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Preface 
 

It is my pleasure to present to you my thesis research report titled “The New Norm of Circular 

Construction: Accelerating successful employment of vertical integration of modular construction’s 

project- and product value chains”. This report represents the culmination of the master Construction 

Management & Engineering of the faculty of Civil Engineering & Geosciences of the Delft University of 

Technology and has been conducted in collaboration with circular real estate developer Lister Buildings.  

The research provides information on the topics of value chain integration of project- and product-based 

disciplines within the modular construction industry, including the different production systems and other 

aspects to consider when enabling value chain integration.   

As a graduate of Civil Engineering, I have always been fascinated by the impressive high-rise buildings 

that define the skyline of many cities. However, due to the increasing awareness around the climate crisis 

and global sustainability efforts, I have been intrigued by the construction industry's enormous impact on 

the environment and the urgent need for more sustainable practices. With the realization that traditional 

construction methods can be resource-intensive and wasteful, I became interested in exploring the 

potential of circular construction methods to promote sustainability and create a more efficient 

construction process. Thus, a collaboration with Lister Buildings, a circular residential developer using 

timber demountable modular construction, provided an excellent opportunity to delve into this topic and 

investigate how to industrialize circular construction methods. The motivation behind this research was 

to investigate how to industrialize the use of circular construction methods as a way to help the industry's 

sustainability challenges.  

The primary goal of this research is to contribute to the ongoing discourse on sustainable construction and 

the emerging field of circular construction. Specifically, I aim to provide insights and recommendations 

that can accelerate the successful employment of vertical integration of modular construction's project- 

and product-based value chains. This research will be a valuable resource for all stakeholders in the 

construction industry, including developers, architects, engineers, and manufacturers, who are interested 

in adopting circular construction practices. I believe that this research will inspire further exploration of 

circular construction practices, particularly in the modular construction industry, and help to pave the 

way for more sustainable construction methods in the future. 

This research has been conducted under the supervision of Prof. Dr. ir. Hans Wamelink, Dr. ir. John 

Heintz, and ir. Arie Bergsma. I conducted this research work from August 2022 to February 2023.  

If you are interested and would like to know more about vertically integrating value chains in the modular 

construction industry, please continue reading. 

 

Sarah Vafa, 

February, 2023 
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Executive Summary  
 

The construction industry faced a significant slowdown in sales and revenue growth in 2020 due to the 

impacts of the climate crisis and the COVID-19 pandemic. Although the situation has improved in recent 

times, the market still remains uncertain due to various challenges such as personnel shortages, and the 

rise in building material and energy costs. 

In order to overcome these challenges and foster a sustainable future, it is important that the government 

and regulatory bodies take the lead in directing and incentivizing the market. The National Environmental 

Vision (NOVI) in the Netherlands is a government-led strategy aimed at promoting a sustainable living 

environment through policies and regulations that incentivize the use of circular and sustainable building 

practices. Modularity is one of the ways to encourage the adoption of sustainable and circular business 

models in the construction industry. Modular construction has once again gained popularity in regions 

with high housing demand and labour constraints in the construction industry. The current surge in 

interest in modular construction may indicate that the movement is here to stay, but only if there is a 

balanced foundation that supports both construction and manufacturing approaches. 

Ribeirinho et al. (2020) conducted thorough research and found that the leading shifts in the construction 

industry include a switch from a project-based to a product-based strategy and value chain control. To 

industrialize the construction market, a new entrant with a production approach suitable for modular 

construction and a vertically integrated value chain might be one of the ways to Rome. 

The aim of this study is to enhance the productivity and efficiency of the modular construction process by 

providing practical recommendations on fostering collaboration between the various actors involved in the 

value chain, including developers, architects, system engineers and manufacturers. This research will 

focus on examining the feasibility of integrating the value chain in modular construction projects and 

identify the challenges or success factors for implementing it in practice. A deeper understanding of 

different production systems will be crucial in determining their impact on cross-functional relationships. 

This study will provide valuable insights into the modular construction process by either confirming or 

disputing claims about the integration of the value chain. The ultimate goal of this research is to improve 

the modular construction process by delivering actionable insights that can be used to enhance 

collaboration and increase efficiency. 

The study is designed in two phases. The first phase will involve conducting a comprehensive literature 

review to gather information on the current state of modular construction, the various production systems 

that exist in the manufacturing industry, and a deep dive into integrated value chains. Additionally, the 

phase will involve exploring the benefits and challenges of traditional and modular construction, 

standardization, and developing a preliminary list of critical success factors (CSFs) that drive cohesive 

organizational integration. 

The second phase will use the findings from the first phase to develop a list of factors that will help industry 

experts improve alignment and integration throughout the value chain in modular construction projects. 

To this end, a single case study with a modular construction company will be conducted to analyze the 

experiences of operating within such an environment and to validate the previously established factors 

and production systems. By utilizing the insights gained from the study, it is expected that 

recommendations for improving the productivity and efficiency of the modular construction process will be 

provided. 
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Findings 
The modular construction industry faces the challenge of integrating its value chain in order to achieve 

efficiency, productivity, and profitability. The case study of Lister Buildings, a modular construction 

company, revealed several critical success factors (CSFs) that are relevant to the entire industry. However, 

the main conclusion of this study is that the modular construction industry is currently facing an identity 

crisis as it tries to merge two conflicting disciplines: project and product. 

Synergy 

Modular construction allows for the pre-fabrication of modules in a controlled factory setting, which can 

lead to higher quality and greater efficiency compared to traditional construction methods. However, this 

also presents difficulties such as coordination and communication between team members who may have 

diverse backgrounds and be working from separate locations. This study explored ways to improve the 

integration of the value chain departments to overcome these challenges. 

Competency 

The study found that "adequate experience in the modular construction industry" is essential for fostering 

both a standardized, product-oriented approach and a project-oriented approach to balance it out with 

customization. This combination of approaches would provide the necessary design flexibility to meet 

clients' needs, ensure design consistency, and streamline the production process. The study suggests that 

the modular construction industry could benefit from developing a set of pre-defined standardized modules 

which can be configured to create various apartment designs. This approach requires a make-to-order or 

assemble-to-order production system. The top-ranking CSFs, such as "defined design & technical 

specifications of the product" and "scalability through standardization and product configuration," are also 

important features of the product environment. 

Organization 

Coordination was found to be a critical tool for managing the value chain and fostering integration between 

cross-functional departments. The data showed clear misalignments due to the merging of two conflicting 

disciplines in the industry. The shift from a project-based approach to a product-based approach brings its 

own complexities and requires a change in decision-making from the developer/designer to a 

developer/designer/manufacturer combination. The top-ranking CSFs for organization include "early 

involvement of key parties," "effective alignment on responsibilities and expectations," and the "link 

between project/design and product/production" to facilitate collaboration. 

In conclusion, the future success of the modular construction industry lies in striking a balance between 

two opposing disciplines - project and product. This requires a cohesive approach, which can be achieved 

by creating synergy between the two. Clear communication, collaboration, and information sharing are 

essential in building a supportive culture that enables both disciplines to flourish. Moreover, effective 

management is critical in fostering clear coordination and alignment within the teams to support the 

differences in disciplines throughout the process.  

In terms of the future of the modular production strategy, this will depend on various factors such as the 

organization's goals on product, production and organization, resources, and market demand. Some 

organizations may opt for a project-based approach, while others may prefer a product-based approach. 

The former emphasizes delivering unique projects that are tailored to the specific needs of the client, while 

the latter focuses on efficiency, cost-effectiveness, and profitability, and involves a long-term internal team 

structure, strong external relationships with suppliers and partners, and a focus on production rate, design 

type, and product configuration. 

 

 

Keywords: modular construction, value chain integration, product-based, project-based, production 

systems, construction, manufacturing, cross-functional departments. 
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1. Introduction 
 

This chapter elaborates on the global and national trends and factors shaping the construction industry. 

According to the UN Special Rapporteur on “the Human Right to Adequate Housing", a house is the 

foundation of stability and security, the focus of most people's social, emotional, and even economic lives - 

a place where one “has the right to live […] in security, peace and dignity” (OHCHR, 2014). In recent years, 

the housing market has been under pressure due to growing demand for (inner-city) housing and a lack of 

supply. Housing is in high demand as a result of factors such as population growth, rapid urbanization, 

smaller households, the freezing of "mobility in houses, and so on. The low developing speed to cater to 

these issues might instigate an investigation into possible adjustments to the current building methods to 

increase the rate of housing production. One potential solution to meet these needs and challenges could 

be the use of modular prefabrication.  

1.1  Population growth and rapid urbanization 
At the time of writing, The Netherlands has 17.7 million citizens dispersed in 8.1 million houses (CBS, 

2022). It is expected that in 2038, the number of homes will have increased to 9 million to accommodate 

the expected population increase to 19 million citizens. (Rijksoverheid, 2022c). Overall, the population rose 

by 67 thousand, about half as much as in 2019 and more than 30 thousand less than the yearly average 

from 2015 to 2019. This reduction, linked to the COVID-19 pandemic, in the population and household 

growth helped to relief some of the pressure on the housing market. 

In 2021, the housing shortage totals 279.000 homes with recent forecasts anticipating an increase to 

317.000 units by 2024. The government has declared that it will address the housing shortage by 

expanding annual house production from 80.000 to 100,000 units (Primos, 2021a). The Construction 

Agenda currently stipulates that this figure must be met by 2024. Although the number of new homes will 

skyrocket over the next few years, the number of families is growing at a faster rate, causing the housing 

shortage to worsen at first.  

Figure 1 shows, when the black line becomes hyperbolic, that the housing shortage will peak around 2024 

with around 317 thousand homes. Interestingly, there are significant regional variances in the shortages. 

The regions with the greatest shortages are Utrecht (5.9%), Nijmegen (5.9%), The Hague (5.8%), and 

Amsterdam (5.7%). Also in the Leiden, Rotterdam, and Tilburg areas, the deficit is 4.5% higher than the 

national average of 3,9%. This comes down to the ongoing urbanization of the more dense environments 

(PBL & CBS, 2022).   

Figure 1 National growth index households, building stock and housing shortage 2021, CBS (2021). 
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The four major cities are expanding due to 

natural growth and immigrant migration. An 

increase in immigration is also projected in the 

future, which adds greatly to this. Utrecht is 

anticipated to grow the quickest of the four 

main cities, by more than 25% by 2035, followed 

up by Amsterdam with a growth of 20%. In 

2030, the capital is predicted to surpass the one-

million-person mark. The Hague and, in 

particular, Rotterdam is expected to develop at 

a slower pace, with forecast rises of 18% and 

12%, respectively (PBL & CBS, 2022). 

 

 

1.2  Sustainable change 
Creating solutions for the housing crisis calls for developing new residential projects. However, the housing 

stock is a major contributor to climate change as the sum of energy-related emissions from buildings and 

construction represented 37 per cent of the global total in 2020, declining slightly from 38 per cent in 2019 

(UNEP, 2021). 

The Paris Agreement is an international agreement reached in 2015 by the United Nations Framework 

Convention on Climate Change (UNFCCC) to combat global warming and its negative impacts. The 

agreement aims to limit the increase in global average temperature to well below 2 degrees Celsius and to 

pursue efforts to limit the temperature increase to 1.5 degrees Celsius (UN, 2016). One of these efforts is 

the aim to completely decarbonize the global buildings and construction sector by 2050. Emissions from 

materials and construction processes must be addressed promptly to guarantee that buildings developed 

today are optimized for low-carbon solutions throughout their entire life cycle. Overall, buildings accounted 

for 36 per cent of global energy demand and 37 per cent of energy-related CO2 emissions in 2020. The 

different ingredients to create this total are depicted in figure 3. The residential sector contributed a total 

of 17 per cent in energy-related emissions, with another 10 per cent in manufacturing building construction 

materials such as steel, cement and glass.  

  

Figure 2. Population increase in the top ten 

municipalities, CBS (2022). 

Figure 3. 2021's Building and Construction's share of global emissions (UNEP, 2021) 
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1.3  Scarcity and rising construction costs  
The rate at which construction businesses have been selling and increasing their revenue fell below their 

typical levels in 2020 due to the impacts of both the climate crisis and the COVID-19 pandemic. Although 

the situation has improved this year, there is still a high degree of uncertainty in the market due to 

difficulties due to personnel shortages, rise in building materials and energy costs 

1.3.1 Labour  
There are now around 26,000 construction job vacancies. That equates to 76 job vacancies for every 1,000 

employees. Employers classified more than three-quarters of construction job opportunities in 2021 as 

"challenging to fill." The intake of fresh personnel is structurally insufficient. (Dirkse & Smit, 2022) 

Furthermore, an increasing number of entrepreneurs are concerned about a shortage of qualified labour. 

In the second quarter of 2022, 35% of entrepreneurs in the wood and building materials business had 

difficulties in this respect. (Bisschop & Wolf, 2022). Although the collective bargaining deal agreed upon 

in June resulted in the sector's greatest-ever wage increase, 5% over two years, it is likely insufficient to 

address the labour shortfall.  

However, with a 36,000 increase in demand in the year 2020-2025, the overall labour force inflow required 

for that time is 73,000. In the period 2025-2030, it already flattens somewhat with an expansion demand 

of 20,000 workers. This has to do with the aforementioned expected decline in building projects due to the 

increase in the housing stock. (EIB, 2021) 

1.3.2 Material  
Construction expenses increased 15% on average in the first quarter of 2022 compared to 2021. Prices for 

wood and metal items surged especially dramatically. Some of these items originate in Russia or Ukraine. 

For example, numerous significant aluminium facilities in Ukraine have been shut down due to the 

conflict.      

Also, when comparing the second quarter, it shows that more and more enterprises are reporting 

production resource, material, and space constraints. This was true for 23% of people in the second quarter 

of 2022, up from 12% in the previous quarter (Dirkse & Smit, 2022). Still, some building materials prices 

appear to be gradually stabilizing in recent months. Gas, wood, aluminium, and insulating materials no 

longer exhibit the same outliers that they did shortly after the outbreak of the Ukrainian conflict. However, 

the overall situation remains unclear, and material costs are still significantly higher than January 2021 

levels (Leeuw, 2022). 

The rise in material costs is caused by increased energy costs and material supply issues. This has to do 

with the current Russian invasion of Ukraine and the upholding repercussions of the corona epidemic to 

cause challenges in the worldwide supply chain (Bisschop & Wolf, 2022). 

 

 

 

 

 

 Figure 5 Material price increase: steel (2021-2022) 

(Cobouw Insights, 2022) 

Figure 4 Material price %-increase: timber (2021-2022) 

(Cobouw Insights, 2022) 
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1.4   National governance and policies  
The trends described are of such magnitude that national government and regulatory bodies need to direct 

and incentive the market in order to encourage change. In this collaborative effort, the government takes 

the lead by directing important goals and fostering public-private cooperation in order to solve societal, 

economic and environmental issues, as such are described previously. 

The National Environmental Vision (NOVI) is a governmental-steered strategy that leads the market to a 

sustainable view of the future living environment. The NOVI developed urbanization methods to aid in 

outlining the focus areas to build 80 to 100,000 dwellings annually (Primos, 2021b; Rijksoverheid, 2022a). 

However, in recent years, an annual average of approximately 70.000 residences have been constructed 

(Rijksoverheid, 2021). This indicates that the current rate of construction is not meeting the target set by 

the NOVI. It suggests that there may be challenges or barriers in the current construction process that 

are preventing the desired level of production. This could be due to a variety of factors from lacking 

available land to a shortage of skilled labour or materials.  

Therefore, the Netherlands government is actively encouraging the construction industry to move towards 

more circular and sustainable ways of building. One of the main reasons for this is to increase the efficiency 

and speed of the construction process, with a focus on reducing lead times from planning to realization. 

This is said to be achieved by streamlining the planning process, increasing capacity and promoting 

innovative techniques such as conceptual and industrial construction (Rijksoverheid, 2022b). The use of 

sustainable materials and methods is also being emphasized as a way to reduce the environmental impact 

of building construction and create a cleaner, safer living environment for future generations. 

In order to achieve these goals, the government of the Netherlands employs a variety of policies and 

regulations that incentivize the use of circular and sustainable building practices such as the 

Environmental Performance Requirement for Buildings (MPG). The MPG is a set of regulations for the 

construction industry that control the use of sustainable building techniques and technologies and sets 

targets for reducing energy consumption and carbon emissions (Ministerie van Binnenlandse Zaken, 

2021). Additionally, there are various financial incentives, such as subsidies, which are available to 

construction companies that adopt circular and sustainable building practices. 

1.5  Problem Definition 
We cannot address the housing crisis without addressing the climate crisis. This is due to a shared 

denominator: the underperforming construction industry. The underperformance may be caused by 

numerous dynamics of the construction industry's performance, such as being fragmented, complex and a 

major contributor to global pollution. Change within the industry is both difficult and slow as a result of 

the first two characteristics, external market factors and a general aversion to risk. External factors such 

as population growth, rapid urbanization, climate change, resource scarcity, and digitalization are the 

current global megatrends (PwC, 2022). All of these trends have an intersection with the building and 

construction industry. The building sector is obligated to limit the damaging effects of these trends by 

supplying sufficient quality housing, whilst transitioning to a more sustainable process to avoid 

contributing to the climate problem.   

The building sector has the potential to fulfil these demands by becoming more product-driven, efficient 

and sustainable, which are said to be attainable with the use of modular construction (Bertham et al., 

2019). However, traditionally, the building industry is characterized as a project-driven industry with 

unique characteristics such as location-bound design, one-of-a-kind/unique production, changing 

partnerships per project, outdoor and environmental factors, and multiple clients and suppliers involved 

in a single project. These characteristics conflict with the product-driven ambitions, leading to negative 

effects on performance such as low levels of effectiveness and efficiency, low rates of innovation and 

difficulties in knowledge sharing and learning. In comparison to other industrial sectors, the building 

industry is considered to have a lower performance level (Al-Hussein et al., 2009; Rahman, 2014).  
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Fortunately, a product-driven form of the building industry, modular construction has regained popularity 

in regions with high housing demand and labour constraints in the construction industry. The current 

surge of interest might imply that the movement is now here to stay if provided a balanced foundation and 

ability to scale. (De Jong et al., 2015). Experts are already noticing and discussing means to be able to 

scale the industry. Ribeirinho et al. (2020) discovered, summarized, and validated nine industry shifts 

through thorough predictive quantitative research. The top leading shifts were to switch from a project- to 

a product-based approach and vertically integrate for value chain control. In these cases, all members of 

the integrated value chain with conflicting disciplines need to have, among others, a solid cohesive 

organizational culture. Cohesion has been widely recognized as a contributing factor to group and 

organizational performance and is commonly understood to refer to the closeness or commonness of 

attitude, behaviour, and performance within a work group (Odom et al., 1990). 

The main differences when applying the modular construction approach are the partial allocation of the 

construction work to an off-site facility and the use of design repetition (Vrijhoef, 2011). A highly repetitive 

production process, leaning towards a product-approach, allows for greater standardization and 

simplification of the design, engineering, and manufacturing processes. This, in return, can lead to 

improved collaboration and integration among the different members of the value chain, as everyone is 

working from the same standardized specifications and processes. On the other hand, when a production 

process is less repetitive, it often requires a greater degree of customization and variation. This can make 

it more difficult for designers, engineers, and manufacturers to work together effectively, as each stage of 

the process may have different requirements and constraints.  

To industrialize the construction market, one needs a disruptive new entry. A new entrant using a product-

based approach suitable for modular construction and a vertically integrated value chain may just be the 

one. But which approach should be applied when the sector descends from a traditional project 

environment but has resembling characteristics from a product environment? Furthermore, how does one 

go about vertically integrating the value chain, where to start, whom to consolidate, and how to create 

cohesion between departments? 

1.6   Research gap 
There has been substantial research on the benefits, strains, challenges of modular construction and 

success factors on how to implement it, with a fair amount of comparable studies (Azhar et al., 2013; J. O. 

Choi et al., 2019; Liu et al., 2019; Rippon, 2011; Tsz Wai et al., 2021). However, it would be of relevance, 

due to limited literature, to conduct research with the aim of exploring the link between the equilibrium 

of a project- vs. product-approach and the increasing value chain control by integrated value-chains in the 

modular construction domain of the Netherlands. The degree of repetition in a production process can have 

a major impact on the collaboration and cohesive integration of the value chain including designers, 

engineers, and manufacturers. Therefore it is of essence to gain knowledge of the different production 

processes with the variables categorically divided between the two extremes: the project or product 

approach 

It is common practice in the manufacturing industry to integrate the supply chain and gain a competitive 

advantage from it (Vrijhoef, 2011). The modular construction value chain is partly project-based 

(construction), to enable certain design freedom, and partly product-based (manufacturing), to produce the 

modules. Due to modular construction having manufacturing features, will it also benefit from the 

integration of the value chain? This poses a knowledge gap, ranging from conception to the design phase, 

that this research aims to answer.  

Integration of the value chain has several benefits such as increased (quality) control, visibility, stronger 

relationships, continuous improvement in the modular design etc., which overall contributes to a seamless 

flow of the network of involved participants (Wuni & Shen, 2021) (van der Ham & Opdenakker, 2021). To 

establish a vertically integrated value chain, where, among others, developers, architects and 

manufactures work in optimal synergy to create value in the end project, one must be aware of how to 

establish collaboration between parties. 
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2.  Research Context 
 

This chapter presents an overview of the research project's context, including how it aims to address the 

problem definition and research gap identified in the previous chapter. The chapter discusses the research 

goals, scope, main and sub-research questions, as well as the scientific and social relevance of the study. 

2.1  Research goal 
When the production process is highly repetitive, it allows for greater standardization and simplification 

of the design, engineering, and manufacturing processes. This could affect the collaboration and 

integration among the different members of the value chain, as everyone is working from the same 

standardized specifications and processes.  

The goal, while carrying out this study, is to seek to improve the modular construction process’ productivity 

and efficiency by delivering insights with practical recommendations on creating synergy between 

developers, architects and manufactures in a vertically-integrated value chain. Additionally, an 

understanding of different production systems is of the essence to understanding their influence on the 

cross-functional relationships. The goal of this research is to examine the feasibility of integrating the 

value chain in modular construction projects, by either validating or refuting claims about such integration 

and understanding the challenges or success factors for implementing it in practice. 

2.2  Scope 
The scope of this research can be demarcated by what it will and what it will not cover. The scope will 

include: 

− Modular buildings, build with 3D (prefinished and prefabricated) and 2D construction 

− Apartment complexes, a minimum of two stories. 

− Residential real estate domain 

− Focus on the phase with the highest degree of interdependencies/collaborations between the involved parties 

(SO till TO): developers, architects, engineers and manufacturers 

− Preferred constructions projects built with timber/bio-based1 material 

− Information and data gathering from the EU, Asia and USA 

− Case studies and interviewees were limited to the EU and USA 

This scope will not include: 

− Procurement or contracting  

− External relations or factors influencing the integrated development value chain: municipalities, urban 

planning, certification bodies, clients 

− Contractor and sub-contractors 

− Advisory groups  

 

1 Ecologically generated, collected, utilized, and repurposed building materials derived from animal matter or from fungus, plants, or 

microorganisms. This term is consistent with the City Deal Circular and Conceptual Building Definitions. 
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2.3  Research Questions 
To realize the above-mentioned objective for this research, the following main question is formulated: 

1. spo 

Next, the literature review substantiating the answers will lead into the next phase of the study, which is 

Phase 2. This phase will apply the insights and learnings as the basis to develop focus-points which will 

help the industry experts successfully improve alignment and co-operation during the integrated 

modularization process, maximizing its benefits: creating synergy. Eventually, this will help accelerate 

the industrializing of modularity. 

2.4  Scientific & social relevance 
James T. O’Connor’s research "Critical Success Factors and Enables for Optimum and Maximum 

Industrial Modularization" explores how modularization can optimize the development process of 

residential real estate with a focus on achieving carbon zero rates using CSF. The study highlights the 

benefits of modularization, including the ability to construct buildings with zero carbon emissions when 

using timber materials and the potential to address the housing crisis through faster construction without 

compromising on quality. O’Connor's research emphasizes the importance of understanding CSFs and 

their role in increasing the success potential of industrial modular projects. The research also focuses on 

the industrial sector rather than the building sector, noting the differences in terminology and processes.  

Other studies by McKinsey & Company, led by Nick Bertham (2019), Ribeirinho et al.(2020), among others, 

also provide insights on how to implement a modular construction strategy, including steps to involve all 

parties in the process and shifts that can lead to an industrialization of the modular construction industry. 

This implementation strategy idea of modularization comes from an extensive research team at McKinsey 

& Company, led by Nick Bertham. The team has laid down the plan for real estate developers to step into 

the alternative building process (Bertham, Mischke, et al., 2019). Bertham also elaborated on how to 

include the other involved parties during the process. Another McKinsey & Company research led by 

Ribeirinho et al. (2020) put more emphasis on which industry shifts will lead to disrupting the modular 

construction space to a more industrial scale. The paper listed nine different shifts validated by industry 

experts. Gaining control through value chain integration and moving towards a project to a product-based 

approach are two of them. Research on them is relevant for scientific and social reasons.  

Scientific relevance 

• The integration of value chains is a topic that is not well understood in the modular construction 

industry, as it involves coordinating and integrating multiple players, departments and processes. 

This research aims to fill this gap by focusing on understanding the challenges and successes of 

integrating value chains in modular construction.  

• This research also contributes to the broader academic discussion on the integration of value 

chains in the context of product-driven industries, such as car manufacturing, shipbuilding 

industry and aircraft manufacturing.  

• It can also serve as a reference case for future studies that would like to approach similar topics. 

 

Social relevance 

• The modular construction industry is growing rapidly as it presents an opportunity to increase 

efficiency, reduce costs and waste, and improve the quality of the built environment. Furthermore, 

real-estate developers are considered a natural catalyst for scaling modular construction. 

Developers must start by rethinking their product strategy to enable modular design. They can 

determine how their projects are realized and by whom. Developers could collaborate with 

designers to establish their own unique sets of product offerings. However, this growth is also 
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accompanied by many challenges, one of which is the coordination and management of the supply 

chain. 

• This research can provide valuable insights for practitioners in the modular construction 

industry, such as developers, architects, engineers, and manufacturers, as it can help them to 

better understand the complexities and benefits of integrating value chains in their projects. This 

can help them to improve the efficiency, quality and overall success of their projects. 



24 
 

This page is intentionally left blank 

  



25 
 

 

 

  



26 
 

 

  



27 
 

3.  Methodology 
 

The purpose of this research is to explore and define the suitable production system for a vertically 

integrated value chain, as well as how to improve the interconnectivity among the participating internal 

developing parties. Thereto, it is necessary to understand the various factors leading to such success. The 

main research question is formulated as:  

“How do project- and product-based disciplines within the residential modular construction 

industry achieve effective vertical value chain integration during the development phase?” 

To completely address the main research issue as indicated previously, an appropriate research design 

with corresponding relevant methodology is required. This chapter outlines the decisions taken and 

substantiates their implementation in accordance with the project's goal. Initially, the main research 

question will be answered through a series of sub-questions and methods. This process is described below. 

3.1  Research Design  
This research can be categorized as a practice-oriented study. Practice-oriented research aims at solving 

an identified practical problem which needs a deep dive into knowledge and information to contribute to 

successful innovation. This innovation can also be labelled as an intervention in order to change an existing 

situation (Verschuren et al., 2010). In this case, the objective is to validate the success of cross-functional 

integration of the value chain in comparison to the traditional fragmented construction process.  

     

Verschuren et al. (2010) developed a so-called intervention cycle which exists of five stages of research: 

Problem analysis, diagnosis, design, intervention/change and evaluation. This can be done in series to 

structure the research towards a successful intervention or as distinct forms of investigation. This research 

is classified as design-research (Verschuren et al., 2010).  

The research is divided into two phases. Phase 1 will include the literature research to gather knowledge 

such as the current understanding of modular construction, the different production systems stemming 

from the manufacturing industry, a deep dive into integrated value chains and the critical factors which 

steer towards cohesive organizational integration. In addition, exploration is necessary to define terms, 

benefits and strains of traditional versus modular construction and standardization.     

Phase 2 will apply the insights and foundation to develop a list of factors which will help the industry 

experts successfully improve alignment and integration throughout the value chain; maximizing its 

benefits during the modular construction process. Through a case study with an integrated modular 

construction company the gathered, previously establishes, factors will be used as a comparing and 

analysing tool to gain a better understanding of the experiences operating in such an environment. 

Eventually, this will help accelerate the industrializing of modularity (Viana et al., 2017). Both phases are 

elaborated on in the chapters below. 

3.2  Phase 1 – Analytical framework  
Phase 1 is dedicated to building the body of the analytical framework. This consists of a Literature Review 

on the topics of Modular Construction, Production Systems and Value Chain Integration and the 

development of the Conceptual Framework which consists of a CSF-list to enable integration and the 

Production System framework. These two tools will be used to structure the experts' review during the 

case study.  
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3.2.1 Literature review 
To gain a better understanding of value chain integration in the modular construction industry, a 

considerable review must be conducted of relevant scientific papers. These have to include a thorough 

study of modular construction, their distinctive differences to traditional construction, processes, value 

chain structure, which actors are involved during the project and the factors which improve and foster 

cross-functional integration. The distinctions are of importance to this paper as they could convey the 

bottleneck or the possible solution to being able to industrialize or improve the modular construction 

process. The first phase consists of two parts: gaining a thorough understanding of the different elements 

of interaction during the integration of modular construction projects and the exploration of factors that 

are considered critical to sustaining and fostering integration between the elements and parties. The 

methodology and goal are elaborated on below. 

• Modular Construction 

One of the ways to contribute to an improved sustainable and circular solution to the building process is 

by developing with standardized elements and considering alternative building materials.  Before the 

research goes into depth with these aspects to improve the process, exploration is necessary to define 

terms, benefits and strains, and the distinguishing differences between the traditional versus modular 

construction of the value chains. Also, the industrializing shifts within the sector are elaborated to  

• Production Systems 

In recent years there has been more interest in the beneficial aspects of vertically integrating value chains 

to gain more control. This is not a new concept overall, as other industries have been disrupted from a 

project-based approach to a product-based approach, meaning also vertically consolidating the production 

process. How the production system adapts in relation to the rate of standardization of the product, has 

influence on the value chain. This caused industries such as the car and shipbuilding industry to change 

their approach and incorporate a high degree of automation. The modular construction industry is just not 

there yet, therefore it is important to explore the different production systems and establish which will fit 

the modular production strategy, to understand the level of integration necessary in the value chain.  

• Value Chain Integration  

Creating in between teams when the value chain is vertically integrated is of importance as they not only 

support one another, they also achieve a reduction in time and cost ultimately leading to higher 

productivity. This long-term commitment requires working together to produce gained value. At its 

foundation, integration is about assisting participants in efficiently connecting, communicating, and 

collaborating. Before developing a focus-plan to achieve efficient integration across the value chain, one 

must first learn how to establish an environment in which this may flourish. A thorough analysis into 

critical factors within the vertically-integrated modular construction industry literature will be acquired 

and categorized in a library.  
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3.2.2 Conceptual framework – Defining 
The conceptual framework exists for the development of two potential tools to assess the level of 

integration of MC cross-functional departments. This methodology is based on the critical success factor 

management tool of Rockart (1979, p. 45-60), see figure 6, where factors are used to identify and prioritize 

the key areas that are crucial for the success of a project or organization.  

