of a modular approach. The modular manufacturer was
paid a consultancy fee to help redesign the project to optimize it for modular building approach. This
pre-contract has official status in UK construction contract and is called the ‘Pre-construction
Services Agreement (PSCA)’ and is typically part of a two-stage tender process. In this first phase, the
contractor helps to improve the buildability and cost-certainty of the design. The contractor
appointed under the PCSA will not necessarily be appointed for the second-stage construction
contract, the client can decide to choose for another contractor without any further obligations.’ The
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contract could be signed and the cost of that PCSA would be locked lumped into the main contract, or that
either party could walk away. The contractor would be paid but they could walk away or pocket could walk
away and say No thanks.’ (Drage, 2019) This contract form has some similarities with the Dutch

‘Bouwteam’ agreement, see chapter4.4.2 Early Contractor Involvement/ Design team (page 55).
Second stage
That period would last about three months for the Mapleton Crescent project, it was intended to give
everyone the comfort for cost and technical point of view that the project could be delivered. Once
that comfort level has reached a design and construct contract with Vision Modular and Tide
Construction was signed, where the risk was given to Vision Modular to manage. Within that design
and construct the design activities of Metropolitan Workshop transferred from the client towards the
contractor, making Vision modular the client of Metropolitan Workshop. Pocket Living had in the
second phase only a contractual relationship with Vision Modular/Tide Construction.

Two-stage Tender Mapleton Crescent
Stage 1: Pre-contractual Service Agreement

Stage 2: Design & Built contract

Pocket Living

Pocket Living

RIBA Standard Professional Services Contract

PSCA

Metropolitan
Workshop

JCT Design & Built

Tide / Vision
Modular

Tide / Vision
Modular

MJH Structural
Engineers

Metropolitan
Workshop

Mendick
Waring Limited

Contractual relation

Functional relation

Figure 5.9 Overview of the used collaboration form two-stage tendering for Mapleton Crescent project (source: own
illustration)

Choice PDM
The choice for a Design & Build PDM is mainly based on the project characteristics and external
environment as described in table 4.1. Overview of most used selection criteria for choosing a Project
Delivery Model (Page 51).
In the second stage, it was decided to use a Design & Built PDM as the preferred PDM of Pocket Living
across the whole portfolio. That is mainly because of the external environment selection criteria. The
local authorities of London including financial banks provided Pocket Living a £150 million financial
fund to realise 1059 affordable homes in the private sector by march 2012: “This was effectively a precondition of the Greater London Authority funding that Pocket benefitted from for the purposes of risk
management. In a Design and Build contract, the Principle Contractor carries the majority of the project risk.”
(Edwards, 2019)
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Regular supply chain modular supplier
After the Design and Build contract was assigned some additional consultants were introduced in the
process. Vision modular has developed the modular solution more than a decade ago years ago with
a group of consulting partners. Ever since the development of the modules, the consultants kept
working with each other ever since: ‘The contractor has kind of their own supply chain, they work with their
own structure al engineer who knows their modular system. The structural engineer who was working on the
building at planning stages stayed on the client-side, so they didn't get invited to the contractor. So a new
structural engineer was being involved in the project, and also a new energy consultant who has used to their
system. We were quickly able to redesign the building collaboratively through their system. ‘ (Drage, 2019)
As one of the regular partners describes the long term relation with the modular supplier as: “We work
for Vision Modular to design the structural elements of the modules. We have worked with Vision since the
beginning, working on the initial development of the system and also the incremental improvement of the system
from project to project since then. Working on the system from the beginning gives us a thorough knowledge of
the system and the developments within the system, which allows us to work with Vision to concentrate on
improving the system from one project to the next. This is, in my opinion very beneficial for modular construction
as it encourages the change from a project-based approach, to a product-based approach. This encourages
continuous improvement in the system.” (Hyland, 2019)

5.6.7 Design Freeze
In order to use the full benefits of a modular system, the client should be able to make early key
decisions, resulting in fewer possibilities for design changes. This is also recognised by the client: ‘You
have to commit to an early design freeze. If you have the desire to keep the design flexibility and keep making
changes in the design you need to look at different construction approaches.’ (Edwards, 2019)

In the literature the process of making early key decisions for modular construction methods is often
described as the requirement for an early design freeze, however, one of the respondents gives a
counter-argument for which there is something to be said: “This, in my opinion, is one of the most common
misconceptions within the industry, all construction projects face similar lead times on materials. A “design
freeze” as a term is a requirement of all construction projects and not just modular construction, and obviously
the earlier this happens the better. In modular construction and many other modern methods of construction,
there is a concentrated effort to use a vertically integrated program, by employing an early design freeze to avoid
redesigning. This is something that obviously varies from modular manufacturer to modular manufacturer, with
some companies insisting on a complete “design freeze” and some being more flexible and accommodating of a
client’s requirement to stage decisions in line with traditional construction. In Modular Construction, there is less
scope for waste, both of time and materials, hence the coordination of the design is combined into a truncated
period avoiding the 2 stages preliminary design and final design phase. We must be cognizant of the fact that if
there is no “design freeze” on a traditional project this typically leads to significant delays and cost overruns.”
(Hyland, 2019)

Whatever the opinion is, it can be noted that in the Design and Build collaboration form, there wasn’t
anything reserved to stimulate these key decisions. The modular supplier had specific planning which
had to with an empty slot in the factory which they wanted to fill in. ‘The contractors' program was a
defining all of the collaboration. In that way, it differs from traditional collaboration, because the contractor now
decides when what should be decided instead of pre-composed milestones by the client.’ (Drage, 2019)

5.6.8 Key Decisions
A tool to help with making design decisions was inspecting the first copy of a module type, so some
small changes that needed to happen were captured. ‘There was not a separate prototype but the first
example of every module type was inspected. So it was then being delivered to the site. Small changes such as
socket placings are still possible within the same place of the steel posts, however changing the place of walls
isn’t possible.’ (Drage, 2019)
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An actual prototype or benchmarking on the quality of the module wasn’t necessary because of the
earlier experiences with the same modular suppliers Pocket Living did know what to expect: ‘On the
first project, we did some benchmarking around the quality and expectations, but it wasn’t a true prototype. For
me, a prototype is a real module where all kinds of test can be done such as structural testes, impact tests and
airtightness. This wasn’t necessary because the system was fully certified.’ (Edwards, 2019)

