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Summary 
 
This study contributes to the existing body of knowledge concerning the preconditions that need to 
be met to enhance the deep-renovation process by applying modular product systems. By conducting 
an extensive literature review and three in-depth interviews with front running circular construction 
firms, we have identified the 7 following preconditions that are essential for enhancing overall quality 
and efficiency of circular deep renovation projects - Shift from selling a solution towards selling a 
standardized product, develop a standardized plug and play connector for modular product systems, 
obtaining product certification, setting sales boundaries, avoid working with different sub-
contractors, product branding and smart planning of deep-renovation processes. Furthermore, in line 
with research conducted by van Oorschot (2020) the identified preconditions support our hypothesis 
that enhancing the deep-renovation process by applying modular product systems depend on 
coherence between the three dimensions of modularity – Product, process & supply chain modularity. 
The research findings further support previous research that suggests that, when products become 
modular, both the production process and the supply chain set up need to be aligned and this can be 
achieved by applying the aforementioned preconditions in practice. It gives guidance how to come to 
a further optimization of a holistic, circular renovation process, in terms of: 

• Speeding up the renovation time, avoiding disturbance for occupants as much as possible (4D 
BIM work plans) 

• Make the renovation more cost-effective (4D BIM work plans) 
• Providing a higher performance, both in energy as in IEQ and environmental impact (building 

quality assessment) 
• The potential of re-use of building materials and urban mining (material banking, building 

product passports, reversed logistics) 
• Effective ways for quality insurance 
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1. Introduction 
 

1.1.  Background 
With an insufficient rate of existing building renovation, there is the need to step up the pace of 
building renovation to achieve European Union (EU) climate change policies for 2050. Industrialization 
and related technological innovations are at the core of boosting the renovation wave. Recent studies 
revealed a diverse set of barriers and challenges that need to be overcome (D’Oca et al., 2018; Decorte 
et al., 2020; Op‘t Veld, 2015). Some of the key challenges which need to be addressed include: 
- Speeding up the renovation time, avoiding disturbance for occupants as much as possible  
- Make the renovation more cost-effective  
- Providing a higher performance and resource efficiency, both in energy and material   
- The potential of re-use of building materials and urban mining  
- Effective ways for quality insurance 
 
However, in order to industrialize the deep-renovation of the EU housing stock and meet the above 
mentioned challenges, certain basic pre-conditions need to be met in terms of how construction 
projects are organized if industrial building technologies and innovations are implemented. These pre-
conditions are often overlooked in developing and implementing relevant innovations deep-
renovation projects.  
 
Modularity is seen as a key strategy to improve both production and resource efficiency in 
constructing and retrofitting housing (Ellen MacArthur Foundation, 2015a, b). As such, modularity is 
seen as a key cornerstone of the DRIVE-0 project. Modularity in itself, is a concept that is observed as 
a major beneficiary in numerous industries. Modular product systems  are developed with an one-to-
one mapping between functions and physical technical subsystems  with standardized interfaces 
(Salvador, 2007; Ulrich, 1995). Modular product systems balance the demand for customization in 
order to meet specific project needs and client demands as well as providing opportunities to improve 
the level prefabrication and industrialization. This results in a mutually beneficial setting where the 
client is able to obtain benefits in the form of a well customized product that perfectly adheres to the 
client’s specific needs. In addition to this, the client is able to procure the product at a relatively lower 
cost benefitting from economies of scale. Product modularization has not only benefited the ever-
evolving high-tech industries, but also the traditional, vertically specialized construction industry  
(Cacciatori and Jacobides, 2005).   
 

1.2.  Problem statement and research objectives 
The construction industry is one which until recent years, paid little attention to product 
modularization and this is primarily due to the fact that the business network set ups are loosely 
coupled (Staudenmayer et al., 2005). This loosely coupled business network results in most 
construction companies failing to possess the required knowledge on the interactions between 
different product components. The development of a modular product system requires various 
resources from multiple stakeholders. This will be embodied in extensive knowledge spillover and 
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multidisciplinary, inter-organizational cooperation working around various technological, 
organizational and geographical proximity barriers (e.g., Messeni Petruzzelli et al., 2011; Ardito et al., 
2016, 2019a,b; Cillo et al., 2019). As a result of this, construction companies struggle with formulating 
set modular design rules, which in turn results in lower levels of modular innovation adoption in the 
construction industry (Sanchez and Mahoney, 1996). In addition to the lack of design rules, another 
crucial barrier which hinders the adoption of modular products is the difficulties that companies face 
in re-structuring the deep- renovation process and accordingly the involved supply network. To further 
elaborate, modular product systems possess the advantage of integrated functions in one product 
which enhances the overall quality of the product – because its subsystems are maximal coordinates 
–and makes the modular product more interesting for the clients. However, the advantages of 
function integration can only be obtained if certain pre-conditions are met. For example, because 
various tasks shift from the contractor up stream to the module supplier it may become unclear how 
design and production responsibilities and the related value capture are subdivided (van Oorschot, 
2020). All in all, before a deep-renovation project can reap the benefits of modularity and 
industrialization in terms of cost efficiency, reduced project lead time, resource efficiency and overall 
project quality improved  by applying a modularity strategy certain pre-conditions need to be met 
(Voordijk et al., 2006; Wolters, 2002). Therefore, this study is guided by the following research 

question:  What are the pre-conditions to enhance overall efficiency of modular deep-renovations 
processes?”. As a key objective this study aims to present the key variables which need to be met to 
enhance the deep-renovation process in terms of production efficiency and resource efficiency. 
Therefore, this study presents a conceptual framework to assess these variables   

1.3.  Research methodology 
For this study interviews were conducted with key stakeholders from three companies supplying 
modular product systems for the deep-renovation market.  The stakeholders who were interviewed 
held important managerial positions, possessed deep knowledge of their organization and were 
involved in the decision-making process surrounding the development and implementation of the 
modular product systems in projects. 
An interview protocol was created for the interviews. A semi-structured approach was adopted to 
enable follow-up questions and include aspects that were considered relevant during each interview. 
All the interviews were recorded and transcribed. The transcripts were sent back to the respondents 
to verify the content and none had to be modified. In answering our questions, the stakeholders 
explained the nature of the green modular innovations and their notable features, describing the 
process of adoption and explaining the key pre-conditions of adopting and implementing the modular 
products systems in projects. Validation interviews and workshops were held later. 
As a robustness check we discussed the results of the interviews internally during workshop session 
within the DRIVE-0 consortium (https://www.drive0.eu/) and externally with umbrella organization 
Construction Products Europe (https://www.construction-products.eu/). 
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Company 
 

Modular product system 
Technology Services 

Aliva (Italy) Cladding system 

 
https://www.aliva.it/systems/ariacovering-reg_22/  

Consultancy & design; 
structural design and 
engineering; on-site, 
installation and project 
management 

 

WEBO 
(Netherlands) 

Facade system (timber frame modules)

https://www.webo.nl/duurzaam-en-betaalbaar-
renoveren/steigerloos-hsb-elementen-renovatie/   

Fully engineered as ‘Digital 
Twin’ (BIM); fully 
automated production; 
delivery to the 
construction site; on-site 
installation (without 
scaffolding) 

Factory-0 
(Netherlands) 

Integrated indoor climate system 

 
https://factoryzero.nl/producten/  

In-house product 
development department; 
in-house production 
facilities (system 
integrator);  on-site 
installation and 
commissioning, 
monitoring; “remote”  
management annex 
monitoring; service & 
maintenance 

 
The content analysis consisted of coding the interview reports. Coding consists of segmenting, 
separating and disassembling the data obtained during data collection into smaller units of 
information that are easier to handle, after which the data are reassembled and analyzed. The content 
analysis procedure recommended by Boeije (2010) was followed. First, every document was ‘open 
coded’. This step consisted of a first order analysis of the interview reports. The data analysis primarily 
focused on the semi-structured interviews with key stakeholders because they would provide the best 
insights into the logic behind the adoption and implementation of modular product systems in 
projects. In the next step, ‘axial coding’ was employed to reorganize and reassemble the codes 
identified in the previous phase. The output of this step consists of themes and concepts and is 
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considered an essential intermediary step towards theory building. These themes and concepts were 
then used as input for ‘theoretical coding’ where relationships between the themes and concepts – 
and the data fragments representing them – were identified.  This step was guided by deductively 
drawing on theory as discussed in Section 2. Identifying the first-order open codes, the themes and 
concepts and, subsequently, the research propositions was supported by a data structure that  
consisted of various research notes and matrices as suggested by Miles and Huberman (1994). 
 