 

Rockhart’s tool is used as inspiration to identify the success factors to enable and improve the integration 

of MC value chains. In Phase 1, a preliminary CSF list is developed through a series of steps: 

1. Exploration of key areas that are critical to the success of the project/organization  

Conduct a thorough search for scientific papers using relevant but relatively general keywords and similar 

definitions to those. Search for papers and relevant journals that focus specifically on the research topic, 

as well as those that discuss the CSFs in a more general sense. This step creates an extensive list of the 

relevant papers with their CSFs. 

2. Create categories, filter and consolidate list. 

Once the list of relevant papers with CSFs is collected, organize them into different categories based on 

the topics they cover. Review the papers in each category and filter out any that are not relevant or do not 

provide valuable information. Consolidate any duplicated information or similar concepts under one or a 

new CSF. 

3. Create the preliminary list. 

Review the final list of CSFs and make sure that the information is clear and easy to understand. Organize 

the information logically and coherently, and remove any unnecessary details.  

By following these steps, you can create a clear and comprehensive overview of the critical success factors 

based on literature review. Part 2, is assessed after the interviews have been conducted. This will be 

explained in the following chapter of Phase 2. 

  

Figure 6. Critical Success Factors management method (Rockhart, 1979) 
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3.3  Phase 2 – Case study  
The study aims to examine the factors that contribute to the successful integration of the value chain in 

modular construction projects. To achieve this, an in-depth case study will be conducted on an integrated 

modular and circular construction company. The methodology includes conducting semi-structured 

interviews with key players in the company and using interactive exercises to gain a comprehensive 

understanding of their experiences, challenges, and perceptions of integration within the company. The 

data collected will then be analysed using a preliminary critical success factor list, which is established 

based on previous research in the field, to identify key areas for improvement. In Phase 2, the focus will 

be on identifying specific areas to improve integration based on the prioritization of the critical success 

factors, the assessment of the production system, and the analysis of the interview data. This will help to 

create a holistic view of the impact that value chain integration has on the efficiency and productivity of 

the company and allow to determine the focus area to foster integration.  

3.3.1 Company profile 
For this study, Lister Buildings has been selected as the company profile to investigate the feasibility of 

integrated modular construction value chains. Lister Buildings is a real estate life cycle platform that 

specializes in the development, design, engineering, and manufacturing of modular wooden residential 

buildings. Their core focus is on sustainability, with a specific emphasis on mitigating climate change, 

addressing resource scarcity, and promoting human health in the built environment. They maintain a 

production facility in Weert where they manufacture the modules for their buildings, which is a key aspect 

of their value chain. The internal setup consists of developers, architects, system engineers and 

manufacturers working together to design and develop modular residential buildings that meet the highest 

standards of sustainability and quality. Each member of the team brings a unique set of skills and 

expertise to the project, and they work collaboratively throughout the entire value chain to ensure a smooth 

and efficient production process. As a result, Lister Buildings represents an ideal company profile to 

explore the potential for cohesive organizational integration in semi-vertically integrated value chains 

during the development phase of residential modular construction projects. 

3.3.2 Expert interview  
The interview is separated into two activities, a semi-unstructured interview to gain their experiences, 

ideas and bottlenecks on a personal and departmental level and interactive exercises to visualize the 

interconnectivity and coordination between the departments from their point of view.  

Interview 

Through the CSF Interviews with experts (developing managers, architects, engineers and manufacturers 

- a minimum of three per category), the preliminary list of critical success factors may be verified and 

expanded. This chapter there will be made use of abbreviations for the different departments: Lister 

Development [LD], Lister Architecture [LA], Lister Systeemontwikkeling [LO] and Lister Manufacturing 

[LM]. The departments are elaborated on in Chapter 7. Also, a disclaimer is necessary that this part relies 

on data gathered from the qualitative interviews with humans which can create deviating results. The 

participant index is shown below. To ensure the privacy and security of participants, the specific details of 

the participants involved in the study will not be publicly disclosed. The interview activity aims to explore 

and prioritize the key factors, based on the rate of occurrence and ratio of importance, to enable the 

successful integration of the value chain in modular construction projects. Data collection was carried out 

using semi-structured interviews with participants, and the questions were designed to elicit 

information on their experiences, benefits, and challenges related to value chain integration in modular 

construction projects. However, the questions provided a general outline for the interview but allowed for 

flexibility to explore specific topics in more depth as the conversation progressed. The interview will cover 

three topics: personal level, system integration (focused on collaboration) and system design (focused on 

coordination), the interview protocol and questionnaire are to be found in APPENDIX A. 
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         Table 1. Interview participants 

 

 

 

 

 

 

 

Interactive exercises 

There were two exercises. The first exercise is to gather information regarding their Production System. 

This exercise consists of two parts: a questionnaire that asks participants to identify the characteristics of 

the company's current production system, and a second questionnaire that asks participants to identify 

the characteristics of the company's desired future production system.  

The questionnaire presents the participants with a list of categories, such as design type, strategy, and 

client input, and asks them to rate the company's current and future production system on a scale of -2 to 

2. The categories are aligned with two extremes of production systems: Concept-to-order (CTO) and Make-

to-stock (MTS). CTO is a project-related domain, while MTS is a product-related domain (see Appendix B). 

In the summary of the production systems, there is a flow to be recognized; the residing production systems 

range sequentially categorically from one extreme to the other. The participants are not aware that the 

categories correspond to production system terms, and this is done to avoid any potential biases or 

confusion. After the questionnaires are collected, the responses are analysed and compared at the company 

and department levels to gain an overall understanding of the collective views and aspirations of the 

organization for the future. 

Table 2. Interview questionnaire: Production System-profile 

 

 

 

 

 

 

 

 

Lastly, to gain a better understanding of the company's coordination and collaboration structure, the 

participants will be asked to provide information about their experience working within the company. The 

participants will be presented with a graphic overview of the current development process, the format of 

which can be found in Appendix A. They will be asked to rank the four departments from 1 to 4 (1 being 

the most and 4 being the least) in terms of which one is “the most essential” at each phase and which one 

carries “the biggest responsibility” during that phase. The answers from the interviews will then be 

analysed, processed, and visualized to gain a better understanding of the company's coordination and 

collaboration structure.  

  

Characteristic Design -2 -1 0 1 2 Make 

Client input Greatest 

degree of 

input 

    

 No input 

Project teams Short term 
    

 Long 

term 

.. .. 
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3.3.3 Conceptual framework – Analysing 
This study aims to further develop the conceptual framework by analysing the collected data to refine and 

finalize the critical success factor (CSF) list. This will be done by following a set of established steps to 

ensure a thorough examination of the data and its relationship to the CSF list. 

4. Transcribe and code semi-unstructured interviews with CSF-list 

The information gathered from the interviews will be transcribed and coded using the critical success 

factors (CSF) list established in the literature review. The coding sessions will involve verifying or 

invalidating the current list, while also keeping an open mind to new CSFs that may have emerged from 

the data. The goal is to analyse the content to discover interesting nuggets of information: information 

that is repeated and resembles or contradicts an existing CSF. Any data that do not fit into the existing 

list but are frequently mentioned and seem relevant to enabling integration will be set aside for further 

examination and analysis. 

The two interactive exercises were in different forms to provide consistent and comparable answers, and 

to be able to present them in a clear and easy-to-analyse format. The first is a visual presentation of their 

process and organization, displaying the four departments per phase of the process between SO and TO to 

gather information on coordination and collaboration links between the different parties involved in a 

modular construction project. The second exercise was a “current” (LB1.0) and “future” (LB2.0) table with 

different production system characteristics on product, production and organization levels, to gain a 

comparative view of the Production System profiles. Again, these are to be viewed in Appendix B.  

5. Analyze coded text categorically per CSF 

Review the coded text and identify interesting quotes, the rates of occurrence, and the ratio of importance 

for each CSF. This will help you gain insights into how important each factor is to the success of the 

modular construction project, and how frequently it is mentioned during the interview. It is also important 

to review the factors that were not mentioned during the interview and consider eliminating them from 

the list if they are not relevant to the research. Additionally, it may be useful to review any data that did 

not fit into the initial CSF list in order to identify any new factors that may have emerged.  

6. Validate, invalidate, and/or expand the CSF-list: 

The final step in the analysis process is to use the data collected and analyzed, in the previous steps, to 

refine and improve the list of CSFs identified in the literature review. This step will involve validating, 

invalidating, and/or expanding the initial list of CSFs to ensure that it accurately reflects the most 

important factors for success in the modular construction industry. By examining the rate of occurrence 

and ratio of importance of each CSF, a hierarchical list can be created, which will be used to prioritize the 

most critical factors for further examination. This research can provide valuable insights for practitioners 

in the modular construction industry to better understand focus areas when integrating value chains in 

their projects. Therefore, the end-product will cover final conclusions and recommendations for modular 

construction and similar product-based industries to gain awareness of the bottlenecks and focus-points 

to be able to scale towards industrialization. 
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4.  Modular Construction 
 

Modular construction has gained significant attention in recent years as an alternative method for building 

high-quality, sustainable, and cost-effective buildings. This chapter will provide an overview of modular 

construction, including the key terms and definitions used within the industry, the benefits and 

impediments of using modular construction, industrial shifts within the modular construction industry, 

and the value system involved in the process. Each of these topics will be explored in depth in the following 

subchapters. 

4.1     Introduction 
One way to speed up the building process is by building with standardized measures and elements, called 

modules. Modular buildings consist of standardized structural components which are made in an offsite 

facility and then assembled on-site. The complexity of the pieces being combined determines the complexity 

of these systems. Single parts that are clipped together using conventional connections and interfaces are 

the most basic (Bertham, Fuchs, et al., 2019). Modularization is not a new concept; it has been used several 

times in the past, extensively discussed, and described in numerous ways by different sectors in the 

construction industry. “Offsite construction” (OSC), “prefabrication”, and “modular construction” (MC), 

prefabricated housing production (PHP) are all terms that are used interchangeably to describe a variety 

of approaches and systems but ultimately mean the same thing: dividing a product/project/building into 

standardized parts, whilst shifting as many activities of the building process to a safely manageable offsite, 

manufacturing-style production facility (van der Ham & Opdenakker, 2021).   

 Tatum et al. (1986) pioneered modular systems in both industrial and building construction by 

exploring a way to improve constructability in the construction sector by using prefabrication, 

preassembly, and modularization. Their findings indicated that defining the project based on the best 

applicable building techniques could be critical in the outlook, meaning that some projects could benefit 

from other building methods, such as prefabrication and assembly. Since their highly innovative work on 

modularization, a decision-making support framework was developed by Murtaza et al. (1993) to assist 

construction owners and engineers whether or not to choose the modular construction technique when 

building a petrochemical/power plant. When the tendency became apparent, Haas et al. (2000) conducted 

a trends-growth study to determine the effects of prefabrication and preassembly on the industrial 

construction workforce. 

4.2  Terms 
The term "modularity" has different meanings depending on the context and the source. In construction, 

for example, it can refer to the use of sets of units that can be arranged or joined in a variety of ways 

(Gershenson et al., 2003). It can also refer to the pre-construction of a complete system away from the job 

site, which is then transported to the site and assembled (Haas et al., 2000). In both cases, the idea is to 

simplify the process of building and make it more efficient. In general, modularity can be seen as a way to 

balance the conflicting demands of standardization and customization, allowing for a broad variety of 

products to be produced by combining a limited number of modules, (Miller & Elgård, 1998). 

In other fields, such as product design, the definition of modularity has evolved to include the idea of 

breaking down complex systems into simpler components that can be easily assembled and disassembled, 

as in "Contributions of modularity to the circular economy: A systematic review of the literature" Machado 

& Morioka (2021). This can help extend the life of a product and make it more adaptable to changing needs. 

In conclusion, the definition of "modularity" used in this paper, as presented in Machado & Morioka (2021), 

aligns best with the focus and objectives of this paper as it includes the idea of modularity as a design 

approach that improves the product lifecycle, reduces dependency on the job site, and balances the 

conflicting demands of standardization and customization. 
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4.3  Degrees of Standardizations  
In the construction industry, standardization refers to the degree to which building components and 

systems are pre-manufactured and pre-assembled in a controlled factory environment before being 

transported to the construction site for installation(Gibb & Isack, 2001). The level of standardization can 

be classified into several categories: 

− Component subassembly: Small-scale elements, such as windows, are manufactured and 

assembled in a factory environment. 

− Non-volumetric preassembly: Items are manufactured and assembled in a factory environment to 

form non-volumetric units, such as walls, which are then transported to the construction site for 

installation. 

− Volumetric preassembly: Similar to the previous level, items are manufactured and assembled in 

a factory environment to form volumetric units, such as bathrooms, which enclose usable space 

and are fully finished internally before being transported to the construction site for installation. 

− Complete (modular) construction: Fully finished modules, including entire buildings, are 

manufactured and assembled in a factory environment and transported to the construction site 

for installation. (Bertram et al., 2019; Pan & Hon, 2020) 

In Hong Kong and Singapore, the government encourages the use of modular construction, called MiC in 

Hong Kong and PPVC in Singapore, to increase productivity and reduce construction time and labour-

intensive activities. These are considered the ultimate form of modularization, as it involves prefabricating 

75-90% of the construction work in a controlled off-site facility and does not limit to one single module as 

a home, which most volumetric design are (Pan & Hon, 2020). However, there are limitations to the use of 

prefabricated and precast components, such as technical issues and ineffective assembly management. 

Therefore, it is important to consider the performance, technology systems, challenges, and lessons learned 

when implementing modular construction methods in a project. Additionally, for sustainable construction, 

it is important to consider the economic, environmental, and social dimensions of modular buildings during 

performance evaluations.(Liu et al., 2019; Xu et al., 2020) 

Modular construction can also be classified based on modular assembly classifications:  

− 1D modular construction: Modules are primarily built with a standardized width and length, but 

with variable heights. This method is mostly used in the construction of high-rise buildings. 

− 2D modular construction: Modules are standardized in width, length and height. This method is 

mostly used in the construction of mid-rise buildings. 

− 3D modular construction: Modules are standardized in all three dimensions, including width, 

length, and height. This method is mostly used in the construction of mid-rise to low-rise 

buildings. 

− Hybrid modular construction: This method combines traditional construction techniques with 

modular construction techniques. It uses modules as a starting point but allows for customized 

and site-specific designs. (Kamali & Hewage, 2016) 

It is important to note that these classifications are not mutually exclusive and that a modular construction 

project can incorporate elements from multiple classifications. 

  
Figure 7. Level of 

standardization in 

modular 

construction 

(Bertram et al., 

2019) 
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4.4  Benefits  
Schools, prisons, hotels, student housing, residential apartment complexes, and similar projects appear to 

be particularly suitable to modular building systems due to their inherent repetition, homogeneity in 

design, and hence having a more predictable building process. (van der Ham & Opdenakker, 2021). It 

offers significant benefits over traditional onsite construction and can accommodate to a solution for the 

rapid urbanization and housing shortage, whilst also covering the sustainability aims when choosing 

materials such as timber. Numerous studies on modularization have been conducted by various 

researchers. O'Connor et al. (2014) recently found 21 CSFs for modularization and enablers for success 

factors, as well as the association between modularization CSFs and project performance. Choi (2014) 

elaborates on the benefits and impediments of using the modular building method in his dissertation. 

However, because this paper was released in 2014, making it is slightly out of date. In the meantime, 

several studies have been followed up with a quantifiable approach substantiating the previously 

qualitative experiences and knowledge. During the literature review, this table is updated and expanded 

to include literature up to 2022.  

Table 3. Literature overview - Benefits of modular construction. 

# Benefits Literature 

 Reduced Production costs Fagerlund 2001; Gotlieb et al. 2001; Jameson 2007; Lapp and Golay 

1997; Post 2010; Rogan et al. 2000; (J. O. Choi et al., 2019), (Tsz Wai 

et al., 2021) (Bertham, Fuchs, et al., 2019) (R. Lawson & Ogden, 

2010); 

 

 Improved Scheduled Performance CII 1987; CII 2002; CII 2011; Burke and Miller 1998; Gibb 1999; 

Gotlieb et al. 2001; Jameson 2007; Judy 2012; Lapp and Golay 1997; 

MBI 2010; McGraw-Hill 2001; Post 2010; Rogan et al. 2000; 

SCS_Energy 2006; Williams 2011; (J. O. Choi et al., 2019), (Tsz Wai 

et al., 2021), (Bertham, Fuchs, et al., 2019) 

 

 Improved Predictability  (van der Ham & Opdenakker, 2021), (Tsz Wai et al., 2021) 

 

 Increased Productivity Jameson 2007; Jergeas 2010; McGraw-Hill 2011; Murtaza et al. 1993; 

Rogan et al. 2000; SCS_Energy 2006; (J. O. Choi et al., 2019), (van 

der Ham & Opdenakker, 2021), (Tsz Wai et al., 2021) 

 

 Higher Overall Quality Judy 2012; Lapp and Golay 1997; SCS_Energy 2006; (Al-Hussein et 

al., 2009) (van der Ham & Opdenakker, 2021), (Tsz Wai et al., 2021); 

(Bertham, Fuchs, et al., 2019; Lee et al., 2020) 

 

 Increased Safety Performance CII 2002; Court et al. 2009; Jameson 2007; Judy 2012; MBI 2010; 

SCS_Energy 2006 ; (J. O. Choi et al., 2019), (van der Ham & 

Opdenakker, 2021), (Tsz Wai et al., 2021) 

 

 Reduced Waste and Better 

Environmental Performance 

KBR 2009; MBI 2010; Tam et al. 2007;(R. Lawson & Ogden, 2010) (J. 

O. Choi et al., 2019), (Wuni & Shen, 2022), (van der Ham & 

Opdenakker, 2021), (Tsz Wai et al., 2021) 

 

 a. Reduced noise (J. O. Choi et al., 2019), (van der Ham & Opdenakker, 2021) 

 

 Reduced Site-based Permits Jameson 2007; SCS_Energy 2006 

 Improved site operations (J. O. Choi et al., 2019) (Wuni & Shen, 2022) 

 

 

4.4.1 Production costs 
There are various reasons to choose modularization in construction. Lowering costs is one of the primary 

advantages of why industry leaders are using this approach. The overall reduction of the costs stems from 

different areas of the project. First of all, the shift of labour location from on-site to off-site helps reduce 

the overall labour costs (Kamali & Hewage, 2016), the on-site accommodation costs (Fagerlund, 2001) 

(Gotlieb et al. 2001) and reduced maintenance costs due to improved structure quality (Al-Hussein et al., 

2009). Furthermore, the reduction in re-design also takes a huge toll on the overall budget when there are 
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deficits in the design. However, the costs of the initial design, material sourcing, off-site labour, logistics 

and factory costs are still expenses which need to be considered and are on the other side also demanding 

of the budget. Nevertheless, given these trade-offs, the projects with the highest share of labour-intensive 

tasks and the highest levels of repeatability are most likely to yield the biggest cost reductions. Overall, 

depending on the level of standardization, in comparison to traditional construction, the costs are reduced 

between 20-65% (Bertham, Fuchs, et al., 2019) or depending on the size of the project specified by another 

scientific paper between 40 (small) – 63 (big)% (Hammad et al., 2019). 

4.4.2 Schedule 
The construction industry has been notorious when it comes down to delays in the schedule or cost 

overruns. Previous studies such as (Gotlieb et al. 2001; Jameson 2007; Judy 2012; Lapp and Golay 1997; 

MBI 2010; McGraw-Hill 2011; Post 2010; Rogan et al. 2000; SCS_Energy 2006) presented a reduction in 

construction time and overall planning. Due to the off-site construction technique, the workforce is able to 

continue their work in a controlled conditioned environment which boosts productivity (J. O. Choi et al., 

2019). Resulting in better time control and site operation of the facility and project. Studies have shown 

that MC implementation can lead to time-saving (NIBS, 2018). In a time-saving analysis of projects in the 

UK, Singapore, USA and Asia the percentage change in construction time ranged from 6% - 40%. The 

lowest change was due to having limited experience with modular systems. Nevertheless, even without 

experience, there is still improvement in scheduling. (Tsz Wai et al., 2021). Overall, due to the parallel 

activities enabled by off-site manufacturing, the biggest cuts are achieved during the planning and design 

(when the designs have been repeated) and the on-site installation. Reaching planning shortenings from 

20 – 50%. (Bertham, Fuchs, et al., 2019) 

4.4.3 Quality 
Quality is also another key element when developing buildings. Due to several parameters in modular 

construction, there is a better outlook and guarantee of the quality of the end-product. Firstly, the indoor 

environment helps to control the temperature and moisture and keeps the dynamic weather conditions 

outdoors (Tsz Wai et al., 2021). Moving construction operations into a confined, shielded, and carefully 

regulated area where closer inspection is feasible would immediately enhance the quality of the modules 

being built. Precision will be improved even further by automated systems. (Bertham, Fuchs, et al., 2019). 

Also, due to being able to have different disciplines working parallel on-site (indoor) creates an 

environment where the teams can work interdisciplinary. Meaning knowledge and expertise are on hand 

to solve complex issues at once. Resulting in less rework afterwards and improving the quality of the 

product. Finally, the proportion of rework in off-site manufacturing is substantially smaller than in 

traditional construction due to module and BIM control checks at various stages, which also validate 

quality. (Lee et al., 2020). Because of the high level of quality control allowed, modular and panelized 

construction is tighter and stronger than stick-built or conventional methods. (Al-Hussein et al., 2009) 

4.4.4 Safety 
Safety, security and health of the workforce should be one of the main concerns of the superior. When 

working in the construction sector, there is always a small risk to take into account. From 2019 to 2020, 

there was a 31% rise in events involving casualties in the Dutch construction industry. The majority of 

accidents (29%) occurred when operating at a height (Cobouw, 2021). As a result, relocating offshore work 

to a controlled setting decreases total safety hazards dramatically. The manufacturing faculty is more 

suited to safe material handling and assembly than traditional methods. When the demand to work on 

high platforms or against walls, for example, is removed, safety issues are considerably minimized. (CII 

2002; Court et al. 2009; Jameson 2007; Judy 2012; MBI 2010; Al-Hussein et al., 2009). Additionally, with 

fewer people necessary on the construction site during assembly reduces the likelihood of casualties, such 

as accidents involving falling equipment (Tsz Wai et al., 2021). All in all, the modular construction method 

reduces safety incidents by up to 80% (Lawson et al., 2012). 
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4.4.5 Sustainability 
Lawson & Ogden (2010) estimated that modular construction projects produced at least 15% less 

construction material waste than traditional construction projects. One of the characteristics contributing 

to the decrease in waste is the ability of the module to re-locate and reuse. Modularity also refers to the 

modules' capacity to be easily assembled and disassembled. When a building or structure requires 

maintenance or reaches the end of its lifetime, components or the entire structure can be dismantled for 

repair and re-use (Tsz Wai et al., 2021). Loizou et al. (2021) compared the waste generated from traditional 

versus modular construction techniques and found a significant reduction in waste weight when the 

modular technique was used for a project. For small and large structures it was measured up to 81.3% and 

83.2%, respectively. Waste materials are minimized, and the waste created during the manufacturing 

process and assembly is simply repurposed and recycled. Aside from waste, there is also less air and water 

pollution, a lower total carbon footprint, less dust and noise, and lower overall energy expenses (MBI, 

2010). In particular, the adoption of modular construction in a small project and large project led to a 4% 

and 8% reduction in maximum noise level, 56% and 31% reduction in operational energy use, 53% and 

61% reduction in embodied energy when compared to the adoption of conventional construction (Hammad 

et al., 2019).  

4.4.6 Productivity and predictability 
With the assurance of increased productivity, increased control over cost and schedule performances with 

the delivery of better quality homes, as well as the certainty of being able to estimate the materials and 

labour needed increase the predictability of a project. Predictability is an uncommon industrial phrase, 

but for forward-thinking businesses, shifting construction from the building site to the factory assembly 

line creates a less heightened risk of delivering buildings with a high degree of repetition. Furthermore, 

the quantity of labour-intensive activity performed by the workforce in a controlled environment reduces 

the danger of injury. All of the previously mentioned elements result in a regaining of control over the total 

project due to the improved predictability. Extensive research analyzed the actual and expected benefits 

of modular methods in the USA and Hong Kong. By comparing survey results with comparable studies 

conducted in the United States, this study vividly emphasized the peculiarities of modular approaches 

application in dense metropolitan areas. As compared to the US, poll participants chose 'improved site 

operations' as the most significant benefit. This advantage is a synthesis of the beneficial impacts of 

modular construction on costs, schedule, safety, quality, and sustainability, which leads, subsequently, to 

a rise in productivity and increased predictability.  

 

 

 

 

Figure 8. Actual and expected benefits of modular methods (Choi et al., 2019) 
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4.5  Impediments  
Studies have shown the challenges and impediments that come with the implementation and usage of 

modular construction (J. O. Choi et al., 2019; Ferdous et al., 2019; Tsz Wai et al., 2021; van der Ham & 

Opdenakker, 2021; Wuni et al., 2021). However, many of the challenges have been the same for the last 

20 years. (van der Ham & Opdenakker, 2021) Choi (2014)’s literature review about the impediments of 

modular construction still aligns with the insights from more recent literature. The literature insights are 

grouped in the table below to create an overview.  

Table 4. Literature overview - Impediments of modular construction. 

# Impediments Literature 

 Start-up cost  Akagi et al. 2002; Lapp and Golay 1997; (Ferdous et al., 2019; 

Kamali & Hewage, 2016; R. M. Lawson et al., 2012; Rippon, 

2011; Zhai et al., 2014) 

 Coordination  Fagerlund 2001(Azhar et al., 2013; Hořínková, 2021; Kamali 

& Hewage, 2016; Rahman, 2014) 

 Early Design Freeze Akagi et al. 2002; Ericsson and Erixon 1999; Fagerlund 2001; 

Lapp and Golay 1997 (J. O. Choi, 2014; Rahman, 2014) 

 Logistics (Ferdous et al., 2019; Hořínková, 2021; Kamali & Hewage, 

2016; Liu et al., 2019; Tsz Wai et al., 2021) 

 Competency Akagi et al. 2002; Deemer 1996; Jameson 2007; 

Jumbo_Shipping 2008; Youdale 2009; Youdale 2010 (J. O. 

Choi, 2014; Hořínková, 2021; Kamali & Hewage, 2016; 

Rahman, 2014) 
 

4.5.1 Start-up cost 
First, starting off in this business is not cheap. Many scholars and practitioners believe that economic 

considerations are a critical component of the decision-making process for determining the best building 

method (Zhai et al., 2014). A high initial investment is required to set up the manufacturing facility where 

the prefabricated building modules can be assembled (Kamali & Hewage, 2016). China has this listed as 

the biggest barrier when choosing to invest in the traditional or modular business. The UK construction 

industry experience this difficulty as well, listing it as one of the main barriers (Ferdous et al., 2019). 

Certain initial fixed investments are, e.g. placement of manufacturing machinery and factory 

infrastructure for storage, materials handling and distribution, heating, lighting and running costs of the 

factory and the instalment of testing/approval systems (R. Lawson & Ogden, 2010). Furthermore, in an 

ideal circumstance, transportation expenses are small and offset by savings in design errors or on-site 

labour force; nonetheless, transportation can be an expensive investment when the distribution, permits, 

and number of trailers are not properly estimated (Bertham, Fuchs, et al., 2019; Rippon, 2011). 

4.5.2 Coordination 
Comparing the different approaches between traditional and modular construction, the main difference is 

the construction process. There are many causing this barrier to be one of the most difficult to resolve. 

First, the traditional construction process has a linear trajectory throughout the project where the project 

is being handed over from phase to phase. However, with a modular construction process, this is 

consolidated as some activities are positioned parallel to each other. Because the off-site/prefabrication 

technique is departing from the traditional construction process, which is based on a project-approach. 

Modular construction is significantly different and actually will benefit to shift to a product-approach due 

to the balance of the repetition in design and customizability. (Hořínková, 2021). Due to the fragmented 

nature of the traditional industry, knowledge is lost when the project is delivered and the teams 

disintegrate, leading to a cycle of re-inventing the wheel of collaborating and coordinating between the 

various involved parties (Rahman, 2014).   

A study performed by Azhar et al. (2013) ranked through an extensive questionnaire, organizational 

readiness (e.g. Early involvement of top management, Familiarity with modularization and Integration & 

collaboration among players) as the major decision-making factor for selecting modular construction over 

traditional construction. Pre-project planning, procurement, supply chain scheduling, installation and 
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construction, and delivery all require more comprehensive and effective collaboration and coordination. 

Owners, engineers, designers, suppliers, and contractors must communicate frequently in order to have 

access to crucial information such as options, designs, transportation requirements, and schedules. 

(Kamali & Hewage, 2016). Identifying these barriers and challenges matter to be able to search for the 

most fitting solution, otherwise, it will have negative effects on the quality of the end-product and the 

overall process.  

4.5.3 Early design freeze 
Modular building methods may limit the customization options for the overall project design. It is difficult 

to redesign a building to utilize modules once a design has been established. This approach does not 

maximize the potential benefits of designing the project with modules from the outset (Choi, 2014). In 

modular building projects, an early design freeze is necessary to commence the manufacturing of relevant 

components and modules as early as possible. Any modifications to the design after manufacturing begins 

can affect how the different components fit together, which may result in inflexibility and unsuitability for 

late design alterations. To mitigate these issues, significant coordination is required between the design 

and engineering teams to identify and resolve any risks associated with a later design freeze (Rahman, 

2014). In conventional construction, clients usually have the authority to modify the design. However, 

freezing the design early necessitates adopting a completed design even before module manufacture 

begins. This issue may be a significant factor that leads clients to prefer traditional building processes over 

modular processes. 

4.5.4 Logistics 
After completing the modules, they are ready for transportation to the construction site. It can be concluded 

that the module dimensions are limited by their transportation possibilities. One needs transportation 

either by vehicle or, in the case of international travel, by ship. It is important to design the modules’ 

floorplan to be able to fit the maximum dimension of the vehicle. Standard measures for the floorplans are 

between 6x3m or 9x3m, depending on the vehicle used (Hořínková, 2021). Larger modules are occasionally 

constructed for projects that require particular oversized transport, which means that extra accompanying 

vehicles and permits are in place during transportation. This mode of transportation is not without cost 

(Kamali & Hewage, 2016; Tsz Wai et al., 2021).  

The transportation of PMC components must be carefully managed logistically. It is required to choose a 

route from the facility to the building site that would hinder transit (Liu et al., 2019). For instance, vehicle 

vibrations during transportation may cause component damage, and the severity of the damage normally 

rises with the roughness of the road surface (Ferdous et al., 2019). When complications do happen, they 

lead to overruns in schedule and costs (Bertham, Fuchs, et al., 2019). As a result, the modular building 

method poses substantial logistical risks. 