5.6.9 Integrated process
The modular process in the Mapleton Crescent project differs compared to a conventional project in
such a way that more design issues have to be solved much earlier in the process. The issues need to
be solved are in much more detailed level. ‘for example, you can't wait until later to work out where the
sockets will go and where similar things will go. You've got to design those at the start to suit the steel posts, to
see where the trust is on the ceilings of the modules.’ (Drage, 2019) This is also recognised by another
respondent, as he describes it as: “In a modular project, there is more communication between the structural
engineer and the party entrusted with implementing the than in traditional construction. This communication
starts much earlier in the program with decisions being made at the preliminary stage allowing the final design
to start on the basis of these.” (Hyland, 2019) Besides that, there should be more focussed on the design
decisions that need to be made. ‘You need to do it in such a way that you are not revisiting any of those
decisions at a later stage. Because introducing changes later in the stage of the project can causes significant
disruptions in modular design or even worse. The changes which were introduced during the process had a
disproportionately large impact compare to the most construction methods’ (Edwards, 2019)

Within the project, the approval of the floorplans had to be done in a matter of days instead of weeks,
because of the fast nature of off-site construction. In the Mapleton Crescent project, the client didn’t
experience this as particularly difficult in the first place due to the character of Pocket Living as a client.
The Pocket homes are very standardised. ‘I think it would be a problem for any other clients in the market.
Certainly, in the UK where it is beneficial to reserve the decision making to the very last moment, so you making
sure you involve the latest trends any mechanical and electrical installations where you want to make sure that
in operation stage you have most state-of-the-art equipment. It will cause more troubles in the normal residential
market.’ (Edwards, 2019)

Role client
The client had a very active role during the design process. It was obviously the client’s decision to
have a negotiation with parties in the pre-contract period. At a technical level Pocket Living is quite a
proactive client about 10% of the staff are focused on design, they had a leading role in making key
decisions. ‘I think you as a client have a more active role compared to traditional building methods. Certainly, in
our project where the decision to adopt a modular system was quite late in the process, I think that required more
client design decisions.’ (Edwards, 2019) However, due to the chosen Design and Build contract, there

wasn’t an actually integrated collaboration between the client and the other project partners
throughout the project. Pocket Living had still a quite traditional relationship during the project, the
design responsibilities were given to the contractor to manage. ‘The collaboration part between the
contractor and the client was really that pre-contract period and I would say that facilitate the part of modular
because that was the key purpose of it to partly establish viability and partly to complete the due diligence on
that approach to be used on a project on this scale on this site.’ (Edwards, 2019)

5.6.11 Communication
The communication within the Design & Construct collaboration is obviously most driven by the
contractor as the main contractual entity. This is recognised by one of the respondents: ’It's mostly
driven by the main contractor, in a design and construct contract the architect has kind of design team leader
role. So we're also driving the communication. We have a website where we've put all of our drawings. It was
very easy to go and look for other people's information.’ (Drage, 2019)
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According to the client, the communication within the project could be better, mostly because the
drawings were made within 2D and not using 3-D modelling, or any BIM software. ‘the modular supply
chain in the UK has particular low experience in BIM modelling. They still heavily rely on 2D drawings. So, I
probably would say that was the biggest challenge around communication. Because we were receiving hundreds
of different 2D drawings for 24 hours.’ (Edwards, 2019)

5.6.12 Commentary
The Mapleton Crescent project was a special project, not only because it is one of the tallest residential
modular buildings in Europe, but also because of its special aesthetic pleasing appearance. The small
construction site where the building is located on a narrow triangle, with a road on two sides and a
river on the other, also deserves extra attention. Thanks to these challenges, it was initially decided to
design the building in a conventional manner. However, after the tenders turned out not to be
financially feasible, except for what the combination Donban and subsidiary Vision Modular were. The
client, who was familiar with modular construction methods from previous projects, nevertheless had
doubts about the technical possibilities of the modular construction methods.
Thanks to the Pre Service Contract Arrangement (PSCA), Vision modular, together with its regular
consultant partners, has been able to remove these doubts. The respondents logically experienced
PSCA as an important key moment in the feasibility of the project. In addition, they indicate that thanks
to the important input from the regular consultant partners of Vision Modular, the design could quickly
be made suitable for the requirements of the modular system. It is striking that one of the respondents
indicates that the possibilities of the system are in a certain sense leading for the design. Even though
this process is not perceived as ideal, since the design had to be adapted, the respondents also state
that it is not economically advantageous to work directly with a modular supplier. If it is known in
advance that the project will certainly be carried out in modular systems, the best knowledge of
modular systems may be present in the design phase. Respondents do not discuss a long-term form of
cooperation such as a partnership.
After the PSCA phase, there was decided to use a Design & Build contract, as preferred PDM for the
whole portfolio of Pocket Living. Within this PDM the design responsibility has been transferred from
the architect to the general contractor in combination with the modular supplier. The customer no
longer wanted to be responsible for the design or implementation, which makes sense as the modular
system was developed by the supplier. Most remarkable is that this was a condition for receiving
funding of the local authorities to develop private sector affordable homes.
All the respondents indicated that more detailed choices had to be made in the modular process rather
than a traditional process. This choice was more difficult to change afterwards. One of the respondents
indicates that the constant changing of decisions by the customer in the traditional way causes delays.
Thanks to the previous experiences in modular projects, and the repetitive nature of the Pocket homes,
the client could easily make choices.
To make choices, no prototypes were needed to judge whether the modules comply with the
regulations since the modular system is fully certified. The modular supplier is responsible for the
certification. As a result, the described form of cooperation is more like a transaction of a product,
whereby the certification and guarantee are issued by the manufacturer. However, so-called
benchmarks were made whereby the quality was assessed by the customer and the other partners
involved.It is also striking that communication deserves extra attention, partly because the drawings
were made in 2D, the customer received hundreds of different drawings. For a modern process that
involves more intensive collaboration, it is striking that 2D drawings are still being made.
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5.7 Cross-cases analysis
Within this chapter, cross-case analysis will follow. It mobilizes knowledge from the previous three
within cases and uses it to summarize the findings. The result of this chapter will be compared with the
theory and will be used as input for the conclusion of this report.
Three different cases were investigated in this case study research: The Fizz Spartaan, CitizenM Bowery
and Mapleton Crescent SW18. All cases represent a certain type of high-rise where modular building
methods are applied, in all cases that is level 4 of the definition modular building: Modular building
(see Figure 2.1 Page 18). The aim of the case study research was to test the theory of modular
construction with practical examples. Each practical case is described according to two theoretical
concepts from the earlier chapters: For example, in each case, the modularity is described on the basis
of Fine's 3-dimensional concept of Modularity (product modularity, process, modularity, and supply
chain modularity). It is also described per case to what extent the theoretical process-related barriers
are also encountered in practice, and how this is dealt with in cases. This cross-case analysis will follow
the same order as the within cases. In order to provide an answer to the sub-question: ‘What
collaboration form fit the best for the required conditions of a prefabricated modular high-rise project?’

