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Sammanfattning

Industriellt byggande tagit sig olika uttryck och gétt igenom olika faser
beroende frdn var inspiration har hdmtats. Detta projekt har studerat
mojligheterna med industriellt byggande i1 tvd applikationer: trdhusbyggande
och renovering av flerbostadshus.

I Sverige ar trdbaserad industriell produktion av bostdder en relativt stark
sektor, men man befinner sig ndgonstans mellan industriell produktion och den
traditionella byggsektorn, vilket har lett till viss ambivalens. IT-stdd och
produktdokumentation é&terspeglar till stor del hur det ser ut i resten av
byggsektorn, vilket gor att man far svart att utnyttja potentialen i industriellt
byggande fullt ut.

Industriell produktion av trihus skulle kunna forbéttra sin effektivitet genom att
pa ett bittre sétt utnyttja mojligheterna med IT stdd och ha en battre
Overenstimmelse mellan de interna processerna och affairsmodellen. Dessutom
behdver man tinka 6ver hur man dokumenterar produkter for en industriell
kontext. Dessa fordndringar kommer oundvikligen att fa effekter for hur man &r
organiserad, kréva nya eller fordndrade processer samt ha pdverkan pa hur man
kan anvinda produktdokumentation.

I Sverige finns det starka fastighetségare som skulle kunna ta en aktiv roll i det
industriella byggandet om man hade rétt kunskap och verktyg. En intressant del
av byggsektorn dr renovering av flerbostadshus — idag &r investeringarna i
renovering storre dn i nybyggnad. Renoveringsbehovet av flerbostadshus i
Sverige s& vil som i resten av Europa &r stort. Hur det ska finansieras och
genomforas dr problem som manga fastighetsdgare brottas med och olika
strategier har anvints. Exempelvis stambyte ar ett stort och kostnadsdrivande
ingrepp i byggnader och manga byggnader ar i stort behov. Sammanrédknat
renovering och nybyggnad kan flera svenska bestdllare komma upp i volymer
over 1 000 badrum per &ar, vilket skulle kunna motivera satsningar pé
industriella strategier. Ett fallstudieforetag i projektet har valt ett angreppssatt
dir man standardiserar stambyten till ett begrinsat antal 16sningar. Detta kan
ses som en borjan till industriell strategi.

For ytterligare industrialisering krévs att fastighetsdgare tar ett samlat grepp
kring utveckling och standardisering av produkter, samt att man ser till att



béttre kontrollera processerna for genomforande av stambytesprojekt. Insatsen
for att skapa industriella strategier dr inte ouppndbar, men det kréver
investeringar och kompetens som dagens fastighetséigare normalt inte har. Om
fastighetsdgare skulle agera som konceptdgare for industriella plattformar for
renovering och nybyggnad finns potentialen att skapa en ny marknad.



Summary

Industrialized construction has over the years taken different expressions and
gone through different phases depending on where inspiration has come from.
In this project, industrialized construction has been studied in two applications:
timber house manufacturing and renovation of multi-family houses.

In Sweden industrialized production of timber houses is relatively strong in the
housing sector, it however resides somewhere between industrial production
and the traditional construction sector, which has led to some ambivalence. IT
support and product documentation largely reflects the traditional construction
sector, which means that they find it difficult to use the potential of
industrialized construction in full.

The efficiency of production of timber houses could be improved by more
effective use of IT support, as well as better coherence between internal
processes and the business model. Further, they need to consider how to
document products in an industrialized context. These changes will inevitably
have an impact on how they are organized and would require new or changed
processes. It will also have an impact on how product documentation can be
used.

In Sweden there are strong property owners who are able to take an active role
in industrialized construction if they were provided with the right knowledge
and tools. An increasingly interesting sub-sector of construction is the
renovation of multi-family houses, today investment in renovation is larger
than in new construction. The renovation need in multi-family houses in
Sweden, as well as in the rest of Europe, is large. How it will be financed and
implemented is a problem that many property owners struggle with and
different strategies have been used. For example pipe renovation is a major and
costly action and many buildings are in great need. Several Swedish property
owners can altogether show volumes over 1000 bathrooms per year in
renovation and new construction, this could justify investments in
industrialized strategies. A case study company in the research project has
adopted an approach that standardizes pipe renovation to a limited number of
solutions. This can be seen as a first step of an industrial strategy.



For further industrialization, clients need to implement a comprehensive
approach to the development and standardization of solutions, as well as
ensuring better control of processes for implementing pipe renovation projects.
The effort to create industrialized strategies is not unattainable, but it requires
investments and expertise that property owners today typically do not have. If
property owners would act as concept owners for industrialized platforms for
renovation and new construction, it has the potential to create a new market.



Definitions and abbreviations

Below are explanations to some commonly used expressions and abbreviations
that are used throughout the thesis.

BIM

Client

Customer

Configuration

ICTAT

LCC
MFD

Partnering

Property owner

PPA

QFD

Building Information Modeling

A person or organization that procures construction or renovation
projects

The recipient of a service or a product

An arrangement of functional units according to customer specifications
to meet specific functions or performance

Information and Communication Technology / Information Technology

Lifecycle costs

Modular Function Deployment. A method to modularize products and to
encapsulate functionality.

A contracting form where contractor and client jointly agree on the
extent of the project and the reimbursement for the job. Often there is
economic openness between the contractor and client.

An owner of buildings or other real estate property

Public Procurement Act. A law that defines procurement for public
bodies and publicly owned companies in Sweden.

Quality Function Deployment. A method to transform customer
requirements to product properties.
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I Introduction

1.1 Background

The construction industry has for many years endured claims of low or non-
existent productivity development as well as low quality. At the same time
prices for buildings are increasing at a faster rate than other products. Many
reports have addressed the situation and needs in the construction sector and
the problems are well known and documented by both academia as well as the
industry.

Industrialization has been suggested as a solution to the poor productivity and
quality in the construction industry. By increasing efficiency and quality it is
believed that also costs can be reduced. Industrialization of the construction
industry aims to break the project focus and instead focus on continuous
processes that are evaluated and improved over time. It also aims to introduce
the use of product platforms that can be configured to different needs of
various construction applications. Prefabrication of components or complete
modules has also had a strong position, although it is not necessary for
industrialization. Altogether there is a focus on continuous development of
processes and technology platforms that increases predictability.

In some contexts the industrialization of construction has however been seen as
less successful, primarily because of poor urban planning and quality problems
(Winch, 2003). Also poor maintenance after completion has contributed to the
perception of failure of industrialized construction.

The automotive industry and other internationally competitive industries, have
influenced contemporary industrialized construction in Sweden (Bjornfot,
2006), (Robertsson and Ekholm, 2006). Japanese car manufactures, Swedish
truck builders, the ship building industry and many more have been the subject
for case studies and comparisons in different research projects, which has lead
to the accumulation of knowledge. Also the principles of Lean production and
Lean construction have influenced industrialized construction. Based on
modern thinking of production strategies and process orientation, the
industrialization efforts in construction have found influence from different,
more mature areas and have continued to build a sustainable approach to



address the problems in the construction industry. For instance industrially
produced multi-family houses today have a market share of 15% in Sweden
(Jansson, 2010), for single-family houses the market share is even larger.
Altogether industrialization has by many been seen as the most feasible way to
increase effectiveness (Ekholm and Molnér, 2009).

Industrialization has gained a lot of attention in recent years and several
initiatives have been started. But the development of industrialized construction
in Sweden has experienced a turbulent period during the last decade. Several
new, large initiatives were started, but unfortunately several were closed down
or had to change strategies. These new initiatives were primarily targeted at
multi-family house building. During the same period the market has been
extremely volatile, the number of started single-family house project has
dropped from around 14 000 to 4 000 from the beginning of 1990’s. This has
lead to the bankruptcy of several timber house manufacturers, which has also
affected the perception of industrialized construction.

Industrialized construction has not succeeded to reach a break-through as a
mainstream future method for the construction industry. But in specific sub-
industries it has a significant share, for example single-family houses. Despite
the failure to reach a wide market, industrialization has earned attention both in
industry and academia due to it’s potential to increase quality and productivity.
After all, the problems of the construction industry have not yet been solved
and the search for better solutions continues in a sector not known for rapid
changes.

Renovation has besides house building become an increasingly important
market. The investments in renovation are today larger than new construction,
thus renovation is an increasingly important market also from the
industrialization perspective to address quality, cost and productivity.

Construction clients and property owners as a group has not been especially
active in the development of contemporary industrialized construction. The
development has mostly been led by suppliers and contractors. But there is a
potential for large and active clients to participate and possibly lead the
direction of the development in industrialized construction towards a demand
driven market. Many large clients that also own and operate buildings possess
knowledge and the incentives to engage in construction and renovation projects
as well as technical platforms. Their role should make them care for not only
the price of a construction or renovation project, but also for the operating and
future maintenance costs that plays a large role in the life cycle perspective.
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1.2 Purpose and motivation for the research

Industrialized construction has so far been driven and initiated by suppliers and
contractors with the primary aim to increase the internal efficiency. But unlike
many other industries from where industrialized construction has been
influenced, clients in the construction industry often take an active role in the
process. The role of strong, professional clients as decision makers in
industrialized construction has only during later years received attention, cf.
(Hedgren, 2013), (Engstrom, 2012). But the participating role of professional
clients in the industrialized construction process remains to be defined.

Industrialization builds on repetitive use of processes and technology. One of
the problems so far has been to find volumes large enough to motivate the
additional costs of standardization. From the perspective of large clients who
build, own and operate buildings, repetitive work exists that could be suitable
for industrialized construction. The need for pipe and bathroom renovation for
example has increased in importance during later years. Together with the
construction of new bathrooms, large clients especially, could provide
necessary volumes each year. This is potential volumes large enough for
standardization of technical platforms and processes. Clients and property
owners have the potential to move from a purchaser of construction projects to
an active participant with an industrialized strategy and thus lead the way
towards industrialized construction where demand and client requirements are
in center.

1.3 Objective and limitations

The objective of the project is to further the understanding of the applicability
of production strategies and product models for industrialized construction and
to increase the knowledge of building platforms. The objective is additionally
to investigate barriers and how well the prerequisites for implementation are
met, the role of configuration and IT-support and whether clients has the
potential to act as platform owners.

Timber house manufacturers were studied to understand the opportunities and
issues with current industrialized construction. Focus in these studies has been
information technology and product platforms. To understand the demand and
market potential for industrialized construction, large clients were studied.
They were identified as a potential target group for industrialized strategies,
hence they were the focus of the study. The project has narrowed in on
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industrialized strategies primarily for renovation of multi-family houses, which
is an increasingly important segment. The largest case study was performed at
a public property owner, and several other property owners that were included
were also public property owners. The aim of the thesis is to understand the
requirements to implement industrialized construction and give examples of
what the prerequisites are for large professional clients. It is believed that the
barriers are not mainly technical or organizational.

The research project as a whole has focused on the technical systems, processes
and information management of industrialized construction. Business models,
organizational structures and market logic influence the analysis, but it has not
been the main focus of the project.

The studies in the project have been limited to timber house manufacturers and
renovation of multi-family houses. The studies do not compare directly,
because there is no direct link between the two groups. Instead it should be
seen as the understanding of industrialized construction that was gained from
the studies of timber house manufacturers have been necessary knowledge
build-up in the analysis of clients from the perspective of industrialized
construction.

1.4 Research questions

Based on the research objective, several research questions have been formed
that aim to lead up to identification of opportunities and recommendations for
clients who aim to actively participate in the industrialization of construction.

* How can product modeling improve the management of design and
manufacturing for timber house manufactures?

*  What is the improvement potential for timber house manufacturers?

* How can the client role and attitudes in renovation projects with
respect to technical solutions and process standardization be
developed?

* How can clients gain from industrialized construction and what would
a possible role be?

12



1.5 Thesis outline

The main part of this thesis consists of six appended academic papers that deal
with industrialized construction in terms of prerequisites and opportunities in
two different settings; timber house manufacturers and property owners. The
research process and the data collection methods that have been used
throughout the project are presented in chapter 2.

To provide background and a frame of reference to the research, chapter 3
provides descriptions of concepts that have been used in the project. To
understand the client role in industrialized construction, chapter 4 provides an
overview. Chapter 5 explains the need of renovation in multi-family houses,
which has been the central case of the project. In chapter 6-8 the results from
the studies performed within the project are presented, analyzed and lastly the
conclusions of the project are presented together with a discussion of further
research needs.
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2 Research approach

2.1 Research process

This research project has been an exploration of current practice and
opportunities of industrialized construction in two different contexts: timber
house manufacturing and renovation of multi-family houses. During the course
of the project, knowledge has been built up and the detailed plans for how and
what studies to conduct have been finalized as the project has progressed.
Consequently the research strategy and specific methods have been decided
based on the continuous build-up of results and knowledge about industrialized
construction, property management and renovation of multi-family houses.

The overall purpose of this research is to describe the opportunities and current
practice in industrialized construction. The research in this project has its
background in interpretivism, the aim is to understand given situations, but
model development has also been a part of the project. Interpretivism implies
that the researcher interprets data, therefore the results cannot objectively be
considered the truth as they are dependent on context. The chosen research
methods have led to close and continuous contacts with several companies
active within property management and industrialized construction. Therefore,
for example answers to interview questions given by interviewees are affected
by the researcher as a person and the researcher also interprets the information
provided.

The project takes a starting point in research of industrialized construction and
production strategies suitable for construction. The data is collected and
analyzed in a deductive approach where the aim has been to test theory in new
contexts. Case studies were chosen as an overall research strategy to address
the research questions because it can provide answers to complex situations
and circumstances at the study objects. Qualitative methods were deemed
needed to find the required data to answer the research questions and case
studies are appropriate when “investigating contemporary phenomenon within
real-life context” (Yin, 2003). The chosen methods are further explained in
chapter 2.2.
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The research project has been divided in two parts with slightly different
directions. The first part aimed to understand industrialized construction,
especially how information technology is used and how technical platforms are
documented. The aim was to understand and suggest how timber house
manufacturers can better use IT and configuration systems. The results were
summarized in a licentiate thesis and appended papers 1-3. Most of the work in
the first part of the project was conducted between 2007-2008. The first half of
the project was a part of the research program LWE (Lean Wood Engineering)
that was focused on industrialized construction in Sweden.