4.5.5 Competency 
The success of any new technique depends on the willingness of innovators and early adopters to try it out 

and work through the inevitable trials and errors. However, the pool of experts in modular construction is 

currently small, which has resulted in some projects being led by inexperienced personnel. Furthermore, 

the limited market demand for modular construction means that there are few opportunities for new 

people to learn the techniques involved (Rahman, 2014). The implementation and exploitation of the 

benefits of modular construction require highly skilled personnel, both in factories for manufacturing 

components and modules and on-site for the accurate assembly of these parts. It is also crucial for this 

personnel to integrate the different teams to increase productivity and predictability. Without this 

competency, the potential benefits of modular construction cannot be fully realized (Hořínková, 2021; 

Kamali & Hewage, 2016). 

In addition, clients may not be aware of the procedures and benefits of modular construction, and their 

lack of knowledge can lead to delays in decision-making, which may undermine the benefits of modular 

construction (J. O. Choi, 2014; Hořínková, 2021). Therefore, the importance of competency in modular 

construction cannot be overstated, especially considering the use of project and product-based approaches 

within the sector. 
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4.6  Industrial shifts within the modular construction industry 
The building sector has been formed over time by a single traditional method. However, this method has 

yet to lead to a more productive state of innovation. Other techniques of disrupting the entrenched 

traditional building business have emerged. The modular building approach is one of them. The usage of 

this technology compelled specialists to reassess and rebuild the traditional building process to make it 

more compatible with the modular procedure. It is a solid starting move toward modernizing the building 

process, but the root of the problem is that the entire modular method is not designed to be combined with 

the existing procedure. As a result, it is critical to continue moving forward toward a better methodology 

and technique of application. 

4.6.1 From project- to product-based  
The shift towards modular construction means the limitation of the flexibility spectrum. A project 

approach is driven by “the golden Triangle”; a model that concludes that the quality of work is bound by 

the project's time, scope, and cost, regardless of the value produced. The traditional way develops solutions 

on a project-based approach. It begins its projects with a blank canvas with a few barriers to take into 

account but design-wise able to deliver a unique outcome. Still, there is a routine to be found in the building 

process. Undeniably, the delivery of the final project will provide value to the client and the surroundings, 

however, the project value diminishes with a new (unique) project, when temporary teams separate and 

the skills learned during the previous project might not be applied to the next (unique) project.  

 

When adopting the modular approach the main difference is building with standardized modules which 

limit the design flexibility. The modules will be manufactured in a controlled off-site environment where 

the production normally is set out in a continuous assembly line, comparable with other modular industries 

such as the car manufactory industry. The modules’ component designs need to lend themselves to 

maintaining a processing line, without the need to continually update the line itself to supply certain 

specific features (Ribeirinho et al., 2020). 

The “building block” (read: module) of a modular residential building forms the core of the design. 

Therefore, the product should attract the client. In project-based approaches, the client determines the 

scope, requirements and, if applicable, the design. So the traditional project accommodates a specific need 

and desire, whereas the modular project attracts the client with their product and capabilities. (Bertham, 

Fuchs, et al., 2019)   

Due to the continuous development curve, the modular building concept benefits from a long-term 

partnership between permanent partners. With the repeating loop of collaboration between architects, 

suppliers and manufacturers, one is able to learn from feedback and improve the requirements of the 

design. The right design can improve productivity by 3–12 per cent (Ribeirinho et al., 2020). The 

standardized sub-elements and building blocks will most likely be created internally in R&D-like functions 

(van der Ham & Opdenakker, 2021). The elements will be manufactured separately by vendors and 

Figure 9. Project management vs. Product management (Charak, 2021) 
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assembled with modification possibilities in the off-site facility to match the specific requirements of each 

project. Because of the defined metrics and components, the majority of the final project contains a set of 

variations, making the learning and progress trajectory easier due to repetition. 

All of these characteristics form a substantial argument against the use of the project-based approach for 

modular building projects. The method will benefit more from a product-based approach. Mass adoption of 

this approach most likely will increase the probability of the use of an industry-wide standard for modules 

and components. There will most likely be a balance of basic features and components (produced to 

common, industry-wide standards) and customised, configurable ones (such as exteriors) to meet the 

demands of individual customers (Bertham, Fuchs, et al., 2019).  

4.6.2 Consolidation  
Consolidation within the construction industry is becoming more common as companies strive to 

specialize, innovate and compete at a larger scale. This includes consolidation within specific parts of the 

value chain and across the entire value chain. Companies are turning to consolidation to gain access to the 

resources and expertise needed to invest in new technologies, materials and facilities (Bertham, Mischke, 

et al., 2019). The industry is also moving towards a product-based approach through modular design, 

libraries of modular elements and components that can be assembled to create customized products 

according to customer requirements. This approach allows for greater standardization and repeatability, 

which can help companies achieve economies of scale (Gann, 1996). Prefabrication and use of pre-finished 

volumetric modules may also become more common to increase efficiency and decrease costs (Bertham, 

Fuchs, et al., 2019). However, there will still be a need for creativity in designing bespoke products, leading 

to a more collaborative and dynamic industry where innovation and customization coexist with efficiency 

and standardization. 

4.6.3 Value-chain control by vertical integration  
Another critically influential shift that will elevate the modular process to an industrialized level is the 

limiting of passing on the project in between phases and project participants. Due to this approach, the 

knowledge gathered in the previous phase will never be perfectly transferred to the other party without 

involvement. Also, after the completion of the project, the project team disintegrates altogether with the 

collectively gained knowledge and important insights to be lost (Hyun et al., 2020).  

 

Gaining control over the value chain can increase your advantage against your competition. This gain of 

advantage stems from the different activities involved during the project, such as designing, producing, 

marketing and delivering. Combining all the activities within the project or process forms the value chain. 

Within the modular construction industry developers, architects, engineers, manufacturers and suppliers 

can play a significant role in creating value for the client. However, close collaboration between the parties 

is necessary to avoid delays due to, e.g., design errors and rework in the supplied materials before 

assembly.   

 
Vertical integration along the value chain is common practice in other industries, such as the car, aircraft 

or ship manufacturing. Those industries changed when Henry Ford introduced a new production method 

by using an assembly line for the production of the Model T. The motivation for the integration has to do 

with essential components being manufactured by third-party suppliers. Manufacturers form integrated 

partnerships for R&D and testing in order to build higher-quality and more efficient components for their 

own products and therefore gaining a competitive advantage over their competitors. Several attempts have 

been made to apply this technology from the car manufacturing to the mass manufacturing of affordable 

housing construction (Gann, 1996).  

In recent studies, it has been shown that consolidation of the construction industry through vertical 

integration of the supply chain or strategic alliances/partnerships can lead to positive results in 

standardization and integration. Ribeirinho et al. (2020) conclude through an extensive international 

study that companies will move to own or control important activities along the value chain, such as design 

and engineering, select-component manufacturing, supply-chain management, and on-site assembly. 

Bertham, Fuchs, et al. (2019) highlighted that collaboration between engineering, manufacturing, and 

designing parties can lead to fewer errors during the assembly and construction process. Choi (2014) 

emphasizes particularly the importance of early collaboration and coordination among stakeholders, 

industry members, and other involved parties for positive results in standardization and integration.  
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Examples of companies that have implemented this approach include Katerra, who have integrated their 

supply chain vertically and horizontally based on the concept of integrating design, manufacturing, and 

assembly acquisitions on a digital platform (RoboMQ, 2021). One of the key reasons industry executives 

desire to vertically integrate, particularly in industrialized construction, is to coordinate the supply chain 

under a single direction (Browne, 2021). However, it's important to note that lack of coordination among 

and between participants can also lead to negative results such as Katerra's bankruptcy. Experts have 

argued that this was due to the intense growth and lack of integration and merging between parties, 

highlighting the importance of coordination, communication, and alignment during the integration process 

(Baria, 2021; Browne, 2021; RoboMQ, 2021). 

4.7  The value system 
This chapter elaborates on the differences between the value chain and the supply chain within the value 

system, and the transition this system is undergoing to be able to coordinate the integration of the modular 

construction value chain.  

4.7.1 Value system: value chain vs. supply chain 
The definitions of the value system, the value chain, and the supply chain are often misunderstood, due to 

the resembling nature of the concepts. Porter (1985) introduces the value system concept as a chain of 

linked activities performed by an organization that impact its competitiveness by adding value at each 

step during the activities. A firm has its own value chain but it normally also is embedded in a larger value 

chain, also known as the value system, as seen in figure 10. Displayed is the entire chain where value is 

created in each step of the process. Suppliers create upstream value by delivering the requested input to 

the firm (Porter, 1985).  

 

Figure 10. Single-industry firm's value chains (Porter, 1985) 

Due to the eco-systems, they are utilized in, or a project- or product-system, this use of terminology might 

cause some confusion. Within the project environment, the client satisfaction and their input into the 

development of the final project play a significant role. Value chains place a strong emphasis on the 

advantages that benefit customers, the interconnected activities that create value, and the ensuing 

demand and cash flows. When the customer's requirements and objectives are incorporated into the final 

result, the value will be created. Hence, the value chain reflects the acquisition and development process 

of traditional construction projects (Feller et al., 2006). For instance, the procuring client, such as the 

government, issued a request for a residential building project with a list of requirements. When awarded 

this contract, the value chain, comprising developers, architects, engineers, contractors, subcontractors, 

etc., will work together to execute a project that meets the client's specifications, creating value with each 

step in the value chain.  

In the product environment, the value system plays a smaller role. One wants to produce something the 

customer wants to buy. However, the majority of the product industry focuses on the efficiency of the 

supply chain: transforming natural resources, raw materials and components into a finished product or 

service that is delivered to the end customer. One of the most significant distinctions between a supply 

chain and a value chain is that the systems flow in opposite directions (Porter, 1985; Rachi, 2012).  

Figure 11. Generic configuration of 

a supply chain in manufacturing 

(Vrijhoef & Koskela, 2000) 
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Vrijhoef & Koskela (2000) made a generic configuration of a product supply chain in the manufacturing 

industry, where the top outline represents the flow of information, demands, requirements, etc., and the 

bottom outline depicts the supply flow of the materials throughout the system.  Figure 12, shows a re-

interpretation of Vrijhoef & Koskela (2000)’s supply chain image (see figure 11) to be able to display the 

value systems of different industries. It is noticeable that in the product environment the supply chain is 

mentioned more often and in the project environment the value chain. In modular construction both are 

used, however, to clear out any confusion when referencing the flow below this paper will use a “value 

system” to include both. 

 

Figure 12. Value system: product, project and modular construction value chains vs supply chains (o.i, 2022) 

The distinction between the Product Value System and the Modular Construction (MC) Value System 

displays the integration of developers, architects and engineers. These actors contribute to the project-

based nature of modular construction, allowing for a certain level of design freedom to accommodate the 

preferences of the client. 

4.7.2 The system transition  
The paradigm of construction (read: project) as a manufacturing (read: product) process has been 

elaborated in the traditional construction industry for quite a while, whilst the modular building technique 

has been steadily gaining traction (Kornelius & Wamelink, 1998). The organization and coordination of 

the value system have been one of the most notable distinctions between construction and manufacturing 

due to, respectively, the sector-specific distinctions, such as the one-off, temporal nature of projects or the 

repetitive, continuous nature of products (Vrijhoef, 2011). 

The modular construction supply chain differs from the traditional approach due to the changes in 

construction location and activities. However, they still use the same project-based approach as traditional 

construction. Because of this, both still operate in a value system which is highly flexible and fragmented 

due to the various subsectors (industrial, commercial, residential), disciplines (developers, architects, 

advisors, investors, engineers, etc.) and external parties to partner or collaborate with. All these different 

scales, options and elements have led the building industry to deal with high levels of fragmentation within 

their value system (Vrijhoef, 2011). Nevertheless, within the modular construction value system there is 

a resemblance to be made with the manufacturing industry, which thrives on a productive characteristic: 

standardization.  

 

 

 

 

 

 

 

Figure 13. Differences 

between construction vs 

manufacturing: product 

modularity (Rocha et 

al., 2015) 
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Rocha et al. (2015) explain the three main differences between the product and project approach: 

product, process and supply chain. The modular industry might profit by analyzing these three aspects 

from both the design and manufacturing sides, comparing them, and adapting its own method by 

combining the two. As a stand-alone unique process that parallels the building and manufacturing 

processes will enable a more appropriate approach to modular construction.  

 In hindsight, most systems exist out of the demand and supply system.  Vrijhoef & De Ridder (2005) 

depicted this system around a building object, see the top image in figure 14. The fragmentation of the 

traditional supply system leads to a significant degree of disconnection between the many phases and 

operations, which results in the lead to errors, low efficiency and effectiveness, low innovation and a lack 

of information sharing. As a solution, Deming advocated in his 1981 article that “breaking down barriers 

between departments”, and creating a long-term relationship of loyalty and trust, would resolve the 

fragmentation while enhancing the quality and lowering the manufacturing costs (Deming, 1981).  

 

 

 

When inspecting the figure of Vrijhoef & De Ridder (2005), the two systems are depicted as the demanding 

and supplying side of the project, which is a building. Two changes will happen when the construction 

project becomes a modular construction project and disciplines are being integrated into one project team 

or company.     

First, the project will split into a project-system, the “building”, and a product-system, which is the 

“module”. This causes the second change which is the division of the original supply system into 

disciplines, covering the upstream design process ("DESIGN") and the downstream production process 

("MAKE"). The new display of the modified value system is depicted in figure 14. In a modular construction 

project, the DESIGN group serves a dual role as a supplier in the project environment and a demander in 

the product environment. 

Using manufacturing as a business strategy towards industrialization could mean adopting product 

characteristics into traditional project systems. The module in this system is considered the product. When 

considering the module as a reasonably standardized product, one can employ manufacturing or product-

based organizational functions and methods.  

  

Figure 14. Modular construction value chain: project vs. product. (o.i., 2022) 
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5.  Production Systems 
 

Production systems are the core of any manufacturing process, and they play a crucial role in the design, 

planning, and delivery of products. The production system consists of interrelated and interdependent 

components that are responsible for transforming raw materials into finished goods. The product-

production process and product-production system are two important components of the production 

system, and they are closely related to each other. 

5.1     Product and production process 
The "production process" specifies the operational objectives and resources required to manufacture the 

product. In 1984, the first production-process structure was developed and published in the Havard 

Business Review by Hayes and Wheelwright. Managers were able to assess the best suitable production 

system based on a mix of the production rate volume and the product demand to determine a given product, 

see figure 15. Oil refineries use “continuous” processes because of the high volumes of an identical product 

and the high demand; car assembly lines use “assembly” lines processes because of the intermediate 

volumes of a similar product; and “job shops” and “project”-type processes are ideal for producing low 

volumes of high varieties. The latter is a suitable production process for a traditional construction project 

because of the low volumes due to the low repetition in the project and low demand due to it being a unique, 

one-of-a-kind project.  This approach of aligning products with production processes identifies 

problems created by using the incorrect method. For instance, using a “continuous” process to produce a 

one-of-a-kind product, results in substantial out-of-pocket fixed costs due to the costly capital investment 

and lack of volume to sustain a continuous production (Stavrulaki & Davis, 2010).  

5.2  Product and production system 
A "production system" is a model that is assigned to a particular product and production process. In 

addition, models are selected based on their "decoupling point." This point defines the portion of the value 

system that responds directly to the customer, indicating the point in the value system where the client 

could provide their product requirements, norms standards or personal alternations to the end product 

(see figure 17) (Segerstedt & Olofsson, 2010). Because this applies to such a wide variety of industries, the 

same production system may be known by a variety of different names when referring to the repository of 

literary works. Nevertheless, the Assemble-To-Order (or Configure-To-Order) model suggests that the 

customer is able to have a certain amount of design freedom due to the selection of "unique features" to be 

able to personalize their product. This is because the customer is able to create their product according to 

their own specifications (Hoekstra & Romme, 1992). In the context of the transportation literature, the 

term "Ship-To-Stock" refers to Make-to-stock; a situation in which the client has very little to no possible 

input into the final outcome of the product. 

Figure 15. Hayes-Wheelwright’s product-

process matrix (Stavrulaki & Davis, 

2010) 
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Figure 16 displays a bandwidth designed by Ballard (2005), which allocated the various production 

systems. The bandwidth has two extremes, on the left are the distinctive one-of-a-kind projects, labelled 

under Design, and on the right are the manufacturing repetitious products, labelled under Make. 

Associated industries of the economy are positioned underneath the production system. 

Modular buildings are composed of modules that are assembled in an off-site production facility and 

delivered to the construction site. These sets of modules are built with various standardized elements, 

such as floors, columns, walls, windows, etc. The complexity of the building, depending on the unique 

design features with limited standardization and repetition, will affect how the production system is set 

up in the off-site facility. More repetition in the design leads to less deviation in the production of the 

components, resulting in a more continuous assembly line. (Bertham, Fuchs, et al., 2019).  

Currently, it is challenging to designate a single production system because of the variety of modular 

building methods and the wide variation in both volume and demand. The modular construction industry 

may benefit greatly from the industrialization that would result from the implementation of a suitable 

production system. 

 

5.2.1 Concept-to-order 
The design specification process is mainly based on client requirements, norms and standards. This model 

resides on the far end of the DESIGN spectrum, meaning the client has all the design freedom for the 

vision of the end product The client enters individually at the start of the information flow, before any 

interaction with a party or production disciplines. The “concept’ in this matter defines the functionality of 

the product needs in relation to a particular market demand. Production will not begin until the client 

gives the go-ahead (Winch, 2003). This model may fit with individually unique products, where the client's 

requirements and vision of the product completely resonate with the end-product.  

5.2.2 Engineer-to-order (Design-to-order) 
While the word ETO is used in the literature, there is uncertainty about the right definitions and 

techniques, and as far as we know, there is a broad use of the model, and used interchangeably with design-

to-order, due to the different industries it is used in (Gosling & Naim, 2009). The ETO supply chain 

'decouples' at the design stage, so each client order influences the product design. Customization is key in 

the ETO supply chain. This indicates the consumer has ultimate authority. The ETO method enables 

clients to create things to match their own particular preferences at an early stage, allowing them greater 

choice in how they appear. With ETO, clients may express their preferences and wants in the final product 

design. (Duchi et al., 2014) 

Figure 16. Production system types: design 

vs. make (Ballard, 2005) 

Figure 17. Decoupling point dictating the production 

system strategy (Hoekstra & Romme, 1992) 
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Product characteristics  

ETO products are low-volume (typically one-of-a-kind), high in design variety, and costly, making most 

products different to the last. If possible, existing designs are fit to be modified to order, otherwise, new 

designs are developed. In the DTO supply chain, forecasting is seldom done since raw materials are either 

easily accessible or must be separately procured depending on the product's final design.(Stavrulaki & 

Davis, 2010) 

Production characteristics 

Lead times in the ETO supply chain are high since the designer and builder frequently engage with the 

customer directly. The great design variation offered to the customer necessitates a highly project-oriented 

ETO supply chain to provide production flexibility. Due to the vast variety of goods, it is normal for a new 

production process to be produced; nevertheless, when similarities arise, the production process will be 

adapted to the product in question. In ETO supply chains, the final-product is rarely stocked in an 

inventory. 

Strategy 

ETO supply chains must deliver high-quality products and services in an unpredictable environment. 

Agility is the best competitive strategy since it focuses on changing client requirements. "Agility" describes 

the supply chain's capacity to adapt to market developments. Agile supply chains include the use of flexible 

manufacturing methods, reduced lead times, information visibility, quick data availability, and 

collaborative connections (Stavrulaki & Davis, 2010; Swafford et al., 2006) 

5.2.3 Make-to-order  
MTO supply chains refer to a production system where goods are manufactured based on specific customer 

orders and designed to meet the individual specification of the customer. The main difference between 

MTO and other models is that the end customer has some input into the final product design, but it is still 

within the fixed design parameters set by the company. In MTO, the company allows a level of 

customization in product design and features, but not in the entire design. 

Product characteristics 

Make-to-Order (MTO) products have low volume, high design variety, and high cost, tailored to individual 

customers' needs with a high degree of design variety and customization. They are relatively expensive 

products that are built to meet the specific needs of individual customers. These products are typically low 

volume and high margin. 

Production characteristics 

Make-to-Order (MTO) is a production system where the company produces goods based on specific 

customer orders, rather than producing goods in advance and keeping them in inventory. The MTO 

production process typically involves the customer providing input on the final design of the product, but 

the design parameters are pre-established by the firm. The MTO process usually results in longer lead 

times as compared to Make-to-Stock (MTS) processes. The manufacturing process for MTO products is 

often highly flexible and can be tailored to the customer's specific requirements, allowing for the creation 

of unique and one-of-a-kind products. The emphasis is on providing customer-specific solutions, which 

requires coordination and collaboration with other suppliers and partners involved in the production 

process 

Strategy 

MTO manufacturers focus on establishing long-term relationships with suppliers of standardized 

components and materials, with a priority to ensure availability during sudden or seasonal surges in 

demand. A close relationship with suppliers can ensure reasonably priced, high-quality raw materials, but 

there can also be several barriers to attaining them in MTO supply chains such as flexibility and small 

order volume. To overcome these barriers, manufacturers must carefully map their supplier relationships 

to ensure the right balance of efficiency and flexibility with their supplier base. 
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5.2.4 Assemble-to-order (Configure-to-order) 
Here the decoupling point is just before the manufacturing process. This gives the client some range to 

uniquely design the product to individual specifications, but with fixed design parameters which are pre-

engineered beforehand. Clients have some say in the final product design by selecting from a number of 

predetermined standard components, but they have no say in the design of these components themselves. 

Despite set design specifications, these pricey, customizable products are made to satisfy the general 

demands of particular clients (Atan et al., 2017). 

Product characteristics  

As mentioned before, the product of ATO value systems uses a modular approach by using standardized 

components, efficiently produced in batches and then assembled to match the requirements. Research and 

development of these components have taken some time since they allow for considerable flexibility in 

design despite using a small palette of key components. Frequently, these items receive upgrades to 

include cutting-edge technologies.  

Production characteristics 

The ATO systems manufacturing line is configured with many continuous assembly lines in order to 

configure the final product. While there may be a defined standard, providing pre-engineered pieces for 

configuration will necessitate extra assembly lines in the facility. With this approach, integrated supply 

chain & long-term commitment are essential, as the assembly line has limited deviation. Therefore, due 

to the repetition, improvements can be made with the integrated team.  

In contrast to the MTS supply chain, where the end product is instantaneously available to the client, the 

ATO supply chain involves some waiting. In sectors with significant product depreciation or high rivalry, 

it may be vital to reducing delivery times. 

Strategy 

The ATO supply chain must balance low cost, efficient production and delivery (both are required to be 

competitive) with a broad range of product diversity. Therefore, the ATO system must implement the agile 

and lean elements in its capabilities. The term "leagile" describes this separation of lean and agile 

approaches. Separation at this point indicates the transition from lean to agile methodology. This 

separation occurs at the point of final production or assembly in most value chains. To maximize efficiency 

in both manufacturing and distribution, ATO manufacturers, like BTS manufacturers, often form lasting 

relationships with their many suppliers (Atan et al., 2017; Stavrulaki & Davis, 2010). 

5.2.5 Make-to-stock 
This strategy resides on the MAKE side, meaning a total manufacturing process with very limited to no 

input from the client into the design of the product. While the end consumers may have a choice in 

products, none of the products associated with this supply chain is made specifically for individuals. They 

are produced for the broader public. In traditional manufacturing, the decoupling point is at the retailer 

or the distributor. 

Product characteristics  

As a result of their effectiveness for mass-produced products with little margin for error, MTS production 

systems are widely used. They represent the pinnacle of standardization with a low degree or no variation 

in design. These low-priced items have a constant demand, therefore reliable demand forecasts are possible 

with a small margin of error if sufficient previous demand data is provided. 

Production characteristics 

The manufacturing process for these advanced, highly standardized items has a primary emphasis on 

attaining low-cost operations, which are often achieved via high-volume transformation processes. The 

finished products are created on an assembly line that runs continuously and is stored in inventory in 

advance of the demand. Also, the production process is often highly automated, which results in either 

very little or no human labour. 
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Strategy 

The MTS strategy focuses the most on cost reduction, which is achieved with the lean strategy. Studies 

have concluded that the lean approach works best when demand is relatively stable and product variety 

is low, as characterized by BTS supply chains. (Christopher, 2000). Due to the manufacturer's high volume 

and the supplier's long-term commitment, collaborative partnerships with suppliers are also a common 

characteristic. Therefore, most of the manufacturing industries are integrated throughout the value 

system (Lau et al., 2010). Consequently, information-sharing activities such as rapid response, efficient 

customer response, and vendor-managed inventory are common in BTS supply chains due to their cost-

reducing effect. (Stavrulaki & Davis, 2010) 
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6.  Value Chain Integration 
 

 The success of any construction project relies on the smooth and efficient functioning of the value chain. 

Value chain integration (VCI) is an essential approach that ensures all aspects of the value chain work 

together seamlessly to achieve the desired outcome. The effective management of the value chain can 

improve the coordination of resources, reduce waste and errors, and increase the overall efficiency of the 

construction process. In this chapter, we explore the role of VCI in the construction industry and examine 

the shift from traditional supply chain management to value chain management. We will also discuss the 

factors for VCI, which are essential for achieving successful integration of the value chain. Finally, we will 

provide a preliminary CSF list. 

6.1     The role of VCI 
Merging different disciplines is considered complex to facilitate due to conflicting interests, objectives and 

ambitions. To address these issues, there is a need for more integrated ways of working and collaboration. 

Supply chain integration has been traditionally implemented in manufacturing by focal companies to align 

and synchronize the processes of suppliers with their business processes (Choi & Krause, 2006). However, 

this approach has not been fully adapted to the building industry, despite its potential to improve 

performance and address issues such as low effectiveness and efficiency, lack of innovation and difficulties 

in knowledge sharing and learning (Vrijhoef, 2011). 

 

  

 

 

 

 

 

 

 

In the modular construction industry, integrating project and product disciplines into the value chain has 

been a longstanding challenge for researchers and practitioners. According to   Gamma et al. (2020) poor 

integration can lead to silo-thinking, were departments are focusing on their own goals and operations, 

rather than on the organization as a whole. Silo-thinking often leads to a lack of communication and 

collaboration between different parts of the organization, which can hinder efficiency. One way to 

streamline the construction process is through industrialization, particularly prefabrication. 

Prefabrication cause transferring activities from the construction site to earlier stages of the supply chain, 

due to working with predefined elements, for example,  putting more emphasis on defining the design 

specifications prior to the project. However, this can also increase the complexity of the value system and 

make the process more vulnerable to silo-thinking 

This is where the theory of Role 3 comes in, which suggests that transferring activities away from the 

construction site requires proper management of the value system to fully realize the benefits of 

industrialization. (Vrijhoef & Koskela, 2000).. To overcome the objective limitations of transferring 

activities off-site, it is important to manage the value system effectively. This is particularly relevant for 

make-to-order and assembly-to-order production systems, which can also be subject to problems and waste 

if managed in a traditional manner. Therefore, in the modular construction industry, it is crucial to 

integrate project and product disciplines into the value chain while also taking into account the challenges 

of industrialization and the need for effective value chain management to fully realize the benefits of 

prefabrication and other forms of industrialization. (Vrijhoef & Koskela, 2000). 

Figure 18. Focal company and its 

supply base. (Choi & Krause, 2006) 
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6.2  From  SCM to VCM  
In the field of business management, Supply Chain Management (SCM) and Value Chain Management 

(VCM) are important concepts that are related but have distinct differences. SCM can be defined as the 

management of material flows across functional boundaries within an organization, to improve efficiency 

and reduce costs. The origins of SCM can be traced back to the early 1980s when industries began to 

broaden the concept beyond the borders of one firm to include all organizations and business units involved 

in supplying a product or service to the end consumer. Jones (2012) argues that “SCM provides the means 

by which the integration of project processes and partners can be extended beyond the boundaries of 

construction projects to their supply chains”.   

VCM, on the other hand, is a systematic approach to enhance and sustain the competitive advantages of 

all participating firms (from suppliers to end-users) through four strategies: satisfying the needs of all 

participating firms and end-users, evaluating the strengths and weaknesses of all firms within the 

production line, identifying all activities where they can generate value, and improving linkages and 

communication among all firms (Wong et al., 2004). The concept of a cross-functional team is an important 

aspect of VCM, where a group of people with different skills work together in a highly interdependent 

manner to achieve a common organizational objective. The main differences are displayed in table 5 below. 

Tabel 5 SCM vs. VCM 

 
Characteristics 

 
Supply Chain Management (SCM) Value Chain Management (VCM) 

Integration 
Integrate all activities and processes across 
the supply chain 

Coordinating activities of cross-functional 
departments to work together effectively 

Purpose 
Requires visibility into the entire supply 
chain to identify bottlenecks, delays, and 
inefficiencies 

Understanding the various activities that are 
necessary to create a product, and determining 
which ones are critical to success 

Collaboration 
All stakeholders involved in the supply chain 
work together in a collaborative manner 

Building strong relationships with suppliers and 
other external partners to ensure that the value 
chain is integrated and effective 

Cost-effectiveness 

Finding the most cost-effective ways to 
source materials, produce goods, and deliver 
them to customers while maintaining the 
required quality and service levels 

Continuously looking for ways to improve the 
efficiency of the value chain and reduce costs 

Strategy 
Adaptable to changing market conditions, 
technologies, and customer needs 

Being able to quickly adapt to changes in the 
market or in customer demands 

 

  

Figure 19. The four roles of SCM in 

construction (Vrijhoef & Koskela, 

2000) 



61 
 

In other words, SCM focuses mainly on the supply and logistics of products, while VCM focuses on a more 

comprehensive and wider aspects of the business operations that include the supply side, but also the 

development and marketing side to ensure meeting customer demands and creating value for them. When 

it comes to modular construction, both SCM and VCM are important considerations.  According to 

Gosling et al. (2016) modularity can be viewed from both a design-based and an operations-based 

perspective, and it is important to consider modularity in an integrated way across all phases of the project 

life cycle. Additionally, effective collaboration between designers and site operators is necessary for the 

successful implementation of modular approaches. As stated in the prior chapters, the modular process 

could benefit by transitioning to a product-based approach and adopting the manufacturing methods such 

as supply chain management (SCM). Since the 1980s, there has been an increase in the number of SCM 

efforts launched, but none have been effective because of the industry's partiality and fragmentation 

(Vrijhoef & Koskela, 2000). However, in the last 20 years, there has been an increase in traction in the 

offsite construction community for SCM. Since traditional SCM is largely to blame for waste and other 

issues, improved adaptations of SCM concepts and techniques should provide a solution. 

In the context of modular construction, value chain management is important to ensure that the different 

stakeholders involved in a modular construction project work together seamlessly throughout the design, 

manufacturing, transportation, installation and delivery process. This includes ensuring that the design 

of the modular components are optimized for manufacturing and transportation, coordinating logistics to 

minimize delays and waste, and managing the installation process to ensure that the modules are 

assembled correctly. 