5.7.1 First conventional
Firstly, it is special to mention that in all three projects conventional construction methods were first
investigated by the customer for various reasons. Apparently, there is generally insufficient confidence
to carry out challenging projects such as these high-rise projects in modular systems.
• In The Fizz Spartaan, the lack of experience with modularity was the biggest cause for
investigating conventional building methods for the customer. Here too, the total price of the
building would turn out to be higher in conventional methods compared to a modular
method, therefore a modular system was chosen immediately.
• In the Bowery case, for example, there was no trust that modular building methods could
meet local unions. But after a meeting with all the responsible stakeholders, it was decided to
further investigate the possibility of a modular system. The modular supplier was brought to
the design team as a consultant. Since then, there was a simultaneous design process for
modular system development, after which the modular system has subsequently been
chosen.
• With the Mapleton case, the building was drawn in a conventional manner, but the interns of
the tender process could not measure the price with the modular supplier. After this, the
client decided to incorporate a special contractual agreement to investigate the technical
feasibility of a modular system, the so-called Pre Service Contract Arrangement. Which meant
that after this period both parties could choose to continue with each other or not.
For both the Bowery case and the Mapleton case, there was then a period in which the modular
supplier as a design consultant was asked to investigate the feasibility of modular systems. After these
periods, it was decided to adapt the existing drawings to the conditions that the modular systems
require. Respondents from both cases indicate that this is not the most efficient process. All cases
show that when a project is certainly given a modular construction method, it is preferable to have
modular knowledge in the design process from the start.
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5.7.2 Product Modularity
Analysing product modularity in the case studies shows that all cases consist of volumetric modules
which make complete rooms. Within the Laan van Spartaan, one module is equal to one student
apartment, in the case of the CitizenM Bowery case one module consists of two hotel rooms, and the
Mapleton case requires two modules to form one apartment. All the cases make use of sectional
modularity where all modules are connected via identical interfaces as discussed in section 2.2
Definition of modularity (Page 14). In all cases, the volumetric modules are self-supporting and stacked
upon each other bearing the vertical loads. Within the Laan van Spartaan and the Mapleton-case, this
is achieved by concrete floors, whereas in the Bowery case the floor is made out of a steel cassette
floor. All three cases make use of a standard module with fixed dimensions. The layout of the modules
is predetermined and offers no possibilities for personal adjustments or variations.

5.7.3 Design Rules & System Architect
According to Baldwin & Clark (2000), product modularity is determined by design rules drawn up by a
"System Architect". The cases show that there are two variants on which design rules can be
determined:
•

•

The client, in collaboration with the architect and a modular supplier, develops a modular
concept with applicable design rules, such as the case of CitizenM. CitizenM has developed a
hotel room concept that is project-independent and is applied several times, such as in the
Bowery case. In this case, the client will have an active role during the design, and will also be
responsible for it as the system architect.
The modular contractor develops a modular construction method with specific design rules.
Often such a modular construction method is tailored as much as possible to the possibilities
of a modular factory. Existing conventional engineered design often needs some adaptation
to the modular requirements. The dependency applies not only to the design but also for the
execution planning of the project. As soon as the modular factory starts like a conveyor belt,
other contracting parties are subordinate. The modular contractor is, in that case, the system
architect. As was the case in the Laan van Spartaan case and the Mapleton case.

5.7.4 Process Modularity
According to the studies of Voordijk, et al. (2006) and Wolters, (2002) process modularity in
construction is predominantly determined by production and manufacturing techniques used in the
building industry. These techniques greatly determine the final appearance of a house.
Within all three cases, an attempt was made to prefabricate as much as possible in a central factory
location. However, in all cases, there is a hybrid building system, mainly due to the requested height
of the building and user needs. Foundations and stability cores realized on-site for the horizontal
transfer of forces is indispensable for modular high-rise projects. Both in the Bowery case and in the
Mapleton case this has been achieved through a form of on-site industrialization, namely slipform that
is planned in its entirety ahead of the schedule. In the case of the Laan van Spartaan, this was achieved
during the placement of the modules. Within the Bowery and Mapleton-case, there was made of a
concrete table transfer slab produced on location providing vertical support for all the modules above.
The concrete table accommodates the double floor height entrance area. Also within the Laan van
Spartaan-case, the first two floors are produced on-site.
Furthermore, the façade is part of the prefabrication of the module in the case of Bowery and Laan
van Spartaan, and in the Mapleton case, it was realized afterwards.
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5.7.5 Supply Chain modularity
When determining the degree of supply chain modularity in the case studies, the chosen collaboration
form or Project Delivery Model is of special interest. It is important to note that all three cases have
used different project delivery models: Turnkey for The Laan van Spartaan, Design-Bid-Built for
Bowery, and Design & Build for Mapleton. As a result, it is not possible to reach a consensus directly
from the collaboration forms used in this case studies. This is in line with the conclusions from Chapter
4 (page 67) where it is stated that the suitable choice for a form of cooperation depends on a specific
customer profile. However, it can be stated that in every case the client wants his responsibility in the
execution to be as minimal as possible. For the Laan van Spartaan and the Mapleton-case, this can be
explained by the fact that the modular contractor determines the design rules and with that, they are
the system architect. Because the customer won’t bear the risk for a modular building method where
he isn’t the system architect. This is somehow correspondents with the research of Blismas,
Pendlebury, Gibb, & Pasquire (2005) that a client doesn’t want to commit to a single one supplier as a
risk-averse measure as discussed in section 3.4 Not one supplier (page 34) In the Bowery case the
customer is the system architect and therefore takes the design responsibility, but he does have a
withdrawal movement in the implementation by placing the modular supplier as a subcontractor with
the contractor.
In each case, the retreating movement of the customer is tackled differently:
•