The second part of the project consisted of several studies to understand how
large property owners plan and execute renovation projects in multi-family
houses, i.e. to explain how they act as a client in renovation projects. The aim
was to study and describe the planning and renovation process and to use
previously gained knowledge of industrialized construction to describe how
they as clients could adopt industrialized strategies for renovation. This part of
the project was conducted between 2010-2013.

Altogether the aim of the project has been to describe different perspectives
and views of industrialized construction from the industry perspective and to
identify barriers and opportunities.

2.2 Methods

The specific methods used in each paper are described within that specific
paper. General comments to the choice of methods are described below.

Case study has been the main research strategy throughout the project, as it can
provide holistic descriptions and characteristics to real-life events (Yin, 2003).
Further, explanatory case studies are preferred when seeking the answer to
“how” or “why” questions, where it is not possible for the researcher to control
events (Yin, 2003). But in case studies the researchers pre-understanding and
background of the concepts being studied has relevance. Therefore a brief
introduction of my experiences is provided in the preface.

The most common methods in which information is collected in qualitative
case studies are interviews, observations and study of documents (Yin, 2003).
Multiple sources give the opportunity to use triangulation, which can address
potential problems of validity. The focus throughout the project has however
been to understand why and how companies manage certain topics in the way
that they do. This has been done through multiple studies of both timber house
manufactures and property owners. The case studies have however been
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complemented with model development to show practical possibilities and
opportunities.

Qualitative methods were chosen rather than quantitative as the barriers and
attitudes towards implementation of industrialized construction were perceived
as difficult to obtain from quantities studies. It was believed to be difficult to
obtain in depth answers and to find root causes without qualitative methods.

For the first part of the project, methods were chosen to fulfill the purpose to
describe the current situation of timber house manufacturers. The aim of the
studies was specifically to find out more about their current use of IT and how
they manage product information in design and production. To find out the
current use and also to identify possible opportunities, the relevant processes
had to be understood as well. Therefore the first studies were executed as a
multiple case study where IT and processes were in focus. Data were collected
through interviews, studying of documentation and observation.

The next study of timber house manufacturers was a case study with focus on
the technical platform. This study consisted of deeper interviews and study of
documentation to understand how the building system worked and was used in
practice. A method for documenting product structures was then applied to
document the building system to understand the applicability for industrialized
construction.

The studies of property owners originated from an opportunity to study a
specific property owner, thus the methods are conceived to suit the company
based on what studies that were possible to conduct. Thus the project started
with a pre-study to find suitable direction of further studies. The main study
was a case study that included many different parts. It was complemented with
minor studies to confirm the results from the case study. Outlooks consisted of
interviews and a questionnaire.

2.3 Empirical data collection

Table 1 shows a compilation of all studies that were completed during the
project. The details and type of each data collection method is described.

17



Table 1 Data collection methods
Table 1 displays an overview of data collection methods in the project and where the data has

been used.
Authors
Name Type contribution Description Used in
IT support for Case Participated in Map and describe processes ~ Papers 1, 2
industrialized study collection data, and technical platforms from
construction analysis and an information technology
reporting perspective
Building Case Collection of Study product family Paper 3
platforms as study data, analysis and  documentation, product
product families reporting documentation systems,
design and manufacturing
processes.
Development of product
views based on a product
model.
Pre-study Case All work Identify issues and set scope  Pre-study
property owner study for main study
Interviews with Inter- Performed in Identify how clients regard Pre-study
property owners ~ view collaboration and think about property
with Magnus management
Jonsson, MKB
Workshop with ~ Work- All work Aim was to find out the Pre-study
stakeholders in shop issues in renovation projects
renovation as they are perceived by the
projects stakeholders
Case study Case All work Current renovation process, Papers 4, 5,
MKB study strategy and planning. 6
Investigate the potential for
industrialized strategies
Survey client Survey  All work On-line survey, design, Paper 5
requirements distribution and analysis of
results.
Interviews with Inter- All work Interviews with contractors Paper 5
renovation views to establish their offerings
contractors and operations within

2.4 Validation

renovation

Case studies are noted for the difficulties of generalization, which is a
requirement to present scientifically valid results (Yin, 2003). Consequently
validity becomes important to consider. Internal validity describes how well the
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collected data corresponds to reality (Yin, 2003). To increase internal validity
Yin (2003) recommends the use of multiple data sources, directed content
analysis or pattern matching, considerations of rivaling explanations and
logical explanations. In this thesis internal validity has been addressed by
triangulation by collecting data from multiple sources and discussions with
other property owners to verify the results.

External validity considers the generality of findings, Yin (2003) emphasizes
the use of multiple case studies and replication studies in similar cases in order
to increase the external validity. Generalization can also be addressed by
choosing cases that are representative to the studied phenomenon. In this
project timber house manufactures can be argued to be representative within
that sector. It is however difficult to distinguish whether MKB is representative
for large, professional property owners in Sweden or not because not many
property owners were studied closely enough. MKB are however considered a
responsible and forward thinking company and could be a model for other
property owners to follow.

For qualitative research, reliability implies that other researchers would come
to the same result and make the same conclusions based on the documentation
of the research project (Yin, 2003). Reliability is however problematic in case
studies as real-world cases are often dynamic and the researcher’s previous
experiences affect the data collection and analysis. Yin (2003) suggests
analytical generalization where the results are generalized to broader theory.
This implies that the results must be tested in other cases to be proved as
generalizable. In this project no verification cases were performed, this must be
noted as further research to improve the reliability and generalization of the
results.
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3 Frame of reference

3.1 The industrialization of construction

3.1.1 History and background

The industrial revolution that began in Great Britain sometime around 1760
meant profound changes to manufacturing processes, when craftsmanship
based production was abandoned for serial production. The rapid increase in
productivity resulted in reduced production costs and economies of scale,
which made products available to a larger market. The founding ideas of
industrialization have been one of the corner stones also for industrialized
construction, the transition from -craftsmanship to industrial production.
Production paradigms have however evolved over time since the beginning of
the industrial revolution in Great Britain and are today much more specialized.

In the beginning of the twentieth century the car manufacturer Henry Ford
developed the assembly line, which divided work into small repetitive
activities. This meant that isolated tasks could be improved and also automated.
Mass production was born (Liker, 2004). Later in the century a man named Eiji
Toyoda visited Ford Motor Company. He learned from what he saw and
brought back lessons to Japan (Womack et al., 1991). Together with Taiichi
Ohno he developed what became known as the Toyota Production System
(TPS). Eventually the production system of the car manufacturer Toyota grew
strong and proved to be a valuable asset in efficient manufacturing.

Again much later TPS was studied by American researchers with the aim to
improve American car manufacturing (Womack et al., 1991). Following the
visits, TPS has been called “the next major evolution in efficient business
processes after the mass production system invented by Henry Ford” (Liker,
2004). TPS has been thoroughly studied and analyzed and is well recognized
around the world in many different industries. Outside Japan TPS is often
referred to as Lean production and has been thoroughly described in the books
The machine who changed the world and Lean Thinking (Womack et al.,
1991), (Womack and Jones, 1996).
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Lean has later been spread all over the world as a remedy to poor quality and
productivity issues in many industries. It has made some impression also in the
construction industry through its transformation into Lean construction. In
construction it has for example resulted in the planning tool Last Planner,
efficient processes and customer focus. Lean construction has to some extent
also been an inspiration to research in industrialized construction (Bjornfot,
2000).

The construction industry has many times been blamed for poor productivity,
quality and high costs (Egan, 1998), (SOU, 2002), (Josephson and Saukkoriipi,
2007). The discouraging results of the reports were followed by investigations
and further visits to Japan by British researchers c.f. (Barlow et al., 2003). The
aim was to bring back knowledge to the British construction industry. The
results of these studies, especially concerning production strategies and
prefabrication, have come to be an inspiration for the development of
industrialized construction in Sweden. The Swedish construction sector was
scrutinized by governmental and industry commissions in the early 2000’s.
They concluded that there was a need to reduce costs, increase quality and to
develop production methods. Industrialization was seen as a method to achieve
the goals (SOU, 2002). Some examples of industrialized construction are
presented in figure 1.
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Figure 1 Swedish industrialized production of houses
Examples of industrialized house production in Sweden, previously published in paper 1.
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At the same time, the productivity development in the construction sector has
been stagnant and construction prices continue to increase at a rapid rate (figure
2). For customers it is getting increasingly expensive to build houses, which is
seen as one of the explanations to the current low rate new construction
projects.
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Figure 2 Construction price index compared to consumer price index

In the period 1968-2010 construction prices in Sweden has increased at a rapid rate compared to
the consumer price index (Statistics Sweden, 2012), (Statistics Sweden, 2013). Prices for both
multi-family houses and single-family houses have increased significantly more that consumer
price index, however prices for multi-family houses have increased slightly more.

In the early twentieth century new actors showed interest in the development of
industrialized construction. New efforts and initiatives were fueled by
investigations and research projects that pointed out the benefits of production
strategies and prefabrication (Latham, 1994), (Egan, 1998), (SOU, 2000).
Industrialized construction was however seen mostly as a tool for contractors
and house manufacturers.

Many of the new efforts incorporated production strategies inspired by the
automotive industry, influences from Lean Production, effective logistics etc.
After an initial phase with much media attention, many of the initiatives were
struggling with issues and several were cancelled due to various reasons, see
further in (Andersson et al., 2009).
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3.1.2 A Swedish governmental initiative

In Sweden the period from the mid 1960’s and ten years onwards represents
another period where significant change occurred in production strategies for
multi-family houses. A governmental initiative was set to build one million
homes during a period of ten years, during this time subsidized loans were
given to developers, which contributed to low production costs and paved the
way for affordable living. Standardization of design and large-scale
prefabrication of concrete elements contributed to efficient production, but it
also resulted in replicate designs. The quality and service-life of multi-family
houses built during this period have been questioned. Likewise, many of the
neighborhoods that were built during the period have been associated with
social problems (Blomé, 2011).

3.1.3 Timber house manufacturers

Timber house manufacturers represent another segment of industrialization
within construction. They have a long tradition of prefabrication and factory
based production of single-family houses, but there are also some examples of
multi-family houses. Industrialization within this segment often consists of
various levels of prefabrication of elements or volumes for single-family
houses coupled with automation and ICT support.

3.1.4 Definitions and influences

Many authors have described the concept of industrialized construction, but it
has lacked a clear definition (Lessing, 2006). The term industrialized building
system has for example been used to describe the technical methods or the
processes of the building industry, it has also been used to describe the
philosophic approach to the building industry (Elliot, 2003).

The understanding and meaning of industrialized construction has evolved over
time and in recent years it has come to include prefabrication as well as
processes and ICT (Lessing, 2006). It has become increasingly important for
the understanding of industrialized construction to refer to processes,
organization and collaboration, which leads to a wider definition.

(Lessing, 2006) attempted to define industrialized house-building based on
current and earlier understandings, together with inspiration from production
paradigms such as Lean and supply-chain management. The definition
emphasizes well-defined processes and organizations that use “highly
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developed components ... in order to create maximum customer value”.
Central to Lessing’s definition is also the separation of construction projects
and the continuous development of technology and processes, see figure 3.

Industrialized construction has been described as consisting of a framework of
eight different areas which include both processes and technical systems as
well as support mechanisms for these (Lessing, 2006):

* Planning and control of the processes

* Developed technical systems

*  Off-site manufacture

* Long-term relations

* Logistics integrated in the building process

*  Customer focus

* Useof ICT

* Performance measurement and re-use of experiences

These eight areas represent a comprehensive and current description of
industrialized construction. When implemented in different sub-sectors of
industrialized construction, the different areas will have different importance.

The industrialization of house building has during different eras throughout
history been influenced in different ways. Industrialization of construction
however builds on the idea that continuous development of processes and
technology should be in focus, rather than unique construction projects
(Lessing, 2006). A key to the contemporary industrialized construction has
been the influences of production paradigms and other influences from outside
construction. Over time there has been a number of attempts to introduce
flexible production systems in house building (Barlow, 1998), but the focus of
industrialization of construction have been primarily in reducing the elements
that makes the construction process inefficient, so that for example Lean
techniques developed in manufacturing can be used (Ballard and Howell,
1998).
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Figure 3 A definition of industrialized construction
Industrialized construction as defined by Lessing (2006) requires management of the interfaces
between projects and continuous processes.

A Swedish governmental investigation (SOU, 2000) has, as previously
mentioned, identified industrialized construction as a way to increase quality
and reduce costs. It is implied that industrialization means rationally
coordinated processes, but not new technology, although this can be a
consequence or precondition. According to the definition by Lessing (2006)
there is equal importance between the eight different areas, processes and
technology are of the same importance, which is a more correct description.
Lessing however also gives equal importance to support mechanisms such as
ICT and performance measurement, which may not have the same significance.

Winch (2003) focuses on new-building and major refurbishments in his
discussion of production models for construction, because here comparisons
between industrialized construction and manufacturing can be made.
According to Winch repair and maintenance must be excluded from the
discussion, because they do not have a counterpart in manufacturing. He
further argues that the construction sector has to be broken down into sub-
industries to be able to be analyzed in this context. Based on these assumptions

27



Winch (2003) defines three different clusters within construction where
production strategies can be applied:

* Private housing production, which is the only sector of construction
that sells to final customers

* Meeting the needs of clients in a wide variety of facilities with well-
known technical specifications. Traditionally this grouping has
included public sector housing.

* Major projects, which include much infrastructure development but
also highly engineered buildings such as hospitals and high-rise
offices.

To not address major repair and maintenance in the reasoning of production
models in construction might however be to exclude a large renovation need in
mainly multi-family houses, where both commonalities and large volume exist.
But it of course depends how production strategies are defined and where the
line between repair and maintenance, and major refurbishments is drawn.

3.1.5 Enablers and barriers

The enablers, or opportunities for industrialized construction are to address the
high costs, low productivity etc. In a recent newspaper article, the president of
NCC argues that the costs could be cut with up to 30% by using industrialized
approaches (Bengtsson, 2013). Another contemporary example is Peab who
continues their efforts on construction platforms. But lowering costs must also
mean lower prices to have an impact amongst clients.