Main Research question 
What are the pre-conditions to enhance overall efficiency of modular deep-renovations processes?” 
 
 
 

Sub-questions - Interview questionnaire 

 

 

 
 
 
 
 
 
 

Interview data analysis 
 
 
 
 

1.4.  Structure of the report 
The report is structured as follows. The next chapter takes off with an extensive literature review 
regarding modularity in construction. Section 3 presents subsequently the key findings of this study. 
Finally, Section 4 elaborates the conclusions and contributions of this study. 

  

Interview 1 - Webo 
 

Interview 3 - Aliva 
 

 When introducing your module into a project, what were the implications to the allocation of tasks 
and responsibilities in contrast to traditional construction? 

 How did this re-allocation come about? 
 What impact did this new supply chain configuration have on process efficiency & overall project 

quality? 
 In which specific areas did you encounter the most resistances by incorporating this supply chain 

set up? 
 What were your counter strategies to overcome these resistances?  
 From your lessons learned, what are the main focus areas (with regards to managing the division of 

tasks and responsibilities across stakeholders) that can assist other companies with enhancing their 
modular deep renovation processes? 

List of boundary conditions for appropriate reallocation of responsibilities among 
stakeholders for application of modular products 

Interview 2 – Factory0 
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2. Literature review 
 

2.1.  Background 
Modularity is a concept that has obtained growing attention in literature regarding supply chain 
management in the last decade (Salvador et al., 2002). Construction companies are constantly 
exploring for possibilities to improve the efficiency, sustainability and the level of customization of 
their products and they aim to achieve this with reduced levels of project risks, complexities and costs. 
The construction sector has showcased a growing interest in applying industrial, modern construction 
methods that are based on product modularity in recent years (Barbosa et al., 2017; Bertram et al., 
2019; Hofman et al., 2009). It has been found that modular strategies possess the potential to lower 
risks and uncertainties throughout the supply chain network (Gosling et al., 2016), while 
simultaneously contributing towards organizing complex processes and products in an efficient 
manner.  
 

2.2.  Modular product systems 
By definition, a modular product system is one where the modules are loosely coupled (Mikkola, 2006; 
Schilling, 2000) and can be mixed and matched (Schilling, 2000) as required due to standardized 
interfaces (Baldwin and Clark, 2000). Product modularity in turn enables companies to provide their 
clients with different product varieties that satisfies the evolving and differing needs of every 
customer, while reducing the adverse impacts on operational performance that arise from product 
abundance. Modularity has been found to be an important design variable in aligning the design 
processes and the supply chain processes (Pero et al., 2015). From a design perspective, 
standardization of product platforms and defining the modules throughout the architecture of 
product is the root to modularity (Baldwin and Clark, 2000; Hofman et al., 2009; Ulrich, 1995).  
 
Some examples of modularity from a design perspective include - clear representation of interactions 
between design elements, utilizing set design rules and principles to establish functions as well as 
system boundaries and additionally determining rules for interfaces between elements (Baldwin and 
Clark, 2000). From the supply chain perspective, modularity is a strategy that increases uniformity 
throughout different product variations present within the same product family without sustaining 
any operational inadequacies (Salvador et al., 2002). Modularity in the construction sector has been 
the subject of study in various scientific articles (da Rocha et al., 2015; Doran and Giannakis, 2011; 
Halman et al., 2008; Hofer and Halman, 2005; Hofman et al., 2009; Lennartsson and Björnfot, 2010; 
Pero et al., 2015; Viana et al., 2017). 
 

2.3. The three dimensions of modularity  
Fine et al. (2005) developed a 3-D modularity concept to explain and investigate product, process and 
supply chain modularity in the housebuilding sector (Voordijk et al., 2006; Wolters, 2002) which was 
observed as a valuable guide in introducing modular innovation for the construction industry 
(Lennartsson and Björnfot, 2010). 
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Table 1 - The 3 dimensions of modularity in construction sector 
 

The 3 dimensions of Modularity in construction sector 

Product modularity Process modularity Supply chain 
modularity 

 
 Clear mapping 

between functions 
and components 

 
 Modules are 

autonomous with 
loose coupling 
between modules 
 

 Connections are 
done with 
standard 
interfaces 

 
 Autonomously and independently produced 

 
 The selected production and manufacturing 

techniques set the economic territory (Dicken and 
Malmberg, 2001) and this can be determined in 
particular by various logistic and site operations 
restrictions (Blismas and Wakefield, 2009; Hwang et 
al., 2018; Lu et al., 2018; Songip et al., 2013) 
 

 When brought together, modules can be installed 
independently from each other 
 

 Over time, substitution and recombination is possible 
without the need to dismantle the whole system 
 

 
 Firms within a 

modular supply 
chain are loosely 
coupled to each 
other with a clear 
distribution of 
responsibilities 
(Hofman et al., 
2009) 
 

 High level of 
standardization 
and network 
stability 

 
 
Based on existing literature from (Hofman et al., 2009; Jensen, 2014; Thillart, 2004; Voordijk et al., 
2006; Wolters, 2002), there are 4 typologies of product modularity for construction - Variant type, 
core type, sectional design and bus architecture. 
 
Table 2 – The 4 typologies of product modularity 

4 typologies of product modularity 

Variant type Core type Sectional design Bus architecture 

 housing clients 
can select 
between 
predefined basic 
housing variants 

 clients can 
select a 
number of 
modules and 
connect them 
to a fixed core 

 Can be related to the previous 
type but lacks a single core to 
which all modules connect, 
thereby substantially increasing 
design freedom (Ulrich, 1995) 
 

 modules connect 
to a common 
core via the 
same type of 
interface (Ulrich, 
1995) 

 
 
Based on existing literature from (Gibb, 1999; Grimscheid and Scheublin, 2010; Hartley and Blagden, 
2007; NAO, 2005; NHBC, 2016; Taylor, 2010), there are 5 key production and manufacturing strategies 
that have been acknowledged which aids process modularity in housebuilding – Volumetric pre-
assembly, pod pre-assembly, panelized preassembly, component manufacturing & pre-assembly and 
site-based manufacturing.  
 
 
 
 



 
 
 
 
 

11

 
Table 3 – 5 typologies of process modularity 

5 typologies of process modularity 

Volumetric 
preassembly 

Pod pre-assembly Panelized 
preassembly 

Component 
manufacturing & 

preassembly 

Site base 
manufacturing 

Three 
dimensional 
structural 
modules 
produced in a  
factory, fully 
fitted out before 
being 
transported to 
site and installed 
onto prepared  
foundations to 
form dwellings. 