6.3  CSFs for Value Chain Integration 
Several CSFs are necessary to enable successful value chain integration in the modular construction 

industry. A comprehensive literature review was conducted to identify CSFs that contribute to successful 

integration in modular construction and related industries.  The review was conducted following the steps 

in chapter 3.2.2. 

1. Exploration of key areas that are critical to the success of value chain integration.  

The initial gathering of the different CSF is through searching different keywords "modular construction", 

"critical success factors", "value chain integration”, “cross-functional integration”, “opportunities, benefits 

and challenges”, and similar terms and definitions. The review included studies published between 2000 

and 2022 and focused on literature related to the integration of value chains, supply chains, and value 

systems, as well as on industries that utilize product approaches and pursue long-term commitments and 

partnerships.  The review identified 15 studies containing a total of approximately 300 CSFs. The list of 

literature used to gather this list is to be found in Appendix C. Most of the CSFs were already labelled and 

put into categories. Based on these categories, the list was filtered down with a focus on CSF regarding 

the development part of the project. Furthermore, there were categories which were out of scope such as 

finance, logistics and risks aspects. At the end of the filtration the list was narrowed down to 130 CSFs, 

see Appendix D. 

2. Create categories: filter and consolidate list.  

These factors were analysed and filtered to identify those that were relevant to successful integration 

within a modular environment between internal parties. The process of categorizing the remaining CSFs 

involved repeatedly reviewing the factors and adjusting the titles of the categories to ensure that they were 

logical and coherent. Similar factors or duplicates were carefully examined and either outweighed each 

other or combined into a single factor. This helped to clearly and effectively organize the CSFs. This 

resulted in defining eight categories: “Collaboration”, “Communication”, “Information sharing”, “Culture, 

“Adequate experience”, “Modular production principles”, “Coordination” and “System structure”. 

Underneath each category, one can find the factors essential to enabling value chain integration. A 

correlation could also be found between the categories, which resulted in adding those into the labels 

“Synergy”, “Competence” and “Value system management”.  The result is displayed in table 6.  

Review the papers in each category and filter out any that are not relevant or do not provide valuable 

information. Consolidate any duplicated information or similar concepts under one main point. Addressing 
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the labels; synergy refers to the way that different team members or departments work together effectively 

to achieve common goals. This can involve the coordination of efforts, the sharing of information or 

knowledge, and the alignment of values and objectives. Competence refers to the knowledge, skills, and 

abilities that are necessary to perform tasks effectively. In the modular construction industry, it is 

important for all stakeholders to have the competence required to contribute to the value chain. Value 

chain management involves the planning, coordination, and control of activities within the value chain to 

create value for the clients and achieve a competitive advantage. By effectively managing the value chain, 

companies in the modular construction industry can improve efficiency, reduce costs, and increase 

customer satisfaction.  

3. Create the preliminary list.  

Review the final list of CSFs and make sure that the information is clear and easy to understand. Organize 

the information logically and coherently, and remove any unnecessary details. It is important that the list 

is complete and covers all relevant aspects of the modular construction industry. By following these steps, 

a clear and comprehensive overview of the CSFs to enable successful value chain integration in the 

modular construction industry is created. In the next phase of developing the final list of critical success 

factors (CSFs), the initial list presented in table 6 will serve as a coding tool to organize and structure the 

unstructured qualitative data, as elaborated in section 3.3.3. 

The Labels dissect into Categories, which then disintegrate in the various CSFs. This breakdown displays 

initially the different classification areas of improvement and within those areas the accompanying 

categories. The Labels are set classifications of the CSFs, which provide some continuity and guidance for 

the entirety of the research. However, due to the current lack of validity of the CSFs being enabled to 

integration teams, the Categories are still mouldable. 

Note: The CSFs are numbered, this, however, does not imply an indicative hierarchy of importance.  

Table 6. preliminary CSF-list for integration. 

Label Category Critical Success Factor 

S
y

n
e
r
g

y
 

Communication 1. Effective communication 

Collaboration 

2. Collaborative working environment 

3. Long term partnership 

4. Established collaboration structure 

5. Early involvement of key parties 

Information sharing 
6. Early and effective use of information/communication technologies 

7. Frequent information/knowledge sharing 

Culture 

8. Thrust among employees 

9. Morale and motivation 

10. Top management commitment 

C
o

m
p

e
te

n
c
y

 

Adequate experience 
11. Adequate technical and practical experience and knowledge 

12. Maturity of techniques through retrospective feedback 

Modular 

 production principles 

13. Early design freeze 

14. Defined design & technical specifications of product 

 

O
r
g

a
n

iz
a

ti
o

n
 

Value Chain Management 

15. Coordination between interfaces 

 

16. Early planning and scheduling 

 

17. Organizational structure 

 

 

The upcoming paragraphs will provide a literary elaboration of the seventeen CSFs, organized into three 

main labels: "Synergy," "Competency," and "Organization." Each section will explore a subset of the CSFs 

in detail, offering a comprehensive overview of the factors that contribute to success in modular 

construction.  
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6.3.1 Synergy 
Synergy refers to the concept that the combined effect of two or more things is greater than the sum of 

their individual effects. In other words, synergy occurs when the whole is greater than the sum of its parts. 

Synergy can occur in many different contexts, including business, technology, and organizational 

development. In a business context, synergy can refer to the increased efficiency and effectiveness that can 

result from combining different functions or processes within an organization. For example, a company 

may achieve synergy by integrating departments, or by combining efforts with those of another company. 

In organizational development, synergy can refer to the way that different team members or departments 

work together effectively to achieve common goals. The four most recurring factors to achieve synergy 

within an organization are a combination of collaboration, communication, information sharing, and 

culture. 

Communication 
Communication is also crucial for creating synergy, as it helps to ensure that all stakeholders are aware 

of what is happening within the organization and can work together effectively.  

CSF 1 – Effective communication 

Effective communication is crucial for facilitating the exchange of ideas and visions, which can lead to 

mutual trust and understanding among partners. This requires the establishment of effective 

communication channels, which can be used to motivate partners to collaborate in goal setting and 

planning (Cheng et al., 2000). According to Kamar et al. (2010) effective communication channels in the 

supply chain are essential for coordinating processes and addressing critical scheduling from the 

beginning to the end of a project. In the design phase, effective communication and integration among 

the team, including designers, construction team, and manufacturers, is necessary to avoid the need for 

redesign and additional costs and time. Good communication can also contribute to synergy within the 

team, as it allows partners to share knowledge and resources more effectively, leading to improved 

efficiency and outcomes (Ismail et al., 2012; Li et al., 2018; Wuni & Shen, 2020). 

Collaboration 
Collaboration in the context of modular construction projects refers to the effective cooperation and 

coordination between different team members and departments, in order to achieve shared goals and 

objectives. This is seen as a critical success factor in ensuring the successful outcome of modular 

construction projects. Studies have identified the importance of managing collaboration as a key area to 

achieving success in such projects (Wuni & Shen, 2019). 

CSF 2 – Collaborative work environment. 

The probability of collaboration decreases significantly with the distance between two teams, falling below 

10% when the offices are separated by 10 meters or more. This is because separation reduces the chance 

of meetings and information sharing, and increases isolation which cultivates cultural differences, such 

as jargon and perceived personality differences (Allen, 1977). Co-location increases the chances of meetings 

and information sharing, as well as improving face-to-face communication and decision-making. Co-

locating refers to the practice of bringing together or locating different teams or departments in the same 

physical location to facilitate more frequent and efficient communication and collaboration, which can lead 

to improved productivity (Holland et al., 2000). 

Breaking down barriers between departments, such as research, design and manufacturing is important 

in order to learn about and address problems encountered in production and assembly. Visiting the factory 

to see and hear about these problems can be beneficial (Deming, 1981). Partnering workshops, which are 

facilitated in a friendly and open environment, are often used in construction to stimulate participation 

and achieve, e.g., joint targets for procuring a project in a way that does not jeopardize cost, time, quality, 

or safety (Cheng et al., 2000). 
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CSF 3 – Long-term partnerships 

Developing long-term collaborative inter-organizational relationships can develop trust through greater 

mutual understanding, increased mutual competitive advantage, greater transparency in transactions and 

more commitment, leading to improvements in the team’s performance from project to project over a period 

of time and better communication across the interface structures (Jones, 2012).   

      

Long-term partnerships often involve the integration of internal teams in order to facilitate collaboration 

and cooperation. This can involve co-locating teams in the same physical location, or implementing systems 

and processes that allow for seamless communication and coordination. By integrating teams within a 

long-term partnership, organizations are able to achieve greater synergies and more effectively share 

knowledge and resources. This can lead to improved efficiency, productivity, and outcomes, as well as a 

deeper understanding of markets and the external environment (Cheng et al., 2000; Holland et al., 2000; 

Wuni & Shen, 2019). 

CSF 4 – Established collaboration structure 

An established collaboration structure within an integrated value chain is important for facilitating 

communication and coordination, building trust and cooperation, and adapting to changes. Having a 

systematic collaboration structure in place enables teams to approach project planning more efficiently, as 

it will be a defined routine. It leads to improved efficiency, decision-making, and problem-solving within 

the value chain. By establishing clear lines of communication and collaboration, organizations are able to 

work together to identify and address any challenges or opportunities that may arise frequently. Overall, 

an established collaboration structure is an essential component of an effective and efficient integrated 

value chain (Holland et al., 2000; Wuni & Shen, 2019; Yuen et al., 2019). 

CSF 5 - Early involvement of key parties 

In order to be successful in the modular construction industry, it is crucial to involve key players such as 

engineering designers, owners, and fabricators in the earliest stages of a project. Without this 

collaboration, fabricators may be at risk of manufacturing modules based on incomplete design 

specifications, which can lead to problems later on (Wuni & Shen, 2019, 2020). It is also important to 

involve these key players throughout all phases of the project, as their expertise and experience can be 

invaluable in anticipating and avoiding potential issues in the value (J. O. Choi et al., 2020). In addition, 

involving these stakeholders at the design stage allows them to understand and appreciate the decisions 

that may impact their roles and responsibilities on the project. Early collaboration with all stakeholders 

is essential for successful standardization and can help to create a supportive and collaborative 

environment for the project's implementation (Wuni & Shen, 2021). 

 

Information Sharing 
Effective communication and sharing of information are crucial for value chain integration in a modular 

construction project. It allows all team members to be on the same page and have access to the necessary 

information to perform their roles efficiently 

CSF 6 – Early and effective use of information/communication technologies 

By leveraging digital technologies such as building information modelling (BIM), enterprise resource 

planning (ERP) systems, and internet of things (IoT) solutions, organizations can improve the accessibility, 

accuracy, timeliness, and formatting of the information being shared across the supply chain (Yuen et al., 

2019). This can help cross-functional teams to improve communication, coordination, and efficiency by 

coordinating the various activities of the process. For example, the use of digital technologies can help to 

automate and streamline processes, such as the exchange of design drawings and the tracking of materials 

and components. This can help to reduce the risk of delays and disruptions and ensure that projects are 

completed on time and within budget (L. Li et al., 2018; Wuni & Shen, 2020, 2021).  

CSF 7 – Frequent information/knowledge sharing 

The importance of sharing accurate and vital information and documents in order to achieve successful 

project outcomes has been demonstrated in various studies (Holland et al., 2000). Effective communication 

and information sharing are crucial for ensuring successful synergy among independent stakeholders and 

avoiding disruptions in the supply chain, leading to successful project delivery that meets the 

requirements of the client and profitability for the integrated teams. Previous research has demonstrated 
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that communication and information sharing can help to reduce misunderstandings, manage risks, and 

improve the efficiency of workflows within the supply chain. (Vrijhoef & Koskela, 2000; Wuni & Shen, 

2020) 

Culture 
A cohesive and supportive work environment that encourages cooperation and mutual support can lead to 

the establishment of a synergy and efficient team dynamic within the organization. 

CSF 8 – Trust among employees 

A company culture that promotes teamwork and collaboration is essential for the development of trust 

among team members. Trust is essential for "open" relationships, as it can reduce stress, increase 

information exchange and problem-solving, and lead to better outcomes. Trust is also reinforced by 

teamwork and can increase inter-functional collaboration (Cheng et al., 2000; Holland et al., 2000). 

Trusting team members are more likely to share information, admit uncertainty, seek help, and suggest 

creative ideas. A willingness to change and be open to learning is also linked to effective cross-functional 

collaboration. Team members who adopt new attitudes, mindsets, and behaviours as part of their 

teamwork can help create a climate of inclusion, where people from different functions are viewed as 

insiders as they know what their colleagues are capable of.(Holland et al., 2000)  

CSF 9 – Morale and motivation 

High levels of employee morale and motivation can contribute to the successful integration of cross-

functional teams by fostering a positive work environment and encouraging collaboration. When team 

members are invested in the success of the project and feel valued by their colleagues and management, 

they are more likely to be motivated to work together effectively. Clear, achievable goals can also help to 

boost morale and motivation by providing a sense of purpose and direction for the team.(Azhar et al., 2013; 

Cheng et al., 2000). Cohesiveness, or the bond between team members and the organization, is another 

important factor that can contribute to successful integration. When team members feel connected and 

aligned with the company’s vision, they are more likely to be passionate and committed to achieving 

success. (Holland et al., 2000; Yuen et al., 2019) 

CSF 10 – Top management commitment  

The commitment of team managers to their employees is an important factor in the successful integration 

of cross-functional teams. This involves actively modelling and promoting desired behaviours and values, 

actively supporting and participating in learning and change efforts, and being willing to share power and 

authority while still holding people accountable (Cheng et al., 2000; Wuni & Shen, 2019) Top-down 

commitment is important at all stages of the process. The support and commitment of senior management 

is critical, as they formulate the strategy and direction of business activities. It is also important that the 

goals and objectives of each organization involved in the project are compatible and aligned. A clear mission 

from senior management, or a clear vision of the purpose of cross-functional teams within the organization, 

is also necessary for successful cross-functional team working.(Azhar et al., 2013; Ismail et al., 2012; Yuen 

et al., 2019) 
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6.3.2 Competence 
By examining the competencies of individuals involved in the modular construction process, such as 

developers, architects, and manufacturers, this research aims to provide insights into the critical success 

factors that contribute to the success of integrated value chains in modular construction. The goal is to 

identify the key competencies required for individuals to effectively collaborate and achieve successful 

outcomes in the modular construction process. 

 Adequate experience 
CSF 11 – Adequate technical and practical experience and knowledge  

It is essential that key players in modular construction projects possess a high level of technical and 

practical experience and familiarity with modularization in order to ensure the successful implementation 

and high quality of these projects (Azhar et al., 2013; O’Connor et al., 2014). These players must possess 

expertise in areas such as design, manufacturing operations, assembly, digital technologies, contracting, 

supply chain management, project integration, production engineering, and process efficiency (Wuni et al., 

2020; Wuni & Shen, 2020). Without sufficient knowledge and experience in modular design, 

manufacturing, and project management, the risk of costly design errors, production delays, and project 

failures increases significantly (Bertram et al., 2019). For example, inexperienced designers may create 

designs that are not feasible for manufacturing or assembly, leading to costly redesigns and production 

delays. Similarly, fabricators with limited technical capabilities may produce components that do not meet 

the specified quality standards, leading to costly defects and reworks. Furthermore, project management 

teams with insufficient knowledge of modular construction may struggle to effectively coordinate and 

integrate the various stages of the project, leading to delays and cost overruns (L. Li et al., 2018; Wuni, 

Shen, & Osei-Kyei, 2022). Having sufficient knowledge throughout the company leads to better integration 

as all players involved understand the implications and benefits of working in a certain way. This, in turn, 

helps to create value and a competitive advantage for the company and its partners. Therefore, it is 

essential that key players in modular construction projects have adequate technical capabilities and 

practical experience to ensure the success of the project.  

Standardization of modules and product configuration in modular construction can improve integration in 

the value chain by increasing scalability. When modules and products are standardized, it allows for mass 

production and specialization of labour, which can increase efficiency and reduce costs. In addition, 

standardization allows for the customization of modular systems, which can meet the specific needs of 

different projects while still maintaining efficiency. Overall, standardization and benchmarking of best 

practices can help to improve the success and competitiveness of modular construction projects by enabling 

greater integration in the value chain. 

CSF 12 – Maturity of techniques through retrospective feedback 

The maturity of techniques used in modular construction projects, such as building information modelling 

(BIM) technology, is important because it can expedite the learning curve and improve the organization's 

understanding and efficiency in the processes involved (Nawi et al., 2012). This can lead to better cross-

functional collaboration and a willingness to change among team members (Holland et al., 2000), which is 

essential for the success of modular construction projects. The detailed design phase, in particular, requires 

a high level of technical knowledge and skills to transform construction drawings into assembly drawings 

with accurate dimensions and connection methods (L. Li et al., 2018) 

Systematic performance measuring and re-use of experiences refer to the practice of collecting and 

analyzing data on the performance of a modular construction project in order to identify areas for 

improvement and to inform future projects. This includes gathering retrospective feedback from team 

members and stakeholders, and analyzing data on cost, schedule, and quality to increase the maturity of 

techniques used in modular construction projects, leading to better coordination and collaboration between 

stakeholders and ultimately, more successful projects (Kamar et al., 2010; Wuni, Shen, & Osei-Kyei, 2022; 

Wuni & Shen, 2019). 
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Production principles 
CSF 13 – Early design freeze 

In modular design, the design of the components or systems needs to be frozen early on in the project in 

order to begin manufacturing the relevant modules as soon as possible. This is because any modifications 

to the design after manufacturing begins may affect how the different components and modules fit 

together, leading to delays and increased costs (O’Connor et al., 2014; Tsz Wai et al., 2021; Wuni & Shen, 

2019). This is different from traditional construction where clients typically exercise their authority to 

change the design, and freezing the design early requires them to adopt a completed design even before 

module manufacture begins. 

With modular production, the form of the building becomes the assembly of pre-designed modules. 

Therefore, it may be possible to postpone certain design decisions until later in the project without 

affecting the overall construction process. However, it is still important to have an early design freeze for 

the relevant components and systems to minimize the risk of costly design changes and ensure the 

success of the project. (Choi et al., 2020). 

In terms of the understanding of the "project," the emphasis in modular construction is on the design and 

manufacturing processes rather than the on-site construction process. The success of the project depends 

heavily on the effectiveness of these processes, including the early design freeze by considering the design 

principles such as reduced interdependency between elements, controlled design variants, and minimal 

allowance for changes in design sequences. (J. O. Choi, 2014)(Wuni & Shen, 2020). 

CSF 14 – Defined design & technical specifications of product 

One important factor in the successful implementation of modular construction projects is the accuracy of 

the design phase. If errors are made at this stage, it can result in the production of components that are 

not consistent with the overall scope of the project, which can be costly to correct. It is important for 

designers, clients, engineers, fabricators, and contractors to collaborate and share information during the 

design phase, as decisions made at this stage can have an impact on the roles and responsibilities of these 

stakeholders throughout the project life cycle.  

Wuni and Shen (2020) identified 9 critical success factors (CSFs) for the management of modular 

construction projects. CSF2 “robust design specifications, accurate drawings, and an early design freeze” 

was ranked as the most important. This CSF has significant positive correlations with five other CSFs, 

including “Effective stakeholder management”, “Early engagement of key players such as designers, 

engineers, fabricators, and contractor” and “Adequate experience and technical knowledge of key 

participants” indicating that its effective implementation can greatly contribute to project success and the 

collaboration potential between the players of an integrated value chain. 

6.3.3 Value chain management 
VCM, or value chain management, is a method used by companies to optimize their operations by 

evaluating the needs of end-users and the strengths of partners, and by coordinating and integrating all 

activities that contribute to creating value throughout the production process. This approach helps 

companies to gain a competitive edge, reduce costs, increase profits and grow market share (Porter (1985). 

As Wong et al.(2004) stated “VCM aims at optimizing project values by better management of the 

transition points along the project period”. The following factors have been identified to enable this 

statement: 

CSF 15 – Coordination 

Effective management of modular construction projects necessitates the coordination and integration of 

various players within the value chain, by one or multiple parties, to ensure the successful management 

of cross-functional departments and the supply chain (Wong et al., 2004). Kamar et al. (2010) and Tsz Wai 

et al. (2021) emphasized the importance of value chain integration for the success of modular construction 

projects, as the supply chain for modular construction projects is complex and can be disrupted by a variety 

of factors. Wuni and Shen (2020, 2021) also highlighted the need to effectively manage the supply chain 

and stakeholders in modular construction projects. In order to achieve this coordination and integration, 

building information modelling (BIM) and other digital construction technologies can be utilized to 

improve communication and collaboration among value chain partners. When coordination is lacking, it 
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can lead to negative consequences such as a breakdown in trust and a lack of commitment among parties, 

which can lead to conflicting relationships. To improve coordination, it is crucial to increase communication 

and share information about the expectations of each party involved. Additionally, coordination, among 

others, is crucial in order to achieve mutually fulfilled expectations and stability in the uncertain 

environment of modular construction projects (Cheng et al., 2000). 

CSF 16 – Early planning and scheduling 

Early planning and scheduling are important factors for coordination in modular construction projects. 

This is because modular manufacturing scheduling is a crucial aspect of the modular construction process 

and inefficient scheduling has been identified as a critical risk factor in several studies (Li et al., 2017; 

Wuni et al., 2020; Wuni, Shen, & Mahmud, 2022). Modular construction is different from traditional 

construction in that the manufacturing process lies between made-to-order to make-to-stock and follows 

an engineer-to-order enterprise resource planning model. This means that the quantity of each modular 

component produced must match the exact demand for that component in the project and inventory must 

be returned to zero at the end of the project(Wuni, Shen, & Mahmud, 2022). As modules are designed to 

meet the specific requirements of a single project, shortages cannot be covered by other manufacturers 

unless they are designed using the same specifications. This underscores the uncertainties and risks 

associated with inefficient scheduling. Effective planning and scheduling can improve coordination and 

ensure the successful implementation of modular construction projects by providing a clear understanding 

of tasks, optimizing tactical and operational plans, and considering the true constraints of the market, 

manufacturing plants, and logistics (Ismail et al., 2012). 

CSF 17 – Organizational structure 

In the integration of the production supply chain, "Design for supply chain management" was identified 

as the most important factor in modular construction projects (Wuni, Shen, & Mahmud, 2022). This design 

approach involves incorporating specific guidelines and rules into the project design to ensure that it is 

optimized for effective supply chain management that aims to improve coordination and management. 

Thus, the design for SCM adopts an integrated approach to enhance effective SCM. This includes involving 

relevant project partners in the design process to establish a common goal of improving overall 

performance and implementing systems for collaboration, information sharing, decision synchronization, 

alignment on responsibilities, and innovative supply chain processes. Essentially, it is a strategy to ensure 

that the supply chain aspects of a project are well thought out and planned before the project is executed, 

to ensure a smoother and more efficient process.       

    

Within this research, the goal is to gather knowledge about the factors that will enable the successful 

integration of the value chain of a modular construction project. In the production supply chain 

integration is has been substantiated that the largest factor is to establish an embedded organization 

structure that enables the adoption of supply chain integration. Whilst the value chain includes most of 

the supply chain activities, it is interesting to test this factor for relevance to the integration of the value 

chain. This method involves engaging relevant project partners early on, such as suppliers and 

manufacturers, to establish a common goal of improving overall performance.  
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7.  The Case: Lister Buildings  
 

This chapter provides an in-depth analysis of Lister Buildings, a modular and circular construction 

company. It begins with an overview of the company, including its history, vision and mission. It will then 

delve into the company's organizational structure, value chain and production system, examining the 

different components and how they interact with one another. The information gathered will serve as the 

foundation for the case study, which will be used to identify key areas for improvement in the integration 

of the value chain in modular construction projects. 

“How can we build more sustainably, faster, and affordably? With the goal of solving the housing shortage 

while making a positive contribution to people and the environment.” 

7.1    Vision 
Lister Buildings is a real estate life cycle platform that specializes in the development, design, engineering 

and manufacturing of modular wooden residential buildings, which they eventually manage. Their focus 

is on long-term sustainability, with an emphasis on addressing climate change, resource scarcity, and the 

importance of human health in the built environment. They incorporate technology such as digital twin 

creation, BIM systems, and internal communication tools into every aspect of their operations, from 

planning and development to design, building, and manufacturing, to ensure effective digital management 

and transparency between departments. 

One of the key elements of Lister Buildings' vision is its commitment to chain integration, improving its 

processes over time to achieve the best possible outcome. They have a production facility in Weert, where 

they manufacture the modules for their buildings, which is a critical aspect of their value chain. By 

collaborating with external partners such as architects, structural engineers, and timber suppliers, Lister 

Buildings is able to create a comprehensive construction platform that increases productivity, reduces 

failure costs, and improves overall results. 

In addition to managing their own projects, Lister Buildings also works with institutional investors and 

housing associations to make their finished projects available for the rental market. They typically work 

on projects through a design and build assignment, taking on either a lead developer or general contractor 

role. Through their digital platform and commitment to collaboration and sustainability, Lister Buildings 

is positioning themselves as a leader in the modular and circular construction industry. 

7.2  Organization & The value chain 
Within the Lister Buildings entity, there are four different departments: Lister Development, Lister 

Architecture, Lister Systeemontwikkeling and Lister Manufacturing. Together they form the internal 

integrated value chain, bringing a number of benefits such as improved productivity, coordination, 

flexibility and quality performance by combing efforts to optimize and streamline processes (Gamme et al., 

2020). The company is divided into several departments, each with their own specific roles and functions 

within the integrated value chain. 

  
Figure 20. Organisation structure Coebax B.V. 
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Lister Development [LD] is responsible for the planning and development of new projects. They are 

considered the principal in ongoing projects, being the party to manage the project from acquisition up to 

delivery. This includes, but is not limited to, identifying potential sites, acquisitions, conducting feasibility 

studies, stakeholder management and obtaining the necessary permits and approvals. They work closely 

with architects, engineers, and other professionals to design and plan the building projects. In a modular 

construction environment, development main adjustment has to deal with decreased design freedom which 

could be experienced as limiting, however, due to the beneficial aspects of modular construction clients 

have regained interest in alternative building methods. 

 

Lister Architecture [LA] is responsible for the design of the buildings. This includes creating detailed 

architectural plans, selecting materials, and ensuring that the design meets all relevant building codes 

and regulations. They also work closely with Lister Development to ensure that the design is feasible and 

can be built within budget. The idea is to design with standardized modules within the building plot, 

leaving the unique feature to be the main features of attention. Up to recently, after the first version of 

the standardized module was released, LA, together with cepezed, used to be involved with system 

development of the modules to be used for multiple projects, but is currently focussed on the ongoing 

projects, while LO covers those responsibilities. LA is also working on standardization of the design 

process, as this can be used for future design processes within Architecture. 

 

Lister System-engineering [LO] is the research and development team and is responsible for the 

engineering and system development of the modules. This includes creating detailed structural plans, 

improving and innovating the module through research and development, selecting materials for the 

structures and nodes, and ensuring that the module is safe and stable. LO currently works on the 

development of a standard benchmarking building, in order to arrive at the minimum price level of the 

Lister system, which creates a foundation to create standard Lister house plans. They are less involved in 

specific projects but play a key role in the overall development process. They work at a higher level, 

providing guidance and advice to other departments to ensure that the designs are feasible and can be 

constructed (within budget).  

 

Lister Manufacturing [LM] takes most responsibility during the realisation phase for the production of 

the modules. This includes the process of bringing together various components to form the modular units 

that make up the final structure. Once the development phase is completed, the design is passed on to LM 

who takes the design and creates detailed production plans and clear instructions for the assembly team 

to follow. Also, the suppliers, such as Stora Enso, CLT-S and TNM, are in direct contact with LM to deliver 

their components to the factory. LM also work closely with LO to ensure that the modules are 

manufactured to the correct specifications, and with LA and LD to ensure that the final building meets all 

relevant building codes and regulations. 
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Figure 21. Value Chain Lister Buildings (o.i., 2022) 

Lister Buildings has close relationships with a number of external partners to create a construction system 

for their modular wooden residential buildings. CLTS is a constructor of wooden construction and plays a 

crucial role in the building process. They are responsible for creating the wooden elements that make up 

the modules of the final building. Cepezed, an experienced architectural bureau in circular design and 

demountable design, was responsible for the initial system design. Their expertise in structural, 

demountable and system thinking is a key parameter of circularity. Due to the completion of this specific 

task, cepezed will be gradually transitioning out of their positions. Pieter Bouwtechniek is the 

permanent structural engineer which is responsible for ensuring that the design and construction of the 

building meet all necessary structural requirements, such as stability and safety. Stora Enso, a leading 

timber supplier and one of the largest forest owners in the EU, provides Lister Buildings with the highest 

quality sustainably managed wood. This is important to Lister Buildings because it helps them score well 

in the MPG (Milieu Prestatie Gebouwen) which is the environmental performance of buildings in the 

Netherlands. Lastly, The New Makers (TNM) specializes in kitchens, bathrooms, and toilets, bringing a 

high level of functionality and design to these essential areas of the building. They provide a wide variety 

of styles and options to meet the needs of different projects, which arrive in flatpacks and are installed as 

units into the modules. 

7.3  Project delivery process 

 

Figure 22. The delivery process of Lister Buildings (o.i., 2022) 

The delivery process of Lister Buildings has been re-evaluated during several workshops of an industry 

expert with decades of experience in the construction industry. Notably, the delivery process diagram in 

figure 22 closely follows the traditional construction format. This could be the outcome of developing a new 

delivery procedure with professionals who may lack the knowledge and experience in the modular 

construction industry to advise Lister Buildings personnel who are having difficulty finding a delivery 

structure that fits their mix of disciplines. 

The process starts with the Opportunity phase, where LD initiates a project by identifying potential 

sites, acquisitions or joining in on tenders. LD conducts market research, site analysis, and other activities 

to determine the feasibility of a project. Once a potential opportunity has been identified, the next step is 

to acquire the land or property needed for the project. Before being able to do so a Stage-Gate (SG1) form 

has to be submitted to the board, to gain approval before moving on to the next phase of the project. 
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This is called the Acquisition phase. Typically here the responsibility lies with LD, but the LA and LO 

are involved from the start to assess the suitability of the site for the proposed development. During the 

Due Diligence (DD) act, LD, LO and LA examine various aspects of the project, including financial, legal, 

technical, and environmental issues. The purpose of DD is to identify and evaluate any potential issues 

that could affect the success of the project and to make informed decisions about whether to proceed with 

the project or not. When continuing, the development team will work to create a sketch design (SO, “schets 

ontwerp”) for the project, taking into account the findings of the due diligence process and any 

recommendations made in the report. This may involve working with architects and other design 

professionals to create a conceptual layout and mass study of the project, as well as determining the overall 

scope and scale of the project. The goal of this phase is to create a detailed design proposal, SG2, that can 

be used to secure funding and move forward with the project.  