The barriers to change the ineffective house-building sector in the UK were
described as the lack of competition, lack of strategy and the fear of change
(Barlow, 1998). Several of the denominators are the same in the Swedish
house-building sector, although change is ongoing. Barlow (1998) further
argues that there are few technical barriers to increased customization of house
building and refers to the Japanese modular house building which is much
more advanced, however one should note that the Japanese market conditions
are different. A significant barrier is also the investment costs that
industrialization incurs. The potential market volume for a concept must justify
investments, therefore the formation of concepts must be considered carefully.
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3.2 Lean and agile principles

The principles of the Toyota Production System (TPS) have been widely
spread beyond its origin in the Japanese car manufacturing industry. The goal
of TPS is to increase production efficiency by the elimination of waste (Ohno,
1988). In the 1980’s TPS was studied and exported around the world by
American researchers. Lean is primarily focused on efficiency and relies on
certainty in procedures and processes to reduce disturbances and thus reduce
costs to a minimum. To achieve its goal, Lean requires that stability is
engineered into the processes (Naim, 1997). This of course requires a stable
and well defined business.

The principles of Lean production have been used also by house manufacturers,
for example Toyota has used cross-industry learning to transfer knowledge
from its car manufacturing to its house production division (Gann, 1996). But
to effectively use Lean production for house manufacturing requires factory
based production. There are however elements in construction that is unique,
thus all solutions cannot be copied from Lean production or TPS directly
(Ballard and Howell, 1998). As a consequence the development of Lean
construction has emerged with the aim to address the specific characteristics of
construction that cannot be addressed by general production principles.

Lean production, and by extension Lean construction have been sources of
inspiration for process orientation and efficient production in industrialized
construction. Over time, parts of the construction process will undoubtedly be
transformed into industrial production, but the main challenges for Lean
construction is however described as how to manage the interfaces between the
traditional construction projects and the industrial, off site manufacturing
(Bertelsen, 2004). The development of Lean construction has so far mostly
been focused on improving the management of the traditional, on-site
construction (Bjornfot, 2006). Consequently Lean construction has had a
limited direct impact on the industrialization of construction. Instead the
implementations of Lean production have been seen as a way to increase
efficiency by companies that utilize factory based production. The intersection
between the continuous processes and the construction projects remain one of
the greatest challenges to tackle, not just for Lean construction, but also for
industrialization of the construction industry as a whole.

Agile house building originates from some of the Lean principles. The aim
with agile house building systems is to ensure better response to client
requirements in early stages as well as effective execution of projects (Barlow,
1998). Lean approaches, such as Lean production and construction aims to
create an efficient physical process of manufacturing, by eliminating waste and
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reducing costs. Agile on the other hand emphasizes effectiveness in terms of
high levels of service through flexibility and customization (Naim and Barlow,
2003). In short, Lean is technical efficiency of processes, agility means process
responsiveness. The agile process is focused on effectiveness — to give
customers exactly what they want, i.e. a customized product (Naim and
Barlow, 2003). These are important factors to consider for industrialized
construction, because it implies the standardization of technology and at the
same time emphasizes flexibility for customers.

Looking back almost ten years, the future challenges for Lean construction
were described as to manage the complexity in construction seen from the
perspective of the client and how to incorporate modularization as a strategy
for manufacturing (Bertelsen, 2004). Especially large repeat clients (clients
who frequently procure houses) can have a large influence on the construction
process and their role should be clarified. Further, modularization can be a
method to achieve variety in products at the same time as efficient production
remains the overall goal.

3.3 Production strategies

3.3.1 Japanese house building

The similarities and differences between car manufacturing and industrialized
construction in Japan have been investigated with the aim to transfer
knowledge to the UK house building sector, c.f. (Gann, 1996), (Barlow et al,,
2003), (Naim and Barlow, 2003). They explored how production concepts like
Lean, agile and mass customization could be used to increase efficiency.

In Japan industrialization of construction was a logical step, because
production could effectively meet the needs of clients in terms of volume and
type of products (Gann, 1996). The modular house market segment has worked
for industrialization, because of the circumstances that exist. That is to say that
the success cannot be replicated in other sectors without a thorough market
analysis and adaption to the specific market conditions.

Because of the size of the Japanese house market, it has provided an
opportunity to develop mass produced housing systems that allow clients to
customize solutions, c.f. (Gann, 1996). In the 1990’s the dominating Japanese
single home manufactures did not originate from the construction industry,
instead they had a background in other industries. Several of the companies
were owned by large conglomerates that supported them with production
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knowhow and gave them the opportunity to invest in production facilities and
research and development (Gann, 1996). Over time the modular house
manufactures learned to manage customer choices by learning from
manufacturing processes in their mother companies. This led to effective
production and customer satisfaction. A contributing factor to that they were
able to offer a wide range of customer choices were that they owned and
managed the whole production system, from supply-chain to production and
onwards to on site work (Gann, 1996). This involves a fine balance between
standard components and flexibility in the assembly lines. However, houses are
different from car manufacturing and although much can be learned from other
industries, the comparisons may be hard to transfer entirely (Gibb, 2001),
(Winch, 2003).

Cross learning in the Japanese construction sector has also occurred from other
industries than car manufacturing. Focus of the cross learning were to transfer
knowledge of managing design, engineering and development, R&D and
coordination of supply chains (Gann, 1996).

3.3.2 Production strategies for construction

Current industrialized housing production is somewhere between craft
production and mass production (Barlow, 1998). But at the same time,
variation lies in the nature of construction, which makes it prone to invent new
solutions that often lead to quality issues and rework. To make industrialization
of the construction industry possible it cannot be treated as one homogenous
segment. It needs to be broken down into sub-industries with separate missions
and means (Winch, 2003). Thus there is no “one strategy fits all” approach to
production strategies for industrialized construction.
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Figure 4 Production strategies

Four production strategies and a process flow for construction was suggested by Winch (2003).
Depending on what stage of the process flow the client enters, it will imply changes to the
production system.

Winch (2003) identified and tested the appropriateness for the construction
sector of 4 production strategies, see figure 4 and table 2 for explanations.
Winch reasoned that the appropriate model for construction depends on the
sub-industry being analyzed, however the most appropriate production strategy
for construction would be a design-to-order strategy (DtO) where integrated
teams can supply clients on a turn-key basis. DtO implies that clients enter the
construction process in the design phase and can influence the design within
the frame of the concept (see figure 4). To be able to use a DtO strategy there
are requirements that have to be fulfilled, for example a development process
needs to be established where concepts are developed and defined. Others have
argued that the industrialized production of houses must be configured for the
specific client or project to meet their specific needs, in a make-to-order
strategy (Hékkinen et al., 2007). This indicates a more elaborate product
development, which may reduce flexibility further.

Specialized sub-markets may use make-to-order strategies, for example single-
family houses. Winch (2003) further speaks of the point in the process where
the customer enters the information flow; procurement, tender or new product
development. In table 2 the strategies are described as they are explained by
Winch. The customer entry point is further described by (Hoekstra and
Romme, 1992), (Barlow et al, 2003), (Hvam et al., 2008) and will be
discussed in the next chapter.
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Table 2 Production strategies
Production strategies suitable for construction, as explained by Winch (2003).

Production strategy Explanation

Concept to order (CtO) Where the customer (client often in this case) enters at the start
of the information flow — nothing happens until the client
initiates production.

Design to order (DtO) Where the firm has already a basic product concept, but
significant engineering design work is performed for that
particular client/customer both pre-bid and post contract.

Make to order (MtO) Where there is a fully detailed design which can be configured to
suit a customer’s particular requirements. MtO is what has
become known as mass customization - or where no additional
design work needs to be done, but the material flow does not
start until the customer places an order.

Make to forecast (MtF) Where the product is produced for stock and sold after it is
manufactured or sometimes during manufacture.

3.4 The product specification process

The variant specification process is where products are specified to client
requirements. The specification process decides how and when the customer
enters the process (see figure 5), thus it has links to the descriptions of
production strategies by Winch (2003). There are different approaches to the
specification process, similar to the different production strategies described in
the previous chapter, c.f. (Hvam et al., 2008). The meaning and implications
for the process are similar, but the names are slightly different, see table 3 for
the different specification processes.
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Table 3 Product specification process

The product specification process describes how products are specified to client requirements.
Table 3 displays different production strategies connected to how products are specified as
described by Hvam et al. (2008).

Production strategy Explanation

Engineer to order Engineer to order is typical for companies supplying complex
products or plants, such as cement factories, spray drying plants
or enzyme factories. In this type of company, a considerable
amount of work goes into the design and specification of each
individual plant. This task is performed using previously
designed plants, modules, design manuals and so on as the
starting point.

Modify to order Modify to order is very similar to the engineer to order process
and is seen in companies manufacturing customized products.
MtO specification process differs from EtO in that the products
are less complex and the creation of a product takes place based
on pre-defined modules and using clear sets of rules for how to
create a customized product. This means that the specification
task is based more on routine and fixed rules.

Configure to order Configure to order process describes a specification process
where the specifications are worked out automatically by using a
configuration system, and where the task of working out the
specifications takes place within a finite solution space. This is
amongst other things made possible by the use of standard parts
and modules, which can be put together in accordance with a set
of predefined rules.

Select variant Choice of product variant denotes a type of specification process
in which one chooses a standard product, which to the greatest
possible extent fulfills the customer’s needs. That is to say, a
process in which the seller analyses the customer’s needs and,
for example by using product catalogues or product databases,
selects the product which best matches the customer. The task in
this specification process consists in identifying the customer’s
needs, and then finding the product which best suits the customer
in question.

The descriptions of production strategies by Winch (2003) and specification
processes by Hvam et al. (2008) are alike, although they approach the area
from different perspectives. (Hvam et al., 2008) has a narrower, more specific
focus on the specification of products and there is no equivalent to the Concept
to Order strategy, which is a common approach in construction today.

Construction has been described as one of the largest ETO (engineer-to-order)
sectors (Gosling and Naim, 2009), but it has also been concluded that ETO
hinders parameterization of platforms in construction (Jansson et al., 2013).
Consequently the changing client requirements that forces manufactures to
adopt ETO is possibly impeding productivity gains that could be obtained
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through a better defined platform. Therefore more consistent demand from
clients could have a positive effect on productivity.

They both however denote the customer entry point, and recognize its effect on
the design of the process. The decoupling point differentiates the supply and
demand side of the supply chain, where the latter is more focused on delivery
(Naim and Barlow, 2003), see figure 5 and 6. The customer order decoupling
point will have a large effect on any effort to modularize building systems in
connection to the production strategy (Duray et al., 2000). The decoupling
point is an important element in designing the supply chain so that maximum
value can be delivered to the client. The supply chain may be defined as a
system that includes material suppliers, production facilities, distribution and
clients, linked together via a feed forward flow of materials, a feedback flow of
information or demand (Stevens, 1989).

Customer order specification
decoupling point

Specifications
created in product
development

Specifications
created in variant
specification process

Norms and Engineer to
standards order

Generic product Modify to
structures order

Standard parts Configure to
and modules order

Standard Select
products variant

< >

Degree of completed specifications 0-100%

Figure 5 Product specification process
The decoupling point separates product development from the variant specification process
(Hansen, 2003). The different specification processes affects also the production strategy.

The principles of Hvam and Winch have been used to describe industrialized
construction in Sweden (Jensen et al., 2008), (Jensen, 2010), (Olofsson et al.,
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2012). It can be a guide to how to define production system in connection to
market segments.

Raw material Manufacturers/ Retailer End-user
supplier Assemblers
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v Stockholding decoupling point

Figure 6 Decoupling point
The decoupling point describes the point that separates push and pull in the manufacturing
process (Hoekstra and Romme, 1992).

The level of pre-definition that is created in the product development process
can span from just an identification of codes, norms and standards, which are
used to engineer customer specific products, to the development and
production of standard products where customers can chose a variant (Hansen,
2003).

In recent years the industry has leaned towards changing the specification
processes so that companies have better possibilities to adapt to customer needs
(Hvam et al., 2008). As an example, the product specification processes of
timber house manufacturers have generally paid little attention to customer
requirements during product development, which lead to more customization in
each project, and eventually to higher costs. This implies a DtO/EtO strategy.
Using configuration would be a step towards the adoption of mass
customization, which affects production as well as the organizational structure
of the company (Duray, 2002), (Simpson, 2004).

Configuration builds on the information in a product model. It can be seen as a
way of using the content of the product model to configure products according
to customer requirements (Hvam et al., 2008). Figure 7 shows an example of
the role of a configuration system in the product specification process.
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Figure 7 How configuration can support the specification process
Configuration systems can support and integrate the activities in a company’s specification
process (Hvam et al., 2008)

3.5 Mass customization

Customers are not a homogeneous group, they are individuals with different
wants and needs that can be fulfilled (Pine, 1993). Today many construction
clients demand maximum choice and are comfortable with pre-assembled
buildings that look like they are produced conventionally, which has led to an
interest for mass customization in the construction industry (Gibb, 2001).
Industrialized approaches in construction have good opportunities to combine
client satisfaction with the use of technical platforms, possibly with mass
customization as an inspiration.

Mass customization can be defined as designing and building products to
customer specifications using modular components, to achieve economies of
scale. Olofsson et al. (2012) discusses how standardization of concepts increase
with the transition of offers from being a service, where design is developed in
collaboration with the client, to a product offer. Olofssson et al. (2012) reasons
that mass customization could be used to leverage the use of product families
and platforms in construction. Mass customization has also been argued to
provide a conceptual model to effectively offer large variety and improved
quality to clients in the construction sector (Roy et al., 2003). There is no
single form of mass customization, it can be supported by several supply-chain
models (Barlow et al., 2003). To transform traditional housing to mass
customization is claimed to include modular design, pre-assembly, supplier
partnership and continuous improvements (Barlow, 1998), (Roy et al., 2003),
which is consistent with many of the characteristics of industrialized
construction.

Although the characteristics are not the same on different markets and Barlow
(1998) has the conditions of the British house building market in mind, the
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reasoning should not be impossible to transfer to other markets with similar
characteristics.
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Figure 8 Mass customization archetypes

Mass customization archetypes as described by Duray (2002). Modularity is used to create
“mass” in mass customization, point of customer involvement provides “customization”.
Customer involvement in the value chain is a key indicator of the degree of customization that is
available. It provides a practical indicator of the degree of product customization that is possible.
Modularity is key to achieve low cost customization. Modularity allows part of the product to be
made in volume as standard modules, with customization achieved through combinations of
modules. Here, modularity is assigned to the phases of the product cycle. For example during
design and fabrication, modules can be altered to provide unique requirements. During assembly
and use, standard modules are combined, but no components or modules can be altered.