Three dimensional 
modules which enclose 
usable space and are  
typically, factory finished 
internally.  
 
In contrast to volumetric 
pre-assemblies, pods do 
not form the buildings 
structure itself and are 
therefore applied in 
conjunction with other 
construction methods, 
e.g. toilet and bathroom 
pods. 

Two dimensional 
(non-)structural 
elements built in 
a factory and 
transported to 
site for assembly 
into a three-
dimensional 
structure. 

Sub-assemblies 
and components, 
mostly 
characterized by a 
simple one-to-
one mapping 
between function 
and physical 
appearance, 
which need to 
incorporated or 
integrated within 
the dwelling on-
site. 
 

Innovative 
methods of on-
site construction 
methods, 
including the use 
of conventional 
components in an 
innovative way. 

 
 
The construction industry is one that is considered as a conventional industry network that produces 
complex product systems (Gann, 2000) and encompasses temporary project-based relationships. This 
thereby results in a disintegrated industry set-up (Bygballe et al., 2015; Dewick et al., 2004). This low 
level of integration and fragile network ties are not favorable to the adoption of modular innovations. 
This setting simply obscures collaborations amongst stakeholders involved and obstructs coordination 
and long-term collaboration that is crucial for adoption of modular innovations (McCoy et al., 2012; 
Wolfe, 1994).  
 
Proximity has therefore been acknowledged as the key barrier as modular innovation majorly rely on 
a total integration between technologies that originate from various industries and span across 
various, geologically distributed stakeholders (Authority and Allé, 2012; Horbach et al., 2013; Knoben 
and Oerlemans, 2006; Nemet, 2012). As a result, knowledge sharing, multi-disciplinary inter-
organizational collaborative operations spanning across technological, organizational and 
geographical proximity barriers are key barriers that require acknowledgement in order for the 
development and adoption of modular products and their supporting processes (e.g., Messeni 
Petruzzelli et al. (2011); Ardito et al. (2019a); Ardito et al. (2016); Ardito et al. (2019b); Cillo et al. 
(2019)).  
 
To summarize, in order for modular green innovative products to be successfully adopted in the 
construction sector, it is crucial to develop a strong set modular supply chain. In instances where a 
modular supply chain has been established, three different types of modular supply chains are present 
- closed system, hybrid system and open system (Segerstedt and Olofsson, 2010; Tennant and Fernie, 
2014). 
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Table 4 – 3 typologies of supply chain modularity 
3 typologies of supply chain modularity 

Closed system Modular system Open system 
 All players directly engaged across 

project life cycle, coordinated (by 
housebuilder) 

 Interlocked, fixed 
principal suppliers 

 loosely coupled and 
dispersed (autonomous) 

 

2.4.  Key factors to the uptake of modular product systems  
 

Previously conducted research revealed ten variables which are found crucial in the adoption 
and uptake of modular product systems (van Oorschot, 2020): 

 
 

Relative 
advantage 

 

 
 Relative advantage is an important aspect in enhancing the adoption of modular 

products and in particular advantages linked to improved quality, production 
efficiency and energy efficiency.  

 Also, if the product is a highly visible element in the building envelope, making it 
stand out and be architecturally appealing will enhance its adoption, end users will 
feel encouraged to adopt the product as it improves the architectural appearance 
of their dwelling. 

 
 

lowest cost 
orientation 

 

 
 Modular products most often have higher initial costs but lower operational costs 

than tradition products which have lower initial costs and higher operational costs.  
 The long-term benefits of these modular products are not perceived by clients, and 

this keeps them from adopting the product because it is perceived as initially too 
expensive.  

 Similarly, if the criteria used by contractors in selecting suppliers are based on 
lowest initial costs, then the innovations will not be adopted. 

 
 

Supply chain 
integration 

 

 
 The creation of stable and long-lasting partnerships (i.e. supply chain integration) 

between the stakeholders involved is crucial in achieving adoption.  
 It is crucial to have trustful and transparent relationships between the partners 

involved in order to establish the necessary agreements that will lead to adoption.  
 Stable relationships should not only be bounded for the adoption and 

implementation phase of the product (within and across projects) but rather that 
they should be extended throughout the operational lifecycle phase of the modular 
product.  

 However, the larger the number of organizations and trades involved, the more 
complex partnering becomes. 

 
 

Boundary 
spanning 

 
 Some modular products have more than one function coupled to the product. On 

the one hand, this brings the advantage of providing solutions to multiple problems 
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& task 
interdependency 
 

in a single product. On the other hand, it has the disadvantage that, by integrating 
functions in one product, the supply chain of the product is reshaped, and this is not 
always positively viewed.  

 Function integration should diminish complexity in the construction process by 
reducing the number of stakeholders the contractor should need to collaborate 
with in a project. The successful adoption of a product in the housing sector will only 
occur if the adoption of a product developed by a supplier is attractive to both the 
contractor and the end-user.  

 
 

Design rules & 
standards 

 

 
 A key principle of modularity is the existence of an architecture and a set of standard 

design rules that function as a stable base on which to manage boundaries in the 
development and implementation of modular products.  

 Establishing agreements about the boundaries between modules and the 
installation of the module in a dwelling requires intense collaboration between 
supplier and contractor. Although, from a technical perspective, boundaries are not 
difficult to establish; from a managerial perspective they are a time-consuming 
activity. For this reason, developing stable relationships enhances a product’s 
potential adoption.  

 Adoption is mostly hindered by the absence of design rules and standards and the 
complexity of boundary crossing activities to resolve technology misalignments. 

 
 
Adequate skills & 

knowledge 
 

 
 Implementing innovative modular products in housing projects requires adequate 

skills and knowledge. This includes basic knowledge about the overall system and 
in-depth knowledge about the module itself.  

 Further, knowledge and skills related to the full life cycle of the modular product are 
required, ranging from modular design and engineering to pre-production, 
installation, maintenance and removal.  

 Currently - Early stage of market introduction and the installation of the modular 
products are highlighted as crucial in terms of required knowledge and skills.  

 Additionally, modular innovations are typically not installed by the suppliers but are 
subcontracted to specialized installers. These installers need to be multiskilled to 
successfully install the products in a dwelling.  

 In addition, the composition of the team that conducts the installation should not 
vary since repeating the process several times with the same team enables 
improvements to the installation process. 

 
 

Regulatory 
 

 
 Current regulations require contractors to adopt and implement innovative 

products in order to improve the energy performance of housing. However, they do 
not encourage contractors to implement solutions that surpass the basic 
requirements mandated in the Building Code. Contractors tend to view the basic 
requirements of the Building Code as the maximum performance levels they should 
achieve.  
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 However, many modular energy efficient technologies outperform mainstream 
energy technologies and are not required to meet the basic energy efficiency 
requirements of the Building Code in the Netherlands.  

 In addition, end-users have not been motivated to adopt energy efficient 
technologies. End-users are not aware of the potential savings that can be achieved 
through improvements in the energy performance of their dwellings.  

 If contractors are being required to develop new energy efficient technologies then 
end- users should also be encouraged to improve the energy performance of their 
dwellings. Otherwise there will be an imbalance in the supply of and demand for 
modular products, which hinders adoption. 