Next is the Development phase, consisting of the preliminary design (VO, “voorlopig ontwerp”), definitive 

design (DO, “definitief ontwerp”) and the technical design (TO, “technisch ontwerp). During this phase, 

LD is still managing the project, by coordinating the teams for the delivery of the next stage gate and the 

external parties. The goal of the development phase is to further refine a deeper level of detail, to identify 

and mitigate risks as much as possible and develop the project concept that was established during the 

opportunity and acquisition phases. After DO the last SG3 is submitted including the final design of the 

project. One key difference between working on the development phase in a modular construction project 

versus a traditional construction project is that the design must be optimized for prefabrication and 

assembly. Projects of Lister Buildings aim to use a greater degree of standardization and repetition in the 

design by defining the set of modules beforehand and incorporating them in the mass study. This, however, 

has unfortunately due to circumstances not always been the case. At the end of the phase, close to TO, LM 

gets involved and takes on a larger role within the design process to take into account the capabilities of 

the manufacturing process and the available materials, as well as the logistics of transportation and 

assembly. By working closely with the manufacturing team during the development phase, the design 

team can ensure that the building can be manufactured efficiently and cost-effectively and that it can be 

assembled on-site with minimal disruptions to the construction schedule.  

The Realization phase is the final stage of the development process and includes the execution design, 

production and assembly of the modules. The execution design (UO, “uitvoerings ontwerp”), is the detailed 

design used to construct the building. This design includes all the technical specifications and dimensions 

necessary for the production and assembly of the modules. The production phase involves the manufacture 

of the modules in a production factory, using the execution design as a guide. This phase also includes any 

necessary finishing work, such as the installation of electrical and plumbing systems The realization phase 

also includes the quality control and inspection of the building to ensure it meets all the required standards 

and specifications, before being stored at the end of the assembly line to await transportation to the onsite 

location for final building assembly. 

7.4  Production process 
In order to take the first step towards designing with standard modules, LA and LO had to establish a set 

of construction principles and solutions. For the construction system they use prefab 3D modules with 6 

to 8 columns whenever possible, but they also use 2D parts to foster creative freedom. The 3D modules are 

constructed at the factory and 2D parts are added on-site. The system is completely demountable, bio-

based dry-assembled, and future-proof throughout its life cycle. The timber is from partner Stora Enso 

who source their material from sustainable forests in Europe.   The load-bearing columns allow for 

flexible placement when integrating the partition walls in the modules. This allows to create two, three, 

and four-room apartments. As the columns are load-bearing, the apartment's partition walls may be 

positioned for layout flexibility. The disadvantage is that the nodes must be structurally stronger, resulting 

in an increase in cost. Complete bathroom and kitchen modules are lifted inside the module. Each module 

consists of columns, a floor, and a ceiling, and may be subdivided freely inside the columns; The floor 

structure consists of a CLT slab, insulation, ballast, piping, and finishing. This total is also a bit thicker 

than traditional construction.  
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Scaling up the factory goes along with growth. Currently, the production is done manually, at some point 

it does pay off to automate but so far it is too high an investment.  

Modular construction, particularly when utilizing wood-based materials such as Cross Laminated Timber 

(CLT), presents a unique set of design challenges. Lister Buildings has expressed that one of the main 

challenges is to find the balance between maintaining flexibility in design while ensuring that modules 

can be utilized without compromising aesthetic quality or freedom in facade design. Additionally, finding 

the right partners within the value chain, who possess the necessary vision, knowledge, and expertise in 

software integration and human qualities, has also been noted as crucial to their success. The design 

process must also be adapted to accommodate modular construction, which can be a significant hurdle, 

especially when working with relatively new materials like CLT. Furthermore, the relatively higher fixed 

costs for the R&D (for acoustics, fire safety and wind load) in order to construct wooden high-rise buildings 

and the need for constant production levels must be taken into account. Moreover, significant pre-

investment is required in areas such as design, setting up the production facility with supply-chain 

management, and digitalization of the design and construction process. 

With a few projects under the belt, Lister Building has learned that assembling 2D elements separately 

on-site is a very time-consuming and challenging task. They have also faced difficulties with external 

factors such as weather conditions. As a result, they have shifted their focus to maximum 3D assembly for 

future projects, alleviating LM with fewer unique features to take into account which makes it easier to 

set up assembly lines.  

They also found that focusing on one-, two- and three-bedroom apartments is a more efficient approach as 

they have incorporated maisonettes in their current FITz project and implemented unique architectural 

designs for passages to add variety and break away from the repetition often associated with modular 

construction. Again this created a high design variety which negatively affected the production process as 

it has to produce a large and deviating set of modules, which is not beneficial in a production environment. 

Tabel 7. Overview projects of Lister Buildings: Paviljoen, Milsbeek and FITz. 

 

 Location m2 No. App. Floors Developing term Type 

Paviljoen Weert, NB 150 3 3 01/21 – 09/22 Hybrid 

Milsbeek Milsbeek, LB 1200 20 2 01/20 – 06/23 3D 

FITz Amsterdam, NH 4400 80 7 04/21 – 06/24 Hybrid 

Figure 23. Module pack elements (Lister Buildings, 2022) 

2D supporting structure 

and facade finishing 

Floors and interior walls from 

2D precast elements for flexible 

layouts 

3D engineering module incl. 

The New Makers kitchen 

and bathroom 
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Also, the project has been experiencing some difficulties with the scaling of the projects. When analysing 

table 8 above, is shows a reasonable increase in no. of apartments per project. However, the complexity 

levels between the projects were significantly different. One of the main learnings from Lister's first few 

projects is that building smaller-scale structures, such as the Paviljoen, with its various unit types, did not 

allow for the assembly line to fully mature and achieve a streamlined and automated process. The 

Paviljoen was intended to serve as a pilot project to gain experience in assembling the modules, which 

could then be repeated in future projects. However, the Milsbeek project, which had a higher number of 

apartments, turned out to be less complex and relied more heavily on repetition, but not necessarily from 

the modules used in Paviljoen, resulting in the restructuring of the assembly lines at the production 

factory. The FITz project, Lister Buildings largest project, with its broad range of different modules and 

less repetition than the other two projects, proved again to be complex, highlighting the importance of 

finding the right balance between variety and repetition in modular construction. 

7.4.1 Project – “Het Paviljoen” 
This project represents the initial pilot undertaking in a three-phase validation of Lister Buildings' module 

construction concept. The building comprises three levels, with a one-bedroom apartment of 50 m2 on the 

ground floor, a two-bedroom apartment of 75 m2 on the first floor, and a lounge area on the top floor. This 

project served as a test bed for assessing the building's strength, vibrations, acoustics, fire safety, and 

airtightness.  

The structure consists of six 3D modules that form the apartments, with staircases and the lounge area 

installed using 2D elements, making it a hybrid modular construction project. The building is entirely 

made of timber, including glulam columns and CLT floor plates, with steel cross bracing and timber single 

diagonal bracing to ensure stability. Multiple sustainable technologies were integrated to enhance the 

building's overall performance and create a comfortable and healthy living environment. The project was 

the result of close collaboration with partners such as cepezed and Pieters Bouwtechniek, as well as 

suppliers like CLTS and The New Makers. 

 

 

 

 

 

 

 

 

 

 

Lister Buildings encountered delays during their first project due to inaccurate planning estimates, which 

resulted in overlapping phases, such as design and procurement, and conflicting activities. This is a 

common challenge for new entrants to the modular construction industry, as the process requires a 

different approach to project management and supply chain coordination compared to traditional 

construction. Specifically, the use of offsite manufacturing and the integration of multiple supply chain 

partners require a high degree of coordination and communication. The resulting delays can impact the 

overall project timeline and increase costs. Therefore, it is important for modular construction firms to 

carefully plan and manage their projects, especially in the early stages, to ensure a successful outcome. 

Figure 24. “Paviljoen” floorplans (left: groundfloor, right: first floor) (Lister Buildings, 2022) 
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7.4.2 Project – “FITz” 
After Milsbeek, the “FITz” project was the third pilot in the series to Proof the Concept of Lister Buildings. 

This project was tendered out in 2021 by the municipality of Amsterdam for a plot in the Amstelkwartier. 

The tender was won by Lister Buildings with a design of an apartment complex combined with a plinth 

for commercial purposes. The building consisted of seven levels including 70 apartments, ranging from 47 

m2 to 108 m2.  

FITz structurally consists of three wings and has no load-bearing facades at all. The building system and 

apartments consist of a combination of 2D and 3D elements and demountable nodes. This results in a 

system where, among other things, the facade can be removed in the future and replaced with another 

desired facade system. The bathrooms and kitchens are again supplied by The New Makers. The project’s 

design was the result of collaborations with architectural bureau Mees Visser, urban developer U.Minds 

and landscape architect BOOM, as well as close suppliers like CLTS and The New Makers. 

The implementation of the modular construction concept by Lister Building in this project has been dealing 

with some challenges, which have led to project delays. These challenges can be attributed to the limited 

experience of Lister Building in modular construction, as this is their first complex project. Additionally, 

the project has been affected by external factors such as an increasingly stressed construction market due 

to rising material costs and interest rates. These factors have led to delays and unforeseen complications 

in the implementation of the project. With the support of the municipality, Lister Building has been 

working with partners and suppliers to overcome these challenges and continue the successful 

implementation of the project. As a result, Lister Building had to modify the design of the project to a 2D 

construction project. Although this limited the company's ability to fully capitalize on the benefits of 

modular construction, it provided greater design flexibility, which was essential to adapt to the changing 

circumstances and ensure the success of the project. 

  

Figure 25. “Het Paviljoen” photo’s – Front profile (left) and first floor (right). (Eva Bloem, 2022) 

Figure 26. "FITz" renders – Side profile (left) and from the courtyard (right).  (Lister Architecture & Mees Visser, 2021) 
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8.  Results & Analysis 
 

This chapter presents the results from the interviews conducted with the employees of Lister Buildings. 

The data gathered in both the qualitative and quantitative parts of the interviews is analyzed to identify 

the gaps between the current and desired production systems, explore the role of coordinators in each 

phase, and develop a list of critical success factors for enabling vertical integration in the modular 

construction industry. These results are structured to align with the methodology and scope stated in 

Chapter 3. The relevant quotes have been gathered by decoding the transcripts. The results are presented 

in subchapters that align with the methodology and scope outlined in Chapter 3. Relevant quotes from the 

interviews are used to support the analysis. The visualizations are based on careful analysis of data that 

is gathered from the interviews and the additional interactive questions. 

8.1   Production systems  
In this subchapter, the focus is on the analysis of the quantitative data collected through the conducted 

interviews with the employees of Lister Buildings. The subchapter is divided into two parts, namely 

"Company Profiles" and "Department Profiles". The first part, "Company Profiles", provides an overview 

of the raw data which is used to identify the current and desired production system of Lister Buildings. 

The second part, "Department Profiles", analyses the discrepancies between the company profiles to 

understand the shifts in the profiles and the reasons for these shifts. This analysis is done per department. 

Overall, the subchapter aims to provide insights into the production systems of Lister Buildings and 

identify areas for improvement. 

 

 

 

 

8.1.1 Company Profiles:  Current and Desired Production System  

Lister Buildings at present  

 

 

At first glance, the table does not convey one consistent production system, however, does appear in the 

white/blue spectrum, indicating a project-based environment. There is one characteristic with an opposite 

Figure 28. Company level – 

Lister Buildings “present” 

profile (o.i., 2022) 

Figure 27. Color scheme of 

for Production System 

analysis (o.i., 2022) 
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colour display which is the Profit Margin. Green colours define an approach leaning towards the product, 

which elaborates in having currently a low-margin per module. The results from the individuals are 

analysed to acquire the results on a departmental level. These show a range of leaning towards the 

project/design side of the spectrum, such as engineer-to-order and make-to-order. There is a noticeable 

difference between LD & LA and LO & LM, as the latter profiles show more resembling colours to the 

product-based environment.  

“Production rate”,  “design type” and “product configuration” display the current state with a more 

project approach, which resembles more to the concept-to-order and engineer-to-order. Whilst, “Profit 

margin”, “internal team set up” and “external relations” are displaying colours linked to a product 

approach, meaning that these characteristics resembled features make-to-order and assembly-to-order. 

“We merely do things this way for the time being since we can't ramp up as quickly 

as we'd want. Growing into the Manufacturing process takes time, and you must 

have volume if you wish to run larger production. Otherwise, you'll remain stuck 

with one-of-a-kind projects.” - Manufacturer 

This suggests that interviewees see the current production system as heavily focused on project-based 

approaches, with low emphasis on “production rate’, “design type”, and ‘product configuration”. 

This may indicate that the organization places a greater priority on delivering unique, one-off projects that 

are tailored to the specific needs of the client. On the other hand, "Profit margin", "Internal team set 

up" and "External relations" scored higher, indicating that the organization places a greater emphasis 

on these characteristics, which are typically associated with product-based approaches. These 

characteristics, such as having a long-term internal team structure, strong external relationships with 

suppliers and partners, as well as a focus on efficiency and cost-effectiveness, suggest that the organization 

places a significant emphasis on profitability in its production process.  

Based on these results from the questionnaire, the employees of Lister Buildings currently view their 

production system as one that resides slightly on the project environment, being between ETO and MTO. 

These are characterized by low-volume production, producing a highly customizable product with low 

repetition, which almost resembles a one-of-a-kind product. This lack of standardization in their product 

makes it difficult for them to gain control over the variations in their production process. Additionally, 

they currently have a low-profit margin per module, which can be attributed to several factors. They rely 

on the use of long-term teams for their projects, as the company operates as a semi-integrated entity. 

Furthermore, they have reasonably close relationships with the suppliers of the elements that are used in 

their building modules. 

Lister Buildings in the future  

 

  

Figure 29. Company level 

– Lister Buildings 

“future” profile (o.i., 2022) 
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First of all, it is clear from the comparison of the previous image to the current one that there is a 

significant change in overall colour. The new image shows a predominance of green, indicating a shift 

towards a more product-based approach for the production of modular units, however the Organization 

and Product categories appear more neutral and light-red, indicating a mix of project- and product 

approach. Also, and again, “profit margin” colours in contradicting colours than in the display, relating to 

a more project-definition to is: high-profit per module. Overall, this might suggest a focus on increasing 

efficiency, streamlining the production process, and improving profitability while still being able to 

accommodate unique client needs.  

"For Lister, too much standardization can limit our flexibility and creativity. While 

standardization can improve production efficiency, It's important to have a balance 

between that and customization." – Developer 

The departmental results of the follow-up questionnaire indicate a clear consensus among the different 

departments about their future vision. The display of the results depict a strong shift towards the product-

oriented side of the spectrum, point to an assembly-to-order production system. This means that there is 

a shared belief among the departments that the organization should focus on improving efficiency, 

streamlining the production process, and increasing profitability while still being able to customize the 

product to meet unique customer needs. 

Next, it is of importance to explore the different production systems linked to the characteristic.  The future 

expected form of Lister Buildings scored the highest points for “product configuration”, “external 

relations”, “production rate” and “supply chain”. These results link towards the extreme production 

system of make-to-stock. Additionally, the lowest points calculated for “profit margin”, “design 

variety” and “focus perspective”, are similar to make-to-order characteristics. 

This analysis shows that the vision of Lister Buildings is centred on a production system that emphasizes 

high-volume production and standardization of product designs. The high scores suggest that the 

organization aims to streamline their production process to improve efficiency. The low scores reveal that 

the organization strives for a high-volume production system over customization and unique customer 

needs. The organization might be looking for a balance between both, having a standard product and still 

being able to adapt to clients’ needs.  

In summary, Lister Buildings, as viewed by its employees, sees its future production system as one that 

prioritizes the control of variation. This means that they aim to control the range of configurations by 

engineering and predefining the design specifications of the different modules. One of the key advantages 

of controlling variation in modular construction is that it can make it easier to achieve high-volume 

production, which the company plans to pursue to reach its potential for high-profit margins per module. 

Lister Buildings also aims to establish sustainable relationships with suppliers to ensure a stable and 

reliable supply chain, improving the production process. In addition, the company still wishes to provide 

some level of customization to meet client requirements within fixed design parameters. Another key 

aspect of the company's future vision is a balance in decision-making between the developer/designer and 

manufacturer, as both are considered equally important and contribute equally to the project. Given the 

importance of the system engineer in modular construction projects, it is likely that Lister Buildings would 

also consider them to be an important contributor to the project and seek to balance their input with that 

of the developer/designer and manufacturer. However, this would need to be confirmed through the 

qualitative research of this study. Overall, the shift is towards a more product-based environment, similar 

to an ATO production system. 
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8.1.2 Department profiles: Identifying Shifts  
This section of the analysis focuses on identifying the shifts that occurred within departments from the 

current to the desired production system. The shift in profiles is analyzed in the context of the company 

profiles presented in the previous subchapter to identify the reasons behind the shifts. By understanding 

the shifts in the production system, the subchapter aims to provide insights into the areas that require 

improvement at the departmental level. The analysis will be presented using various visual aids, including 

graphs and charts, to provide a clear understanding of the shifts that occurred. Table 8 provides an 

overview of the raw data obtained from the two previous tables.  

A new column called "delta" [∆] has been included in the table, which represents the extent to which the 

current production system deviates from the future production system. The larger the score in the delta 

column, the greater the discrepancy between the perceptions of the current and future production system. 

In addition, a negative delta suggests a change from a higher number to a lower number, while a positive 

delta indicates a change from a lower number to a higher number. A significant positive or negative delta 

implies a change in that characteristic towards a product-based or project-based environment, 

respectively.  A small delta indicates little or no change between the current production system and the 

desired future state for that specific characteristic. By examining the delta column, it's possible to identify 

the areas that need to be addressed to bring the production system in line with the ideal or future profile. 

Next, the raw data has been visualized in a landscape contour map. The map displays the differences, or 

"delta's," between the current and future production system profiles. The legend uses the colours blue and 

green to represent the project and product approaches, respectively.  

The map has the characteristics listed on the horizontal axis and the interviewees per department listed 

on the vertical axis. Each interviewee is identified by a code consisting of a department abbreviation and 

a number, such as "LD1" which refers to the first interviewee in the Lister Development department. For 

a alternative raw delta’s visualisation, see Appendix F.  

Table 8. Department results and delta's. (o.i., 2023)

Figure 30. Color scheme for delta's bandwidth (o.i., 2023) 
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Lister Development 
 

 

 

 

 

 

 

 

 

Figure 31. Lister Development - 

discrepancies between “present” & 

"future" profiles (o.i., 2022) 

 

The visual representation of the data provided by the employees of LD shows large positive concentrations 

around “design type”,  “production configuration”, “production rate”, and "delivery time". The 

desire to work with standardized elements is likely driven by the need to have better control over the 

different possible configurations, which would lead to an increased production rate and, as a result, quicker 

delivery times. 

“In my perfect world, developers would have a clear understanding of the design and 

implementation principles for a project before they start working on it. This would 

make the development process much more efficient.” - Developer 

“When it comes to manufacturing, we should focus on standardizing processes at the 

front end, such as LD,  LO, and LA. This would lead to lower production costs, 

increased productivity, faster production times, and ultimately lower costs for the 

end product.” - Developer 

On the other hand, the white spaces observed around "focus perspective", "client input", and "design 

variety" indicate that there is limited to no need for change in these areas according to the Development 

employees. From their point of view, this suggests that Lister Building's current approach to these areas 

is in line with their future desired operating profile.  

“At the module level, the developer may have less influence on the process, but at the 

building level, the developer plays a significant role. Ideally, we want the developer 

to have minimal input on the product/module once it's finalized, but ultimately, the 

entire building must come together as a cohesive system. This is where a skilled 

system architect or project manager can play a critical role in ensuring success.” - 

Developer 

When reviewing the raw data of LD, the “focus perspective” shows their belief in having a good balance 

between the design and make side. This could suggest that LD view the decision weight as well-balanced 

between the designers/developers and production team, which aligns well with their future goals.  
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Similarly, the score of "client input" indicates that the current level of involvement of clients in the design 

process should remain the same, suggesting that Lister Building's current approach to client engagement 

is in line with their future goals. "Design variety" leans a bit towards the project approach, meaning a 

desire for LD of higher design freedom incorporated in the module's design. This suggests that the 

developers agree that the company's current design approach allows for a good degree of flexibility and 

adaptability to unique client specifications. 

“As a design firm, we value the freedom to create innovative designs, while builders 

may prioritize consistency and efficiency. Finding a balance between these 

perspectives can be a challenge, but it's important to have an acquisition strategy 

that doesn't deviate too much.” - Developer 

Lastly, the grey areas indicate a negative delta, meaning a shift towards a more project-related context 

which is to be seen in “Internal Team Set-up” and “Profit Margin”. Interestingly, LD is the only 

department that displays a preference for short-term collaboration within internal teams which could 

indicate that they may have a different approach or opinion on how teams should work together compared 

to the other departments. The significance of this is that it highlights potential differences in departmental 

culture, priorities, and values, which could affect how the company functions and how successful it is in 

achieving its goals. Understanding these differences can help the company identify areas for improvement 

and develop strategies to foster better collaboration and communication across teams. 

The discrepancy in the “Profit Margin” suggests that the company is considering ways to improve efficiency 

and cost-effectiveness in their product design and production processes in order to increase the profit 

margin per module, while still meeting the unique needs of clients.
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Lister Architecture 

 

 

 

 

 

 

 

Figure 32. Lister Architecture 

- discrepancies between 

“present” & "future" profiles 

(o.i., 2022) 

 

The data collected from employees at LA has been visualized in the form of a graph, with positive 

concentrations of results observed “Design Type”, “Product Configuration” and "Production Rate" 

categories, similar to LD. From the perspective of architects, the importance of having control over various 

configuration possibilities is evident, with a positive delta indicating a shift towards a more product-

oriented approach. This could imply that, in their belief, using standardized components that can be 

configured in various ways will meet a wide range of needs and demands.  

Additionally, the high concentration in the "Production Rate" category implies that the company is 

prioritizing product-oriented characteristics, such as high production volumes and a consistent flow of 

production. 

“In the past, we didn't approach projects in a systematic way, and often treated them 

as unique, one-off endeavours. This approach made sense at the time, given that we 

didn't have a well-established principles or design specifications in place. However, we 

now have a better idea of what our system should look like, even if it's not quite ready 

yet. As a result, we are making an effort to use a more systematic approach moving 

forward.”                                - Architect 

The lower deltas were observed in the "Focus Perspective" and "Design Variety", categories, indicating 

that the company currently embodies their desired characteristics in these areas. This suggests that, from 

the perspective of LA, the balance of decision-making power is currently evenly distributed between the 

development, design, and production teams. Additionally, the data suggests that the company has a 

production strategy focused on an efficient lean approach, and design variety leaning towards the project-

domain, indicating that the architects want to foster more design freedom in the future of Lister Buildings. 

“It would be really helpful for us on the LO side if we're given those building blocks 

upfront. That way, we can focus on dealing with the 20% design variation, and not 

worry about the rest.” - Architect  
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Lister System Engineering 
 

  

 

 

 

 

 

 

Figure 33. Lister 

System Engineering - 

discrepancies 

between “present” & 

"future" profiles (o.i., 

2022)

 

The data collected from the employees of LO suggests that there are significant differences in the areas of 

“Innovation”. “Innovation” is a key area of focus for LO, as they are responsible for introducing new ideas 

and making improvements to the modules. However, it appears that this is not as high of a priority for 

other departments within the company. The data shows a high discrepancy in this area, however, the 

participants have conflicting perspectives on the goal of innovation. One perspective leans more towards 

adapting to market changes, while the other is more focused on continuous innovation based on customer 

satisfaction. 

"What I've noticed is that the installation and construction phase is often a big 

challenge for our projects. There are a lot of interconnected components and bottlenecks 

that we need to navigate. It can be overwhelming at times, but there's definitely room 

for improvement and progress." – System Engineer 

Notably, there is also a broad area of positive shifts within the production category, which may indicate 

that LO has a significant impact on the production factors that influence the production system. For 

example, the data suggests that the company aims to move towards a more product-oriented approach, as 

indicated by a high delta in the “Product Configuration”, “Production Rate”, “Production Type”, 

“Supply Chain” and “Delivery Time” categories. Similarly to LD and LA, their view suggests that 

gaining control of the product configuration, by working with standardized elements would work beneficial 

to shaping the production type to an up-tempo continuous assembly line. 

"I believe that we should focus more on the manufacturability and logistics of our 

production processes. As a team, we could play a bigger role in designing products that 

are easier to produce and transport. That's something we can definitely work on and 

improve." – System Engineer 

Additionally, the data suggest that LO views the integration of the supply chain into the production system 

as a key area for improvement, and may be well-suited to take ownership and work towards this goal. 

"There seems to be a disconnect between LM and LO, where each team blames the other 

for not being involved enough. But I think we, in LO, can help integrate and align 

these teams better. We have the potential to make a real difference in this area."                                   

– System Engineer 
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Lastly, the data shows negative discrepancies in the areas of “Client Input” and “Design Variety”. The 

first indicates that the employees of LO are satisfied with the current level of client involvement in the 

design process. The data suggests that the design variety is not a major area of concern, although there is 

some misalignment internally as to what this would mean for Lister Buildings, with some leaning more 

towards a project-oriented approach and others towards a product-oriented approach. This could mean 

that there is some uncertainty about the level of standardization that should be applied in the design of 

the modules. 
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Lister Manufacturing  

 

 

 

 

 

 

 

 

 

Figure 34. Lister 

Manufacturing - discrepancies 

between “present” & "future" 

profiles (o.i., 2022) 

 

Out of all departments, LM has the most saturated visual display of the discrepancies between the present 

and future production system profile of Lister Buildings, depicted in figure 34. This might imply various 

things, either the team is more critical of the differences or it might be due to being closely involved with 

or accountable for aspects of the production system as the manufacturer of the modules, making it a crucial 

player in the collaboration within the value chain. The most significant change towards a product approach 

is observed at “Production Configuration”, “Production Rate”, “Design Type”, and “Delivery 

Time”. Looking at the incentive structure for different departments related to the characteristics, it is 

likely that only LM is accountable for the production rate and delivery time. 

"In my experience, the projects we're working on right now aren't quite up to the 

standard production we're aiming for. This presents both opportunities and 

challenges. It's important to focus on the problems we can identify, but we should also 

be looking for ways to improve through practice and standardization. By creating a 

standard product, we can streamline our processes and make improvements more 

quickly."                         - Manufacturer 

The data relating to "Focus Perspective" reveals an interesting discrepancy, with the manufacturing 

team feeling that the current decision-making weight is on the side of designers and developers. This 

perspective is in slight conflict with the desired outcome of the LD and LA teams, as they had expressed a 

current situation of a balanced decision-making process. It is possible that either the current decision 

weight has been falsely conveyed by LD and LA, or that LM desires a greater influence on the decision-

making process than LD and LA. 

"One area where I think we could improve is communication between different teams 

within our organization. Too often, designs are created without taking into account the 

practicalities of manufacturing, which leads to frustration and delays. It's important 

that we have a better understanding of each other's processes and communicate more 

effectively to avoid these issues." - Manufacturer 

"In the SO phase, LO has a more advisory role, while LM is responsible for making 

the products. I think you can achieve better results if you working closely with the 

person who will be making the product." - Manufacturer 
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The lower score mentionable is the “Client Input”, surprisingly, as this indicates that also LM supports 

the idea of giving the client freedom for input, in comparison to traditional manufacturing industries, 

which risks leading to more variation and more unique projects. However, it could be because the team 

believes that giving clients more involved in the design process leads to a more satisfactory end product 

for the client, which in turn could lead to increased customer satisfaction and potentially repeat business. 

“Profit Margin” has been elaborated on previously, and just as the other departments, LM want to 

increase the profit per manufactured module.  

 

 

 

  

Conclusion 

The majority of the data suggest that all departments aim to shift to a more product-approach in the characteristics 

of “Design Type”, “Production Configuration”, “Production Rate”, and "Delivery Time" to improve its 

production processes in order to increase efficiency and profitability. This may involve making trade-offs between 

customization and scalability, as well as balancing between product quality and delivery times. Currently, the 

departments are struggling with variations in product designs, long delivery times, and producing one-of-a-kind 

products. However, they are determined to overcome these challenges and move towards a more standardized, 

efficient, and profitable production environment. It is important to note that all departments have deemed these 

factors to be of importance, indicating a company-wide commitment to improving production processes. 

However, there are differences in the other categories, such as LO’s data not aligning internally on the goal of 

innovation and its significant impact on production factors. LD and LA have lower deltas in “Focus Perspective” 

indicating that the current approach to these areas aligns with their desired future operating profile, which they 

experience as a balanced between themselves and LM, whilst LM has a different view on that. “Design variety” 

is also in conflict with the different departments as LD, LA and LO’s data argues towards a balance between 

standardization but imbedding enough design freedom to cater to the clients need, whilst LM data suggesting that 

this variety take a more limiting range of standardized element. All departments show a significant discrepancy in 

the “Profit Margin” category, indicating that improving efficiency and cost-effectiveness is a priority for increasing 

profits per module. 

Overall, the current Production System profile resembles the form between engineer-to-order and make-to-order 

with the data for future profile suggesting a shift towards a more product-based approach, leaning more into make-

to-order and assemble-to-order production systems.  
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8.2  Coordination & Collaboration 
 The following interactive exercise focused on the systematic structure of Lister Buildings' collaboration, 

communication, and coordination.  

In figure 33, we can see a visual representation of the importance of the involvement of different 

departments during different phases of the project as perceived by the other departments. This allows us 

to identify which department is responsible for driving the project during each phase and where the 

transfer of responsibilities occurs between different departments. The black blocks in the figure indicate 

areas where there is a perceived equal level of involvement by two departments.  

 

 

 

SO 

The SO of a modular construction project is the initial stage of the project, where the overall idea for the 

project is developed and refined. In this phase, a feasibility study is conducted to determine the overall 

scope and objectives of the project, including the design and layout of the modular units, the materials and 

technologies to be used, and the budget and timeline for the project. Other activities that may take place 

during this phase include researching and evaluating different design options and developing initial 

sketches and renderings.  

At first glance, it is visibly in the first row that Development is homogeneously perceived as the carrier of 

the project during the SO phase. Full saturation - referring to a score of 100%, indicating complete 

agreement among all interviewees - is only detected in the SO phase and not in the other phases. This 

suggests that there is a shared understanding among the parties involved in the project about how 

responsibilities, tasks, and leadership should be allocated during this phase. The carrier is responsible for 

leading and guiding the project through the design and development stage, which is known as the SO, VO 

and DO phases. This would include determining the overall goals and objectives of the project, developing 

a concept design that aligns with those goals, and working with other departments and stakeholders to 

ensure that the design meets the needs of the project requirements. The carrier is responsible for leading 

the project through the initial design and planning stages and working closely with other departments to 

ensure that the project stays on track and on budget. Followed by close LO, LA and eventually LM.  