Customer participation and modularity are interrelated topics. Considered
together, four mass customization archetypes are suggested that also imply
different manufacturing systems (Duray, 2002). The archetypes suggest
different means to fulfill customer requests, see figure 8 and table 4.
Fabricators are the archetype that mostly incorporates craft manufacturing
practices — this is also where construction most often would be found.
Industrialized strategies may however provide the opportunity to change the
position according to figure 8, but it will require companies to define technical
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platforms and processes, which could help them move the modularization- and
customer involvement point. It can be necessary for companies to understand
their position to see opportunities and limitations.

Table 4
The characteristics of the four different archetypes of mass customizers in figure 8, are described
below.

Production strategy Explanation

Fabricators Include both customer involvement and modularity in design and
fabrication stages of production. Unique designs can be realized
or major revision can be made in the products. Fabricators
resemble a pure customization strategy but uses modularity to
increase commonality of components.

Involvers Incorporate customer involvement in product design during the
design and fabrication stages but use modularity during the
assembly and use stages. Customers are involved early in the
process although no new modules are fabricated

Assemblers Mostly resembles standard producers, employs modularity and
customer involvement in the assembly and use stages.
Assemblers use modularity to present customers with a wide
range of choices. Assemblers differ from mass producers in that
the products have been designed so that the customer can be
involved in specifying the product.

Modularizers Modularizers involve customers during assembly and delivery
but incorporate modularity earlier in the production cycle, in the
design and fabrication stages. Thus they may not gain full
customization advantages from modularity. Together with
assemblers, modularizers most closely resemble standard product
producers due to the late point of customer involvement

By levering mass customization together with modularization and
configuration in the product specification process, companies are given the
opportunity to change their business model and more efficiently meet varying
customer needs. A benefit of mass customization is that it can accommodate a
large population at the same time as it can address a large variety of client
needs, see figure 9. At the same time poor quality is addressed through the
standardization of components, compared to one of a kind production. In the
mass customization paradigm modularization becomes a product strategy or
production strategy. Configuration as a tool becomes a link in the specification
process between clients and company.
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Figure 9 Main types of industrial companies (Hvam et al., 2008)

In mass customization the possible number of different products increases compared to mass
production. In one of a kind production the main problem is to separate product development
from the specification process — not unlike construction.

3.6 Modularization

Modularization is a way of reusing product knowledge in new products, instead
of creating unique one-of-a-kind products. The drivers for modularization
include: increased product variety, reduced complexity, increased commonality
amongst others (Erixon, 1998). Despite the benefits, many companies in the
manufacturing industry are hesitant towards the implementation of product
modularity because of fear that they will loose their competitive advantage on a
relatively small market, (Simpson, 2004). There is however a difference
between variety and modularity — variety implies more products to choose
from, but does not allow the customer to specify any product features
(Simpson, 2004). Large product variety can also inflict substantial cost in a
company, so in fact — more product variety means higher costs, (Ulrich, 1995),
(Simpson, 2004). Modularity instead aims to reduce complexity of the product
models and to simplify them.

Product designs or systems can in general be integral or modular. An integral
design does not build on predefined modules that are put together to client
specifications, instead each component is optimized to achieve best
performance. Modular designs on the other hand are based on the idea that
functionality is separated into different modules. When modules then are
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combined, the required functionality can be achieved to ensure client
satisfaction. Modular approaches cannot be optimized in the same way as
integral designs, because they need to be able to fit in many different
configurations. But a product family made flexible though modularization has
the potential to improve many sides of the product and product platforms play a
major role in facilitating a customization process compared to an integral
design (Simpson, 2004). Modularity is however a relative property (Ulrich and
Eppinger, 2011) and products rarely are strictly modular or integral. Instead
products generally have varying degrees of modularity, so it is seldom easy to
say that a product is strictly modular or integral. Although modularity has been
the theme of many books and research papers, applications in construction are
still relatively unusual.

The Swedish based heavy truck manufacturer Scania is however a long time
user of modularization. They have created a process for designing trucks
individually to meet any particular customers’ specific needs (Johnson and
Broms, 2000). Modularization has been a cornerstone for Scania to be able to
achieve high degree of variation based on the use of standard components.
Although heavy trucks and house building are different, the Scania example
shows the possibility to use modularization to achieve rational design and
production of customized products. In the same way as trucks, houses can
however be decomposed into core elements. Each element in turn then may
consist of several components, thus a house can be explained as a system
consisting of components that together create a whole (Naim and Barlow,
2003). These structures create the basis for modularity.

Product family maps and market segmentation grids are tools that can support
planning for modularity from a management perspective, which can provide a
good starting point for companies entering modularization. But these aids are
not detailed enough for development engineers that require a much finer level
of detail of information to design the product platform components and
commonality, which is part of the platform development (Simpson, 2004).
MFD (Modular Function Deployment) is presented as one of several methods
to modularize existing product families based on the features required by
customers (Erixon, 1998). This can be a feasible way to include modularity in
industrialized construction. QFD (Quality Function Deployment) see further
(Akao, 2004), is a more general method to transform customer requirements to
product functionality. Applying methods such as QFD might be easier in
industrialized construction compared to the traditional construction process due
to that they own a larger part of the process. QFD has been suggested as a
method for capturing client requirements in industrialized construction (Jensen
et al., 2008). QFD and MFD might be useful tools to minimize the variation in
the platforms used by timber house manufacturers today.
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3.7 Product platforms and product development

The product development process is significantly more important in
industrialized construction than in traditional construction projects, where most
of the design takes place in projects. With the use of production strategies that
relies on predefined solutions or platforms, the product development process
gains importance. The introduction of this process changes construction from
project based, to process based (Lessing, 2006) and argues also that changes in
the organizational structure are necessary within companies. Product
development constitutes an important ingredient of industrialized construction,
because it is the founding ideas of repetitive use of platforms and
implementation of continuous improvements. A strategic focus on systematic
approaches and prefabrication has however been reported to inhibit innovation
in construction (Ivory, 2005). Possibly because standardization is interpreted as
less deviation from the standardized process, but a product development
process can have room for innovation, while the processes of customer
specification is kept standardized. Further, fluctuations in demand may be a
disincentive for contractors to invest in new technology, as a consequence they
have often the recipients of innovations by suppliers (Gann, 1996).

How manufacturing techniques are used relate to the conditions of the market
segment, thus different markets require different manufacturing techniques
(Gann, 1996). Consequently product platforms for single-houses, multi-family
houses or renovation require different approaches to development and
management. The structure of the product development process and the
organizational structure are therefore also highly dependent on the design and
structure of the product platform.

The product platforms of industrialized house producer’s offer value that
extends beyond functional performance, because platforms can better cater for
long term quality (Bjornfot, 2006). Time and effort have been invested in
continuous development of the platforms, which in many cases can assure
better quality compared to traditional construction design which is not
gradually improved by feedback in the same way as platforms. Predictable
quality comes through well-conceived technical platforms or systems
(Bjornfot, 2006). Given the use of pre-assembled components however requires
thorough planning (Gibb, 2001), (Geier et al., 2012). The extra effort made in
planning however reduces the need for on-site problem solving and facilitates
better on-site management. Altogether the use of standardization and pre-
assembly potentially increases predictability and efficiency in construction
projects (Gibb, 2001).
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It is important to recognize that technology innovation in construction involves
not only products, but also the processes (Ivory, 2005). Consequently it is
important to understand the relationships between products and processes to
design successful platforms. The change of construction processes, from
project focus to the use of product platforms may change how projects are
managed — therefore clients, as an active participant in construction projects
should play a major role.

A product development process also increases the importance of product
documentation. A distinct product documentation is needed for several reasons,
for example industrialization of construction can involve design for modularity,
process engineering and efficient supply chain management (Roy et al., 2003),
which will require thorough documentation. Likewise pre-fabrication or
automated factory based production requires a product documentation as a base
for the information strategy (Ford ef al., 1995). Also Winch agrees that greater
attention to the information flows that initiate and control the material flows in
the process is needed (Winch, 2003).

3.8 Information technology in industrialized
construction

IT in industrialized construction is today used according to the same principles
as for on-site construction (see paper I). Systems are mostly used separate from
each other, which affects collaboration negatively. To improve customization
in the construction process, IT however has a key role (Bergstrom, 2004). In
the traditional construction process, the lack of integration is managed
differently because separate stakeholders manage and own separate parts of the
process, although BIM (Building Information Modeling) is currently changing
the possibilities for collaboration. In the industrialized construction process
however, the same company is often responsible for most activities of the
process, thus they also control the flow of information and system integration
could lead to significant benefits. The ability to optimize the design and
construction process together as a whole, provides better possibilities to avoid
sub-optimization and utilize the potential to improve overall productivity. In
the timber house manufacturing industry, IT maturity has however not so far
been adequate to benefit from the use of business IT (Bergstrom, 2004).

Information management in building design has been identified as a key area
for improvement. Currently the energy put on producing drawings and
specifications for each new object, is often out of proportion compared to the
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benefit (Nasereddin et al., 2007). Consequently structured use of product
platforms and IT has the potential to increase productivity. The use of modern
business systems and other IT also enables more sophistical, standardized
processes (Gibb, 2001), but implementations of IT systems require companies
to be able to produce formal process maps, product structures and not least a
strategy for what they want to accomplish through the use of IT. It has also
been suggested that fewer and more long-term relationships with suppliers lead
to improved information flows amongst house buildings, which is a
prerequisite for efficient use of IT systems (Barlow, 1998). Thus timber house
manufactures has several areas to address and for IT to make a change,
companies need to put more focus on processes, product documentation and
strategies, regardless of what software system they may choose to use in a later
stage.

Today IT managers in construction have a large influence over IT investments,
(Dehlin and Olofsson, 2008) but the level of business integration may be
questioned. Consequently IT needs to be a more integrated part of the business
so that investment decisions can be taken based on correct and comprehensive
information in relation to business strategies. Companies need to find ways of
how to see IT as a business driver instead of being support function.

Industrialization of the house building sector supports long-term investments at
the expense of short term thinking (Ekholm and Molnar, 2009), meaning that
long-term investments will need to suppress existing short-term thinking. This
further emphasizes that companies must create an IT strategy that can add
value to the business and that proves to be successful not just for the moment.
For example, an implementation of a configuration system should not only be
managed as an IT project, because it affects several processes within the
company. Thus it is a project of strategic importance.

A company’s products and processes should be included in the formation
process of the IT strategy. The business strategy should generate an
information systems strategy, which in turn generates the IT strategy, see figure
10 (Bjornsson, 2003). In construction there is a general need for information
management systems that can better support the development and maintenance
of product platforms in the product development processes (Simpson, 2004),
and for industrialized construction it is especially important that companies
gain knowledge about information systems and how to use and manage them
properly (Gerth, 2008).
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STRATEGY DEPENCENCE

BUSINESS STRATEGY

“...where should we go?”

SUPRORT DIRECTION

INFORMATION SYSTEM
STRATEGY

“...what is needed?”

SERVICES AND NEBRDS AND
INFRA$STRUC- PRIOQRITIES
TURE

INFORMATION TECHNOLOGY
STRATEGY

“...how can it be delivered?”

Figure 10 Strategy dependence

The business strategy should generate an information strategy, which in turn generates the IT
strategy (Bjornsson, 2003). Thus there is dependence between business strategy, information
systems strategy and information technology strategy.
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4 The client role 1n industrialized
construction and renovation

4.1 Current role

Unlike many industrialized mass production markets, the client often plays an
active role in construction (Hartmann et al., 2008), (Olofsson et al., 2012). In
construction the client has often been described as focused on the individual
construction projects, with focus on what to achieve rather than how it is
achieved (Vennstrom, 2008). But too much focus on the financial results of
individual projects may be a sub-optimization from the life-cycle perspective of
buildings, which includes also operating costs and future maintenance- and
renovation costs. With an understanding of how project results are met, more
robust and sustainable solutions may be achieved where clients are part of, for
instance quality assurance, instead of only making sure that time and cost
requirements are met. Clients may view projects as trying to maximize the
value of money through competitive tendering between prospective
contractors, but there is a risk that this results in that contractors are signed to
the lowest price with little hope of future work for the contractor (Cox and
Thompson, 1997). This also promotes short-term relationships and
opportunistic thinking rather than long term commitments between clients and
other stakeholders.

Clients have historically been reluctant to change the traditional roles and
responsibilities in the construction industry (Brochner et al, 2002). In
industrialized construction clients have been described as non-supportive to the
development and many still perceive it as new and different (Engstrom, 2012),
a reasonable explanation is that they lack information to make informed
decisions (Engstrom et al., 2009). The reluctance to support industrialized
construction can also partially be explained by how industrialized construction
is described and how it has developed. Clients or customers may be in focus or
at the center of the processes, but close collaboration with clients are seldom
described. The role of the client in industrialized construction is however a
characteristic that is different from traditional construction and must attain
separate focus. Further, it has been shown that clients often lack information
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about the special conditions of industrialized construction (Engstrom, 2012),
which could explain the lack of interest and participation.

In the manufacturing industry most clients are interested in the product, but
rarely concerned with the processes of manufacturing the product (Gibb, 2001).
In a construction sector with good competition there would be no need for
clients to interfere with the process, but today detailed management is seen as a
way to ensure quality by some clients. Therefore it is only natural for
professional clients that possess the knowledge to suggest improvements, to
also engage to improve the process. However many clients do often not have
the knowledge to participate in the process. Johnsson (2013) emphasizes the
impact of relations to clients in platform construction from the manufacturers
perspective and according to Jonsson and Rudberg (2013) the customer
requirements have not explicitly been addressed in terms of output of
manufacturers. Thus manufacturers have to be more sensitive to the requests
and initiatives by clients and adapt accordingly.

The Swedish Transport Administration has recently adopted a client strategy
were they buy design and build contract based on performance criteria (Wester,
2013). The goal is to perform 50% of all projects as design and build by 2018.
Their ambition is to leave details in the execution to the contractors. They
argue that too much detail in the contracts will inhibit innovation and
productivity in projects, because there are no incentives for contractors to
improve. This approach however requires the ability to describe functionality
instead of solutions. Although a desirable situation, it requires stable conditions
so that contractors feel secure enough to innovate or to invest to increase
productivity. At the same time clients could end up with many different
technical solutions that may be difficult to maintain, or worse, they could end
up with experimental solutions.