•

•

For example, in the Fizz Spartan case, IC Netherlands has chosen to place the responsibility
with the implementing parties by entering into a Turnkey agreement with Heddes Bouw en
Ontwikkeling, and with that the entire "Team Modular". IC Nederland had a number of
requirements and wishes that the building had to meet as a minimum, but what it should look
like and how it should be realized was for Heddes' full responsibility. The client did not want
to bear any responsibility for the product developed by "Team Modular".
In the Bowery case, the modular supplier designed and developed along with the design team
as a consultant during the design phase. An agreement was immediately reached with the
customer about the price per module during this design phase. Subsequently, a local
contractor was hired for the local conventional construction work whereby he was assigned
to the modular supplier as a mandatory subcontractor/supplier. As a result, the General
contractor was fully responsible for the production of the modules and the assembly of those
modules into an entire building.
In the Mapleton case, there is a withdrawal movement from the Pocket Living client due to a
Design & Build PDM. Pocket Living had the building designed up to preliminary design in
conventional building methods and was actively involved in this. Subsequently, with the
arrival of a modular supplier Vision Modular, the contract form was adjusted to a Design &
Build form in which only they had a direct contract with Pocket Living. From that moment on
Vision modular was fully responsible for both the finalization of the design and the production
of the modules plus their assembly.

Although clients work in concepts, like CitizenM has the hotel room-concept, and Pocketliving has the
concept of Pocket homes, the development of new buildings is always treated as a project. For
example, for each project, CitizenM asks two modular suppliers who want to build it, despite the fact
that they have a growth ambition for the coming years. The same applies to Pocket Living where there
is a goal for a certain number of first-time buyer homes. If one wants to make full use of the possibilities
of modularity, the development of a modular system would require more a product-based approach
and the associated forms of cooperation.
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For example, none of the cases uses a framework contract or serial tendering between a client and a
modular supplier, whereby a declaration of intent is signed for several buildings. Up to now, contracts
have always been a project-to-project approach.
This is partly because customers always want value for money that includes a competitive tendering.
Customers do not want to depend on one supplier for a longer period.
When discussing the supply chain modularity for the three cases it is remarkable that in all cases
somehow the modular experience is present in the design phase. That identified need for modular
knowledge at an early stage corresponds to the recommendations made in the study of Blismas,
Pendlebury, Gibb, & Pasquire (2005), who also suggested that: ‘Early advice to the client and design
teams would encourage design freeze by explaining the consequences to prefab modular solutions’ as
discussed in section 3.6.4 Design freeze/key decisions early process 3.6.2 Extra planning/engineering
effort(page 38) However, the presence of modular knowledge is tackled differently in every case. The
differences can be explained by the ever-present need for the value for money that a client has:
• For example, the development of the CitizenM hotel room concept was done in collaboration
with the modular supplier. In the Bowery case, the modular supplier was also involved as a
consultant during the design phase. Later the modular building system was discounted and
as a compulsory subcontractor, it was part of the competitive tender.
• The Mapleton case also required modular knowledge after other tenders were not
economically feasible. Before the conventional assignment was changed to a modular
assignment, there was a period in which the feasibility of modular systems was investigated
in the Pre-Service Contract Arrangement of a Two-stage tender. The presence of a modular
contractor right from the start of the project is not preferred because it is then more difficult
to get a value for money.
• In the case of Laan van Spartaan, we worked directly with the modular supplier. The system
architect of the modular solution is the contractors. The need for value for money has been
solved by the chosen PDM, whereby a maximum price is immediately indicated by the
customer in the Turnkey agreement. This way, contractors know immediately whether
certain design solutions are possible or not. The customer does not want to pay anything
that costs more.
The best solution for consulting the modular knowledge in the design process depends on the type of
customer and the desired involvement. Is a building realized as a one-off development or as an
actual concept that is realized several times? If a customer does not want to be very involved and
wants to outsource the development of the design, the solution as used in the Laan van Spartaan can
be used, whereby a fixed budget guarantees the value for money. However, if one wants to make
more of a repeated development, one is more bathed in one.
Another point of interest from the theory is that more and more consultation between the different
parties is needed. From all three cases, it emerges that having permanent partners is important for a
modular system. The permanent partners have knowledge of the modular system and know
immediately what they can use for each other, this makes coordination between the parties easier:
• For example, the modular supplier Vision Modular of the Mapleton case has a team of
permanent partners with whom they have been working for 10 years and are constantly
developing the modular system. Once Vision Modular has been awarded a project, the
permanent consultants are consulted. Respondents talk about a best-for-product approach
instead of a best-for-project.
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•

•

In the Fizz Spartan case, it is divided differently, for example, the three implementing parties
are linked to each other through an "Overeen komst van Opdracht en
Samenwerking"(agreement for contract and cooperation). Because two parties, Heddes and
Schouten, have financial interests in the Ursem modular factory, they will always be
connected. The interviews do show that there is not yet 100% full confidence between the
three implementing parties since not all budgets are shared with each other. This explains why
the three parties did not switch to one business entity.
There is, however, also long-term cooperation between the implementing parties and with
Studie Ninedots as the architectural firm. This collaboration is based purely on pleasant
experiences and trust from both sides and is not contractually laid down. The parties know
where to find each other if a project proves to be suitable.
In the Bowery case, the collaboration between regular partners goes even further, citizenM as
a customer is also involved. Together with Concrete Architects and PolCom modular, a
modular system has been developed that answers CitizenM's demand. Every modular
investment that CitizenM has made since then was made with a certain influence from
Concrete and Polcom. The two parties were always part of the design team supplemented with
local parties with knowledge of the local market. The cooperation between the parties is not
contractually established. It does interact, CitizenM is planning to expand with hotels in the
coming years and the parties want to be part of it. One of the respondents described the
collaboration as a family relationship, where communication is open and honest.