 
 
Product branding 
 

 
 The implementation of modular product strategies represents a change to the 

traditional industry and market culture. Modular products are developed to be 
adopted across projects, resulting in a shift from a project-oriented construction 
sector to a product-oriented construction sector. Here, companies with a known 
brand are perceived as more reliable parties to collaborate with.  

 Further, when companies have a known brand, the uncertainties and risks 
associated with adoption appear lower, and the product is implicitly of good quality. 
The importance of product branding was found in many cases of modular products. 

 
 
Market maturity 
 

 
 Within traditional housing projects, clients are used to translating their demands 

into product specifications rather than specifying a specific performance level that 
needs to be met. Presenting performance specifications is seen as a barrier to the 
adoption of modular products.  

 The immaturity of the market conducting housing projects based on performance 
specifications, rather than specifying all the components, hinders a modular 
product’s adoption. Most contractors do not have sufficient experience to work 
with these practices, and the market in general is also not used to this. 

 
 

Innovation 
maturity, 

guarantees and 
liabilities 

 

 
 Providing a guarantee to cover the life cycle of a product reduces the uncertainties 

that are linked to the adoption of a modular innovation. From the perspective of 
the client, guarantees and liabilities ensure that certain safety and performance 
standards are met and indicate who can be held responsible in the event of any 
deficiencies. Two other aspects fundamentally linked to product guarantees and 
liabilities also affect adoption.  

 First, the perception of uncertainties diminishes as the number of completed 
projects increases. To some extent, this serves as a ‘proof of concept’ of the 
innovative modular product.  

 Second, the maturity of an innovative modular product is also reflected by the 
ability of contractors and/or suppliers to convey the benefits of the product to other 
involved stakeholders. This was often reported as challenging, and therefore a 
barrier against adoption.  
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2.5. Conceptual model to enhance the deep-renovations process 
Based on Fine’s modularity framework, Figure 1 presents a conceptual framework which includes the 
pre-conditions which need to be met to enhance the overall efficiency of deep-renovation processes 
on four aspects, project lead time, cost, quality and circularity respectively. As suggested in the 
conceptual framework, in order to improve the overall performance and quality delivered for deep 
renovation projects applying modular products, the working hypothesis and pre-conditions have to 
be met in order to enhance deep renovation projects applying modular products. 
The theoretical model illustrated is put to the test in this study in a practical setting by means of 
interviewing modular product system manufacturers. The primary goal while testing this theoretical 
model in a practical setting is to uncover if the working hypothesis and pre-conditions are being 
implemented in the industry setting by successful modular product suppliers.  While putting this 
model to the test in a practical setting, the focus is specifically narrowed on how to improve the overall 
performance and quality delivered. This challenge along with its respective working hypothesis and 
pre-conditions are taken into consideration and tested.  
 
 



 
 
Figure 1 - Conceptual model presenting the pre-conditions to enhance the overall efficiency of deep-renovation process on four key aspects concerning 
project lead time; cost; quality and circularity
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3. Findings 
 
The following section highlights the key research findings illustrated in Table 5. 
 

3.1. Background of the interviewed companies  
 
WEBO  
Carpentry factory WEBO is a family owned business (SME). Core business is the production of wooden 
frames and façade modules. Innovation and improvement of daily production routines are major 
activities to enhance the competitiveness of WEBO on the market. Recent developments include the 
implementation of a new production line for wood frames based on a series of one, expanding the 
range of the product ‘scaffold less facades’. This is done by a system of installing the facade from the 
inside out (this system is patent pending). WEBO is a market leader and frontrunner when it comes to 
innovation. The scaffold less facades are supplied to both residential and non- residential construction 
projects.  
 
ALIVA  
Aliva, founded in 1986 as an independent company part of the Ivas Group (since 1953), is a company 
specialized in the engineering, production and installation of an architectural cladding systems. It’s a 
leading company in the field of ventilated facades, a thriving and dynamic business, highly specialized 
and versatile, that develops customized facade solutions based on specific requirements and 
challenges with a strong commitment to the “tailor-made” approach. Aliva can offer a complete 
service, including the study of components, the nature of the decorative cladding, the design of a 
specific fixing system, the production of the structural elements, the architectural production 
information and installation.  
 
Factory Zero 
Building and retrofitting can be done much faster, cheaper and more sustainable. This needs a radical 
change from traditional ways of building using 21th century software and technology. Factory Zero 
puts design, continuous innovation and industrial production processes at its core, delivering 
integrated indoor climate modules. Multi-disciplinary teams continuously work on the development 
of integrated building envelope technology, on-site sustainable energy production, heating and 
cooling systems and new production and assembly techniques. The current focus of building 
companies is mostly on delivering production capacity for its customers instead of high quality 
products. By delivering high quality products, i.e.  integrated indoor climate modules, instead of 
installing of-the-shelf components, renewable energy technologies can be installed more efficiently.  
It is expected that Factory Zero will become market leader in the coming five years. Factory Zero 
produces and delivers complete home makeovers components. Working in close cooperation with 
innovative players in the building supplies industry it will lead a continuous innovation process 
improving these retrofit packages.  
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3.2. Implications for the key stakeholders applying modular product systems 
All three of the interviewed companies are introduced by one of the following stakeholders – the 
general contractor, general designer or the housing associations. They are introduced early on in the 
project during the tendering phase or after the tender had been awarded for the project. The most 
important stakeholders for these companies are – general contractor, general designer, sub-
contractors that carry out installation on site, materials suppliers, housing association, H&S 
consultants & approval comities of municipalities   
 
• Implications to the tasks and responsibilities across the supply chain while implementing 

modular product systems 
From the perspective of the modular product supplier, there is not a major shift in responsibilities for 
the company itself. However, it does have an impact on the tasks and responsibilities of other 
stakeholders.  
 
• Implications to the tasks and responsibilities of the general contractor  
It was noted that introducing a modular product system results in advantages and disadvantages for 
the general contractor. The advantage for the general contractor is that the general contractor has 
one contract with the modular product supplier instead of having multiple contractors with different 
individual suppliers. This results in easier contract and risk management and additionally results in 
lowered procurement costs. The disadvantages that the contractor faces are the following – 
introducing a modular product system limits the space and freedom that the contractor has as the 
contractor has to consider the requirements of the modular product system and adapt the layout of 
the ventilation channels, water piping, heat output devices, the location of the technical room .  
 
• Implications to the tasks and responsibilities of the general designer  
Most general designers often do not reach the level of detail that is necessary for utilizing modular 
products. In contrast to traditional construction practices where many design aspects are left to be 
improvised on site, general designers now have to reach a level of detail that is appropriate for utilizing 
modular systems in their building design.  
 
• Implications to the tasks and responsibilities of industrial suppliers  
Modular product manufactures heavily rely on industrial suppliers who provide materials, parts and 
components that are utilized in manufacturing the modular product are of the desired quality and 
standards. 
 
• Implications to the tasks and responsibilities of sub-contractors who carry out installation of 

modular product systems on site  
Modular product suppliers have to ensure that their subcontractor who install their products on site 
are adequately trained and do not cause any damage to the product during installation.  
 
• Impact of this new supply chain on process efficiency  
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Since modular product systems are manufactured on factory and installed on site, the renovation time 
on site will be reduced. Since there are less labor-intensive tasks to be done on site, the health and 
safety aspect for on-site workers is also improved. Due to the reduction in on site tasks, traffic on site 
is reduced and this results in lower on-site costs and reduced disturbances to neighboring occupants. 
Utilizing modular products for renovation results in  
 

3.3. Preconditions to enhance circular deep renovation processes  
Based on the research findings from the interviews, the following seven preconditions are formulated 
in order to enhance the deep-renovation process applying modular products.  
 