With the introduction of performance criteria’s in projects a difficult task is
introduced for clients — they have to verify that the criteria have been met by
the contractor. Clients then have to be able to verify that for example the
service-life is met by the specific solution chosen by the contractor, which can
be difficult to evaluate at project completion for structures with very long
service-life. This requires clients to have significant capabilities within all areas
that are subjected to performance criteria.

Different collaboration models for industrial energy efficient retrofitting of
buildings have been evaluated in seven European countries with the aid of
demonstration projects. It showed that the use of industrialized approaches to
renovation can provide replication effects and new market opportunities (Geier
et al., 2012). In the project they also describe barriers to industrialization as the
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different interests of project stakeholders and time expectations, as well as
limited cooperation possibilities in the early stages (Geier et al., 2012).

Lifecycle cost (LCC) is described as a driver towards increased customer focus
for public property owners (Naim and Barlow, 2003). LCC in construction
projects can promote considerations of maintenance, energy consumption etc.
for property owners when they are acting as clients. To include LCC
considerations into contracts without taking part in how the solution is
designed may be more difficult than to have an active role in the design phase.
A potential risk is that a property owner could end up with new solutions in
each new project, depending on the contractor if they are not influencing the
design. This will result in buildings that are unique and perhaps more difficult
to maintain. It has been suggested that the industrialization of renovation
requires separate attention (Winch, 2003), thus the skills, potential benefits and
barriers for industrialization may not be the same as for construction. In
renovation, the client could potentially play an even more central role in the
process. Especially large clients who do repetitive work have a large potential
to standardize processes (Gibb, 2001), and also technical platforms.

4.2 Client led change in construction

Construction work is often site specific and consists of solutions that are unique
for the project. This often results in “quasi-supply networks”, which lead to
cost inefficiencies for clients as new suppliers has to climb a new learning
curve in each project (Cox and Thompson, 1997). Further the focus of clients
lie more in the project specific issues that on contextual factors (Vennstrom,
2008). There are also good examples of the opposite, where clients actively
participate in projects and the development of new and innovative solutions.
For example (Ivory, 2005) reports of a client organization that have put
together integrated teams of suppliers. The teams work together during five
years, sometimes co-located.

A strategic client focus could favor standardization and prefabrication over
innovation because clients prioritize reduced build-times and reduced risks
over innovation (Ivory, 2005). Instead of taking an active part in innovation,
their strategy is to take advantage of innovation by others. In practice however
clients with a long-term property management perspective benefit from fruitful
cooperation and good communication between clients and other stakeholders,
as exemplified in Geiier ef al., (2012).
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The involvement of the client in successful construction innovation has been
emphasized by several authors (Nam and Tatum, 1997), (Hartmann et al.,
2008). Arguing that industrialization can be compared to innovation, the
success of industrialization is dependent on that incentives are created for
clients to actively participate in the future development of industrialized
construction or renovation, as well as in the implementation in projects. For
public clients in Sweden however the PPA (Public Procurement Act) has been
described as restraining clients from engaging in industrialized construction
(Hedgren and Stehn, 2013). At the same time there is a willingness from clients
to improve construction efficiency. The obstacles are however not insolvable
and the PPA alone cannot be the reason for slow development.

Conservatism in construction projects can come from limited knowledge and
often an increased technical competence eliminates that behavior (Nam and
Tatum, 1997). By building a knowledge bank separate from projects, clients
can better understand and mitigate the risks in projects (Hartmann et al., 2008).
Thus the buildup of knowledge independently from projects is a key capability
to strengthen the role of the client in industrialized construction. As an
example, top executives in innovative firms actively take responsibility for
technical decisions (Nam and Tatum, 1997), because they have both the
competence to understand the problem and the authority to take decisions.
(Lessing, 2006) suggests a separation of the continuous development of the
process- and technical platforms from its application in construction projects.
Thus this development takes place independent of projects and implies an
organization with an understanding of process orientation and product
development. But innovation also requires a high level of client involvement as
well as slack resources for good results (Nam and Tatum, 1997). Both these
aspects require clients to see beyond the projects’ short term economic success
and instead acknowledge the potential long-term benefits. Lessing (2006) for
example suggests that clients as well as suppliers could be part of the process
management team in construction projects, thus improving both
communication and collaboration, which is a key for successful results in
industrialized projects (Geier et al, 2012). Still many clients choose
participants for construction projects solely based on their specific competence
for the project, not considering their ability to communicate (Vennstrom,
2008).
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5 Renovation of multi family houses

Renovation is becoming an increasingly important area as many houses are
approaching a critical age. Today the investments in renovation are larger than
those in construction (The Swedish Construction Federation, 2013). In 2012 the
investments in renovation were almost 8 billion Euro in Sweden, compared to
6,4 billon in new construction in total (ibid.)

The incentives for renovation of multi-family houses are commonly based on
outdated technology or poor performance (Thuvander et al., 2012). A typical
Swedish bathroom built in the 1950°s will need extensive renovation during its
life cycle to maintain functionality (figure 11). For example sewage pipes will
need to be replaced within 30-60 year (VVS-Foretagen, 2009). The practical
service life varies significantly depending on usage and material conditions,
which makes predictions difficult. Pipe exchange is nonetheless an action that
causes significant disruptions in the building. The exchange of water and
sewage pipes are often combined with other actions, for examples kitchen
replacement or a general modernization of the building that might in some
cases also include actions to improve energy efficiency.
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SERVICE LIFE OF BATHROOM COMPONENTS

Painted plaster
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Heating system
and radiators
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| — Tiled walls
Tiled floor | i ] 30-40 years
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Heating pipes
in sand filling
30-40 years

Floor drain and
sewage in cast iron
30-60 years

Figure 11 Service life of bathroom components

Figure 11 displays components in a typical Swedish multi-family house bathroom. The
theoretical service life spans from 10 to 80 years, but vary depending on use and material quality
(VVS-Foretagen, 2009).

In Europe, Sweden is among the countries that have the highest percentage of
buildings built before 1970, both single-family and multi-family houses (Meijer
et al., 2009). Consequently, the need for renovation is high in Sweden and the
issues are frequently discussed in academia, industry and press. A large share
of multi-family houses is municipality owned (68% of all multi-family houses).
Thus one can make the assumption that there are many responsible and long-
term property owners in Sweden interested in effective renovation and
concerned with making the right choices. The current pace of renovation is
Sweden have however been too low in relation to the need and will need to
increase significantly (Boverket, 2003).

The renovation of multi-family houses can vary from very limited actions
caused by urgent needs, to extensive investments that change the building
profoundly. Modernizations of kitchens and bathrooms are however the most
common renovation activities and many projects take place before the
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components’ end of service life (Meijer ef al., 2009). Also Swedish property
owners have prioritized bathroom and kitchen renovations highly amongst
upcoming renovations (Industrifakta, 2008).

The property owner as a client in renovation projects can take different
positions, from very active in design and execution, to the opposite position.
Often projects builds on traditional construction processes, although the
contracting forms can be very different depending on how involved the client
is.

Improved energy efficiency has been put forward as an important part of the
modernization of multi-family buildings, and can potentially contribute to
better investments through savings on heating. Consequently, several of the
large contractors consider energy efficiency improvements as part of the
renovation offer.
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6 Examples from current practice

6.1 Introduction

This research project has consisted of two main bodies of findings. The results
of the studies are presented separately and reflect the development of the
project as it progressed. The chapter summarizes the research that is presented
in the appended papers and explains it in the context of the overall project. The
two main bodies represent different explorations into industrialized
construction with an overall focus on solutions and technical platforms.
Supporting functions such as IT and processes has been incorporated into the
research, as they are connected and contribute to efficient use of building
systems.

6.1.1 Timber house manufactures

Two different case studies were performed amongst Swedish timber house
manufactures, in total seven different companies were included in the two
studies. The aim was to describe the current situation and the future
opportunities for implementing IT and product modeling to support the factory
based manufacturing of houses. The studies consisted of both single-family and
multi-family house manufacturers. The hypothesis was that timber house
manufactures could use configuration systems to aid the specification process
to efficiently produce customized buildings. All timber house manufacturers
included in the first part of the project were well-established companies with
industrialized construction as a part of their corporate strategy.

6.1.2 Client opportunities
The second part of the project describes professional clients in the construction

industry, specifically their activities in renovation projects, and their role and
potential to be part of the industrialization of renovation.
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Central in the second part of the project is a case study of a large client and
property owner in Sweden — MKB Fastighets AB (MKB). For the duration of
the study, full access was given by MKB to documentation and digital
resources. Invitations to internal and external meetings were also given, as well
as the ability to freely book interviews with employees at MKB. Special
attention of the study was on the renovation process of multi-family houses
with focus on pipe renovation. The area was chosen by MKB because of their
perceived challenges in terms of high volumes, as well as for the complexity of
the renovation projects.

The objective has been to describe how professional clients work and to
identify opportunities for industrialization that can be found in renovation of
multi-family houses for large, professional clients.

6.2 Industrialized timber frame house manufactures

6.2.1 ICT support for industrialized production of houses

The aim of the early research was to find IT strategies for industrialized
construction. The background is that there should be a potential to develop
industrialized construction, because there are many promising elements already
present. Off-site production and standardized solutions offer possibilities to
efficiently produce houses. But the resemblance to the traditional construction
sector constitutes a barrier. The lack of product documentation, defined
processes and IT support was identified as obstacles to effective off-site house
building.

An IT strategy should aim to efficiently be able to manage information and
support the value adding activities within the organization. Based on the results
of a multiple case study of six medium-sized timber house manufacturers, the
study focused on finding elements that could be included in an information
strategy suitable for industrialized construction. To find the appropriate content
a literature study was performed, demonstrators were built in a parallel project
and common practice in other manufacturing industries were investigated. The
study has been presented in paper 1.

Despite the commonalities and shared market with the traditional construction
industry, industrialized producers operate differently. Most of the companies
that were included in the study use prefabrication to some extent.
Prefabrication changes the organization and requires different capabilities
compared to traditional construction as well as investment in production
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facilities. Because of the distinguishing features of industrialized construction it
also opens for different supporting tools, for example IT support and product
modeling.

In traditional construction most projects are designed and built specifically for
that unique project. An organization of specialists purposely put together for
the project, leads and conducts the work within the project. After the project
has ended, the project team often parts and it is often overlooked to make sure
lessons learned are transferred to the next project. The logic of industrialized
construction is somewhat different. The standardization of design and
prefabrication of components and modules presents the possibility to
systematically use standardized design principles. But the standardization of
design requires a different approach to product documentation compared to
project based designs to be effective. Likewise, prefabrication will have
difficulties to accommodate constant changes to design, with the result that
benefits and investments are difficult to realize. To find relevant examples from
where industrialized construction could learn how to use the benefits of product
documentation, common practice in other industries have been investigated and
presented.

Timber house manufacturers are in between industrial production and the
construction industry today concerning information and product management.
A starting point for improving the information management of is to look further
into the common practice of other industries. Many industries exist where
products are manufactured based on similar logic and with unique
configurations each time, for example shipbuilding, where methods of product
documentation can be transferred.

The study into the IT support for industrialized construction concludes that it is
possible to improve quality and productivity for timber house manufacturers by
addressing their current issues with information management, which have been
reported in paper 1. The main objective of this study has been to establish the
current situation of timber house manufacturers and suggest several possible
directions that can be pursued to improve IT and the management of product
related information.

6.2.2 Information management for industrialized building design

Based on the same multiple case study of six timber house manufactures, data
was also gathered to more thoroughly explore product modeling and
modularization as a way to structure products and to use as a design
philosophy. A systematic approach is required to create a product specification
process that can be used downstream to configure products to the individual
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specifications requested by clients. It was believed in the beginning of this
study that product modeling presents opportunities for the industrialized
construction sector to gain efficiency.

In paper 2 examples of the basics of product modeling were studied and some
examples of how it is used in other industries are presented. Based on the
studies of current practice in other industries, it is suggested that information
management needs to attain more focus from timber house manufacturers.
There are interesting opportunities to use the possibilities that industrialized
construction presents, factory based production and repetitive use of
technology opens for more efficient ways of managing product related
information that can increase the efficiency and reduce the need of unique
solutions even more through the use of other production paradigms.

Timber house manufacturers need to focus on three areas: process orientation,
product documentation and information systems strategies to make better use
of the possibilities that lies at hand. But the investments in time, effort and
systems need to be accomplished by each company alone. Effective use of
product documentation and IT support needs attention of each company to be
adjusted to the specific conditions and requests. Therefore sector wide efforts
where companies co-develop solutions will probably render less effective
solutions. Further it is also suggested that timber house manufacturers could
investigate the potential effects of introducing a product development process
to better control the development and adding of new features to the building
system. A product development process could also facilitate feedback to further
improve building systems.

6.2.3 Product modeling of configurable building systems

Based on the results presented previously in the chapter, further studies were
made to test the feasibility of using product modeling to document building
systems for industrialized construction. Independent of the previous multiple
case study, an additional timber house manufacturer was approached. They
agreed on making their building system including drawings and technical
documentation available for the study. The studying of documentation was
complemented with interviews. In parallel a survey to establish some common
customer requirements were conducted. In paper 3 the results of the survey
were used to compare the features of the building systems with customer
requirements to understand how much the building system had to be
customized in each customer project. The aim of the study was both to test the
feasibility of documenting the building system in a product model and to test
how well the building system could accommodate customer requirements.
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The building system in the case study was not a complete match with the
customer requirements, custom changes had to be made in many orders to
accommodate common requests. This can possibly be a contributing reason to
that so much specification is done in each order at the case study company. If
the building system by default could accommodate all commonly requested
modifications, the specification process could be more efficient. Fewer
modifications in each order would mean that less unique design and
development would be needed in each order, thus the quality of solutions
would be able to be verified beforehand because they had been built before.
Consequently platforms that are designed so that they can meet common
customer requests will lead to decreased costs and better ability to comply with
the market requests.

Product modeling has a central role in building system design, because it can
be used as a way to document the building system for internal use and a way to
keep track of features and commonality of the platform, which facilitates
overview and direction as well as the strategy of the company. In this way it
becomes clearer what the product can, and cannot do. As a result, the product
model can work as a manual for the company in communication with
customers as well as internally.

In the case study an information model structure was created to organize the
information of the product model in four views according to the information
need of the case study company, see paper 3. The views were formed to reflect
the information requirements in engineering, customization, production and on-
site assembly activities. On the whole the information model has the potential
to visualize and provide a good overview of the building system.