5.7.6 Early design freeze and making key decisions
An important point for attention is the longer lead-in time required for the modules. As a result, more
detailed choices have to be made in the design. Compared to a conventional building process, design
phases are skipped over, it goes directly from Schematic Design to Implementation Design. In all cases,
this was experienced, and there was an early design freeze. These results from the practical cases
correspond to the earlier mentioned studies by Haas & Fagerlund (2002) who state that it may be
necessary to complete 90 % of engineering design prior to construction as discussed in section 2.7.3
Integrated process (page 24)
What is striking is that the early design freeze in one case causes more problems than the other. It is
noticeable that clients who focus on a very specific market have less difficulty making decisions and to
arrive at an early design freeze. Strong concepts such as Pocket Living and CitizenM have carefully
considered beforehand what needs in the market they want to serve: Pocket Living is focused on
starters in London, and CitizenM on the mobile world traveller. A home/room concept has been
developed for those needs that fit well with the relevant target group. The concepts are used again
and again in every project, creating a repetitive character and slowly turning a project into a product.
This is in contrast to The Fizz Spartaan, where a unique project with a unique customer has been
realized. The first within-case analysis shows that the client IC Netherlands had more difficulty making
decisions. IC Nederland had less knowledge of the target group beforehand and initially wanted to
develop the building primarily as an investor. This entails a completely different attitude than when
you actually become the owner of the building. In addition, clients such as CitizenM and Pocket Living
were already familiar with building in modular methods, through the experience they knew which
process was required. In the Bowery and the Mapleton case, recording choices was no problem.
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An instrument that also helps to make suitable choices for the client is the use of certain forms of
prototypes:
• In The Fizz Spartaan, an actual prototype of the student rooms was developed in which all
involved partners could assess the design decisions. For example, it could happen that a power
outlet or something similar was given a slightly different place. Together with all project
partners including the customer, the module went through. After this, the design of the
module was finalized and this was no longer changed, the prototype served as evidence.
• Also in the Bowery and in the Mapleton case, the first module from the production line was
assessed in advance by all partners. here, however, it was more about the quality assessment
and the design was already final.

5.7.7 More communication
It is striking that several respondents state that there is more and more intensive contact between all
parties at an earlier stage, but that few measures are taken in advance to promote this communication.
There is nothing in the cooperation contractors to promote this:
• In the Mapleton case, for example, 2D drawings were used and communication was fairly
traditional, with entire drawing sets being supplied.
• In the Bowery case, there was a lot of contact with the regular partners, but contact with the
local parties caused more problems because they worked according to a different system.
Drawings were shared according to a fixed schedule, there was not a digital environment in
which everyone had access to the drawing.
• In The Fizz spartan case, there was mainly consultation between the three implementing
parties, but a regular meeting schedule was also drawn up there. There are no fixed moments
of cooperation in which all parties in the same room worked together at the same time. This
made communication much shorter and quicker decisions could be made. There is no bonus
or penalty system in which communication is assessed.
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Conclusion & Discussion
The last chapter contains the conclusion of the total
report and will answer the main research question,
the scientific and societal relevance of the results are
described. Also, the process of the case studies analyses will be discussed. It contains how the process
is experienced, what went well and what went wrong.
The limitations of this research are addressed. Also,
some improvement point for future research will be
appointed paired with the recommendations for further
research will be given.