VO 

The carrier in the VO phase of the project, as identified by the participants in this study, is LA. This phase 

involves a significant amount of coordination between different departments and LA is seen as the primary 

department leading these efforts. LD transfers responsibility to LA and LO takes on a supportive role and 

LM holds still on the background.  However, the close ranking of the number 1 and 2 indicate a lack of 

clarity in leadership and coordination. Furthermore, the combination of shared positions, indicated with 

the black box, between LA and LO occurs frequently from the derived employee data. This could indicate 

that these departments work close together in an integrated collaborative structure or that the alignment 

of responsibilities and expectations is lacking, resulting in an undefined organizational structure.  

Figure 36. Results project coordinator (SO-TO), (o.i., 2022) Figure 35. Plotted results (o.i., 2022) 
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DO 

Next, in the DO phase, as there is a more defined design of the project LO supporting role turns into an 

advising role, as the design is, as much as possible, frozen. Innovations or other adjustments are being 

reserved for the next project. Thereto, as the project is moving towards TO, it is essential for LM to be 

involved, preferably as soon as possible but in Lister Buildings case it is after the VO-design. LA is still 

the main carrier of this phase of the project 

TO 

Lastly the TO phase of a modular construction project, the focus is typically on the technical design of the 

building. This includes determining the specific components and materials that will be used in the 

construction, as well as the layout and engineering of the structure. This phase also involves developing 

detailed plans, architectural and engineering drawings and bills of materials. The aim of this phase is to 

create a detailed and accurate design that can be used to guide the construction process and ensure that 

the final building meets all relevant codes and standards. It is also an important phase to ensure that the 

building can be manufactured and assembled efficiently and that it will be able to perform as intended in 

terms of energy and other factors. Therefore, the involvement of LM is essential. Fortunately, LM is seen 

as the main carrier by the participants in the study, meaning that Lister Manufacturing is considered to 

have the most involvement during this phase of the project by other departments. The Technical Design 

(TO) phase indicate a transfer of responsibility and involvement from LA to LM as the project progresses. 

Additionally, the close ties of some departments in some phases suggest that in these stages the specific 

department is not seen as a more important carrier but the importance is split and shared by multiple 

departments, showing collaboration. 

Figure 36 visualises how the responsibilities of the departments are digressing over the different phases 

throughout the project. Every party has been nominated as the carrier of the project, except for LO. This 

could mean that the role of LO is not considered central in carrying out the project during the different 

phases of the modular construction process, according to the perception of the participants in this study. 

It's important to note, this does not mean that the department is not essential to the project, however, the 

department isn't seen as the main carrier of the project, for example, LD is seen as the carrier in SO, LA 

in VO and DO and LM in TO. It could also mean that the role of LO is considered less essential in the 

developing management and execution phases, and is more focused on product management in design &  

engineering aspects. Additionally, it may also indicate that the responsibilities and involvement of LO are 

more closely tied to other departments, such as LD and LM, rather than being a standalone entity in terms 

of project management.  

  

Conclusion 

Based on the results from the exercise, it appears that there is a lack of clarity among the participants 

when it comes to the  perception of which department carrying the most responsibility during each 

phase of the project, which is seen in figure 33b. SO is the sole phase where there is some sort of clear 

understanding as LD is seen as the primary carrier, leading with 100% of the votes. From VO on, there 

is a spread in the saturation which grows further in DO which reduces again in the TO phase.  It is 

noteworthy that during the department of Development (LD) holds the belief that they are the primary 

driver of the project throughout its entirety. However, the other departments appear to hold a different 

opinion, with LA leading during DO and VO, and LM finally taking over the responsibility of the project 

in TO.  
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8.3  CSFs for Value Chain Integration  
The purpose of this chapter is to provide a thorough examination and analysis of the qualitative part of 

the interviews. The methodology used is described in steps 4 – 6 in chapter 3.3.3.  

Step 4 included the transcribing and coding with the preliminary list of CSFs to give structure to the 

qualitative raw data. This helps to uncover and understand the experiences, benefits, and challenges that 

participants encountered in regard to the integration of the value chain in a modular construction project. 

Meticulousness is crucial when undertaking this process, as close attention should be paid to the data to 

avoid overlooking any relevant information. The process is looped and iterated to ensure that the data is 

coded accurately with the appropriate Critical Success Factor (CSF). Quotes that would not fit into any 

CSF were set aside for later analysis. The final results of this step are to be found in Appendix E. 

Next, in step 5, the coded text was categorically analysed per CSF. It is worth noting that the labels 

"Synergy," "Competency," and "Organization" were predetermined classifications that were used in the 

analysis. The categories within each label were pre-established, but due to the context validity of the CSFs, 

they were subject to modification depending on changes that occurred during the analysis. As a result of 

this process CSFs that were not or less frequently mentioned were eliminated and new CSFs were 

identified, which are highlighted in green in table below. These factors were frequently mentioned by the 

participants during the interviews and were subsequently researched for relevance and substantiation. 

The study carefully analysed all the critical success factors (CSFs) in step 6, and provided a detailed 

breakdown of each factor, including newly defined CSFs with their substantiating literature, are 

elaborated in Appendix H. After identifying the CSFs, the study was able to redefine the Categories, and 

the final list is presented in Table 9. Using this list, the study analysed the occurrence and importance of 

each CSF in the categories, as shown in Table 10. The rate of occurrence represents how often a CSF was 

mentioned, while the rate of importance is the ratio of positive to negative annotations. 

Table 9. Final CSF-list for modular value chain integration (o.i., 2022)  

 

  

Label Category Critical Success Factor 

S
y

n
e
r
g

y
 

Communication 
1. Effective communication 

2. Shared understanding in messaging 

Collaboration 

3. Collaborative working environment  

4. Long term partnership 

5. Established collaboration structure   

6. Early involvement of key parties  

Information 

sharing 

7. Early and effective use of information/communication 

technologies  

8. Frequent information/knowledge sharing   

Culture 

9. Thrust among employees 

10. Morale and motivation 

11. Top management commitment 

C
o

m
p

e
te

n

c
y
 

Adequate 

experience 

12. Adequate technical and practical experience and knowledge  

13. Maturity of techniques through retrospective feedback 

Modular 

production 

principles 

14. Early design freeze 

15. Defined design & technical specifications of product  

16. Scalability through standardization and product configuration 

O
r
g

a
n

iz
a

ti
o

n
 

Management 

17. Coordination between interfaces  

18. Link between project/design and product/production 

19. Early planning and scheduling 

Structure 
20. Change in development process 

21. Effective alignment on responsibilities and expectations  
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1. CSF 12 – ADEQUATE TECHNICAL AND PRACTICAL EXPERIENCE AND KNOWLEDGE 

Having “adequate technical and practical experience and knowledge" is crucial for the success of 

a modular construction project. The lack of experience among the team members can lead to a 

lack of understanding and a lack of collaboration between different parties. The interviews 

revealed that, in the case of Lister Buildings, the lack of experience among the team members 

was an obstacle in the industrialization and product development process. The team members 

were aware of the importance of adequate experience, but the lack of it resulted in a tendency 

to think quickly in traditional structures from the construction environment and less thinking in a 

combination of a product mindset. Furthermore, the interviews highlighted that the team 

members at Lister Buildings were understaffed to scale, which prevented them from scaling up 

within the given time. The start-up environment in the company also led to job gaps that needed 

to be filled until a specialist could be hired for the role. 

“I think at Lister Buildings there's a lot of construction experience and little from the product 

environment. That doesn't make it easy to get into each other's mindset to understand that, 

also because construction is organized differently” – Architect  

2. CSF 15 – DEFINED DESIGN & TECHNICAL SPECIFICATIONS OF PRODUCT 

According to the insights from the interviews, it is clear that there is currently no standardized product at 

Lister Buildings. This presents a number of challenges for the different parties involved in the project, 

including the developers, architects, engineers, and manufacturers. Developers have no basic module 

information to work with, making it difficult to capture designs early in the project. Additionally, architects 

are still approaching assignments in a traditional way, creating new modules dimensions for each project 

rather than utilizing repetition in design and production. Engineers missing the lack of repetition makes 

it difficult for them to improve the product with new innovations as the previous models don’t resemble 

with the next product. This difficulty extends to manufacturing, where it's hard to set up continuous 

assembly lines due to the unique features and alterations in the modules that make it difficult to establish 

a consistent workflow. 

According to the interviews, there is a need for a standardized product (80%), with reasonable design 

freedom (20%) to work with fundamental starting points. This will enable a more efficient build process 

and allow for more repetition in projects. The philosophy for standardization is present, but there is not 

yet a clear understanding of what the product should be. There is a lack of standardization that results in 

extra work for everyone, including in the work preparation process. 

“One of the biggest differences between construction vs manufacturing process, is that 

manufacturing process it has to be clear what the product is. That is where we have not been 

able until now to define the product. What is the module? What are the configurations of the 

buildings?   The Lego bricks have to be determined first, and once you have determined that 

you can build the system and then build the special bricks around it. We are now mainly 

building special bricks, so it did not become a system. The system became too complex so the 

creation process also became too complex.”  – System Engineer 

3. CSF 18 – LINK BETWEEN DESIGN AND PRODUCTION 

This critical success factor is another addition to the existing CSF-list. "Link between Design and 

Production" has several insights and areas for improvement in terms of value chain management. One 

major issue that has been identified is the gap between the design side and the production side. This gap 

is caused by a lack of communication and collaboration between the two sides, resulting in a lack of 

understanding and knowledge of the design and production processes. This can lead to issues such as 

translation report errors, miscommunication between the different departments and "over-the-wall" 

problems that occurs when builders are left to interpret designs they weren't involved in creating (Wuni, 

Shen, & Osei-Kyei, 2022). This can result in "information islands," or disconnected bodies of information 

that need to be shared. These information islands can lead to schedule risks, such as a gap in design 

information between the designer and manufacturer, or inconsistency in logistics information (Li et al., 

2017), resulting in significant delays in modular construction projects.  
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To improve this, it has been suggested that LM needs to be more involved in the design phase, to help 

bridge the gap and ensure that the design is feasible and manufacturable from the start. However, the 

department is facing shortcomings in personnel, especially in terms of work planners and people with 

product experience, which is also contributing to the gap. 

To address this, it is important to have someone with both project and product knowledge, who is present 

from the beginning of the project and aware of the technical characteristics and performance of the module 

and runs with the whole project, which is important for translation. In addition, the role of LO, as the glue 

in that because they deal with integrating the design with everyone else has been identified as an 

important role in filling the gap between design and production. 

“We discuss this weekly in the team: how to connect with the factory. How to incorporate the 

information that plays there into our design, but also vice versa, how our design lands well 

there. – Architect 

It is also mentioned that the company is lacking a project management branch, which is crucial in ensuring 

that the design is translated correctly to production and that all the parties are working in coordination. 

The key is that the development of a standard product would help in fixing routine in design, which will 

lead to an early involvement of LM, which in turn will lead to a more efficient translation to production. 

“I think that LM should have one product developer, who should make the module like the 

LEGO cubes we can manufacture and together with LO to see the development on building 

level. Then LO will be more about the total building “how could you standardize that” and LM 

at the module level. I think that would be an improvement to get to a standard module faster. 

LO now does both and I think you should pull that apart!” – Manufacturer 

4. CSF 16 – SCALABILITY THROUGH STANDARDIZATION AND PRODUCT 

CONFIGURATION2 

Standardization and product configuration are crucial for scalability in modular construction projects. 

However, the interviewees from Lister Buildings had differing opinions on the level of standardization 

that should be implemented. While the Lister Development (LD) emphasized the need for design freedom, 

other teams, such as the Lister Architecture (LA) and Lister Manufacturing (LM) recognized the 

importance of a standard product for scaling up the company. They see the ideal solution as a balance 

between having a manufacturable product that can handle exceptions while also being able to serve a large 

part of the market through a standardized variety of modules. The company is still in its early stages and 

as such, scaling up is difficult as they still have no standard product, and no specific focus on the kind of 

organization and flow in the factory, also they do everything 3D/2D/hybrid and complex/diverse projects. 

To achieve scalability, the company needs to focus on limiting the number of modules, separating standard 

and unique parts in their projects and implementing a separate production line for standard parts while 

focusing on unique process mapping. 

  

 

2 Product configuration, or the ability to customize modular components to meet the specific needs of a 

project, is “putting together a product from well-defined building blocks (modules) according to a set of 

predefined rules and constraints” (Sandberg et al., 2016). 
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5. CSF 21 – EFFECTIVE ALIGNMENT ON RESPONSINBILITIES AND EXPECTATIONS 

In order to effectively align on responsibilities and expectations within the value chain management, it is 

important to clearly define and separate the responsibilities of each team. For example, LO works on the 

development of systems, while LM is responsible for producing the final product. LA designs a quality 

project that is in line with the product that LM produces. LD works towards ensuring the feasibility of the 

project and provides necessary resources. While each team has its own specific responsibilities, it is 

important for them to work closely together and have a clear understanding of each other's deliverables 

and responsibilities. This can be achieved by creating a clear organizational distinction, such as separating 

responsibilities based on project (building) or product (module) level, and having transparency in 

responsibilities. However, due to the startup environment, there may be some overlap in tasks and 

responsibilities, so it is crucial to have joint coordination to ensure the success of the project. 

“It also has to do with going from start-up to scale-up to corporate, you have a very small cell 

of people working within that start-up and they all have more expertise in more aspects. There 

are gaps and you fill those by taking on other activities which are not necessarily your 

speciality. At some point, you grow so you can become more and more specialized by hiring 

those very people. Until you fill up everything and then you run successfully, more efficiently 

and more productively” – System Engineer 

6. CSF 5 – ESTABLISHED COLLABORATION STRUCTURE 

During the early phases of the project, there was a lack of an established work structure, which resulted 

in a disorganised approach to tackling the project. However, as the project progressed and external 

consultants were brought in, a more structured approach was implemented through scheduled 

appointments. Despite this improvement, there were still issues with the lack of prioritization for 

cooperation between different parties due to work pressure.  

On a positive note, the importance of learning lessons from previous projects was recognized by the LA, 

LO, and LM teams, and regular meetings within teams were held to ensure that these lessons were shared 

and implemented in future projects. However, the structure was not as well-established between teams, 

and there were irregular meetings outside of teams. 

“I think we should go to a system in which you clearly agree on things in advance. If an 

acquisition lands, which meets the following conditions, that we will have a standard routine 

of when we will speak to each other and when we expect certain things.” – Developer 

7. CSF 6 – EARLY INVOLVEMENT OF KEY PARTIES 

The critical success factor of early involvement of key parties is essential for the successful integration of 

the value chain in a modular construction project. This includes the involvement of key parties such as LO 

and LM at an early stage in the project. It was noted during the interviews that the LO is not always 

optimally utilized by other parties due to the fast-paced nature of the business. Also the involvement of 

manufacturing was not always optimal, which led to unexpected changes in the design of modules and in 

the project, resulting in delays and cost overruns. 

However, the early involvement of these key parties can lead to the strengthening of cooperation and 

collaboration. Additionally, involving parties such as Manufacturing and Engineering at an early stage for 

manufacturability and having them actively participate in the project can be seen as a logical solution and 

can easily initiate collaboration. Furthermore, it was noted that the LD and the LO can play a role in 

strengthening cooperation. Additionally, LA should be involved at an early stage to ensure that all parties 

are aware of the project's goals and requirements   

“Actually, you should get someone from production involved much earlier and be aware of 

what's going on. Because we've divided it so much, some people are being called in too late.”                              

– System Engineer 

  



100 
 

8. CSF 17 – COORDINATION BETWEEN INTERFACES 

The critical success factor of coordination between interfaces in value chain management is a crucial aspect 

of achieving successful modular construction projects. The insights from the interviews suggest that there 

is a need for improved contact between the different teams involved, particularly between the architects 

and manufacturers. LO can play a key role in connecting the different teams, while the LD can provide 

support in coordinating their efforts. The developer is classically seen as the project leader, however, when 

it comes to the product, LA or LO teams may take on a larger role as the product leader. LA is also seen 

as the most important intermediary in coordinating the different parties. Effective leadership and 

transparent planning are essential in ensuring successful collaboration between all teams involved. 

“The whole development process is the developer taking the lead. But if you ultimately 

approach to systems thinking then there would be a much larger role for the systems architect 

or LO.”  – Developer 

  

Conclusion 

The results of the interviews with participants in a modular construction project revealed several 

critical success factors for the integration of the value chain. A brief analysis of the CSFs indicates that 

a lack of adequate technical and practical experience and knowledge among team members can hinder 

understanding and collaboration and lead to traditional structures instead of an agile and BIM-based 

approach. The lack of standardization in product design was also a challenge, leading to extra work, 

inefficiencies and restrictions in scaling the business. The gap between design and production was 

identified as another area for improvement, with the need for someone with both project and product 

knowledge and increased involvement of production in the design phase. 
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9.  Findings    
 

This chapter will further elaborate on the data retrieved from the case study and literature review. The 

results are analysed based on the top eight of the CSF-list, the data from the coordination exercise and the 

data gathered from the current and future production system profiles. The discrepancies and linkages 

between these aspects are discussed and substantiated in relation to one another and to the literature. 

The analysis is split into the three different labels: competence, organization and synergy.  

9.1    Competency  
Having “adequate technical and practical experience and knowledge" is crucial for the success of a modular 

construction project due to the two sectors colliding: construction and manufacturing. It is difficult in many 

ways already difficult to merge two worlds, so having experience and developing skills to be able to 

manoeuvre in both project and product ways will come in handy. The interviews revealed that, in the case 

of Lister Buildings, the lack of experience among the team members was an obstacle in the 

industrialization and product development process. the interviews highlighted that the team members at 

Lister Buildings were understaffed, which prevented them from scaling up within the given time.
 

Individually there is a difference to be noticed between the management positions and the team members. 

Four out of five from the management board have defined Lister Buildings' profile to more design approach 

in comparison to their internal team. This difference could be explained by the difference in operating 

levels. During managerial meetings, additional information about the company is discussed which is not 

always shared within the teams. Therefore the managerial team has more knowledge and could act more 

critically in comparison to the other team members' perceived experiences. 

Additionally, the data suggests that there is a company-wide commitment to improving the production 

processes, but currently, there are differences in the departments' views on design variety and 

standardization to develop “defined design & technical specifications of the product”. While LD 

emphasized the need for design freedom, other teams, such as the LA and LM recognized the importance 

of a standard product for scaling up the company. This tension is likely due to conflicting priorities and 

goals. First, the LD team is focused on adding projects to the pipeline and wants the freedom to create 

unique and customized solutions to stay competitive with the traditional market and being attractive to 

the clients, while LA and LM teams see the benefits of having a standardized product that can be easily 

manufactured and scaled to meet the needs of a large portion of the market. This misalignment leads to a 

setback in the progress of modular projects towards a more efficient and standardized approach. Instead 

of using a set of pre-defined modules, each project is designed with custom modules once the floor plan and 

mass study is completed. This approach negates the benefits of modular construction and is inefficient. 

Secondly, the departments of LO and LM could have more employees with previous work experience in 

product-based environments, making them more critical in judging the current profile of Lister Buildings.   

Additionally, the results of the Production System Profiles support this analysis as they show that all 

departments aim to shift towards a more product-oriented approach in the of “Design Type”, 

“Production Configuration”, “Production Rate”, and "Delivery Time" characteristics. This shift is 

aimed at improving the production processes for increased efficiency and profitability. This may involve 

making trade-offs between customization and scalability, as well as balancing between product quality 

and delivery times. This is displayed in the profiles discrepancies around “Design variety”. It shows clear 

conflict with the different departments as LD, LA and LO’s data argues towards a balance between 

standardization but still offering enough design freedom to cater to the client's need, whilst LM data 

suggests that the design variety will take a more limiting range. The standardization of products is also 

important for other reasons as well. It allows for clarity during the acquisition process (cost price) for LD, 

allows LA to have clarity on what they can use to configure the project and tackle unique parts, enables 

LM to have repetition during a more efficient build process, and allows LO to have a fixed product to drill 

down for innovation. To solve this problem, Lister Buildings could invest in research and development for 

the standardization of product by defining the set of modules to be configured in a range of residential-

concepts.  
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By standardizing the design and production of modular components, companies can streamline their 

manufacturing processes, resulting in “scaling the business through standardization and product 

configuration”. Modular construction companies can increase their appeal to a wider range of customers, 

leading to an increase in sales and revenue. Being able to quickly and easily customize modular 

components can reduce lead times and improve project delivery and increase its competitiveness in the 

market (Wuni & Shen, 2019).  

Overall, the combination of standardization and product configuration allows modular construction 

companies to increase efficiency, volumes, reduce costs leading to economies of scale (Gann, 1996) and 

better meeting the needs of their customers, all of which are important factors in achieving scalability in 

the industry.  

9.2  Organization 
One of the most important factors in successfully aligning and integrating cross-functional teams in a 

modular construction environment is to have a link between the design and production teams. It's 

important to link the design and construction to avoid the "over-the-wall" problem that occurs when 

builders are left to interpret designs they weren't involved in creating. This can result in "information 

islands" or disconnected bodies of information that need to be shared (Wuni, Shen, & Osei-Kyei, 2022). 

These information islands can lead to risks such as a gap in design information between the designer and 

manufacturer. Therefore, it is important to ensure consistency in information sharing within the 

integrated value chain to facilitate this smooth project delivery and coordinate the process between the 

two environments (Wuni, Shen, & Saka, 2022). It is essential to have someone with both project and 

product knowledge involved in the project from the start. This person should be knowledgeable about the 

technical features and performance of the modules and be responsible for overseeing the entire project. 

This is critical for ensuring effective communication and translation of the project goals and requirements. 

Having the same person on multiple teams can facilitate information transfer.  

The data suggests that to achieve effective integration, there needs to be an “effective alignment of 

responsibilities and expectations” and “coordination between interfaces”. The results of the 

Coordination Exercise showed that there is a lack of clarity about who is responsible for each phase of 

the project and that different departments have different perceptions of who the primary coordinator 

should be. This lack of clarity was also highlighted in the interviews, where it was reported that in the 

start-up environment, there was a general vagueness about the division of responsibilities, leading to 

confusion about which tasks belonged to which role. This further exacerbated the problem of confusion 

regarding the responsibilities of each party involved.  

9.3  Synergy 
From the data, it became clear that to increase productivity and efficiency, prior to a project coming in, a 

discussion between the departments is necessary to systematically go through the actions that are 

expected from one another. Having “clear alignment between key players” on expectations and having 

a systematic approach to a modular construction project can lead to the effective achievement of planned 

objectives, according to Choi (2014). When all departments understand and agree on the goals, objectives, 

and benefits of using modular construction, they are more likely to work collaboratively and coordinate 

effectively, reducing conflicts and delays in project delivery. Aligning responsibilities and expectations can 

therefore be a key driver for successful collaboration among the key players in modular projects. The data 

from the case study indicates that the low deltas in "Focus Perspective" of LD and LA suggest that their 

current approach aligns with their desired future operating profile, which they experience as a balance 

between themselves and LM. However, LM has a different view on this, indicating that they do not 

experience their reality, which displays a discrepancy in perceptions of collaboration between the design 

and production parties, presenting a case of misalignment within the company. 

"Collaborative working environment" The close ties between departments in some phases suggest a 

shared responsibility for the success of the project, but it remains to be seen if all activities are suitable 

for shared responsibility. Despite these challenges, the importance of learning from previous projects is 

emphasized by LA, LO, and LM, and there is a management-level structure in place, although there may 
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be less structure between teams. The close communication between departments and the ability to quickly 

involve other departments is seen as a positive aspect of the working environment. However, there may 

be some challenges such as a large distance between departments, a hybrid work environment, and 

cultural differences that need to be taken into consideration. 

The data from the case study indicates the importance of “early involvement of key players” in 

ensuring the success of vertical integration in modular construction. This involves involving parties such 

as LO and LM in the project from the beginning, which can lead to strengthened cooperation and 

collaboration. Both Manufacturing and System Development understand the importance of their 

involvement and are willing to participate. However, there is currently no established structure in place 

for collaboration between the departments, which can lead to a haphazard approach to tackling the project. 

The high workloads of the departments can also result in a lack of prioritization given to collaboration. 

9.4  Improvements 
During the interviews, there were suggestions made by the employees on how to tackle certain issues 

within the company to foster and improve integration. Some improvements were mentioned frequently so 

that certain CSFs could be formed. Coming from experienced employees and the rate of occurrence that 

had been mentioned throughout the interview, these CSFs might pose as solutions to similar companies 

or similar industries. The entire list is to be found in Appendix H.  

CSF 20 – CHANGE IN DEVELOPMENT PROCESS 

Another addition formed from multiple interviewee statements is the change in the development process 

of the company. It is currently seen as too traditional and not optimal for modular construction in certain 

areas. The expert workshop that was held was seen as useful, but it was noted that it was a bit superficial 

at the front end of the process. It was suggested that another session should be held to delve deeper into 

the Technical Design (TO) phase and during the UO phase.  

In terms of the development process, modular construction projects can also differ from traditional projects. 

Because the modules are fabricated off-site, there is an increased emphasis on planning and 

design/configure, to ensure that the modules fit together properly and that all the required building 

systems are integrated. One key insight is that if the product is fully developed and understood, with all 

the necessary technology incorporated, then it is possible to be able to skip the VO and move directly from 

the SO to DO phase, thus shortening the development phase. This is because the acquisition phase is out 

of the company's control, but the development phase is not. Another suggestion was that with technology 

already incorporated into the modules, there may not be a need for a TO phase. The suggestion was made 

to create project teams within Lister for maximum collaboration, and to classify the process differently in 

order to shorten it and possibly even skip the VO phase. This requires more coordination and 

communication among the different stakeholders, as they work together to develop a modular building 

that meets the desired specifications and performance requirements. 

The role of LM was also mentioned, as they are often seen as only responsible for the production of the 

product. However, it was pointed out that they should be involved earlier in the process to give input on 

what can be made. Overall, the process of approaching a project was seen as being too traditional and there 

is a need for a change to make it more efficient. 
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CSF 2 – SHARED UNDERSTANDING IN MESSAGING 

One of the critical success factors that have been newly identified during the analysis of the interviews is 

a shared understanding of messaging, among all stakeholders involved in the modular construction 

project. According to Jassawalla and Sashittal (1998), mutual understanding and transparent interaction 

within cross-functional collaboration are crucial for effective communication. In other words, effective 

cross-functional collaboration requires communicating the understanding of different perspectives and the 

ability to generate new ideas through teamwork. In a work setting, when employees from different 

departments or teams come together to work on a project and are able to find common ground and establish 

a shared understanding, it can lead to more productive and successful meeting. 

The insights gathered from the participants indicate that there are currently some challenges in achieving 

this factor. One of the main issues is the lack of a clear and consistent understanding of key terms and 

definitions related to the project environment and used in the modular construction context. These 

definitions are often chosen for convenience among internal and external parties but do not necessarily 

lead to optimal results in the modular construction process. Additionally, participants noted that the 

concept or terminology of "standardizing" is relative, as it can refer to both the project as a whole and an 

individual product. This lack of a common understanding of key terms and definitions can lead to confusion 

and miscommunication among stakeholders, resulting in inefficiencies and delays in the project. To 

address this, it is important for all stakeholders to work together to establish clear and consistent 

definitions that align with the modular construction process and to ensure mutual understanding and 

common ground among all parties involved. 

CSF 13 – MATURING OF TECHNIQUES THROUGH RETROSPECTIVE FEEDBACK 

The maturity of techniques used in modular construction projects, such as building information modelling 

(BIM) technology, is important because it can expedite the learning curve and improve the organization's 

understanding and efficiency in the processes involved (Nawi et al., 2012). This can lead to better cross-

functional collaboration and a willingness to change among team members (Holland et al., 2000), which is 

essential for the success of modular construction projects. The detailed design phase, in particular, requires 

a high level of technical knowledge and skills to transform construction drawings into assembly drawings 

with accurate dimensions and connection methods (L. Li et al., 2018).   

Systematic performance measuring and re-use of experiences refer to the practice of collecting and 

analyzing data on the performance of a modular construction project in order to identify areas for 

improvement and to inform future projects. This includes gathering retrospective feedback from team 

members and stakeholders and analyzing data on cost, schedule, and quality to increase the maturity of 

techniques used in modular construction projects, leading to better coordination and collaboration between 

stakeholders and ultimately, more successful projects (Kamar et al., 2010; Wuni, Shen, & Osei-Kyei, 2022; 

Wuni & Shen, 2019). 

However, in practice, the participants in the case study mentioned that they were not able to gather such 

feedback because they did not have the time. They shared that they needed more time to learn from their 

mistakes and improve the next project. The participants also noted that their projects were overlapping, 

which made it difficult to take the necessary lessons learned from one project and apply them to the next. 

Despite this, they expressed confidence in their ability to grow as a company by actively incorporating 

feedback retrospectively and understanding the consequences of modular building. LA plays an important 

role as an intermediary for common understanding within the company. Additionally, the regular 

reporting between LO and LM is seen as a step towards incorporating feedback. Also, it is also noted that 

the LD could improve productivity if the basic information, such as design principles and realization 

principles, could be shared by LM.  

“We have recently begun "Lessons Learned" from a variety of projects. So that we may 

apply these lessons and challenges to our system development and grow on them.”       

– System Engineer   
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10. Discussion 
 

The discussion chapter provides an opportunity to reflect on the findings of the study and draw meaningful 

conclusions about the research question. This chapter will discuss the practical and theoretical 

implications of the results and limitations of the research.  

10.1  Practical implications 
The need for improved coordination and communication between different teams in the value chain, 

including architects, manufacturers, and project managers, is a key implication of the integration of the 

value chain in modular construction projects. This is because communication is required in order to achieve 

integration, which in turn can help to ensure that all parties are working towards a common goal and that 

everyone is aware of their respective responsibilities. 

Merging the project and product approaches in the construction industry can have a significant impact 

and bring about a number of implications. By combining these two opposite disciplines, the construction 

industry has the potential to bring about significant benefits and improvements in efficiency, innovation, 

sustainability, and customer satisfaction if executed correctly. 

From this research, one main implication can be noted and that is the impact the opposite disciplines have 

on this industry. Merging two opposite disciplines, project and product approaches in the construction 

industry can lead to a number of negative implications if not executed correctly. The main problem is the 

risk of miscommunication and misalignment between different stakeholders due to the different 

perceptions and goals that each discipline holds. This can result in inefficiencies and an inability to scale 

the industry. 

Without clear lines of communication and understanding between the project and product approaches, 

there is a risk of misunderstandings, duplication of efforts, and conflicting priorities. This can lead to 

delays, cost overruns, and a lack of overall cohesion in the industry. Additionally, the different 

methodologies and processes used in the project and product backgrounds can create a barrier to 

integration, making it difficult to align expectations and responsibilities. This can result in a lack of clarity 

and direction, leading to further inefficiencies and issues. 

It is important to address these challenges in order to effectively merge the project and product approaches 

and reap the benefits of integration. This requires a commitment to collaboration, clear communication, 

and alignment of goals and expectations across the industry. 