1. Shift from selling a solution towards selling a standardized product  
The process of selling a project oriented solution instead of a standardized modular product has 
various setbacks. Selling a solution allows for the general contractor / client to opt for very specific 
product specifications. While this may serve precisely to the wishes and desires of every different 
client, it drastically reduces the level of standardization for product manufacturer. Specifically 
engineering and manufacturing products with many different options for each project lowers the 
possibility for mass-producing modular products. This setting directly influences the production costs 
of the modular products and results in an elevated product cost. Shifting towards selling a modular 
product system with a standardized core and pre-set customization options will limit the options that 
are provided to the general contractor / client.  
 
Furthermore, it will elevate the potential for upscaling production and manufacturing processes. 
While implementing this strategy will initially have its setback – lesser options for customization for 
the client, it will result in a beneficial outcome in the long run. Up-scaling production and 
manufacturing will enable the product manufacturer to sell the modular products at a lower cost to 
clients and this will result in more potential clients to be interested in adopting modular products. In 
addition to lower procurement costs of the product, standardizing products and limiting the options 
that are provided, i.e. offering standardized variety, will result in a more efficient installation 
procedure for the installation company. This will further result in various advantages such as reduced 
on site installation time, lower levels of installation errors and remedial work and overall lower 
installation costs.  

 
2. Setting sales boundaries  
In order to achieve higher standardization, it is crucial that modular product suppliers have set sales 
rules and clearly articulate in their business model on what they can and cannot sell. Being too flexible 
and offering too many product modification options will have a negative impact on upscaling 
production; being rigid with very few product customization options will result in a lower level of sales 
and this will negatively impact the business of the product manufacturer. Therefore, it is crucial to 
achieve the right balance between the above-mentioned scenarios and reach a setting where product 
standardization and flexibility have a balance. This can be achieved by developing and maintaining 
stable long-term relationships with a select group of construction companies that often work on 
construction projects with the same type of dwellings e.g. student housing, apartments etc.  
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3. Avoid working with different sub-contractors  
With regards to the installation process of modular products in deep renovation projects or new build 
construction, it is essential that the product manufacturer works in collaboration with a limited 
number of installation companies for all future projects. Working with different sub-contractors for 
different projects has many downsides. The installation team needs to be thoroughly briefed on the 
all the installation processes involved and this is very time consuming. Furthermore, without adequate 
experience on working with the respective modular product, the potential for installation errors on 
site increases. In contrast, by working with the same sub-contractor for all future project,  the planning 
processes can be achieved in a much faster pace with lower possibilities of installation errors as the 
installation team will be experienced with working with the respective modular product system. This 
will result in much quicker installation on site with lower risk of remedial work during installation.  
 
4. Smart planning of deep-renovation processes 
When working with modular product systems, it is crucial that all stakeholders work in collaboration 
with each other. Unlike traditional construction practices where a lot of processes are left for 
discussion and improvisation on site, modular products require a set framework for the processes that 
are to be undertaken (see DRIVE-0 Deliverable 3.1). Therefore, it is essential that all stakeholders 
adapt an integrated approach to the planning of processes where it is clearly defined on which step 
follows the prior. Next to this, it is also essential to clearly define the tasks and responsibilities of all 
stakeholders and come to a joint agreement on the allocations of tasks and responsibilities and 
manage expectations accordingly.  
 
5. Getting products certified  
The findings of this study prove that obtaining certifications for modular product systems on a national 
and EU level will result in overcoming resistances from two standpoints, both of which are crucial for 
adoption of modular product systems. Firstly, obtaining certifications will enable modular product 
suppliers to provide guarantees and quality insurances to clients and enables the supplier to defend 
their systems to naysayers by showcasing that the products adhere to guidelines and possess 
certifications that are required by legislations. This aspect of enhanced quality insurance will assist in 
enhancing the adoption of modular product systems.  
Modularity is at an early stage as an innovation and technology strategy in the construction industry, 
and especially in the deep-renovation market. Although its benefits are acknowledged its uptake tend 
to be slow. New arrivals are often not CE certified as a product systems and depend on the individual 
CE certificates of the integrated components. This potentially hinders full integration of single 
components in the modular product system and subsequently hinders to exploit the full potential that 
can be achieved in terms of the overall performance of the modular system. It also handicaps long 
term collaborations between the involved partners to further innovate the modular product system 
developing improved versions of the modular product systems of introducing new product variants. 
From the interviews it was learned the product certification is both complex and resource intensive, 
and can take over 2 to 3 years. In particular the affordability of lengthy certification procedures can 
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hinder construction SME’s to invest into and introduce these type of technology innovation mostly 
needed to enhance the deep-renovation process.   
 
6. Develop a standardized plug and play connector 
In order to enhance renovation time on site, it is essential to develop a standardized connection such 
as a plug and play connector which every contractor / façade builder can have preinstalled in the 
façade. This will allow modular product suppliers to install their units at a much quicker pace and will 
contribute towards reduced on site traffic and installation time. This strategy will also reduce the rate 
of installation errors and the respective potential double works on site. However, this can only be 
achieved by tight coordination with all involved our stakeholders and coming to a standardized 
solution where all parties understand exactly how the solution works.  
 
7. Product branding 
Product branding is another important strategy which will sustain the adoption of modular product 
systems and subsequently enhance the overall deep-renovation process. Developing a well reputed 
and trustworthy brand image will serve two benefits. Firstly, it will positively affect the level of 
standardization that the product system supplier can ‘enforce’ by exploiting its reputation. Secondly, 
by developing a well-established brand image, modular product system suppliers can stand their 
ground with regards to product specifications and sales with the general contractor and the general 
contractor is less likely to try and force the suppliers to make changes to the modular systems. In 
addition to enhancing the level of standardization, product branding will also play a positive role with 
regards to the providing assurances on quality of the product to prospective clients. 
 

3.4. Connecting the findings to the conceptual model  
Based on the findings of this report, a comparison is made in the flowchart below on how the 
boundary conditions formulated in this report is coherent with the working hypothesis and 
preconditions that are illustrated in the theoretical model illustrated in table 5. 
 

Table 5 - Connection the research findings to the conceptual model 
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As it can be observed in table 5, a direct link is formulated between the theoretical model that is 
adopted and tested and the preconditions formulated based on research findings. Based on this 
outcome, it can be stated that the theoretical model has been tested and proved in the practical 
setting of the DRIVE-0 project and the proposed solutions will thereby positively impact the overall 
enhancement of circular deep renovation projects applying modular products.  
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Table 6 – Overview of the key research findings 
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4. Conclusion  
 

This study is among the first to study the preconditions that need to be met to enhance the deep- 
renovation process by applying modular product system mechanisms that affect the adoption of 
green modular innovations in the housing sector. Applying modularity strategies in the deep-
renovation market is regarded as essential since modularity is considered key to both stepping up 
the deep- renovation pace (D’Oca et al., 2018; Decorte et al., 2020; Op‘t Veld, 2015) as well as at 
arriving at a circular building stock (Ellen MacArthur Foundation, 2015a, b). The study addresses an 
important gap in the literature identified by Cillo et al. (2019) concerning the lack of empirical 
evidence on factors that enable or hinder sustainable practices. Our multiple case study was guided 
by the following research question: “What are the preconditions to enhance overall efficiency of 
modular deep- renovations processes?”.  
 