Collaboration forms in modular high-rise projects

113

CH 5 Case studies

114

Collaboration forms in modular high-rise projects

CH. 6 Conclusion & Discussion
6.1 Conclusions
In view of the ever-increasing percentage of urbanisation in which the large cities in the Netherlands
are bound in terms of possibilities for city expansion, resulting in limited building site space, this study
investigated the possible forms of collaboration for high-rise modular building. Resulting in a
preference for integrated long-term relationships with several project partners:
‘What are the main characteristics of modular building in high-rise projects?’
Modularity is one of the key elements of mass customisation strategies to improve productivity in the
construction industry.
According to the theory of Fine (1998), modularity is subdivided into 3 dimensions: Product modularity
(product decomposition and interfaces), Process modularity (decomposition of processes), and Supply
Chain modularity (vertical integration of project partners).
Modularity in the construction industry is about dividing a building into treatable standardized parts
and shifts many aspects of building activity away from traditional onsite projects to offsite
manufacturing-style production. Moving the construction industry more or less in the direction to the
product development, means project independent building concepts have to be introduced. High-rise
projects seem to be particularly suitable for modular building methods due to the naturally present
repetition and standardization in the design.
Promising benefits of higher quality, a safer, faster and more predictable construction process, and
less environmental nuisance could be one of the main drivers for the realisation of a modular high-rise
project. There are also some challenges about modular building methods; the transportation of the
prefabricated parts should be considered extensively beforehand. The loss of flexibility in design is also
mentioned; when it is decided at an early stage of the process to go for modular building methods, the
manufacturer can make his conditions known in time.
Modular building methods require different project planning compared to other building methods. An
extensive pre-engineering at an early phase of the project is required in order to reach to an ‘early
design freeze’, which means a binding decision has to be made that defines the whole design.
What are the current process-related barriers for prefabricated modular high-rise projects?’
Many of the challenges that modular construction method entails have been known for more than
20 years. The points of attention that were mentioned at that time are still seen as a barrier. For
instance, there must be a more frequent and intensive collaboration with all stakeholders involved,
throughout the entire process. More collaboration, with more parties, requires effective open
communication from all stakeholders involved. Effective communication is needed to make key
decisions that must be taken early in the process. The planning in a modular construction project is
critical, because the manufacturer already starts producing the end product before the construction
site is already finished. This requires making early key decisions, which is experienced as difficult. The
customer or the designer is often not able to freeze the design and specification early enough within
the construction project process.
Perhaps a more persistent barrier is the current building culture. This is characterized by a loosely
coupled network, where buildings are made on a project-based basis in unique team composition.
That is in contrast to modular concepts, which requires a more integrated approach where regular
parties design a building concept that stretches beyond the duration of a project.
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“What are the characteristics of collaboration forms within the Dutch construction industry?”
Building requires organisation in which the various parties work together efficiently. A Project
Delivery Model(PDM) is a system for organizing and financing the design, construction, operation and
maintenance activities and facilitates the delivery of a good or service. Within the Dutch construction
industry, there are several PDM’s: Design-Bid-Built model, Early Contractor Involvement model,
Design-Build model, Turnkey model, Design-Build-Finance-Maintain-Operate model and Partnership
model. Each of the models has its own characteristics, advantages and disadvantage with the best
choice being governed by the requirements of the specific client and specific project. Seventeen
Selection criteria are used in this study to make a significant distinction in the characteristics of the
various PDMs, see table 4.1 (page 51). To compare how the PDMs behave towards each other, a
value of 1 to 4 is attached per selection criteria. By making a spider diagram it is possible to visually
check to what extent the PDM characteristics match the client profile.
‘What collaboration form fit the best for the required conditions of a prefabricated modular high-rise
project?’
From the case studies, it is not possible to reach a consensus directly from used collaboration forms.
However, it can be stated that in every case the client wants his responsibility in the execution to be
as minimal as possible. This can be explained by the fact that the modular supplier has developed a
system that is completely adjusted to the possibilities of the factory. In two of the three cases, the
modular supplier acts as a systems architect, because the modular building concept has to be
developed in accordance with the requirements of the factory. This is somehow correspondents with
the study of Blismas, Pendlebury, Gibb, & Pasquire (2005), that a client does not want to commit to a
single one supplier as a risk-averse measure. Each case addresses the retreating movement of the
customer differently.
The three cases, however, do show some similarities in how they answer some from a theory known
barriers, thus providing useful information. The collaboration form should address the barrier for
early design freeze. Within the cases it is attacked by developing strong concepts. It is noticeable that
clients, who focus on a very specific market have less difficulty making key decisions in the design.
Where clients who focus less on a specific market making a prototype can help in making design
decisions. In addition to that prototyping, the module is seen as an important instrument to freeze a
certain design.
The required collaboration in early stages is achieved by developing a supply chain of permanent
partners with knowledge of the modular system. This supply chain is purely on the basis of pleasant
cooperation from earlier projects; there is no contractual agreement. Remarkable is that even within
these supply chains for each building project-based contracts are signed. Here is no serial tendering,
even though in some cases there is the ambition to work together more often.
Knowing all these answers to the sub-questions the main research question can now be addressed.
“How to organize collaboration forms within a prefabricated modular high-rise project for the Dutch
construction industry in such a way that the current process-related barriers can be overcome?’
To answer how this collaboration can be organized, we first have to look at the characteristics of
modular construction.
Modular building is about developing building concepts that can be applied multiple times, where the
project must be independently designed. Modules must be interchangeable through equivalent
interfaces. Fixed design rules must be drawn up for this by a managing party, the so-called "system
architect", this can be one person or a group. Within the decentralised network of a construction
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project, the design rules will always be drawn up in consultation with multiple parties. The "system
architect" ensures that the modules are not designed specifically for projects, but that they are
interchangeable. This is paradoxical compared to the current construction industry where a one-off
project is realized by a unique composition of project partners. It can be said that modular construction
is a change from project collaborations to product development. The focus is not on best-for-project
but best-for-product as one of the respondents describes from the case study “the culture or best for
project is slightly different than traditional construction, the phrase“ best for product ”would probably
be more suitable ”
It should be noted that, unlike the manufacturing industry, in the construction sector there always
remains a unique factor. As the CitizenM Bowery case shows, a "hotel-room" concept has been
developed, but due to the constantly changing local circumstances (local regulations, local land,
earthquake zones), the modular concept must be adapted every time. The findings from practice
correspond to the theory from the comparison with the automotive industry ( BOX D: Modular
Construction VS Car industry, page 68) A comparative study of what we can learn from previously
introduced modular theories, such as "Legolization of construction", "Industrial Flexible Demountable
construction" (Box B page 28 & section 4.2.2 page 46), or other modular industries such as the
automobile or aircraft industry (Box D page 68 & section 4.2.3 , page 47), as well as Japanese modular
building concepts (BOX C Modular building in Japan, Page 42) teaches us that modular construction
requires a completely different form of cooperation between partners. Modular building concepts
benefit from long-term relationships between permanent partners to go through a constant
development curve. Where a concept is developed in collaboration with a permanent architect,
modular supplier and additional design consultants who can meet the requirements. This corresponds
to the findings from the case study where long-term permanent collaborations exist initiated by either
the client (CitizenM Bowery) or by the implementing parties (Laan van Spartaan and Mapleton
Crescent). It is striking that the long-term relationships from the practical cases are not recorded in
any way and are binding. This is once again recorded for each project.
It is debatable whether the current organization forms or Project Delivery Models (PDMs) as discussed
in CH4 Collaboration Forms in the Construction industry, meet the need for modular concepts. As the
name suggests, the six most common PDMs of the Dutch construction industry are all focused on a