The case study again showed that companies need to put efforts in IT and
product modeling as individual companies. It was also concluded that
companies need to introduce new product features in a structured way, for
example in a product development process, to keep track of changes of the
platform. The decision to introduce new features should be a strategic decision,
not something that is decided from project to project. An observation was also
that companies were better at transferring knowledge downstream the value-
flow than upstream. Not being able to transfer information upstream may mean
less opportunity for feedback loops.
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6.3 Construction clients and their relationship to
industrialization

6.3.1 Introduction

Clients view the industrialization of construction from a different perspective
than timber house manufactures. Traditionally clients have not had an active
role, instead they have been a passive receiver of the concepts and ideas that
have been developed by contractors and suppliers. Their incentives to
participate in the development of more systematic approaches to construction
have so far not been put forward. This chapter aims to clarify how clients think
and act in renovation projects, which will provide background for how clients
can participate in, and benefit from, industrialized construction. The incentives
and rationales between property owners acting as clients in construction and
renovation projects are different from how timber house manufacturers
participate in the construction process. Thus this study will at first be different
from the description of timber house manufactures in both focus and approach.
It was also necessary to approach property owners differently because of their
different focus and attitudes.

Clients do not often have an industrialized approach to construction, which
makes them different from suppliers. Focus lies in finding balanced solutions
that render investments profitable, and to keep tenants and owners content.
Eloquently put one can say that contractors make money from maximizing the
extent of projects, property owners save money by not doing more than
necessary. One of the greatest dilemmas for property owners in renovation is
timing and extent — knowing when to act and what to do represent two of the
biggest challenges. In the end everything comes down to cost and not spending
more than necessary show responsibility towards both owners and tenants.

From an industrialization perspective, large clients have the potential to cut
costs by rationalization in renovation projects by the use of systematic
approaches that ensures quality both in projects and in long term maintenance.
Focus here lies on describing the current situation and finding how they can
implement industrialized strategies and what it would imply.

6.3.2 MKB Fastighets AB

MKB is a municipality owned property owner in Malmd, Sweden founded in
1946. They provide rental apartments in the city of Malmo as their main
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business. With almost 23 000 apartments, MKB has a market share of 33% of
all rental apartments in Malmo, and a market share of 15% of the total dwelling
stock in Malmé. Figure 12 shows an example of their buildings. MKB has 268
employees, of which 20-30 are project managers, engineers and technicians
engaged in maintenance and renovation. Four project managers work
specifically with project management and tenant communication in pipe
renovation projects.

Figure 12 Typical multi-family buildings from the 1950°s
The photo displays some of MKB’s buildings in Malmé, Sweden.

The construction of MKB’s buildings is concentrated to the period 1950-1970
(figure 13). Because of the aging property stock many houses’ technical
systems are now in need of renovation. In 2008 MKB completed an extensive
investigation to quantify the need and to create an action plan. It was concluded
that there were an estimated need for renovation of water and sewage pipes in
12000-15000 apartments during the coming years. The current plan to address
the issues stretches to 2027. The conclusions were based mainly on three data
sources:
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* Physical inspections of buildings to determine and document status of
systems and materials

* Interviews with staff who do daily maintenance
* IT-systems to check earlier maintenance

The investigation resulted in a strategy where three approaches to pipe
renovation were developed. These are further explained later in this chapter.
They constitute a recommendation based on the technical status and reparation
costs.
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Figure 13 MKB buildings by construction year

The diagram shows all MKB’s apartments by year of construction. As many other property
owners MKB has a peak around 1950-1970, which is the main reason for the current large need
of renovation and modernization.

Pipe renovation with bathroom modernization is one of the largest and most
complex types of renovation projects at MKB. Currently MKB performs pipe
renovation in about 500 apartments per year. Other than pipe renovation MKB
performs many other types of renovation projects, but this study has focused on
the pipe renovation process because of its complexity and urgency for many
property owners. Pipe renovation is also often a triggering factor for
opportunistic renovation (Lind and Muyingo, 2012), where other actions are
performed simultaneously.
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6.3.3 Pre-study and previously unpublished results

Prior to the main study that led to the appended papers 3-6, two studies were
performed to help understand the current situation of property owners with
large renovation need. First a pre-study at MKB was preformed, it consisted of
interviews and studying of documentation about renovation planning and
execution. Also process maps of the pipe renovation process at MKB were
created, presented in figure 14. A workshop with stakeholders representing
different interests in renovation projects was also conducted mid-term in the
project. Additionally, interviews were performed with 10 property owners in
Sweden to understand their view of planning and financing of renovation
projects.
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The pipe renovation process at MKB starts with the established need for renovation and ends
with a completed renovation. The process encompasses planning, design and execution.

Figure 14 The pipe renovation process at MKB
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The objective of the pre-study was to identify issues in renovation and
maintenance at MKB that could be focal points for the rest of the second part
of the project. Based on interviews and studies of documentation, several
potential areas were identified:

* Renovation project contracting forms

* Information management

*  Purchasing of products and materials

* Internal decision process for renovation projects
* C(Client choices in renovation projects

* Long-term planning of pipe renovation

* Pipe renovation process efficiency

e IT strategy and systems support

* Strategic choice of products and solutions

The most prevalent issues were the relations with project stakeholders,
especially contractors. Another problem that was brought forward by
management was the timetable and timing of pipe renovation projects, i.e. the
long-term planning. Although MKB has a relatively structured and analytic
approach, they see better understanding of optimal timing for pipe renovation is
as an improvement. The reason why MKB is eager to better understand the
optimal time for pipe renovation is from the economic perspective. They
naturally want to balance the yearly damage costs related to water leakage,
with the costly investment of pipe renovation that will also result in increased
rent for the tenants. From a property owners perspective it is poor judgment to
tear down structures and components that still have a value. From a research
perspective it was also interesting to further investigate how a strategic choice
of products and solutions could influence quality, time and cost in renovation
projects, i.e. industrialized approach. Addressing products and solutions could
potentially also create more stable conditions for the relationships with
contractors in renovation projects because of predictability and long-term focus
instead of project focus.

The pre-study was confirmed in interviews with MKB project managers. They
spoke of many issues related to the renovation projects and the relations with
contractors. Project managers identified problems mainly related to projects,
which is only natural because the success and failures of renovation projects is
what they experience on a daily basis. But there is a chance that project
managers identifies problems too limited, with focus only within the project.
This may lead to a sub-optimization from the perspective of MKB as a whole.
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The workshop aimed to better understand the view of other stakeholders active
in renovation projects and to identify the biggest challenges that lie within. 17
participants representing industry organizations, contractors, property owners
and academia participated in the workshop. The main findings were that the
participants agreed that the future of renovation lies in better collaboration in
projects and to develop better contracting forms, for example partnering.

In collaboration with MKB, interviews were conducted with 10 property
owners about how they plan renovation. The interview study concluded that
many companies share the view of MKB that renovation is a complicated
economic matter and many are constantly seeking better answers. All property
owners have to deal with the financing of renovation, but how strict they view
profitability is different. There have also been initiatives by public property
owners that allowed them to decrease profit for limited periods, to instead
invest in renovation. This of course leads to different logics and decision-
making mechanisms within these companies.

The summarized view after the pre-studies was that:

* Renovation of multi-family houses is a large issue for property owners
from several perspectives. They own the problem, thus most of the
solutions must come from property owners.

* To some companies the economic circumstances that surrounds
renovation is of high importance and influence the extent of renovation
projects

e There is a mutual understanding that efficiency of renovation projects
can be increased

* All stakeholders are open to new contracting forms

* Property owners showed low interest in purchasing solutions and
materials, despite potential benefits related to scale and quality control.

6.3.4 Planning of renovation and maintenance

Property owners today often need to make decisions about renovation based on
vague information and under pressure. At the same time as the increased need
for renovation in Swedish multi-family houses are unveiled at a rapid rate in
the public discussion, property owners are required to take informed decision
seen from many perspectives — tenant consideration, financial benefits, service-
life are all factors that needs to be considered. In addition, the decision on one
hand needs to consider the imminent needs, on the other hand it needs to
consider the long-term effects in the property stock. The increasing need of
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renovation together with demands of profitability also for maintenance
projects, implies that property owners are experiencing a difficult situation —
especially since an increasing share of all investment within the construction
sector relates to renovation.

It is a challenging task to fully understand how the need for pipe renovation
develops over time and consequently to know when the optimal time to take
action is. In the pre-study MKB expressed this as one of the most challenging
tasks in maintenance planning, because it involves so many parameters and
uncertainties. The optimal point of time can be considered to be a risk problem,
it is related to risks in service-life, cost of reparations, how tenants react to
disturbances and availability of contractors. Property owners must decide how
to prioritize between all factors. A precondition is however that data is
available, so that an informed decision can be made. One more consideration
that troubles property owners is whether maintenance actions should be
performed individually to optimize service-life of components, or if all actions
should be packaged into one big project that provides benefits of scale.

The study of maintenance planning presented in paper 4 focused on two
objectives: to understand the motivation and reasoning that surrounds
maintenance projects, specifically pipe renovation, and to investigate the
possibilities to formalize the practical decision process for pipe renovation. The
formalization of the decision process resulted in a simple decision support
model that made the previously man-made analysis more transparent and
available.

The model that was developed within the study showed that with relatively
simple means it is possible to produce a model that can help to prioritize the
need for pipe renovation within a property stock. The structure of the model is
shown in figure 15. This particular model ranked buildings on a scale from 1-
10, based on input relating to building facts, usage and current status. The study
also underlined the importance of available data as a key issue. During the
development of the model and in the subsequent tests performed in a student
thesis work, it was clear that not all data needed as input to the model was
easily available (Cederstrém and Strandqvist, 2013). MKB however previously
based their planning on the same data, but it was difficult for MKB to present
the data when needed. The information that constitutes the basis for property
maintenance planning at MKB is currently dependent on knowledge that is
linked to individuals. For decision-support tools to work as intended,
knowledge must be formalized. The model was kept simple to be able to be
applicable in real-world situations.
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Figure 15 Pipe renovation prioritization model
The pipe renovation prioritization model can help property owners to decide in what order to
perform pipe renovation within a group of buildings.

The lessons learned about how property owners plan maintenance is firstly that
public property owners are very willing to share information and lessons
learned with their peers. Because there is no competition between them (they
are owned by the municipalities and are thus only active in one municipality)
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they can freely exchange information. How clients in general plan maintenance
is very individual. The approach is much up to the knowledge of the
individuals in the organization. One general observation was that public
property owners often have more technical staff. Perhaps that is a contributing
reason why they also do more maintenance, measured in maintenance
investments per square meter.

The approaches to pipe renovation projects can be very different between
different property owners. Some choose to combine several different actions
into one package to minimize disturbance for tenants and to take advantage of,
for example only having to establish a work site once. A combination can
consist of pipe renovation, electrical systems, new kitchens and bathrooms,
extra insulation of the facades etc., but no upper limit exist. One of the
conclusions from this study was that further studies had to be made of how
property owner would like to execute renovation projects, and what contractors
currently offer.

6.3.5 Demand and supply for the renovation industry

The first studies focused on the renovation needs of MKB and their peers. The
initial impressions were that client needs in terms of how they want to conduct
renovation projects and what they require from contractors can change both
over time and between different clients.

Depending on how and what clients ask for, the tendering processes will attract
different groups of contractors. The relative importance of renovation for
contractors are increasing and large contractors target the renovation market
with specific offers. The objective of this study was to understand how large
clients act and what they ask for in renovation projects, as well as to understand
what services and solutions that are offered by contractors and suppliers.
Besides presenting the results, it was also the aim to see if clients or contractors
and suppliers have incorporated any systematic approaches to solutions,
information management or processes that would indicate elements of
industrialization.

A questionnaire was sent to large property owners about their capabilities and
attitudes towards renovation projects. In total the respondents own and operate
more than 200 000 apartments throughout Sweden. The results show that many
property owners have good capabilities to plan and analyze maintenance. Many
are nevertheless open to large, extensive projects and initiatives where the
contractors take a leading role in the project. Many of the property owners
describe how they are satisfied with how renovation projects currently work.
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They do however regard communication, quality and cost as issues in
renovation projects.

Property owners were also asked what contractor characteristics they look for.
The most prominent features listed by clients were competence and good
communication skills, which can be said to be skills required within the
current, well-established practice of renovation projects.

The study presented in paper 5 show that both the identified problems and what
clients look for in contractors are characteristics that are often used to describe
the construction industry in general. Therefore it is plausible to argue that
respondents represent traditional views and goals of what renovation projects
should achieve, and the perceived problems are the same as in the rest of the
construction industry. During projects, clients appreciate good communication,
planning skills and ability to finish according to schedule as most important.
Clients could have the potential to use their influence to enforce better control
of prices and quality, but from the results of the study this does not seem like a
prioritized area for them.

In terms of industrialization and standardization, the study does not indicate
much interest from clients to engage in standardization of solutions or
processes. In the questionnaire, clients were also asked if they standardize
technical solutions for renovation in the purchasing process. The results
showed that there are different levels of standardization between clients.

The interviews with contractors active on the renovation market showed that in
general their offerings build on flexibility. Their willingness to adapt may
however be a marketing strategy rather than how they internally discuss
preferred practices. But the lack of standardized approach of course promotes
flexibility. Renovation projects pose different demands on contractors
compared to construction, which may explain the perceived need for flexibility,
for example existing structures adds complexity.

Renovation in Sweden follows the same structures as construction with local or
regional markets where companies of different sizes compete for the same
contracts. Many interviewees explained how they are able to adapt their
solution to different circumstances and client demands. Local markets may also
explain the flexibility - many of the companies compete for the same contracts,
thus it becomes important to be able to adapt to different client demands.
Clients may initially welcome flexibility, but there is a risk that it limits
possibilities for standardization and continuous learning, if all projects provide
new and unique solutions.

The introduction of renovation concepts by large contractors is probably both
because of market conditions and for technical reasons. The impression was
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however that contractors do not turn down a project if it would go outside the
boundaries of the established concept — flexibility is still an important
capability. The goal of the concepts has however been to better understand
clients’ business logic and help to find incentives for renovation by improving
profitability of renovation projects. For example energy efficiency has been put
forward as good investments.