In addressing this research question, this study reveals that in order to enhance circular deep 
renovation processes applying modular products, a shift in the dynamics is essential from all the 
three dimensions of modularity as proposed by Fine et al. (2005). From a product level, it is essential 
to standardize as much as possible as this will effectively enable modular product system suppliers 
the opportunity to mass produce their products with standardized interfaces and pre-set 
customization options that allow room for some flexibility (standard variety). Standardization 
followed up mass production will thereby result in lowered manufacturing and production costs 
and this will positively impact renovation projects by reducing renovation costs for clients. 
Companies can simply achieve this by setting rigid sales rules and boundaries and strictly abiding to 
those rules when faced with a challenge. Next to that, modular product system suppliers can vastly 
benefit in an industrial setting by developing a strong brand image within the industry as this will 
enable them to have an upper hand in negotiations and avoid being strong-armed by requests from 
clients that could potentially disrupt standardization. At the process and supply chain level, it is 
essential to incorporate smart planning of processes between all involved stakeholders within the 
deep-renovation project. This can only be achieved by incorporated an integrated planning 
approach with the involved stakeholders. Doing so will enable circular renovation projects applying 
modular product systems to reduce renovation time, reduced on site traffic and eliminate the 
possibility of on-site installation errors and potential double work on site. In addition to this, it is 
also essential that stable and long term relationships are maintained between the modular product 
system supplier and sub-contractors. Utilizing the same sub-contractor for multiple renovation 
projects will directly enhance the quality of installation carried out during renovation and reduce 
the possibility of onsite errors. This will further enhance renovation time and reduce renovation 
costs. All in all, our study provides empirical evidence on the effect of modularity on adoption in line 
with the three dimensions of the modularity concept proposed by Fine et al. (2005).  
 
This study contributes to the existing body of knowledge concerning the preconditions that need to 
be met to enhance the deep-renovation process by applying modular product systems. By 
conducting an extensive literature review and in-depth interviews with front running construction 
firms, we have identified 7 preconditions. The research findings support previous research that 
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suggests that, when products become modular, both the production process and the supply chain 
need to move in a similar direction. Moreover, in line with research conducted by van Oorschot 
(2020) the identified preconditions support the hypothesis that enhancing the deep- renovation 
process by applying modular product systems depend on coherence between the three dimensions 
of modularity. As a suggestion for future research, the identified preconditions can be further 
explored and confirmed in large-scale studies to increase understanding of preconditions for 
successful modularization. 
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Appendix – Interview transcription  
 

Q.1) What are the key characteristics and key benefits of your module? 

 
 

WEBO 
 

 Wood based structure – lower CO2 emissions compared to competitors   
 Less traffic on construction site – reduced disturbances for neighbors 
 Less transportation from factory to site and back – reduces transportation costs  
 Reduces construction time on site – enhanced renovation time  
 Reduces on site labor work – reduces labor costs 

 
FACT0 

 

• We provide an all in 1 module at an affordable price 
• It is compact  
• Quick and easy installation process 

 
 
 
 

ALIVA 
 
 

 

• 100% prefabricated for plug & play installation. 
• Operations moved from site to workshop therefore quality and repeatability increase.  
• Decrease of site -related uncertainties in terms of times and costs. 
• Costs moved from on-site operations to workshop operations, company less dependent on 

installation service. 
• Workshop manufacturing procedures easier to optimize and industrialize. Workshop 

processes are easier to control. 
• Relevant reduction of disturbance to occupants. 

 
Q.2) Why did your company develop this module (Any stakeholders from outside your organization 

involved)? 

 
WEBO 

 
 

 Internal development but received initial idea and input from stakeholder externally  

 Webo was open for new innovations 

 
 

FACT0 
 

 

• The founders of the company had connections in the sustainable construction sector who 
uncovered a gap in the market and took advantage of this opportunity.  

• The gap existed because we had to quickly progress towards a sustainable future and we had 
to do this quickly at an affordable price.  

• At that time, there were no solutions as such available and the founders of the company 
quickly took advantage of the situation and developed our product.  

 
ALIVA 
 

• Internal development  
• To bridge the gap in the market that our founders aimed to bridge  

 
Q.3) What kind of building are subject to prefab renovations 

 
WEBO 

 

 Mostly high-rise dwellings with a lot of repetitive design  
 some terrace housing renovations  

 
 

FACT0 
 

 

• Currently, we mainly focus on standard dwellings (row of residential houses) together with 
projects from housing co-operations.  

• These are often smaller standardized.  
• For renovations and new build, it is almost similar looking houses.  
• We aim to expand our portfolio to be able to cover almost all types of houses.  
• We are also targeting apartment buildings.  
• For future we are aiming to target home owners. 
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ALIVA 

• We provide our solutions to all kinds of new building construction and deep renovation 
projects 

 
Q.4) What are the primary reasons that your module is adopted and implemented in deep-renovation 
projects? 

 
 

FACT0 
 

 

• One of the big advantages is that our module saves space.  
• Because we target smaller houses, every sq. meter you saved is bonus for the client as extra 

spaces can be sold for more money.  
• When clients buy our unit, the clients only have to deal with one party instead of multiple 

installation companies.  
• Our unit results in higher process efficiency as less on-site labors are required during 

installation.  
• Our unit also results in enhanced renovation time.  
 

 
 
ALIVA 
 

 

• Fast to install 
• Quality and repeatability 
• Cost-effective with no uncertainties. 

 
Q.5) What are the implications for the construction deep-renovation process applying this module: 
a) At with stage is your organization normally introduced in the project and by whom? 
 

WEBO 
 

 Generally introduced by the construction company into the project 
 Webo is a subcontractor for the construction company 
 Webo provides the construction company with façade solutions  

 
 

FACT0 
 

 

• We are introduced early in the project by a contractor.  
• First, we analyze our steps and how we will carry out said steps.  
• Based on our proposal, the contractors decide if they choose to implement our module or not.  
• Utilizing our module has influence on the contractor’s building plan as the contractor has to 

re-adjust their design plan in order to incorporate our module.  
 

 
 

ALIVA 
 

• Typically, we are introduced by general designer during tender phase while they are 
addressing how to design the building.  

• Other times, we are introduced by a general contractor at a later stage when the building 
tender is already given to them and when they are exploring for an alternative specification 
that is specified in the tender.  

 
Q.5) What are the implications for the construction deep-renovation process applying this module: 
b) Who are the other stakeholders in the project? 

 
WEBO 

 

 Construction company – most important stakeholder because they handle the money, risks, 
and they determine if they can make or break the product.  

 Webo heavily relies on this stakeholder because if their installation process is good, the 
product receives positive feedback but if the installation process by the construction 
company is poor, the product fails.  

 Webo does not manage and oversees the whole process and does not have a final call in the 
installation of their product  

 Housing association is another key stakeholder 
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 Suppliers who supply materials to Webo 

 
 

FACT0 
 

 

• Façade and roof installers 
• Contractors 
• Housing associations  
• PV panel installers  
• Transportation service company to transport our module to the site.  

 
 

 
ALIVA 

 

• General contractor 
• General designer (Architect) 
• H&S consultants  
• Façade consultants 
• Sub-contractors 

 
Q.5) What are the implications for the construction deep-renovation process applying this module: 
c) Could you describe the construction deep-renovation process from the moment your organization has 
become part of the project? 