project-based approach. Concepts will benefit more from a “Product Delivery Model”. A Product
Delivery Model with fixed partnerships is based on mutual dependence. Modular concepts such as the
"hotel room concept" from CitizenM and "Pocket homes" from Pocket Living as discussed in the case
study research shows that there is sufficient demand for standardized products.
Changing this approach requires a completely different construction industry, which is also
acknowledged by one of the respondents from the case study "You cannot evolve from one to the
other, you have to start a kind of revolution."
Since this is an exploratory study into organizational forms in modular high-rise buildings, actual advice
on how the structure of the construction should change is outside the scope of this study. Possible
changes required have been introduced in section 3.5.3 Required change in roles (page 37).
Until then, modular structures will be realized with the current PDMs and the best match would have
to be sought. What that best match is, depends on many factors such as customer characteristics,
project characteristics and the market environment that differ in every building. That's why there is no
one best solution. Clients can decide their best match based on 17 selection criteria and 2 points
attention,(see Table 4.1, page 51)
Looking at the results of the case study research, it appears that three different PDMs have been
applied and that match is therefore different for each client. A number of less suitable PDMs can,
however, be demonstrated.
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Both theory and practice show that the far-reaching implementation knowledge of modular systems
is unmistakable during the design phase. How this modular knowledge is added in the design phase
differs per case, but this fact works to the detriment of the traditional PDM Design-Bid-Built.
In general, the traditional DBB model is not particularly well-suited to modular construction methods.
With this model, generally the owner and project team develop a design without interference from
contractors until the bid process, in that case, the client and the design team decide upon the design
rules and they are the systems architect. When tendering out the project the design has advanced to
the point where the team may be unwilling or unable to make changes to optimize for modular
construction. The general contractor would never want to be responsible for the implementation and
assembly of constructively self-supporting modules and this would always lead to discussing, as was in
the CitizenM Bowery case, because the general contract remains responsible for the execution of a
building.
Another variant is that the client is not the system architect and, the modular concept, with associated
design rules has been designed by the implementing parties, as in the case of the Laan van Spartaan
case and Mapleton Crescent case. In such a situation, the customer will never want to bear the risks
for the design. The client will pass this through to the contractor or supplier since they have fully
developed and tested the product. Making an even more strong argument for total new Product
Delivery Models, as described in the theory of De Ridder, (2011). He argues that the modular supplier
not only deliver the product but also has a standard contract that belongs to the product, including
terms and delivery conditions. Just as a normal consumer transaction 'guarantees.
Other PDMs that are less suitable can be depreciated by the characteristics of modular construction.
Heavily administrative PDMs such as DBFMO and Partnerships cannot meet the fast decision needs
associated with modular construction. From both the literature as the practical study, It is known that
detailed key decisions must be made early in the design process. This requires a client who can make
decisions quickly. Both a DBFMO and a Partnership PDMs have a rigid organizational form in which
decisions are made about different management disks, meaning these PDMs are less suitable.
The more integrated PDM’s such as Early Contractor Involvement, Design & Build, or Turnkey are more
suitable for modular construction. In these PDMs, the hard separation between the design phase and
the implementation is blurred, meaning the design and implementation have an overlap with each
other. Modular implementation knowledge can be consulted from the start of the design phase, in the
role of either a consultant or as an implementing party. Which of the three PDMs is ultimately the best
match differs greatly in the customer profile. Does the client see modular construction methods as an
option for a one-off project? Or does the client want to develop a real concept as a system architect
through modularity? In other words, the client has the need to be a system architect or not. By
matching the customer profile to the PDM characteristics the most suitable PDM for that case can be
chosen.
If a client has a strong need to be involved in the project and wants to develop a modular concept that
can be applied more often. An Early Contractor Involvement PDM is the most suitable. For example,
as soon as the customer sees the building as an investment and is not the building owner or end-users,
he wants to be less involved and obtains for a Turnkey PDM, as in the case of the Laan van Spartaan
case. A Design & Build PDM is a variant that sits between the two situations: the client has a need for
interference in the design that is made from the modular concept but ultimately does not want to be
responsible for it.
The actual most suitable PDM is dependent on the client profile that can be determined by the 17
selection criteria. A client gives scores of 0 to 4 per selection criteria that meet his needs. The best
match of the client profile with the characteristics of each PDM can be visualized by a spider chart.
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6.2 Discussion
The case study is an important part of this report and deserved a lot of time and attention in the
research. For the case study, three high-profile projects were found, all of which have been completed
successfully: the world's tallest hotel, European tallest residential building and tallest Dutch modular
building are all part of this study. The cases are an example of how modular building methods can be
applied in modular high-rise buildings, this is also recognized by the many articles that have been
written about the projects.
Finding suitable cases was not easy, either due to the relative unfamiliarity of modular construction
methods for high-rise projects or due to the willingness of respondents to want to work with them. In
the Netherlands, there was only one project that met the selection criteria as set out in section
5.2(page 76). Worldwide there are a number of projects that do qualify, but this presents additional
communication challenges. Many parties worldwide receive so much attention from renowned
newspapers and magazines that they have less time for a student from the Netherlands. As a result,
the case study took more time than initially expected. It is all the more special that the cases have
made it into this investigation.
There are four numbers of design limitations in this study that must be acknowledged while
interpreting the results of this study.
The first limitation considers the external validity; Given the time available for this investigation, only
three cases have been investigated in this study. All three cases are carefully selected based on the
selection criteria in chapter 5.2 and were expected to predict similar results for a literal replication.
Although Yin (2014) state that three cases could cover the literal replication of one theoretical concept,
more cases would be more compelling. Due to the relatively unknown nature, only one Dutch case has
been investigated, in a future research. This number could be expanded. However, saturation must be
prevented in the outcomes and extra cases must have an added value on the current cases.
The second limitation concerns the construct validity. In the case study research only direct
stakeholders such as customer, designer and supervisor were discussed. For a more extensive
stakeholder analysis with more time, this number can be expanded with monitoring bodies such as
municipalities, urban planning and certification bodies. They have a different perspective when it
comes to standardization and certification in terms of approval of the modules per se and the entire
building.
The number of respondents per cases is limited to three or four, answering the need for data
triangulation. However, a higher number of respondents would improve construct validity. during the
conduct of the case study research, however, it became apparent that finding suitable respondents is
a difficult task in the modular construction world.
The third limitation also concerns the construct validity. The main source of data comes from in-depth
interviews, which always entails a certain subjectivity. For a broader field of viewpoints, and thus
better data triangulation, other sources of information as archival records as contracts and
cooperation protocols, could be used. It should be noted that these documents are often confidential
and are less likely to be shared in the event that several cases from different companies are
investigated in the context of competition. Other data sources of evidence such as direct observation
and participant observation are harder to use because all cases have already been completed.
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The fourth limitation to the results. This research focuses on the collaboration forms in the modular
building methods on high-rise projects. Although only high-rise buildings have been the focus in this
case study research, one might also consider extending the research the applicability of the
methodology in incomparable building projects such as the construction of mid-rise buildings or multilevel buildings.
The fifth and last limitation lays in the fact that there are three cases in three different countries
investigated. Culture differences between the different cases aren’t considered when analysing the
results. It could be that different outcomes are typical of a certain location/country, which means that
information cannot simply be generalized. Whether this is actually the case is not known. A possible
follow-up study can take this into account in the future by only looking for cases at the same culturally
bound location.