Systematization can be seen to some extent in the large contractors’
conceptualization. At the center of this effort is the centralization and
systematization of well-known solutions into a knowledge repository. It is
however up to each region within the company how they would like to use the
knowledge, which is very much up to how and what clients ask for. Large
contractors say that they have been able to shorten project time in large projects
where the work crews are able to learn from previous stages of the projects.

The developments of methods and solutions are still lead by contractors,
however several clients still specify what kind of solutions they want for
specific projects. According to the study the demand for new and innovative
solutions and collaboration forms is low. This may lead to inhibited
development and to preserve the status quo in renovation projects. Several of
the contractors emphasized that they would like to enter the design phase as
early as possible, preferably before the design has been detailed. If contractors
can influence how the solution is defined, then they are able to design the
solution so that it is familiar to them, which reduces risk. At the same time it
may become more problematic for clients to ensure effective operation and
maintenance.

Neither clients nor contractors expressed any need for structural changes or
development that goes outside the current structure of renovation projects. Both
sides seem content with the flexibility that currently characterizes many of the
offerings. But because of the flexibility it is relatively hard to distinguish
different contractors from each other. The study concludes that property
owners ask for traditional renovation projects, and that many clients are content
with the current situation on the market. The main problems lie in
communication and reoccurring issues with quality and price. There are
opportunities for new business models and for innovation where the client
could take a more active role. But it requires commitment and new capabilities
from both property owners and contractors.

Clients ultimately decide what solutions that are selected and used. If clients
could be consistent in the solutions they choose, it could create better
possibilities for contractors to standardize offers.
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6.3.6 Opportunities for industrialization of renovation

Based on the understandings of industrialized construction and the previously
gathered information of MKB’s current practice in renovation, the last part of
the project aimed to understand the opportunities for property owners in using
industrialized strategies. The objective of this study was to understand and
describe the effort needed by MKB to industrialize the renovation of pipes and
bathrooms and to see it as a process instead of a series of projects.

The findings in paper 6 show that the opportunities for MKB to adopt simple
industrialized strategies are attainable with relatively little effort. To adopt an
industrialized strategy for pipe renovation would require adaption and
investments in standardization of solutions and processes. The efforts needed to
industrialize, mostly require relocation of staff dedicated to the activities
related to industrialization, for example product development.

The study shows a potential for property owners acting as construction clients
to increase quality and predictability in renovation projects by adopting
industrialized strategies. The change could potentially mean better control of
technical solutions, processes and information management. But the realization
of the potential also means less flexibility.

If clients start to implement industrialized strategies by standardization of
technology, it can potentially create a new market. New market conditions
could mean that clients better can influence the solutions they purchase.

Clients that see a potential in industrialized construction should start by
building on their existing knowledge, which is often centered around the
technology. For MKB it could be to start building on the solutions that works
well in pipe renovation, but it should also be noted that the holistic perspective
is important from the start of the implementation.
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7 Current situation and future
opportunities

7.1 Introduction

In this chapter the findings from the separate studies are reflected upon from
the perspective of all collected data. The goal is to analyze the collected
research with regard to what has happened and to identify future possibilities.

Timber house manufactures and property owners acting as clients in renovation
projects do not often cross paths, first of all they do not act in the same market
segment. But still many of the challenges and opportunities are the same both
on buyer and supplier side in the industrialized construction process. At the
center of industrialized construction is the creation of value for the customer,
so the goals of lower costs and increased efficiency in all steps from the early
phases of planning to maintenance are common for all stakeholders.

7.2 A view of current practice

7.2.1 Timber house manufacturers

The timber house manufactures that were studied in the project have worked
with off-site production and standardized technical platforms for a long time. In
that sense they apply industrialized strategies and methods. There have been an
interest for new methods of industrialized construction, e.g. (Lessing 2006),
however few major changes that affects how they work have been implemented
in existing companies. The reluctance to implement changes and make
investments could be connected to the downward going trend for single-family
houses during later years, which makes costly investments more difficult to
motivate to management.

The fluctuations of the market force timber house manufacturers to constantly
be adaptable to the surrounding conditions: in economic upturns they can be
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more selective and primarily accept orders that they can produce efficiently,
but in times with less demand they have a history of making deviations from
the commonly used technical solutions, which also leads to less efficient
production. Various modifications to common practice lead to an undermining
of the technical platform, if obsolete solutions are not removed. When the
platform has come to accommodate too many variations, it becomes difficult to
navigate and the design process comes to resemble traditional design where
new designs are created for each project. One can argue that the longer a
company has been in business, the harder it becomes to apply industrialized
strategies because the technical platform looses in relevance.

From the perspective of IT- and technical platforms, the requirements for an
implementation of a product model and use of configuration has not been fully
present in the companies that were studied. The reasons are connected to the
fluctuating demand and also to traditions. Several companies prioritize to have
the ability to make changes to accommodate many different customer demands.
Further, in an interview a member of the technical staff at one company said
that they see themselves as a construction firm and not as an industrial
manufacturer. This view does not promote platform thinking.

Single-family timber house manufactures operate on a market where there are
many companies on a small market, which has led to several bankruptcies. At
the same time the will to change seemed to be low, consequently not many
large changes have been made to how design and production are managed.
Many companies continue their business relatively unchanged despite the
market conditions and the development of industrialized construction during
later years. The reasons why they have not changed is difficult explain from the
results in this project. It could however be possible that investments made in
already well-established design and production resources acts as a barrier to
change. For timber house manufacturers to change, there might be a need to
rethink their current position and start over to apply modern industrialized
construction. They need to define a clear customer segment for the technical
platform and develop specific, clearly defined solutions to make it possible to
use their production resources effectively to reduce design and production
costs. This would however require investments for companies on a market that
has decreased with more that 60% over a relatively short time. Understanding
of the market and specialization could however be success factors to offer cost
efficient, qualitative solutions.
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7.2.2 Renovation and the situation of property owners

Contractors generally offer flexible solutions for renovation of multi-family
houses. Several stated that they are required to offer flexibility to accommodate
different requirements from clients. The disparate client requirements may act
as a barrier towards the implementation of technical platforms and standardized
processes for the renovation market. The desire of contractors to appear as
flexible could partly also be explained by marketing concerns, to get contracts
they need to appeal to many different clients. Consequently much of the
responsibility to improve the current situation falls on the clients. Change or
innovation in renovation of multi-family houses must involve clients, because
they ultimately determine the conditions of the market and often possess most
of the knowledge of the houses they own, thus also about the renovation needs.

Several contractors have however initiated efforts to improve their efficiency
and quality in renovation projects. For example, one contractor have collected
best-practice solutions that can be systematically reused. Contractors have also
said that keeping work crews intact between stages in large projects have
shortened project time significantly in later stages of the project. Experience
from the specific conditions of buildings in large projects, as well as learning
and improving over time, have been success factors. The examples show that
repetitive use of solutions and learning from experience can help to create
better predictability and lower cost.

Amongst clients in renovation, industrialization has not been frequently used
and some clients describe it as mostly benefiting contractors. There are
however examples where certain components have been standardized. But the
level of standardization of project designs and contracting forms were different
between clients in the studies. In general, the individual client project manager
can have a large influence over the design and execution of projects. For
example at MKB there were few examples of easily available standardized
designs that could be reused between projects, which makes the job of project
managers more difficult. Informal feedback and reuse are however frequently
used.

Some interesting initiatives were observed on an industry level. Industry
organizations have great potential to show the possibilities for clients to take
initiative. The client organization for municipality owned property owners in
Sweden (SABO) has for example procured complete offers to build affordable
multi-family houses, which can be used by all members. This shows the
potential of what clients can do if there is a clearly defined demand in
combination with a market size that is acceptable for contractors and suppliers.
But in renovation the experiences from this project is that clients often are
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content with being recipients of services and products where contractors and
suppliers have control. The approach of less involvement and control may lead
to more time efficient project management for clients, but less involvement
may eventually lead to a degradation of knowledge as well as little contribution
to development and innovation.

7.3 Acting from current situation

During later years most initiatives within industrialized construction has been
led by contractors and manufacturers, for example the timber house
manufacturing are since a long time a well-established market. An interesting
future potential is however how professional clients can better take advantage
of industrialized strategies. There is a potential for clients to take part in the
development of concepts and solutions based on their extensive experience of
renovation and construction projects. But for industrialized construction to
have relevance, the general view of the benefits for clients must be made
clearer and more concretized. As long as the benefits are perceived by clients
as to mostly improve the internal efficiency of contractors and suppliers and
not significantly affect price, time or any other clearly visible benefit of clients,
industrialized construction will find it hard to compete with traditional offers.
Clients may also perceive the risk of trying something new as too high and if
industrialized concepts are priced in accordance to what the market can tolerate
instead of being based on actual costs, there are few visible benefits to clients.
But large clients should recognize their own responsibility to create a more
effective construction sector. As long as they continue to ask for the same
solutions as they previously has, there is a high probability that nothing will
change.

A knowledge barrier may partly inhibit the adoption of industrialized strategies
amongst clients. Clients as a group have been described as less knowledgeable
than their counterpart, the contractors. At the same time, clients are the group
that could benefit most from the positive effects of industrialization. To
mitigate the knowledge gap should not require extensive actions. The first
actions for clients are to organize and present knowledge and solutions that
they would like to promote, so that it can be conveyed to other stakeholders.
The focus on an industrialized strategy also requires a change in competence
for many clients, which also would mean investments in resources as well as
introducing new activities. The knowledge that is required is related to
technical systems and product development. Clients also need to understand
how the process changes when they introduce product development that is
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separated from the renovation projects. A platform owner and routines for
knowledge transfer between projects as well as the continuous processes needs
to be established. Similar to the initiative by SABO, it is important also for
clients to show that they can offer a market that appeals to contractors and
suppliers. This requires stable demand over time and repetitive use of solutions.

7.4 Going forward

Industrialized construction cannot only be a concern for contractors and
suppliers. Single-family timber house manufacturers constitute a limited
market where the customers mainly are private persons. The need for customer
focus is important in all market segments, but the conditions of the market are
different compared to multi-family houses, thus also strategies should be
different. Customers should not be directly involved or affect the processes for
development, but companies should have well-established routines to
incorporate customer feedback and requests in their development.

Professional clients in construction do however often take an active part in the
construction or renovation process. So in any thoughtful effort to develop
industrialized strategies, the client has to be included in the process and be
allowed to have an active role where they can participate and influence designs.
Without the demand from clients there will not be a market to develop,
therefore perceiving large clients as merely recipients of services is risky. An
interesting development would be that clients themselves lead the development
to define their role and take responsibility to make sure that they receive the
solutions, cost and quality they prefer. Especially large, repeat clients with
stable and uniform demand can play an important role and can potentially
influence how the market develops. By posing consequent demands, clients act
responsibly and can contribute to creating a stable market.

The large demand for renovation of multi-family houses makes renovation a
possible segment for industrialized strategies. The challenges for clients in
renovation lie in understanding and evaluating the need for renovation and
classifying the need so that they can use their resources efficiently. An
evaluation is essential to understand which parts that are suitable for an
industrialized strategy. Likewise there are large challenges for clients in the
subsequent renovation process, in developing appropriate solutions. If
industrialization is considered as an option, it must be included on a strategic
level, because it affects what resources are needed.
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New market conditions could come from clients or client organizations
developing concepts or industrialized approaches to renovation. A market
based on these conditions could mean more influence for professional clients,
which in turn can lead to a more customer influenced process where focus lies
on the solutions requested by clients instead of those promoted by contractors.
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& Conclusions

8.1 Introduction

Industrialization of construction is about the systematic approach to technology
and processes, and to learn from previous experiences. The more open term
industrialized strategies include more stakeholders and opens for different
approaches. But a systematic approach requires openness and collaboration
between stakeholders. From the work in this project it is clear that the
engineering perspective dominates, thus it is natural that the technical
platforms dominate. But additional competences can be added to the platform:
IT, processes, organizational changes etc.

Without a role where clients can take an active part in industrialized
construction, it is hard to see how the benefits will reach further than to reduce
the costs of suppliers and contractors. There are currently few professional
clients who proactively choose industrialized solutions.

Below the research questions are answered.

8.2 Timber house manufactures

The focus and entry point of the early research in this project have been the
possibility to utilize product data modeling and IT, but the introduction of these
will affect also other areas. The use of product data modeling and IT to support
the internal work will require structure and formalized routines. Thus the
processes and possibly also the organization will be affected by these changes.

There is a potential of using product modeling for timber house manufacturers.
Many of the preconditions are in place, much because they control process and
production. They also have an organization that can make use of the benefits of
a more effective specification process. Configuration and product modeling
should however not be considered as IT projects. The benefits of product
modeling is better control, quality and increased interaction with the customer,
benefits that are not connected solely to IT or product development. Thus the
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incentives for these kinds of efforts should come from, or be supported by the
management.

Timber house industries can increase efficiency through a strategic approach to
product data management and information management. If fully implemented it
will mean significant changes, thus changes will probably need to come
progressively to be accepted within the organization. The first thing that needs
to change is a better understanding of how IT can drive business forward — the
technology is often already available. But each company needs to act
independently, waiting for an industry standard will probably take too long
time.

There exists an improvement potential for timber house manufactures in
several areas. The main benefit are that they own the process from sales to on-
site. work, which makes it possible to engage in the abovementioned
specification process and configuration as well as modularization and product
modeling. To be able to take advantage of the benefits the maturity must
however increase and industrialized producers of houses can learn from
manufacturing.

8.3 Client opportunities

The interest of clients in renovation towards the standardization of technical
solutions and processes was surprisingly low. The majority of the clients that
were included in the study did not support more client control over either of the
areas. Instead they were relatively content with current situation and were open
to large projects where contractors take responsibility. Clients did look for
reliability and quality, which they did not associate with industrialized
construction. There were however several clients who in interviews expressed
problems with more contractor control, but the lack of resources and capability
may be a short-term explanation to the overall positive view of contractor
control. How clients view the long-term development of their role has not been
investigated enough to provide an answer.

Clients could however gain from industrialization in several ways. They are the
customers in the renovation and construction process, making sure that the
process creates maximum value should be of the highest interest to clients. The
increase in control over the products and solutions that are built into their
buildings would be an obvious benefit in long-term property management. But
it requires that clients specify solutions that are reused in many projects over
time. The case study company for instance renovates up to 500 apartments per
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year, in addition they build up to 500 more per year. With a focus also on the
processes where the technical platform is used, both internally and externally,
they have the possibility to include several other aspects of industrialization,
for example continuous development of processes and solutions. Clients should
have the potential because they have experience of many kinds of solutions,
they can control purchasing and they have the incentives to implement
improvements over time. By prescribing different levels of technology
standardization, clients can in practice include or exclude different contractors
based on their experience. Industrialization however comes with increased
costs for development and management.