 
WEBO 

 

 Webo is introduced into the project when formulating measurements for the façade  
 the measurements are either done by Webo or the measurements are given to Webo by the 

construction company  
 when Webo takes on responsibility to make measurements, the task Is then subcontracted to 

another company who makes point clouds in 3D  
 The 3D point cloud plans are then forwarded to Webo where the engineers work in BIM 

modeling in Revit, ensuring that the measurements fit into the renovation.  
 once this engineering solution receives a green light by the construction company, Webo 

starts production of the product   
 The products are produced in a fully autonomously factory  
 The product time of most products range between 5-8 weeks upon which, the product is 

deliver to the sire 
 For bigger projects – Webo has an installation crew specialized in installation of their products  
 For smaller projects where installation is easy, the construction company carries out 

installation   

 
 

FACT0 
 

 

• We provide installation details to – contractor, the façade and roof builder and the floor 
heating installation company.  

• We use BIM modeling and tell them where the connections ought to be.  
• We have a standard installation frame which should be placed in the location if the unit is 

placed inside the house.  
• Most often, we do the BIM modeling in house but there are some instances where we 

outsource this task.  
 

 
 

ALIVA 
 

• We are introduced mostly in tender phase  
• The general designer specifies the requirements and specific performances in terms of 

thermal, safety, wind load etc.  
• From this point, we design assist with the general designer and specify our product in the 

general construction tender  
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• Once the construction tender is awarded to a general contractor we need to sell our system 
once again to the general contractor who should approve of our product because the general 
contractor is the stakeholder who pays us for the product 

• Once the general contractor approves our product, we design our product according to the 
desired requirements.   

• Once we receive the structural drawing of the building, we are very autonomous.  
• We take the drawing given to us and we design the façade and produce it in house.  
• Once this is done, we hire a sub-contractor to install it in the building  
• We take all the responsibility related to the façade / envelop  

 
Q.5) What are the implications for the construction deep-renovation process applying this module: 
d) What are your suggestions to improve the construction process to exploit the benefits of the module to its 
full potential, i.e. work distribution between onsite and factory? 

 
WEBO 

 

 At the moment, we sell a solution to the construction company and not a product, we believe 
that selling a product instead of a solution will improve the processes 

 This process of selling a solution is inefficient because it is time consuming - we investigate the 
situation, the dimensions, and then check how our façade can fit into that model. This is time 
consuming and costs a lot of money 

 On a product level however, you can have standard set of products and produce them on a 
mass scale and provide the construction company / housing association / occupants with 
options on different product characteristics they can choose from.  

 This approach would reduce cost, improve speed and reduce disturbances to occupants. 
However, this is the ideal situation and there are many barriers in order to achieve this ideal 
situation. 

 The barriers are – The construction companies request for a solution and not a product. This is 
because they are in turn, asked by the housing association for a solution and not a product 
and this has to do with risk management.  

 Dwellings in the Netherlands are all designed differently and there are almost 100,000 design 
options available to clients.  

 This is very inefficient and this way of thought that currently persists needs to be altered to a 
setting where we should standardize standard design interfaces as much as possible.  

 Standardization with a completely integrated design and production system will enable mass 
scale production which will result in lower production costs and speed up the processes 
involved  

 However, achieving this is very difficult because the entire construction industry is segmented 
and loosely coupled. 

 At Webo we start with this change ourselves by setting rules in our sales process where our 
team states what they can and can’t sell.  

 We start with saying no by proposing different solutions and we make the margins smaller.  
 In the future, we aim to achieve mass producing as this will result in lower costs. This will 

enable our clients to see the advantages and the spiral will commence.  
 However, this process is very difficult because selling no to a client is very difficult when our 

competitors says yes.  

 
 

FACT0 
 

 

• More standardization of process, parts and materials utilized in the module and 
standardization in building layouts. Developing a standardized connection such as a plug and 
play connector which every contractor / façade builder can have preinstalled in the façade. 
This will enable us to install our unit faster. This will reduce the possibility of errors and 
potential double work on site. This is only possible if we can communicate with our 
stakeholders and come to a standardized solution and all parties understanding how the 
solution works.  
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• Smart planning. with so many stakeholders working in collaboration, numerous processes can 
be planned simultaneously which can result in enhanced renovation time. however, this is not 
the case at the moment and this is not efficient. Many processes which can be planned 
simultaneously and completed in a week, now takes up to 3 weeks.  

• Therefore, we need to focus on smart planning of works and jointly uncover which step 
follows which steps. For this, co-operations between stakeholders is crucial and the less 
parties involved, the easier this is to achieve  

• Managing expectations on who is responsible for what is important and in order to do this, 
tasks and responsibilities need to be jointly discussed and agreed upon between all parties 
involved.  

 
 

 
 

ALIVA 
 

• To reduce cost - we need to industrialize the process, standardizing it while maintaining some 
flexibility.  

• Move all the possible operations to workshop leaving to site just minor operations 
• To improve speed – industrialization & BIM driven process 
• To reduce disturbance to occupants- Utilize plug & play installation  
• To improve overall quality delivered to the client - Industrialization, 4.0 BIM driven processes 

and relevant investments are required 
 
Q.6) What were the key tasks and responsibilities that were re-allocated across different stakeholders? / 
when introducing your module into a project, what are the implications to the allocation of tasks and 
responsibilities in contrast to traditional construction? 

 
WEBO 

 

 For Webo, there was not much of a difference.  
 In traditional construction you have a concrete inner shell and the bricks are laid on the 

exterior of the shell.  
 However, our integrated façade is a complete façade with the bricks slips present so the key 

function we eliminated is the brick laying on site.  
 instead, we set up a separate work station working where a laser projector projects the 

markings of the brick slips onto the façade wall and the brick slip are simply stuck manually on 
the projected layer in factory. 

 Eliminating the brick laying process on site in turn benefits the construction companies 
because they often have a tough time finding labors that brick lay as the number of people in 
the Netherlands willing to do this job is declining. 

  The elimination of this process results in the construction company not needing to use 
scaffolding for their construction which thereby benefits them as they have one less task.  

 Furthermore, doing the bricklaying on factory instead of onsite further results in a more safer 
work environment for the construction workers so we see this as a societal benefit.  

 
 

FACT0 
 

 

• Introducing our module limits the space and freedom that the contractor has as the contractor 
has considered the requirements for our module and respectively adapt certain plans.  

• Our module changes the layout of the ventilation channels, water, heating, technical room 
location etc.  

• The contractor has to prepare the design accordingly based on these factors.  
• Once we are introduced by the contractor; due to the small size of our company, we often 

have to adjusted certain parts of our module to fit the desires of the contractor. However, as 
we grow, it will turn the other way around.  
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ALIVA 

 

• For our company, we don’t see any relevant shift of responsibilities.  
• Considering our job from the start to end, all the responsibility remains same for us.  
• We have more responsibility put on industrial suppliers for components, parts and such and 

less on the man power on site such as installers and workers on site 
• In general terms, there is not so much shift because the general contractor will always require 

specialized module and aims to have one contract with one company as a one stop shop as 
this makes it easier for the contractor and less expensive.  

 
 
Q.8) What impact did this new supply chain configuration have on process efficiency & overall project 
quality? 

 
WEBO 

 

 Process efficiency increased due to scaffolding-free construction.  
 Enhanced safety for on-site workers  
 Quicker onsite construction – Construction time cut by 1/3rd of the overall construction 
 Reduced labor costs  
 Reduced on-site traffic  
 Less disturbances to neighbors 
 Overall CO2 emissions are reduced   

 
Q.9) In which specific areas did you encounter the most resistances by incorporating this supply chain set up? 