10.2  Theoretical implications 
The research focuses on the integration of modular construction value chains, taking into account insights 

from various disciplines in the construction and manufacturing industries. The study presents a 

conceptual framework to enable value chain integration and then examines the context in what way this 

integration should occur within the modular construction industry. The specific characteristics of modular 

construction products are then analyzed, and finally, the research investigates how the integration of value 

chains can help to improve the efficiency and productivity of the modular construction sector, moving it 

away from its current underperformance. 

Conceptual framework 

The integration of modular construction value chains has been gaining traction, focusing on the shift 

towards off-site production and manufacturing approaches and how it can lead to improved outcomes in 

terms of productivity, efficiency and overall project performance. This research aimed to examine, find and 

solve the link between value chain integration and the impact of having a suitable production system. This 

was executed by linking two concepts: a CSFs list to enable integration of modular construction value 

chains and defining the range of different production systems. The use of the CSFs helped this research to 
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gain a grip on what was considered impactful for integration as they were consolidated by experts in this 

field. However, the CSF from the papers could have misalignments in context politically, geographically, 

economically and regulatory. Therefore, the list was tested by using the CSF as a coding method during 

an extensive single case study. Using this list to structure the unstructured retrieved transcribed data of 

the interviews helped to organize this research. Through the rate of occurrence and ratio of importance, 

the CSF could be shaped into a list that filtered out the factors that did not align or found relevance in this 

context and the ones that did. This method was found very effective in using years of experts' experiences 

by using their pre-defined substantiated CSFs, and applying it to a particular context.  

However, it is worth noting that there were limitations to this method that may have contributed to some 

inaccuracies. As this research involved human participants, the risk of inaccuracies is always present. The 

coding of the transcribed interviews was based on the researcher's own knowledge, expertise, and 

experience, which could have influenced the results. Additionally, the lack of linking keywords to the 

critical success factors (CSFs) made it more difficult to substantiate the labelling of certain quotes with 

certain CSFs.  

Another limitation of using the CSF methodology is that it can be subjective and dependent on the 

researcher's own biases and perspectives. As the researcher is the one who codes the transcribed 

interviews, their own experiences, beliefs, and interpretations can influence the results. This can result 

in a lack of objectivity and consistency in the coding process, which could potentially lead to inaccuracies 

in the findings.  

 

Another limitation of using the CSF methodology is that it may not fully capture the complexity and 

nuances of the real-world challenges faced in integrating modular construction value chains. The CSFs 

were consolidated from prior research and expert opinions, but they may not fully reflect the unique 

context and conditions of each individual project. This could lead to oversimplifications or oversights in 

the analysis and findings of this research. 

Through derived from the results are overlapping outcomes with the production system. By developing 

and shaping the CSF-list through a substantial literature review and a single case study, the results 

showed that this integration can lead to a more streamlined and efficient construction process, with clear 

positive results in aligning the production system to the defined product which influences the degree of 

integration. Overall, this research highlights the potential benefits of integrating modular construction 

value chains and suggests that this approach is well-suited to meet the demands of the modern 

construction industry. 

Profit margin 

Another interesting implication of the research is the significant discrepancy in the “Profit Margin” 

characteristic in the production system profile exercise. The results suggest that the modular construction 

company is considering ways to improve efficiency and cost-effectiveness in their product design and 

production processes in order to increase the profit margin per module, while still meeting the unique 

needs of clients. However, this is, in manufacturing literature, linked to project environments, as 

unique/one-of-a-kind products are produced on low volume, with more specialities and labour skills 

indicating a larger profit to be made per product, whilst in the product environment the opposite is the 

case, with a lower-profit per margin. This indicates a discrepancy in applying literature from the product 

environment to the manufacturing industry.  
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10.3  Limitations  
The research presented in this thesis had several limitations that should be taken into consideration when 

interpreting the results. Firstly, the scope of the research was limited to the departments of development, 

architecture, manufacturing, and systems engineering, and did not take into account the perspectives of 

other departments or stakeholders involved in modular construction projects. Secondly, the research did 

not consider the financial implications of integrating the value chain, which is an important aspect of the 

modular construction industry. Thirdly, the research did not include the influence of external regulatory 

bodies, which can have a significant impact on the success of modular construction projects. 

Another limitation of the research is that it was limited to the development phase of the project process, 

and did not consider other important phases such as acquisition, on-site construction, and operations. 

Furthermore, the research was based on only one case study, which means that more case studies are 

needed to validate the findings and generalize them to the larger modular construction industry. 

In terms of the research methodology, there were limitations related to the accuracy of the triangulation 

of the interviews as the LO only had two participants. Also, due to limited suitable candidates, it was 

inevitable to have a participant of the company participating in the interview who was aware of my 

research goals, therefore making their statements biased and less valuable to the research. Furthermore, 

there were potential issues related to the relative understanding and interpretation of terms used in the 

interviews, as the participants may have come from different backgrounds and had different definitions 

for certain terms. Additionally, the characteristics of the production systems were not always clear, and 

some systems were too similar, which caused confusion in the analysis. 

Finally, the research could have benefited from a better definition of terms, particularly when asking 

participants to rank the importance and responsibility of different aspects of the value chain integration. 

The interpretation of these terms may have been different among participants, which could have led to 

inaccurate results. 
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11. Recommendations 
 

The Recommendations chapter provides an overview of the key findings and conclusions drawn from the 

previous chapters of this research paper and offers practical recommendations for industry stakeholders 

and future research. The first subchapter provides specific recommendations for Lister Buildings, based 

on the findings of this research paper. The second subchapter provides more general recommendations for 

the broader modular construction industry and other industries that may benefit from the insights gained 

in this study. The third subchapter provides recommendations for future research, identifying areas where 

further investigation is needed to deepen our understanding of the topics explored in this research paper. 

11.1  For Lister Buildings 
One way to bring modular construction one step closer to industrialization, meaning high efficiency and 

productivity in the production and construction process, is to decrease the interfaces by integrating the 

value chain. This organizational structure can also be seen in product environments, which have been 

established as the trajectory for the future of modular construction to resemble a mix between project and 

product disciplines. To achieve a more product-based environment while integrating the value chain the 

following points are necessary to address.  

• Defined design & technical specifications of the product The absence of a standard product 

leads to inefficiencies in design and production, causing a lack of early involvement of LM and 

inefficient translation to production. One solution to address the lack of defined design and technical 

specifications of the product is to establish clear and standardized specifications. This can be done by 

involving the manufacturing team (LM) early in the design process and ensuring a smooth translation 

of the design into production, and by setting up a product development team focussing on the module 

level and LO evaluating and improving on project level. This will improve efficiency and help avoid 

inefficiencies in both design and production. 

• Find the balance between design freedom and a standard product for scalability. To achieve 

scalability, the company needs to focus on standardizing their design process with predefined modules, 

separating standard and unique parts in their projects and implementing a separate production line 

for standard parts while focusing on unique process mapping. 

• Regain clear alignments about expectations and responsibilities. There are misalignments 

about coordination responsibilities between phases in their current and future decision-weight are of 

importance. Even though this might be an effect of the start-up environment by filling in job roles, 

this should be frequently discussed between the parties to regain its alignment. 

• Link between design and production One major issue that has been identified is the gap between 

the design side and the production side. This gap is caused by a lack of communication and 

collaboration between the two disciplines, resulting in a lack of understanding and knowledge of the 

design and production processes. To resolve this, one can explore the possibilities of an internal 

member being chosen to fit the criteria of being the link, with its responsibilities. A system engineer 

(LO) might be the right fit for bridging the gap as they have a broad understanding of the entire 

system and can ensure that all components are designed and integrated to work together efficiently. 

They can also help to identify potential issues that may arise during the production phase and work 

with the design team to resolve these issues before they become problems in the production process. 

Otherwise, setting-up a project management department would suffice to coordinate the two opposite 

disciplines. 

• Coordination between interfaces in value chain management. Improved coordination between 

different teams in the value chain is crucial for successful modular construction projects. The 

interviews suggest a need for better communication between architects and manufacturers, as well as 

strong leadership to manage collaborations and ensure involvement from all parties. The developer is 

seen as the project leader initially, but the role of the product leader, such as the LA or LO, becomes 

more important as the project progresses. Good chairmanship is essential to manage effective 

collaborations between the two disciplines. 
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Moving to the MTO or ATO production systems. Due to their overlapping objectives with product 

characteristics, these production systems should be able to align with their future production profile. The 

MTO and ATO systems are designed to cater to individual customer requirements and allow for greater 

flexibility in the production process, due to their pre-defined nature. This could help to bridge the gap 

between design and production and ensure that the design is feasible and manufacturable from the start. 

In order to implement this production system effectively, it is important to ensure that clear and consistent 

definitions and key terms related to the project environment and the modular construction process are 

established. This will help to ensure mutual understanding and common ground among the different 

disciplines involved. Additionally, the MTO and ATO systems could improve the integration and 

coordination of the various players within the value chain of a modular construction project, as they allow 

for increased collaboration and communication between different teams, due to creating routine and 

consistent processes through standardization. Inform Appendix B, for the different characteristics. 

11.2  For modular construction and similar industries  
Another outcome of this research is the completion of the CSF-list. Through a thorough single case study 

new factors were discovered and added to the existing list. Also by using the preliminary list as a coding 

tool the list was (in)validated. All these factors were compiled and are to be found in Appendix G. Some of 

the key areas that the CSF-list can help address include aligning responsibilities and expectations among 

team members, improving communication and collaboration, developing a standard product, addressing 

the gap in personnel, fostering a collaborative working environment, and establishing clear and consistent 

definitions and terms – all related to enabling improved integration and collaboration between the value 

chain members. 

By using the CSF-list as a starting point, modular construction and similar industries can ensure that 

they are taking the necessary actions to integrate their value chain effectively, while balancing profitable 

production systems with productivity and efficiency. The CSF-list can also serve as a tool for continuous 

improvement, as industries can use it to assess their progress and make changes to their processes as 

needed. This will help shape the list as well for different industries with similar profiles of project and 

product characteristics. Do check the “Discussion” chapter for the limitations and implications to avoid 

any repeating shortcomings. 

There are a few recommendations for the modular construction industry and other similar industries 

seeking to integrate their value chain for productivity and efficiency while balancing profitable production 

systems. Companies with a project-based and product-based approach are able to follow the step-by-step 

approach of creating an environment where value chain integration flourishes. 

• Foster a culture of togetherness with team- and intrinsic motivation: Ensure a real 

commitment and understanding of the specific method used by communicating a strong and clear 

vision for the project and aligning the different team with it. 

• Develop a shared understanding of messaging and communication: This involves ensuring 

that everyone involved in the project has a clear understanding of the communication channels, 

language and messaging that are being used and that these are being used effectively avoid 

misunderstandings, to keep everyone informed and on track. 

• Align responsibilities and expectations among team members: Ensure that all team members 

understand their roles and responsibilities, and what is expected of them.  

• Foster a collaborative working environment: encouraging regular communication and teamwork 

across different departments and stakeholders. This includes coordinating efforts between the 

different teams involved, and having effective leadership and transparent planning. 

• Bridge the gap between design and production: This means addressing the disconnect between 

the design and production sides of the value chain, by improving communication and collaboration 

between these two disciplines. This includes involving the manufacturing team in the design phase, 

and having someone with both project and product knowledge present from the beginning of the 

project. 

• Define the product in design and technical specifications: Develop a standard product that can 

help fix routine in design, which will lead to early involvement of production teams and more efficient 



117 
 

translation to production. This means specifying the design and technical requirements for the product 

so that everyone involved in the project has a clear understanding of what is required. 

• Find the suitable production system for the product characteristics: Determine the most 

appropriate production system for the product based on its characteristics and requirements. 

• Standardize and simplify processes for scalability: Streamline processes, simplify procedures, and 

standardize approaches to make the development process scalable, efficient, and effective. 

• Improve feedback management: Provide more time to learn from mistakes and improve future 

projects, and foster trust among employees by encouraging long-term collaboration, repetition, and 

the ability to see improvements. 
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11.3  For future research 
This chapter aims to provide a roadmap for future studies that can build on the findings and contributions 

of the current research. It will provide directions and identify areas that require further investigation to 

address gaps in the literature. It will also outline opportunities for new research and highlight the 

potential for future studies to contribute to the advancement of the field of exploring the potential of 

modular construction to enhance productivity, efficiency, and industrialization in the construction 

industry.  

First, it is recommended to research one of the challenges in the modular construction industry: 

standardizing the product while still allowing for design freedom for the client. Future research could 

investigate the best ways to standardize the product, while still allowing for design freedom, and explore 

the trade-offs between standardization and customization in modular construction projects. This research 

could include case studies of similar industries or surveys to understand the best practices for balancing 

standardization and customization in the modular construction industry. It is of deep interest to the 

industry to have guidelines on which the range of modules and the possible configurations would be 

optimal for modular construction to foster standardization and customization. 

Another research could dive into the different production systems. It is important to note that while moving 

to an MTO or ATO production system has the potential to improve the integration of the value chain, it 

may also present some challenges such as increased production lead time, higher production costs, and the 

need for more advanced production planning and control systems. Further research is needed to better 

understand the trade-offs and benefits of these production systems in the context of modular construction, 

as these definitions are derived from the manufacturing industries.  

Last, but not least, while this study provides valuable on the integration of modular construction value 

chains, it is limited to a single case study. To further strengthen the validity of these findings, it would be 

beneficial to repeat this research format and methodology with other companies that have integrated value 

chains. This would allow for the validation or refutation of conclusions made in this study, as well as the 

confirmation of the applicability of the CSF list and its relationship with production systems. Additionally, 

conducting similar research in different industry sectors would increase the generalizability of the results, 

providing a more comprehensive understanding of the benefits and challenges of value chain integration 

across various industries. 
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12. Conclusion  
 

This study aimed to improve the efficiency and productivity of the modular construction process by 

providing practical recommendations for better collaboration and integration between developers, 

architects, and manufacturers in a vertically-integrated value chain. In order to achieve this, it was 

important to gain a deeper understanding of different production systems and their impact on cross-

functional relationships. The research aimed to examine the feasibility of integrating the value chain in 

modular construction projects and to identify the challenges and success factors for its implementation in 

practice. The results of the study will be presented in the conclusion, which will provide insights to answer 

the main question: 

“How do project- and product-based disciplines within the residential modular construction 

industry achieve effective vertical value chain integration during the development phase?” 

In order to achieve a logical answer to the main research question, sub-research questions are 

formulated to provide a step-wise approach to answering the main research question. The following sub-

research answers are:  

1. What is (residential) modular construction, and how does its value chain work? 

Residential modular construction is a building method in which individual standardized elements of a 

building are manufactured in a controlled environment into 3D modules and then transported to the 

construction site for assembly or, in 2D where the elements are brought to the construction site and 

assembled on site. This method has several advantages, such as lower production costs, reduced 

construction time, improved quality control, and increased safety. However, it also has challenges, 

including high start-up costs, coordination difficulties, limited customization options due to an early design 

freeze, and logistical issues such as transportation restrictions and costs. The value chain for residential 

modular development typically involves several key players, including but not limited to developers, 

architects, system engineers and manufacturers. 

In comparison to the traditional construction value chain, the modular construction value chain has 

several key differences. Firstly, the presence of a manufacturing party to produce the modular components 

for the building. This means that the roles and responsibilities of traditional players such as architects, 

developers, and contractors are altered, with architects working with standardized elements that limit 

their design freedom, and developers taking on a different position as they may come directly to the 

manufacturer to produce modular homes. 

2. Which production system will fit the modular production strategy? 

The degree of repetition in the product was hypothetically expected to have an impact on the production 

process and the collaboration and cohesive integration of the value chain including designers, engineers, 

and manufacturers. When the product and production process is repetitive and standardized, it can lead 

to improved collaboration and integration among the different members of the value chain, as everyone is 

working from the same specifications and processes. This results in greater standardization and 

simplification of the design, engineering, and manufacturing processes. However, when the production 

process requires more customization and variation, it can pose challenges for designers, engineers, and 

manufacturers to work effectively together, as each stage of the process may have different requirements 

and constraints. Therefore it was of the essence to gain knowledge of the different production processes 

with the variables categorically divided between the two extremes: the project or product approach. 

The future of modular production strategy depends on various factors such as the organization's goals, 

resources, and market demand. Some organizations may prefer a project-based approach, where they 

prioritize delivering unique projects that are tailored to the specific needs of the client. On the other hand, 

organizations that place a greater emphasis on efficiency, cost-effectiveness, and profitability may prefer 

a product-based approach, which typically involves a long-term internal team structure, strong external 
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relationships with suppliers and partners, and a focus on production rate, design type, and product 

configuration. 

The standardization of products is also important for other parties. It allows for clarity during the 

acquisition process (cost price) for the developers, allows architects to have clarity on what they can use to 

configure the project and tackle unique parts, enables the manufacturing party to have repetition during 

a more efficient build process, and allows system engineering to have a fixed product to innovation.  

In this research, through a thorough single case study of a modular construction company with an 

integrated value chain, the future of their production strategy will shift towards a more product approach, 

while embedding some design freedom in the form of several pre-defined modules to be configured to a 

range of homes. This instils the client with their perception of freedom in their design process with LD, 

while LA is able to design in a more systemic way which gives makes them go quicker through the design 

process and gives them more time to focus on the unique features of the building. With the majority of the 

building being pre-defined and familiar to them to build, will create more growing space for LM as they 

will be able to create a routine for the engineers when creating the UO design, for the assemblers during 

the assembly phase whilst scaling their assembly lines to producing higher volumes in a more continuous 

way through lean strategy. This production system would resemble make-to-order to assemble-to-order 

with the balance between the two to be discussed and compromised by the design and production team. 

3. Which critical factors steer towards successful organizational integration within a modular 

construction value chain? 

The list of the most effective factors is displayed below. Adequate technical and practical experience and 

knowledge of modular construction have been revealed as the most important factor to enable the 

successful integration of the value chain. Furthermore, other important factors are defining the design 

and technical specifications of the product, creating a link between the design and production team, use of 

product configuration with the previously defined products, having clear alignment between all parties on 

responsibilities and expectations of one another, establishing a collaboration structure to develop a 

predefine approach on project development, early involvement of production team and having clarity of 

the coordination between the interfaces.  

Also, based on the interview data, it is clear that effective communication, shared understanding in 

messaging, and a collaborative working environment are catalysts for the factors mentioned above to 

successful integration and coordination among the various players within the value chain. Additionally, a 

supportive organizational culture with trust among employees, morale and motivation, and top 

management support is the foundation for all factors to thrive. 

1. CSF 12 – Adequate technical and practical experience and knowledge  

2. CSF 15 – Defined design & technical specifications of product  

3. CSF 18 – Link between project/design and product/production  

4. CSF 16 – Scalability through standardization and product configuration  

5. CSF 21 – Effective alignment on responsibilities and expectations  

6. CSF 5 – Established collaboration structure  

7. CSF 6 – Early involvement of key parties  

8. CSF 17 – Coordination between interfaces 
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“How do project- and product-based disciplines within the residential modular construction 

industry achieve effective vertical value chain integration during the development phase?” 

The modular construction industry, like many other industries, faces challenges when it comes to 

integrating the value chain in order to achieve productivity and efficiency while balancing profitability. 

The case study of Lister Buildings, a modular construction company, highlighted several CSFs and areas 

for improvement that are relevant to the industry as a whole. However, the most profound statement from 

this report is that the modular construction industry is currently in an identity crisis, as the industry tries 

to merge two opposite disciplines: project and product. 

Synergy 

One of the key benefits of modular construction is that it allows for the pre-fabrication of the modules in a 

controlled factory setting, which can lead to higher quality and greater efficiency compared to traditional 

on-site construction methods. “Establishing a clear and structured collaboration structure” 

between departments is essential for the successful integration and coordination of the various players in 

a modular construction project. This includes “early involvement of key parties” such as the system 

engineer and the manufacturer at an early stage of the project, “aligning responsibilities and 

expectations”, and having a systematic approach to the project. Learning from previous projects and 

regularly holding meetings within teams to share lessons and best practices can also contribute to a 

collaborative working environment. 

However, there may be challenges such as physical distance between offices, cultural differences, and high 

workloads that need to be taken into consideration. To address these challenges, companies can consider 

implementing technology tools and platforms to facilitate communication and collaboration, providing 

training and education to employees to enhance cross-functional understanding and appreciation, and 

setting up clear protocols and procedures for coordination and cooperation. Additionally, it is essential to 

have a supportive and collaborative company culture with trust among employees, morale and motivation, 

and leadership that encourages and facilitates cooperation and collaboration across different departments 

and locations for all factors to thrive. 

Competency 

The findings of the study suggest that “adequate experience in the modular construction industry” 

is critical to be able to foster a fitting standardized, product-oriented approach while also having project-

oriented approach to balance out the standardization with a level of customization. This balanced dynamic 

of approaches would provide the necessary design flexibility to meet the needs of clients, enhance design 

consistency, and efficient translation to production, which enables a more efficient and streamlined 

production process. Defining a modular design system with configurable designs is considered essential as 

an initial focus, as it allows for repetition and consistency, which in turn accelerates the acquisition of 

skills and knowledge. This can then be leveraged to enables the ability to expand and diversify into other 

designs more quickly. 

A focus on modular design systems with configurable elements, design flexibility, and efficient and 

streamlined production processes - overlap with the characteristics of make-to-order (MTO) and assemble-

to-order (ATO) production systems. Make-to-order production involves producing customized products 

based on specific customer orders. The products are typically not produced until an order is received, which 

means that the production process is driven by demand. In this type of production, the design and technical 

specifications of the product are well-defined in advance, and the production process is designed to be 

flexible enough to accommodate changes to the product based on customer needs. Assemble-to-order 

production, on the other hand, involves producing standard or modular components that can be assembled 

into customized products based on specific customer orders. The modular design approach allows for a 

degree of standardization and configurability, which can result in more efficient and streamlined 

production processes. 
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These characteristics also overlap with the top ranking CSFs “defined design & technical 

specifications of the product” and “scalability through standardization and product 

configuration” which are also showed to be essential in enabling smoother integration between the two 

disciplines.  

Organization  

Coordination is also deemed a critical value chain management tool to foster and protect the level of 

integration between cross-functional departments. However, the analysis showed that there were 

discrepancies in assigning a project carrier and breakdowns in communication between the design and 

manufacturing teams, which arose due to the merging of two different disciplines within the same 

industry. As decision-making authority shifts from the developer/designer to a combination of 

developer/designer/manufacturer, it becomes necessary to involve an individual who possesses both project 

and product knowledge right from the beginning of the project. This individual would be facilitating 

effective communication and interpretation of project goals and requirements. This could be in a form of a 

system engineer and manufacturer or the a project manager.  

To address the issue of misalignment in project coordination, responsibilities and expectations, it is crucial 

to establish unambiguous guidelines and expectations for each phase of the project. This can be 

accomplished by creating a comprehensive project plan that clearly defines the roles and responsibilities 

of each team member and identifies the primary coordinator for each phase. It is equally important to 

ensure that all stakeholders have a clear understanding of their own roles and responsibilities and 

communicate effectively to prevent any misunderstandings or confusion. To facilitate this, it may be 

helpful to create a clear organizational distinction between responsibilities based on project (building) or 

product (module) level and ensure transparency in responsibilities.  

The effectiveness of the proposed solutions is supported by the strong prioritization of certain critical 

success factors (CSFs), namely "early involvement of key parties", "continuous effective alignment 

on responsibilities and expectations," and "emphasizing the importance of a link between 

project/design and product/production" to facilitate value chain integration.  

In summary, it is of importance to initially create synergy between the two opposite disciplines to be able 

to create clear communication, collaboration, information sharing and culture in a project, which can be 

achieved in multiple ways. When that is in place, finding the balance between design and production 

principles between the competencies where both experiences can flourish. And lastly, but certainly as 

important, set up the appropriate management to foster clear coordination and alignment within the teams 

to help support the differences in disciplines throughout the phases of the process. 
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“ است  برتری مردم  همدلی و  کمک ز نیست،  عالم در  برتری خود ز .” 

“There is no personal excellence in the world, only assistance and solidarity  

          with others makes us excellent" 
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APPENDIX A – INTERVIEW SCRIPT 

RESEARCH INTERVIEW 
 

“Towards Modular Construction’s Industrialization: The successful 

employment of a semi-vertically integrated supply chain by a Prefabricated 

House Building company.”  

By S. K. Vafa – 4393732  

05.12.2022 – 13.12.2022 

Which critical factors steer towards successful synergy within a modular semi-integrated supply chain 

process? 

PART 1: INTRODUCTION. 
Interview process: 

Welkom en onwijs bedankt voor het deelnemen aan dit interview. Ik zal je een reeks vragen stellen 

over verschillende onderwerpen. Als iets niet duidelijk is, laat het me dan weten, dan kan ik het altijd 

herformuleren. 

Aller eerst, zou ik je toestemming willen vragen om dit interview op te nemen om niets te missen van 

wat je zegt, zodat ik er later naar kan verwijzen wanneer ik conclusies zal trekken uit dit interview. 

De opname zal nooit worden gedeeld buiten de universiteit, noch worden gebruikt voor enig ander 

doel dan voor mijn eigen informatie. 

Het interview is opgedeeld in verschillende onderwerpen die betrekking hebben op 

afdelingsspecifieke vragen en de ketenintegratie van Lister Buildings. Geen antwoord is fout, dus uit 

je hoe je wil.  

VOORDELEN MODULAIR BOUWEN; tijdsbesparing, lagere arbeidskosten, laag afvalvolume, 

geschikt voor binnenstedelijk bouwen, flexibel, aanpasbaar, toekomstbestendig, materiaal hout = 

duurzaam, kwaliteitsgarantie. 

We weten ondertussen allemaal wel de voordelen en nadelen van het modulaire of conceptueel 

bouwen. Maar jullie weten als geen ander dat het bouwproces en de waardeketen een andere vorm 

aanneemt door met gestandaardiseerde componenten te werken.  

Door de hoge graad van standaardisatie trekt het proces meer gelijkenissen met het 

manufacturing/productie proces met continue productielijnen, zoals in de auto of scheepsvaart 

industrie. In deze industrieën werken de verschillende experts en disciplines samen in een continue 

geïntegreerd proces.  

Het modulair bouwproces zal efficiënter en productiever zijn door deze manier van werken ook 

aan te nemen (of in de vorm van partnerships, aliances). In de literatuur komt deze conclusie 

regelmatig terug, echter is zijn deze statements nooit bestudeerd in de realiteit.  

Het doel van dit interview is om van de verschillende afdelingen van LB de ervaring en inzichten te 

vergaren over de unieke delivery proces die Lister Buildings aan neemt door in een geïntegreerd 

proces te werken. De term die vaker valt in de literatuur is the vertical  integration of the supply chain, 

wat een term is uit de manufacturing industrie  
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Dit is niet gekke gedachte sinds de modulair constructie veel afwijkt van de traditionele constructie 

naar een gestandaardiseerd systeem en dus ook meer kenmerken opdoet van manufacturing 

industrieën Uit de DJ Maas workshops hebben we het proces herzien maar ik zie graag vanuit jou 

hoe jij het proces kent en waar jij betrokken wordt, en wat jouw ervaringen zijn om te werken in een 

geïntegreerde omgeving. Daarna zullen we wat meer ingaan op je samenwerkingservaringen in dit 

geïntegreerde systeem. Sounds good? 

PART 1: Introductie - Personal Level (10min)                                                                   .                                                                            

OK, dan zou ik graag willen beginnen met of je een korte introductie van jezelf zou kunnen geven? Graag met 

wat achtergrond informatie.  

• Wat is het doel van je werk op korte termijn en lange termijn? 

• Hoe lang werk je al bij LB en waar ben je momenteel mee bezig? 

• Heb je eerdere ervaringen in het werken in een geïntegreerde keten? (serg) 
o Zoja, waar zoal?  

▪ Welke industrie, Wat was toen je rol, Welke afdelingen waren toen geïntegreerd? Wie 
zou van wie kunnen leren nog denk je en waarom? 

• Wat is de reden dat je bij Lister Buildings bent komen werken, zijn er bepaalde waardes wat jij ook belangrijk 
vindt of aspecten die je motiveren? 

o Definieert u het product als innovatief? Waarom? 
o Beschouwt u het product als maatwerk? Waarom? 

• Kan je me uitleggen wat voor effect het heeft op jouw werk om met een (redelijk) gestandaardiseerd product 
te werken? (Dev)  

 

 

 

 

 

 

 
PART 2: System Intergation – Collaboration    (15min)                                             .             
Het Lister delivery proces is een net wat ander proces dan in de traditionele bouw, en is door de workshops 
van DJ Maas ook onder de loop genomen om duidelijkheid te scheppen binnen de organisatie. Hier zie je een 
delivery proces hoe ik hem heb geïnterpreteerd binnen Lister. Voordat we over het overzicht gaan hebben 
duiken we even in jullie domein. Nu zou ik het graag even specifiek over je eigen afdeling willen hebben.  
 

• Hoe ervaar jij de samenwerkingsverbanden tussen de teams, kan je allereerst per sub-fase aan kunnen 

geven welke afdeling(en) de grootste invloed op het project hebben (RANK 1-4) en zou je vervolgens lijnen 

kunnen trekken? 

o Rood voor sterk, Geel voor middel, Groen voor zwak 

• Zou je me meer kunnen vertellen over hoe jullie contact onderhouden tijdens deze sterkte 

samenwerkingsverbanden met andere afdelingen? 

o Bepaalde communicatie middelen? (information technologisch) 

o Hoe wordt informatie met elkaar gedeeld 

• Wat is de meest kritische fase van het project (waar de samenwerking vlekkeloos zou moeten  verlopen)? 
Waarom? Wat komt er bij kijken? 

• Zijn er manieren hoe jij dit anders zou willen zien? Hoe zou dat eruit zien? 

o Hoe zou in jouw ogen de basis/flow eruit moeten zien om goede samenwerkingen te kunnen 

faciliteren? 
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Nu de afdeling specifieke vragen zijn behandelt krijg ik een beter beeld van de stand van zaken en jullie rol in 

het gehele proces. Zoals ik eerder het overzicht liet zien, zou ik graag nu nog een stap achteruit doen en op 

proces niveau kijken.  

• Zou je meer kunnen vertellen hoe jij het ervaart om in een geïntegreerde omgeving te werken? 
o Wat heb je als positief ervaren of als mooie bijkomstigheid? 

▪ Intern en in concurrentie (competitieve advantage) 

o Wat zie je als belemmeringen? 
▪ Ah en hoe los je die normaal gesproken op? 
▪ En welke verbeteringen zou je doorvoeren om dit probleem te vermijden? 
▪ hoe coördineer je met hen als er zich een probleem voordoet?   

o Zijn er aspecten op afdeling niveau wat je zou kunnen verbeteren om de deze moeilijkheden/ 

algehele samenwerking te verbeteren? 

 

 

 

 

 

 

 
  PART 2: System Design – Coordination  (35min)                                                              .        

Capture sense of need to change to reach more a more productive and efficient state of operations 

• Hoe heeft het productie proces invloed op hoe de totale waardenketen op dit moment opereert? 

o (create link between “supply chain” and production)  > Elaborate? 