6.3 Scientific relevance
Modular building is a widely researched topic in academic literature; an increasing number of studies
have been presented in recent years. Worldwide there is a lot of research into specific characteristics,
the advantages and structural implications that accompany the application of modular building
methods with a special focus on a high-rise application Research on the barriers that prevent the use
of modular building methods has been conducted mainly in the UK and Asian countries. However, this
research focuses on the required organization forms within modular high-rise projects. Organizational
forms in modular high-rise projects have received little attention in academic literature to date.
The results of the study are consistent with the results of the literature. Barriers for the introduction
of modular construction such as the need for the more intensive cooperation between more project
partners require more effective communication and key decisions must be made at an earlier stage in
order to achieve a more detailed design freeze. Different Project Delivery Models can all offer an
answer to these barriers in their own way. The most suitable PDM depends on the specific
characteristics of a client per project. This can result in different PDMs and the case studies show not
one PDM is preferred for modular high-rise buildings.
This research describes by means of a multiple holistic case study research how the practical cases
have arranged the form of cooperation to overcome the barriers. It provides a thorough investigation
which gives an answer to the purpose of this investigation, giving a framework of how collaboration
can be organized for a modular high-rise project to overcome the process-related barriers.

6.4 Societal relevance
The ever-growing urbanisation demands a strong need for high-rise projects in the city. Smaller
construction sites and stricter regulations in an urban environment require different construction
methods. Modular construction can be a possible solution for this social need. This document can
provide an answer for clients and companies who are considering using modular construction methods
for a high-rise project. It offers exploratory research into two concepts: modular construction and
forms of cooperation in the construction industry.
The characteristic features of Chapter 2 provide an introduction to the world of modular building
methods. Chapter 3 further examines the points for attention and potential barriers associated with
the introduction of modular building methods. Chapter 4 describes how a client can come to a
substantiated choice for an organization by means of 17 selection criteria. Chapter 5 gives an insight
into current practice cases on how they deal with collaboration forms in a modular high-rise project.
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The conclusion and the presented framework in chapter 6 offers a handle for those considering using
modular construction methods in a high-rise project.

6.5 Future research
The methodology described in this research has the potential to assist in following up with the
aforementioned literature gaps. There are still, however, some suggestions for future research.
The conclusions from a piece of advice and provide insight into how forms of cooperation can be
organized. The results can be processed in a framework(tale/flow chart) that can be validated by
experts in a follow-up study.
This research shows that in a modular construction project better collaboration between more project
partners is important. The practical cases, however, have only discussed the direct stakeholders such
as customer, designer and contractors. A follow-up study can examine the influence of monitoring
bodies such as municipalities, urban planning, and second-tier suppliers.
The results of this study are based on the six most common PDMs used in the Dutch construction
industry. The framework is therefore particularly applicable to the Dutch market. An international
application of this framework requires further investigation into the extent to which these PDMs are
also used internationally.
As mentioned in the limitations of the results of the research the cultural differences between the
various cases were not taken into consideration. For example, certain choices for an organization form
and other solutions are based on cultural characteristics that are associated with the local building
culture. A follow-up study could investigate cases with the same building culture to analyse whether
any cultural differences have an impact on the outcomes.
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Collaboration forms in
modular high-rise buildings
This document describes how to organize high-rise projects where prefabricated modular
building methods are applied. The document was written as the last aptitude test for the
Construction Management Engineering course at the University of Technology Eindhoven
and forms the final piece for a Master of Science degree. This research shows that modular building methods can possibly be a good tool for strong urbanization and thus paired
high-rise buildings. Modular construction is faster, safer, more reliable and gives less inconvenience to local residents. All these qualities work to the advantage when working in
an urban environment.
Yet there are hardly any modular high-rise projects, in 2015 this was less than 1% worldwide. How is this possible? What are the main points for attention? Is the construction
industry ready for this change? What are the biggest barriers? And how can those barriers
be overcome by organizing forms of cooperation?
The characteristic properties of modular construction are investigated by means of a theoretical explanation, using Fine's (1998) concept or 3-dimensional modularity; product
modularity, process modularity and supply chain modularity. From previous studies, the
biggest barriers to modular construction are filtered for process-related obstacles. 17 selection criteria have been used to describe the most common forms of cooperation within
the Dutch construction industry.
Leading international case studies have been analysed through a multiple holistic case study, to see how the forms of cooperation are organized there; which tools have been used to
overcome the recognized barriers. The world's highest modular hotel, for example, forms
part of this research, as does Europe's highest residential building and also the highest
modular structure in the Netherlands.
The extensive document provides a detailed picture of two concepts of modular building
methods and collaboration in construction projects and is ideal when one is considering
the use of modular building methods in a high-rise project. However, it is written in such
a way that it is certainly legible for less skilled people.