 
WEBO 

 

 Most resistance encountered from people who continue to follow traditional construction 
methods and have a financial/emotional stake in conventional building.  

 E.g. Municipality worker in Rotterdam who was in charge of issuing permits rejected the 
solution of WEBO because the person did not believe in the product, while Webo provided 
evidence that the product worked.  

 This was a major drawback for the construction company because they had to halt various 
projects that were planned in Rotterdam which utilized Webo’s solution and this resulted in 
financial losses for the construction company.   

 
 

FACT0 
 

 

• Many contractors who have certain desires and wishes to work with a certain brand or 
installation company. Therefore, they want us to include them in our module and this is 
sometime difficult for us. We have a set frame and now we have to re-adjust our module in 
order to incorporate the specific desire/wish. This is often a struggle.  

• Some contractors have certain ideas about how the end result should look like and because of 
this, we have to change our module or else they will not accept it. This is due to the size of our 
company. Because we are still a startup company, the contractors can force us at this point. 
This results in a lot of excess work for us.  

• we also encountered resistances from the committee of wellbeing who is responsible for the 
appearance of the houses. For one project where we had to install our systems for 63 
residential dwellings, we could not place our module on the roof as planned because of the 
committee’s decision and we had to reallocate them to a different location in order to suit the 
need of the committee and this resulted in a lot of issues and added renovation time and costs 
for us with connecting them to the core.  

• As we are growing, we can limit the options we provide to our contractors. However, if we 
grow, we can provide better options as our quality will improve and due to this, the need for 
them to request changes will also decrease. Many of these wishes now exist because our 
product is not perfect yet and can still be improved.  
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ALIVA 

 

• Many General designers do not reach the level of detail that is needed for utilizing modular 
products in their design for complete prefabrication.  

• There are not set design conditions and a lot of crucial aspects are left to be discussed on site 
and be rectified via improvisations.  

• This strategy works for traditional construction but not for modular construction techniques.  
• In order to appropriately utilize modular prefab systems, we need to have all relevant 

information and they need to be aligned between the general designer, general contractor 
and all the sub-contractors.  

• Another crucial aspect is the installation of our prefabricated system by our sub-contractors. If 
the subcontractor is inadequately trained or lacks the appropriate information and expertise 
required to properly install our system, they ca cause a lot of damage with regards to the 
value of the product.  

• The damage they could cause can be high and this will result in a negative result for our 
company’s brand image. Considering prefab elements, this risk is even bigger. 

 
Q.10) What were your counter strategies to overcome these resistances? 

 
WEBO 

 

 We appealed the rejection for the permit and presented the case to the building arbitrary who 
then provided a positive verdict.  

 however, this was a long and time-consuming process because the products need to be 
certified on a Dutch level.  

 Some of our products have CE markings and we constantly work towards certifying all of our 
products with CE marking for both the Dutch and EU market and we are audited get for this 
every year. 

 Getting our products certified enables us to defend our products to naysayers by showcasing 
that our products adhere to guidelines and possess certifications that are required by set 
legislations. 

 However, getting the certificates is another barrier because they are very time-consuming as 
they take approximately 1-2 to get certified. We believe it will take another 2 years to get our 
entire portfolio certified and in two years we will have more innovations so we have to then 
get these certified.  

 Therefore, getting the appropriate certification is a major hindrance to the adoption of our 
innovations.  

 Obtaining certifications on a Dutch level is direct and clear.  
 On an EU level, it is very complicated due to lack of set guidelines. There were numerous 

projects where we presented our product for EU certification but due to lack of set guidelines 
to certify our product, we were unable to obtain certification and were therefore stuck.  

 
 

FACT0 
 

 

• We find ways to share the added costs or have the contractor pay for the extra work that we 
have to put in to satisfy their wishes/desires.  

• Developing our design, improving our quality and growing our company’s brand name will 
help us overcome these resistances.  

• The goal for the coming years is to create one standardized version of our module and then 
improving it further before we put it into the market. 
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ALIVA 

• Ensuring our sub-contractors are experienced in installing our prefab products 
• Do not use different subcontractors but instead, use the same subcontractors for future 

projects  
• Educating the subcontracts about our products  

 
Q.11) From your lessons learned, what are the main focus areas (with regards to managing the division of 
tasks and responsibilities across stakeholders) that can assist other companies with enhancing their modular 
deep renovation processes? 

 
WEBO 

 

 The most important aspect is to upscale production of products with standard interfaces and 
follow this by cutting costs.  

 This will convince people about the advantages of the strategy and people will start believing. 
 Finally, companies should innovate products that they truly believe in and have this belief 

integrated into the company’s core mission, vision and goals.  
 At Webo we believe in wood. we produce wood-based solutions and all out innovations are 

based on wood and this is integrated deep within the core of Webo’s business model.  
 Therefore, for companies aiming to be innovative, it is very important that the whole 

organization and all of its employees stands for something and move forward from there.  
 

 
FACT0 

 
 

• The key focus should be to collaborate and work together with other parties right from the 
start of the project.  

• Work on developing stable long-term relations.  
• In the beginning stages, give a little extra and this will definitely will pay back in the long term.  
• Product branding is another crucial focus area and companies should focus on developing 

their brand image right from the start. 
• The most important of all is to focus on quality of the product that you deliver in order to live 

up to expectations.  
 

 
 

ALIVA 
 

• You need to be really flexible in addressing specific wishes and desires of contractors and 
designers because in every project, there are different requirements.   

• You need to have one standardized core but should always leave room for modifications and 
adoptions to your product so that the product can match specifically to the project.  

• Lastly, focus on providing complete pre-fabricated products and not partial pre-fabricated 
products because partial pre-fabricated products do not work  

 
Q.12) What is the role of prefab company in accounting for old materials in construction: -  
a) What kind risk and challenges do you envision? 
b) How do you envision modular construction to circularity? 
 

WEBO 
 

 Pre-fab companies do play a major role and have more opportunities to modify old materials 
that come out of dwellings for re-use into the production of new high-end materials.  

 Pre-fab companies have a bigger hand towards re-using old materials when compared to more 
traditional companies because often times, pre-fab companies have the infrastructure in place 
that is required to carry out the processes required for re-using old materials and this is an 
aspect which traditional companies often lack.  

 
Q.13) To what extent your company opt for reusing old materials? What are the main considerations? 
 

WEBO 
 

 Webo do not use much old materials  
 Webo re-uses glass mineral wool insulation which is made from recycled glass.  
 Webo uses wood which is sourced from responsible harvests.  
 Webo utilized old materials for pilot projects where wooden window frame were 

manufactured from old wooden doors.  
 However, for their other projects, Webo does not utilize old materials because of two main 

reasons.  
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 When using old materials, the quality of the old materials should be fairly similar to that of a 
new material in order to provide guarantees. However, checking the old materials for their 
quality is something that Webo does not.  

 Secondly, when utilizing old materials, there should be an adequate and constant input of 
materials because Webo is a big factory. However, obtaining a regular supply of old materials 
is not easy.   

 
Q.14) What are the main drivers and barriers to the re-use and recycling of ‘old’ materials in construction? 
 

WEBO 
 

  Quality of old materials is a main driver because to have assurance on quality, checks need to 
be performed on old materials and this is not a function that is part of Webo’s core business. 

 However, Webo believes that utilizing old materials will help them in reducing CO2 emissions 
which is one of Webo’s main missions but in order to reach this situation, regulations for 
utilizing re-used materials should be set by the government followed by stimulus packages or 
else the market won’t get to the desired situation 

 
 