• Hoe ervaar jij op dit moment het productie proces van de modules? 

o Pains, benefits, challenges, gains? Best/Worst 

• Op wat voor manier heeft dit effect op hoe jij je werk kan verrichten? 

What they think needs to change/happen/implemented to succeed to a more standardized 

production (improved system design, collaboration and set product configuration) 

• En welke verbeteringen zou je doorvoeren om hogere productiviteit en efficiency te bereiken? 
o Improved system design, collaboration, set product configuration, competency, supply chain 

management, information sharing, early design freeze etc. 

What other support or tool do you need to catalyse this change? 

• Welke ondersteuning of welk hulpmiddel denk je nodig om deze verandering te bewerkstellingen? 

• Wie zijn er verantwoordelijk voor het regie tussen jullie, of van de supply chain?  

-----------------------------------------------------------------------------------------------------------------------
---- 
EINDE Dat waren alle vragen, bedankt voor je aanwezigheid en je tijd.  
Voordat we afronden: 

• Heb je zelf nog toevoegingen aan het gesprek wat mij zal helpen in het onderzoek wat 
ik niet door de vragen op heb kunnen vangen? Dankjewel, heb je zelf nog vragen? 
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  Concept-to-order    
(Traditional) 

LB1.0 Make-to-stock 
(Manufacturing) 

- 2 - 1 0 1 2 

Design type  One-of-a-kind project 
 

    Repetitive product 

Client input  Greatest degree of involvement      Limited to no input 

Production rate  Low volume      High volume 

Design variety  Design freedom      Standardized 

Production type  Unique production process       Continuous assembly line 

Supply chain  Fragmented supply chain      Integrated supply chain 

Delivery time   Long      Quick 

Profit margin  High profit margin/product      Low profit margin/ product 

Product configuration  Difficult to control variation      Easy to control variation 

Driver  Time driven      Price driven 

Innovation  Adapt to market changes      Constant  

Focus Perspective   Decision weight:  

Developer/Designer 

     Decision weight: Manufacturer 

Internal team setup  Short term teams      Long term teams 

External Relations  Opportunistic collaboration      Close supplier relationship 

Network  Decentralized organized      Centralized organized 

Strategy  Agility      Lean 
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  Concept-to-order    
(Traditional) 

LB2.0 Make-to-stock 
(Manufacturing) 

- 2 - 1 0 1 2 

Design type  One-of-a-kind project 
 

    Repetitive product 

Client input  Greatest degree of involvement      Limited to no input 

Production rate  Low volume      High volume 

Design variety  Design freedom      Standardized 

Production type  Unique production process       Continuous assembly line 

Supply chain  Fragmented supply chain      Integrated supply chain 

Delivery time   Long      Quick 

Profit margin  High profit margin/product      Low profit margin/ product 

Product configuration  Difficult to control variation      Easy to control variation 

Driver  Time driven      Price driven 

Innovation  Adapt to market changes      Constant  

Focus Perspective   Decision weight:  

Developer/Designer 

     Decision weight: Manufacturer 

Internal team setup  Short term teams      Long term teams 

External Relations  Opportunistic collaboration      Close supplier relationship 

Network  Decentralized organized      Centralized organized 

Strategy  Agility      Lean 
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  PART 2: System Design – Coordination  (35min)                                                              .        

 

 

 

 

 

 
  PART 2: System Design – Coordination  (35min)                                                              .        
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APPENDIX C  - LITERATURE REVIEW FOR PRELIMINARY CSF-LIST 
 

 

  

Author(s) Literature title Categories 
Holland et al. 
(2000) 

Critical success factors for cross-functional teamwork in new 
product development  

Task design, Internal processes, Group composition, 
External processes, Organizational context, Group 
psychosocial traits 

Azar et al. 
(2012) 

Modular v. Stick-Built Construction: Identification of 
Critical Decision-Making Factors 

Design-related factors, Module-related factors,  
Manufacturing unit, Organization’s readiness,  
Technology-related factors, Owner’s perspective, 
Project risk factors,  Sustainability requirements 

Ismail et al. 
(2012) 

Management Factors for Successful IBS Projects Implementation −  

O’Connor et 
al. (2014) 

Critical Success Factors and Enablers for Optimum and 
Maximum Industrial Modularization 

−  

Choi et al. 
(2017) 

Opportunities and challenges of modular methods in dense 
urban environment 

Stakeholders, Technology, Design, Procurement, 
Collaboraiton, Culture 

Li et al. (2018) Critical Success Factors for Project Planning and Control in 
Prefabrication Housing Production: A China Study 

Experience and Knowledge, Competence of the 
project manager, technology and method, external 
environment, experience and knowledge, 
information, communication and collaboration 

Yuen et al. 
(2019) 

Critical success factors of supply chain integration in container 
shipping: an application of resource based 
view theory 

Relationship management, Information 
management, Organizational commitment, strategic 
alignment, Performance management  

Cheng et al. 
(2020) 

Establishment of Critical Success Factors for Construction 
Partnering 

Adequate resourcing, Management support, Mutual 
Thrust, Long-term-commitment, Coordination, 
Creativity, Eff. Communication, Conflict resolution, 
Compatible goals 

Wuni & Shen 
(2020.02) 

Critical success factors for management of the early stages of 
prefabricated prefinished volumetric construction project life 
cycle 

−  

Wuni et al. 
(2020.07) 

Risks of modular integrated construction: A review and future 
research directions 
 

Schedule Risk, Supply chain risks, Ergonomically risks, 
implementation risks, structural risks 

Wuni & Shen 
(2020.10) 

Critical success factors for modular integrated construction 
projects: a review 
 

Phase related: conception, planning, design, 
procurement, construction 

Wuni & Shen 
(2021.09) 

Exploring critical success determinants for supply chain 
management in MiC projects 
 

Project strategy, stakeholder management, process 
management, risk management, competency 

 “Critical factors for successful implementation of just-in-time 
concept in modular integrated construction: A systematic review 
and meta-analysis” 

Managerial, educational & knowledge, Technical, 
Financial, Culture & Human, Skills & Expertise, 
Logistics 

Tsz Wai et al. 
(2021) 

A critical analysis of benefits and challenges of implementing 
modular integrated construction 

Project characteristics, transportation aspect, 
stakeholder collaboration 

Wuni & Shen 
(2021) 

Developing critical success factors for integration in modular 
construction projects in Hong Kong 

Competence & early commitment, Effective supply 
chain management, Collaboration and information 
management 

Wuni et al. 
(2022) 

Quantitative evaluation and ranking of the critical success 
factors for modular integrated construction projects 
 

Adequate technical capability and infrastructure, 
early commitment, effective stakeholder and supply 
chain management, standardization and 
benchmarking 
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APPENDIX D  - DEVELOPING PRELIMINARY CSF-LIST 
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Lister Buildings at present 

 

Lister Buildings in future 
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• Department profiles: Identifying Shifts  

Lister Development [LD] 

Lister Architecture [LA] 
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Lister System Engineering [LO] 

Lister Manufacturing [LM] 
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Departmental profiles: Graphical visualization. 
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APPENDIX G  - PD characteristics results explained 
1. Profit margin  

The results depict a the company that is experiencing low profit margins, but is looking to increase profit 

margins per module in the future. This suggests that they are looking to become more efficient and cost-

effective in their production processes while still accommodating up to unique client needs. 

2. Supply chain 

Currently he company is experiencing a fragmented supply chain, but is looking to integrate the supply 

chain in the future. The trade-off here may be between securing a stable supply chain with key suppliers 

versus maintaining flexibility to switch suppliers. 

3. Organization set-up 

Lister Buildings is organized as a integrated company, however, currently they are experiencing a 

decentralized organization set-up. Nevertheless, the goal is to centralize the organization set-up in the 

future. This may be an effort to increase efficiency and coordination in the company. 

4. Production type  

The current production process is unique, but the company is looking to adopt a continuous production line 

in the future. This suggests that they are looking to increase efficiency and scalability in their production 

processes. 

5. External relations, △ = 17,  

The company is currently experiencing opportunistic relationships with suppliers, but is looking to form 

close supplier relationships in the future. This trade-off may be related to the tension between finding the 

best prices for components and materials and having a consistent and reliable supplier that can adapt to 

their requirements. 

6. Driver, △ =16 

There is a perceived discrepancy between Lister Buildings current focus on time-driven goals and their 

desired focus on price-driven goals. This could be due to a trade-off between meeting tight deadlines to 

deliver timely to the client and cutting costs in order to increase profitability. 

7. Internal Team set-up, △ = 16 

Lister Buildings results shows their struggling with their current use of short-term teams and their 

desired use of long-term teams. This could be related to the tension between the flexibility and adaptability 

provided by short-term teams and the increased efficiency and specialized expertise provided by long-term 

teams.  

8. Strategy, △ = 14 

This results indicates a difference between their current focus on agility and their desired focus on a more 

lean approach. This trade-off may be related to the tension between being able to quickly respond to 

changes in the market to stay relevant with unique offers and implementing a more systematic and 

efficient approach to production. 

9. Focus perspective, △ = 13 

Lister Buildings indicated a difference between their current focus on the designer/developer having the 

last say and their desired focus on manufacturing having the decision weight. This could be due to a trade-

off between having more design freedom and having more control over the production process.  
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10. Design variety, △ = 10 

The score of 10 suggests that there is a moderate discrepancy between the current and desired state of the 

company's design freedom. While the current profile of the company may feature a high degree of design 

freedom, the future profile aims for less design freedom. However, it is important to note that the difference 

in score is relatively low, and this discrepancy may not be significant. Additionally, trade-offs may have to 

be made between allowing for more design freedom, which may lead to more variability in production and 

potentially longer lead times or increased costs, and having more control and standardization in the design 

process for the benefit of efficiency and profitability. 

11. Client input, △ = 7 

The "Client input" category pertains to the level of involvement that Lister Buildings currently allows for 

its customers in the design and development process of its products. The score of 7 suggests that there is 

a high degree of client input, however the ideal or future profile of the company aims for less client input 

with a score of -1. This trade-off could be due to the fact that more client input may lead to more variability 

in product design and potentially longer lead times or increased costs, or that the company wants to shift 

towards a more predefined product portfolio with less design freedom. 
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APPENDIX H - RESULTS CSFs 

SYNEGRY  
Communication 

CSF 1 – EFFECTIVE COMMUNICATION 

Effective communication is identified as a critical success factor for ensuring successful integration 

within the modular construction project. The interviews revealed that there is room for 

improvement in communication between the various stakeholders involved in the project, 

specifically between LA and LM. It was noted that LO could act as a connecting factor to improve 

this communication, and that LD could act as a supporting factor. One reason for the current 

communication difficulties is that the company is relatively new, and the team members are not 

yet well attuned to each other. Additionally, there were issues with decisive decision-making due 

to a lack of skills in this area. Miscommunications were also prevalent, due to the absence of 

feedback loops, differences in lingo or mode of communication and uncertainty about deliverables. 

These factors demonstrate the importance of effective communication in ensuring successful 

project integration. 

CSF 2 – SHARED UNDERSTANDING IN MESSAGING 

One of the CSFs that has been newly identified during the analysis of the interviews is shared 

understanding in messaging, among all stakeholders involved in the modular construction project. 

The insights gathered from the participants indicate that there are currently some challenges in 

achieving this factor. One of the main issues is the lack of a clear and consistent understanding 

of key terms and definitions related to the project environment and the modular construction 

process. These definitions are often chosen for convenience among internal and external parties, 

but do not necessarily lead to optimal results in the modular construction process.  

Additionally, participants noted that the concept or terminology of "standardizing" is relative, as 

it can refer to both the project as a whole and individual products. This lack of a common 
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understanding of key terms and definitions can lead to confusion and miscommunication among 

stakeholders, resulting in inefficiencies and delays in the project. To address this, it is important 

for all stakeholders to work together to establish clear and consistent definitions that align with 

the modular construction process and to ensure mutual understanding and common ground 

among all parties involved. 

Mutual understanding/Common ground 
According to Jassawalla and Sashittal (1998), mutual understanding and transparent interaction within 

cross-functional collaboration can be enhanced through the development of "mindfulness" and "synergy". 

Mindfulness refers to “team decision-making and actions which reflect an integrated understanding”, 

while synergy refers to the ability of a team to generate innovative ideas through collaboration (Holland 

et al., 2000). These two elements are crucial for effective communication and shared understanding within 

a cross-functional team. In other words, effective cross-functional collaboration requires communicating 

the understanding of different perspectives and the ability to generate new ideas through teamwork. In a 

work setting, when employees from different departments or teams come together to work on a project and 

are able to find common ground and establish a shared understanding, it can lead to more productive and 

successful meeting. 

Collaboration 
CSF 3 – COLLABORATIVE WORKING ENVIRONMENT 

A collaborative working environment is essential for the successful integration and coordination of the 

various players within the value chain of a modular construction project. However, in the case study of 

Lister Buildings, physical distance between the Weert and the Den Bosch offices was identified as a 

hindrance to achieving an overarching sense of togetherness. Despite being a relatively small organization, 

there is a focus on individual teams that can conflict with the need for a cohesive and collaborative business 

approach. While there are benefits to the short lines of communication and the ability to quickly bring 

other disciplines to the table, the hybrid nature of working and limited physical presence can make it 

challenging to foster a truly collaborative environment. Additionally, the difference in culture between the 

locations may also contribute to difficulties in fostering a cohesive and collaborative working environment. 

“The distance between Weert and Den Bosch doesn't really help either. So that's another thing, 

we secretly suffer more from that than we think. It feels like an obstacle to getting behind each 

other's ideas and decisions more quickly as there are no informal moments.” – Manufacturer  

CSF 4 – LONG TERM PARTNERSHIP 

The critical success factor of long-term partnerships is important for ensuring successful 

integration in the value chain of modular construction projects. One of the key positive aspects 

of long-term partnerships is that there are fewer misconceptions between partners, as they have 

a deeper understanding of each other's disciplines and goals. This allows for the development of 

trust and mutual understanding, which can lead to a more efficient and productive working 

relationship. Additionally, through regular feedback, partners can work together to identify and 

address areas of improvement, which can lead to ongoing growth and development. Furthermore, 

long-term partnerships provide a sense of stability and certainty, as partners are motivated by 

the same goals and objectives. 

However, long-term partnerships also come with certain challenges. Partners may have higher 

expectations of each other, which can lead to increased pressure and the need for ongoing 

communication and collaboration. Additionally, maintaining these long-term relationships require 

effort to maintain trust, understanding, and communication. 

CSF 5 – ESTABLISHED COLLABORATION STRUCTURE 

During the early phases of the project, there was a lack of established work structure, which resulted in a 

disorganised approach to tackling the project. However, as the project progressed and external consultants 

were brought in, a more structured approach was implemented through scheduled appointments. Despite 
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this improvement, there were still issues with the lack of prioritization for cooperation between different 

parties due to work pressure.  

 

On a positive note, the importance of learning lessons from previous projects was recognized by the LA, 

LO, and LM teams, and regular meetings within teams were held to ensure that these lessons were shared 

and implemented in future projects. However, the structure was not as well-established between teams, 

and there were irregular meetings outside of teams. 

CSF 6 – EARLY INVOLVEMENT OF KEY PARTIES 

The critical success factor of early involvement of key parties is essential for the successful integration of 

the value chain in a modular construction project. This includes the involvement of key parties such as LO 

and LM at an early stage in the project. It was noted during the interviews that the LO is not always 

optimally utilized by other parties due to the fast-paced nature of the business. However, early 

involvement of these key parties can lead to the strengthening of cooperation and collaboration. 

Additionally, involving parties such as Manufacturing and Engineering at an early stage for 

manufacturability and having them actively participate in the project can be seen as a logical solution and 

can easily initiate collaboration. Furthermore, it was noted that the LD and the LO can play a role in 

strengthening cooperation. Additionally, LA should be involved at an early stage to ensure that all parties 

are aware of the project's goals and requirements. 

Information Sharing 
CSF 7 – EARLY AND EFFECTIVE USE OF INFORMATION/COMMUNICATION 

TECHNOLOGIES 

During the interviews, it was identified that the level of awareness of the added value of Building 

Information Modeling (BIM) arrived quite late. Furthermore, the limited experience with BIM or other 

technological systems was highlighted as a bottleneck, as the company was considered too young to have 

this kind of well-established IT landscape. However, it was also noted that there has been recent awareness 

of the importance of BIM among all teams and that the first steps towards adoption of BIM are being taken 

within the project team. This highlights the need for early adoption of information and communication 

technologies to effectively manage and integrate the value chain in modular construction projects. 

CSF 8 – FREQUENT INFORMATION/KNOWLEDGE SHARING 

FREQUENT INFO SHARING 

The critical success factor of "frequent information/knowledge sharing" is an important aspect of creating 

synergy in modular construction projects. During the interviews, it was identified that there is a lack of 

basic information being shared between LD and LM regarding design and realization principles. Also, the 

lack of an elaborated basic Plan of Action (PvE) for modular construction is also an area of concern, as it 

would allow for more efficiency by addressing common issues and avoiding repetition. The participants 

emphasized that creating a structure for regular knowledge sharing and a basic PvE for modular 

construction is a priority for the architectural team (LA) as it will result in a reduction of repeated efforts. 

Culture 
CSF 9 – TRUST AMONG EMPLOYEES 

The critical success factor of trust among employees is crucial for the successful integration of cross-

functional teams in modular construction projects. The participants in the interviews reported a high level 

of trust among themselves and towards each other within the company. This trust is built through long-

term collaboration, repetition, and the ability to see improvements. The trust and confidence in their 

colleagues allows for open communication and the willingness to share information and admit uncertainty. 

The trust in the company's vision also allows for a willingness to adapt and be open to learning. However, 

there were also reports of misconceptions and unrealistic expectations due to a project-based interpretation 

through experience of product aspects, which can cause a lack of focus on certain aspects. 
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CSF 10 – MORALE AND MOTIVATION 

The insights from the interviews reveal that the employees at Lister Buildings share a common motivation 

for the company, which is reflected in the integrated working environment and the short lines of 

communication within the organization. This results in a strong sense of cohesion and commitment to the 

company's mission and values, with a majority of all departments indicating that they believe in Lister's 

vision of sustainable, integrated, innovative, challenging, future-proof and environmentally-friendly 

building solutions. This positive morale and motivation among employees is a vital aspect of ensuring a 

successful project outcome and a cohesive value chain. 

CSF 11 – TOP MANAGEMENT COMMITMENT 

"Top Management Commitment" is an important critical success factor for the successful 

integration of cross-functional teams. However, during the interview process, it was noted that there may 

be a slightly lower level of confidence among top management due to a large presence of traditional 

construction backgrounds among them. This can potentially impact the level of commitment to the project 

as they may draw too many lessons from traditional experiences. To mitigate this, it is crucial that top 

management communicates a strong and clear vision for the project and actively works towards aligning 

the team with this vision. Additionally, a good intention alone is not enough to effectively execute a 

modular construction project, a real commitment and understanding of the specific method is needed. 

COMPETENCE 
Adequate MC experience 

CSF 12 – ADAQUATE TECHNICAL AND PRACTICAL EXPERIENCE AND KNOWLEDGE 

Having “adequate modular construction experience" is crucial for the success of a modular 

construction project. The lack of experience among the team members can lead to a lack of 

understanding and a lack of collaboration between different parties. The interviews revealed that, 

in the case of Lister Buildings, the lack of experience among the team members was an obstacle 

in the industrialization and product development process. The team members were aware of the 

importance of adequate experience, but the lack of it resulted in a tendency to think quickly in 

traditional structures, instead of an agile and BIM-based approach. Furthermore, the interviews 
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highlighted that the team members at Lister Buildings were understaffed to scale, which 

prevented them from scaling up within the given time. The start-up environment in the company 

also led to job gaps that needed to be filled until a specialist could be hired for the role. 

CSF 13 – MATURING OF TECHNIQUES THROUGH RETROSPECTIVE FEEDBACK 

The critical success factor "maturing of techniques through retrospective feedback" highlights the 

importance of gathering retrospective feedback from team members and stakeholders in order to 

improve performance in modular construction projects. However, in practice, the participants in 

the case study mentioned that they were not able to gather such feedback because they did not 

have the time. They shared that they needed more time to learn from their mistakes and improve 

the next project. The participants also noted that their projects were overlapping, which made it 

difficult to take the necessary lessons learned from one project and apply it to the next. Despite 

this, they expressed confidence in their ability to grow as a company by actively incorporating 

feedback retrospectively and understanding the consequences of modular building. LA plays an 

important role as an intermediary for common understanding within the company. Additionally, 

the regular reporting between LO and LM is seen as a step towards incorporating feedback. 

However, it is also noted that the LD lacks the basic information to be shared by LM such as 

design principles and the realization principles. 

Production principles 
CSF 14 – EARLY DESIGN FREEZE 

The early design freeze is an essential aspect of successful modular construction projects to 

minimize the risk of costly design changes and ensures the success of the project. However, the 

lack of a standardized product and a lack of a first version in the design phase makes it difficult 

to capture the design early. This has been an issue in the past with no standardized product as a 

starting point and no first version, which causes disagreements and confusion throughout the 

design. Furthermore, there is a need for the involvement of LM to agree with the captured design, 

in order to prevent any potential issues down the line in the project. Additionally, it is important 

to implement an early design freeze to ensure that the design phase is accurate and complete, 

so that the next stage of production and manufacturing in the supply chain hierarchy can start 

on time. 

CSF 15 – DEFINED DESIGN & TECHNICAL SPECIFICATIONS OF PRODUCT 

According to the insights from the interviews, it is clear that there is currently no standardized product at 

Lister Buildings. This presents a number of challenges for the different parties involved in the project, 

including the developers, architects, engineers, and manufacturers. Developers have no basic module 

information to work with, making it difficult to capture designs early in the project. Additionally, architects 

are still approaching assignments in a traditional way, which leads to many different dimensions in the 

project. engineers also miss the translation battle between design and manufacturability, leading to a lack 

of repetition in the production process. Furthermore, there is currently a lack of standard module sizes 

that take into account factors such as factory and transportation needs. 

According to the interviews, there is a need for a standardized product (80%), with reasonable design 

freedom (20%) to work with fundamental starting points. This will enable a more efficient build process 

and allow for more repetition in projects. The philosophy for standardization is present, but there is not 

yet a clear understanding of what the product should be. There is a lack of standardization that results in 

extra work for everyone, including in the work preparation process. 

CSF 16 – SCALABILITY THROUGH STANDARDIZATION AND PRODUCT 

CONFIGURATION 

Standardization and product configuration are crucial for scalability in modular construction projects. 

However, the interviewees from Lister Buildings had differing opinions on the level of standardization 

that should be implemented. While the LD emphasized the need for design freedom, other teams, such as 

the LA and LM recognized the importance of a standard product for scaling up the company. They see the 
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ideal solution as a balance between having a manufacturable product that can handle exceptions while 

also being able to serve a large part of the market through a standardized variety of modules. The company 

is still in its early stages and as such, scaling up is difficult as they still have no standard product, no 

specific focus on the kind of organization and flow in factory, also they do everything 3D/2D/hybrid and 

complex/diverse projects. To achieve scalability, the company needs to focus on limiting the number of 

modules, separating standard and unique parts in their projects and implementing a separate production 

line for standard parts while focusing on unique process mapping. 

Scalability through standardization and product configuration 
Standardization helps to reduce costs by allowing for mass production using the same materials, elements, 

equipment, and processes. It also improves efficiency through the specialization of labor and automation 

of production processes. By standardizing the design and production of modular components, companies 

can streamline their manufacturing processes, resulting in increased efficiency and lower costs. Product 

configuration, or the ability to customize modular components to meet the specific needs of a project, is 

“putting together a product from well-defined building blocks (modules) according to a set of predefined 

rules and constraints” (Sandberg et al., 2016). Modular construction companies can increase their appeal 

to a wider range of customers, leading to an increase in sales and revenue. Being able to quickly and easily 

customize modular components can reduce lead times and improve project delivery and increase its 

competitiveness in the market (Wuni & Shen, 2019).       

Overall, the combination of standardization and product configuration allows modular construction 

companies to increase efficiency, volumes, reduce costs leading to  economies of scale (Gann, 1996) and 

better meeting the needs of their customers, all of which are important factors in achieving scalability in 

the industry.  

By standardizing modules to design building projects though the help of product configuration, 

stakeholders in the value chain, such as designers, manufacturers, and contractors, can work more 

efficiently and effectively together to deliver high-quality projects which contributes to the integration of 

the value chain. This is due to the design requirements being well-defined; streamlining and optimizing 

the various stages of the construction process. 

VALUE SYSTEM MANAGEMENT 
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Management 

 

 

 

CSF 17 – COORDINATION BETWEEN INTERFACES 

The critical success factor of coordination between interfaces in value chain management is a crucial aspect 

in achieving successful modular construction projects. The insights from the interviews suggest that there 

is a need for improved contact between the different teams involved, particularly between the architects 

and manufacturers. LO can play a key role in connecting the different teams, while the LD can provide 

support in coordinating their efforts. The developer is traditionally seen as the project leader, however, 

when it comes to the product, LA or LO teams may take on a larger role as the product leader. LA is also 

seen as the most important intermediary in coordinating the different parties. Effective leadership and 

transparent planning are essential in ensuring successful collaboration between       all teams involved. 

CSF 18 – LINK BETWEEN DESIGN AND PRODUCTION 

This critical success factor is another addition to the existing CSF-list. "Link between Design and 

Production" has several insights and areas for improvement in terms of value chain management. One 

major issue that has been identified is the gap between the design side and the production side. This gap 

is caused by a lack of communication and collaboration between the two sides, resulting in a lack of 

understanding and knowledge of the design and production processes. This can lead to issues such as 

translation report errors and miscommunication between the different departments, which can have a 

negative impact on the overall efficiency and success of the project. 

To improve this, it has been suggested that LM needs to be more involved in the design phase, to help 

bridge the gap and ensure that the design is feasible and manufacturable from the start. Additionally, the 

company is facing shortcomings in personnel, especially in terms of work planners and people with product 

experience, which is also contributing to the gap. 

To address this, it is important to have someone with both project and product knowledge, who is present 

from the beginning of the project and aware of the technical characteristics and performance of the module 
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and runs with the whole project, is important for translation. In addition, the role of LO, as the glue in 

that because they deal with integrating the design with everyone else has been identified as an important 

role in filling the gap between design and production. 

It is also mentioned that the company is lacking a project management branch, which is crucial in ensuring 

that the design is translated correctly to production and that all the parties are working in coordination. 

The key is that the development of a standard product would help in fixing routine in design, which will 

lead to an early involvement of LM, which in turn will lead to a more efficient translation to production. 

Link between project/design and product/production 

In the complex and fragmented processes of modular construction, there is a risk of various schedule 

delays, particularly those related to information. One issue is that stakeholders, often from different 

companies, are protective of their own interests and do not have a culture of sharing information. It's 

important to link the design and construction to avoid the "over-the-wall" problem that occurs when 

builders are left to interpret designs they weren't involved in creating (Wuni, Shen, & Osei-Kyei, 2022). 

This can result in "information islands," or disconnected bodies of information that need to be shared. 

These information islands can lead to schedule risks, such as a gap in design information between the 

designer and manufacturer, or inconsistency in logistics information (Li et al., 2017). These issues can 

result in significant delays in modular construction projects, particularly in those with shorter schedules 

and higher hourly rates for assembly equipment.   Therefore, it is important to ensure 

consistency in information sharing within the integrated value chain to facilitate this smooth project 

delivery and coordinate the process between the two environments (Wuni, Shen, & Saka, 2022). Having 

the same person on multiple teams can facilitate information transfer. When several products have similar 

components, teams can share information through a "systems coordinating team." These teams provide 

support and purchasing efficiency for specific components or systems across multiple products. (Holland 

et al., 2000). 
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Organization 
CSF 20 – CHANGE IN DEVELOPMENT PROCESS 

Another addition formed from multiple interviewee statements is the change in  the development process 

of the company. It is currently seen as too traditional and not optimal for modular construction in certain 

areas. The expert workshop that was held was seen as useful, but it was noted that it was a bit superficial 

at the front end of the process. It was suggested that another session should be held to delve deeper into 

the Technical Design (TO) phase and during the UO phase. 

One key insight is that if the product is fully developed and understood, with all the necessary technology 

incorporated, then it is possible to be able to skip the VO and move directly to the SO to DO phase, thus 

shortening the development phase. This is because the acquisition phase is out of the company's control, 

but the development phase is not. 

Another insight was that with more technology already incorporated in the modules, there may not be a 

need for a TO phase. The suggestion was made to create project teams within Lister for maximum 

collaboration, and to classify the process differently in order to shorten it and possibly even skip the VO 

phase. 

The role of LM was also mentioned, as they are often seen as only responsible for the production of the 

product. However, it was pointed out that they should be involved earlier in the process to give input on 

what can be made. Overall, the process of approaching a project was seen as being too traditional and there 

is a need for a change to make it more efficient. 

CSF 21 – EFFECTIVE ALIGNMENT ON RESPONSINBILITIES AND EXPECTATIONS 

In order to effectively align on responsibilities and expectations within the value chain management, it is 

important to clearly define and separate the responsibilities of each team. For example, LO works on the 

development of systems, while LM is responsible for producing the final product. LA designs a quality 

project that is in line with the product that LM produces. LD works towards ensuring the feasibility of the 

project and provides necessary resources. While each team has its own specific responsibilities, it is 

important for them to work closely together and have a clear understanding of each other's deliverables 

and responsibilities. This can be achieved by creating a clear organizational distinction, such as separating 

responsibilities based on project (building) or product (module) level, and having transparency in 

responsibilities. However, due to the startup environment, there may be some overlap in tasks and 

responsibilities, so it is crucial to have joint coordination to ensure the success of the project. 

Effective alignment on responsibilities and expectations between value players 

It is important for value chain players to agree on their roles and expectations in order to enhance cross-

functional integration and foster productive relationships. This can be achieved through role formalization, 

which clarifies responsibilities and dependencies between functions. In order to be effective, team 

leadership should be dedicated to one project, with a clearly assigned and accountable team leader. All 

team members should be fully dedicated to the project, with their first loyalty being to the team or project 

rather than the function. It is also important for there to be strategic alignment between functions, with 

all senior managers being supportive and in agreement on the prioritization and commitment to projects. 

This will help prevent isolation of cross-functional teams and ensure their success. (Holland et al., 2000; 

Yuen et al., 2019)    

Having clear alignment between key players on the responsibilities and expectations of a modular 

construction project can lead to effective achievement of planned objectives and satisfaction of 

stakeholders, according to (J. O. Choi, 2014). When all key stakeholders understand and agree on the 

goals, objectives, and benefits of using MiC, they are more likely to work collaboratively and coordinate 

effectively, reducing conflicts and delays in project delivery. Aligning on responsibilities and expectations 

can therefore be a key driver for successful collaboration among the key players in a modular projects 

(Wuni, Shen, & Osei-Kyei, 2022).   
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“Ain't nothin' gonna break my stride 

Nobody gonna slow me down 

Oh no, oh no, I got to keep on moving” 

Break My Stride by Matthew Wilders 
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