In order to obtain the benefits, industrialization requires changes in client
behavior and roles in the renovation process. To control technical solutions and
processes requires a product development process where solutions are
developed and maintained, which is separate from the renovation projects.
Likewise, processes need to be defined according to the needs of the company.
If clients have certain preferred solutions for renovation they also need to be
documented for several purposes. Development, purchasing, specification,
tendering, production and maintenance are areas that can be addressed with an
industrialization perspective, but they require information. Thus an information
strategy and product data as a source of information is also needed. But the
formalization of knowledge means that parallel solutions cannot exist, so there
is a need to harmonize the internal staff and solutions.

The advantages for industrialized construction have so far not been compelling
enough for clients in relation to the risks and to many it is still perceived as
new and experimental, which is a problem. But potential opportunities for
clients lie in their involvement in development of technical platforms and
processes. From an outside perspective there are potential gains in that property
owners own or specify technology that they know work, that they can maintain
effectively and that are not chosen only for its low initial cost. There are
several clients in Sweden that are large enough to standardize technology and
processes. By making the systematic design and processes for renovation and
construction publicly available, they can create stable conditions for the market
were contractors and suppliers can learn the solutions over time. If large clients
took the responsibility to create stable conditions with consistent requirements
a new market could be created.

81



8.4 Future research

There is a need to further establish the role of active clients in the industrialized
construction market segment. Practical cases where client involvement are
implemented and evaluated may help to further concretize the benefits and
establish appropriate roles. To provide best practice scenarios that allow clients
to feel confident to engage in industrialized strategies is also important.
Consequently models and strategies that describe the client role in
industrialized construction need to be evaluated and further developed to prove
generalizability of the results in this study.

The total sales of single-family timber houses have seen a significant decline in
recent years and many manufacturers struggle to survive. But still few
significant changes to how production and design is managed by companies
have been seen in the studies. It should be further investigated why, besides
cost, timber house manufactures are reluctant to implement better-defined
product platforms.

This research project has shown the feasibility of industrialized strategies in
both renovation as well as in construction. It is however of interest to further
investigate what an industrialized strategy within a client organization can
encompass. Can for instance the same strategy include both new construction
as well as renovation of existing buildings? To outline future definitions of
industrialized strategies for clients, the commonalities in industrialized
strategies for renovation and construction in terms of degree of predefinition of
solutions, client role and drivers would need to be further investigated.

8.5 Final remarks

The goal of this thesis has been to show potential improvements for a better
construction process through the adoption of industrialized strategies. The
means are production strategies, standardization and improved information
management and the goal is to increase quality, cost effectiveness and
predictability. There is an undoubted need for change in the construction
industry — and together we must experiment and put forward successful
examples.

There are several challenges with industrialized construction, which has
inhibited it from being widely accepted. The technocratic, resource based
perspective of contractors and manufactures may have been a contributing
reason. Although the benefits of industrialization have been shown, some of the
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clients in this study still perceived industrialized construction as a way to lower
production costs, not price. True or not, the perception has to be changed for
the adoption of industrialized strategies. Further, there is an information
asymmetry where suppliers and contractors often have more knowledge about
industrialized construction. Clients and property owners need to better
understand how to use the benefits of industrialized construction as well as to
learn how to formulate and verify requirements. Client lead or influenced
industrialization could be what is necessary as one of the next steps for
industrialization of the construction industry. Here contractors have a mission
in educating and making professional clients active participants in the
development of platforms and concepts. New strategies and industrialized roles
for clients are currently lacking.
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ABSTRACT: The Swedish construction sector is currently undergoing great changes. The large costs for labour have
forced the construction companies to rationalise and minimise labour intense work operations. Therefore, the current
trend in construction to adopt the principles of lean production and transform it into lean construction, suits the Swed-
ish way of working and the entire Swedish construction sector has caught on. A growing market is the prefabrication of
building elements that are transported to site and then erected. The development has been taken so far that modular
houses i.e. vol-umes/rooms are prefabricated.

Companies in the prefabrication industry within construction fall between two sectors; the construction industry and
the manufacturing industry. In terms of IT support the contradiction between the two sectors become evident. Sofiware
developed for the construction sector seldom provide enough detailing to suffice as a basis for industrial production,
while software supporting the manufacturing industry are incapable of delivering standard construction documenta-
tion.

The current study presents a multiple case study where six Swedish industrial manu-facturers of timber houses were
studied. The process from tender acceptance to mod-ule delivery is described. Alongside, a survey of the building sys-
tem revealed that much still needs to be done in terms of documenting a building system. The results show that the ques-
tion of IT support is more a question of consequent information strategies than eloquent IT tools. The pressing need for
a method for documenting building systems is stressed and different methods are discussed.

KEYWORDS: timber houses, industrial construction, lean construction, timber buildings.

1 INTRODUCTION seen as waste. Information management in building de-

sign is a key area for improvement when aiming at lean
Currently the Swedish construction sector is undergoing  construction, since the energy put on producing drawings
great changes. In order to meet demands from the market  and specifications for each new object is out of proportion
the sector needs to become more efficient in several areas, compared to the benefit, (Nasereddin et al 2007). One of
quality and reliability being two of the most prominent.  the first steps towards automation is a distinct documenta-
There is a trend to transfer methods as lean production  tion of the product as a base for an information strategy,
from the successful manufacturing industry (e.g. cars) (Ford et al 1995).

into lean construction for the construction industry, Thig paper presents a case study of six medium-size
(Koskela 1992). One move towards a more industrialised  Swedish manufacturers of prefabricated timber buildings.
approach is to prefabricate elements in factories and trans-  Thjg paper focus on describing what properties an infor-
port them to the building site for erection. Later years  mation strategy should have for an application in industri-
have seen an increasing degree of prefabrication and cur-  alised construction. The feasibility in industrialised con-
rently companies involved in modular house prefabrica-  ggryction of some established product modelling tools are
tion foresee a strong development, (Nasereddin et al  discussed. The importance of a rational information man-

2007). The prefabrication strategy changes construction  agement within the companies is identified as a success
companies from object-oriented builders to production  factor.

oriented manufacturers. Unfortunately, the ICT-tools de-

veloped for the construction sector do not support an

automated manufacturing, while the tools developed for

the manufacturing industry lack support for structural 2 THEORY

design and detailing, (Johnsson et al 2006).

When designing buildings extensive amounts of informa-  Several methods for documenting product structures exist
tion is generated and often time is spent searching, shar-  in the research community, although few have been fully
ing and recreating this information, activities that can be ~ implemented in the construction industry. The following
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chapter will present some possibilities, however alterna-
tive methods exist.

2.1 Product modelling with CRC cards

The purpose of CRC (Class, Responsibility, and Collabo-
ration) cards is to document objects primarily for software
programming. The concepts and modelling techniques of
CRC have later been adopted (Hvam and Riis, 1999) to
product modelling within the construction industry, visu-
alising products prior to actual software programming.
CRC cards are used to record objects, their behaviour,
responsibilities and relationships. The CRC card method
is a low-tech, easy way of documenting products, trans-
ferring knowledge from domain experts, possessing
knowledge about the product, to system developers who
perform the actual programming. The method defines,
besides the CRC cards, different phases where objects are
identified, structured, understood and documented in a
product model. CRC cards can also fulfil a purpose once
the software is implemented supporting maintenance and
further product development.

The CRC card, fig. 1 is used for interpretation of the
physical product into programming code, a configuration
software. For various purposes different views of the
product model are created. Sales, design and manufactur-
ing preparation etc. have different information needs and
therefore various viewports are established, in compliance
with Gross (1996). A general sketch of the hierarchical
product structure must be presented in addition to the
CRC cards, establishing the relationships between the
parts. Together they present enough information to con-
struct a configuration tool.

Implementation of configuration software is described by
Haug and Hvam (2006) in steps where CRC cards consti-
tute one phase. Implementing configuration tools is a
process that involves far more than the technical descrip-
tion of the product, however it is an important step. The
following seven steps are suggested (Haug and Hvam,
2006):

1. The processes in which product specification is made
are mapped out. There has to be an understanding of
what the configuration tool are to support.

2.Product analysis, existing product ranges are analysed.

3.0bject oriented analysis, results in a specification of
requirements for the product structure

4.0bject oriented design of configuration software. The
analysis model created in step 3 is adapted to the con-
figuration software.

5.Programming. Existing software is adapted or new
software is developed. The CRC cards are used when
programming the system with objects and rules.

6.Implementation of the completed configuration soft-
ware and future specification process.

7.Maintenance and further development

If using CRC cards for maintenance and product devel-
opment it is an advantage if they are handled digitally,
eventually integrated with the code in the configuration
software. In this way changes in rules can be made in the
system and the software can tell which cards are affected
by the changes, or even update them automatically.

Object no. Object name Date Author

Object mission:

Superparts: Superclass:

Subparts: Subclass:

Sketch:

Responsibilities Collaborations

Object knows

Object does

Figure 1. CRC Card (Hvam and Riis, 1999).

2.2 Product family modelling

Most implementations of product modelling regarding
construction are primarily oriented towards establishing a
Building Information Model (BIM) and general informa-
tion modelling of the traditional building process.

A theory based on mass customization (MC) is described
by Jergensen and Petersen (2005), where product funda-
mentals for being applicable to product configuration are
listed. A series of product variants building up a product
model is described. Applied to buildings, a product model
could be represented by a family of houses all originating
from the same design. The product model must fulfil not
only the purpose of describing all modules included, but
also the rules for how they relate to each other. One im-
portant aspect brought up by Jergensen and Petersen
(2005) is that most methods for product configuration are
focused on modelling the geometrical solution space of a
configuration process. It often describes possible choices
and how to build actual product structures, whereas it is
just as important to include information concerning cus-
tomer, logistics etc. Information can typically be prices,
stock etc.

Jorgensen and Petersen (2005) also bring up the aspects
of modular properties, which are connected to customer
requirements. Customers do not need to specify the tech-
nical solution; instead a range of product properties is
chosen which corresponds to a certain combination of
modules and components, fig. 2. The technical specifica-
tion can be handled by technical staff or a salesperson
instead of the customer.
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According to Jergensen (2005) “a model can serve as a
foundation for the configuration process because it has a
set of open specifications, which has to be decided to de-
termine or configure an individual product in the family”.
In construction the amount of open specifications tend to
be massive. Therefore it is fundamental that detail and
context of the model is set in a way that facilitates the
specification process as much as possible. The easiest
way of product configuration is selecting a set of pre-
defined modules, assuming it is unnecessary to adjust or
construct new modules. However, if modules have to be
modified or added, the configuration tools must be con-
structed accordingly.

Product Level

M3 M5 Module Level

[+} C2
Figure 2. Combining components to modules and products,
(Jorgensen 2005).

\

Companent Level

Product development using a product family modelling
approach has to apply the modular design concept. New
products and modules must be developed for modular
design. Also it is vital that the company not only defines
implementation of a configuration tool as an ICT-project
(Jorgensen 2005). Besides understanding the ICT-tools it
is essential to gain knowledge of the product range, busi-
ness processes, and organisation and markets demands in
order to succeed with a configuration system. This is not
just a question of choosing the best ICT-tool on the mar-
ket.

The benefits of using configuration systems have been
explored in Denmark and Finland by Jergensen (2005)
and Ménnisto et al. (1998) respectively:

Minnisto et al. (1998) Jorgensen (2005)

e Ability to fulfil a wide Establish a link between
range of customer re- the sales department and
quirements the production
Shorter lead times in the Secure fully specified

sales-delivery process orders
e Increased control of the e Secure valid product
production documentation

Reduction in customer-
specific design
Efficient way to offer a
broad product line
Improved quality

Easier to deal with large
number of variants

Less maintenance of
production documenta-
tion

A tool for proactive sales

Both research groups find increased quality and control as
the main benefits, which is exactly what industrialised
construction is about.

2.3 IFC for the construction industry

TAI (International Alliance for Interoperability) has taken
on the challenge to standardize information exchange in
the building sector through launching Industry Founda-
tion Classes (IFC). The IFC standard is an object oriented
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data model for the building industry and facilities man-
agement. Within the IFC model, geometry, building com-
ponent properties, costs etc. can be incorporated. Informa-
tion can be made interpretable by virtually any applica-
tion that works with structured data handling of AEC
building projects, (Froese 2002). IFC models are intended
to work as a neutral information exchange format. IFC
development work is based on the EXPRESS data defini-
tion language that is part of the STEP standard.

Ronneblad and Olofsson (2003) developed and imple-
mented IFC models for precast concrete elements in the
expert system IMPACT, an application used to design
precast concrete elements with automatic generation of
drawings. IMPACT functions as a manufacturing prepara-
tion tool and imports the architectural model with win-
dows, openings etc. The precast designer then uses the
geometry created by the architect to model precast con-
crete elements. The refined model was then exported to
the IFC model server attributed with BSAB classification
codes. (BSAB is a Swedish industry standard for labelling
and classification of building object). The BSAB code is
later used for extraction of data to estimation and schedul-
ing software. The information transfer through IFC was
not complete e.g. information about cast in material was
lost in the export due to lack of support for precast ele-
ments in IFC 2.0.

Conclusions on IFC drawn by Roénneblad and Olofsson
(2003) coincides with Ekholm et al (2000), who states
that “The main criticism that can be addressed to IFC is
the prominent lack of an expressed basic philosophy and
pedagogical descriptions related to practical needs®. In
reality this means that the same type of problem is not
solved consistently throughout the different parts of the
IFC standard. There is also an underlying criticism to-
wards the top-down approach of the implementation of
the standard, not connecting to practical needs.

According to Froese (2002) significant portions of IFC is
currently a mature and stable standard, however work still
remains in specific areas. Efforts have been made to de-
velop IFC, e.g. for precast concrete elements and struc-
tural timber, both of which are partly included in the latest
release IFC 2x3. The work in structural timber is still on-
going and has the goal of supporting automatic exchange
of data between computer systems from design through to
automated manufacturing.

2.4 The information engineering method

A comprehensive introduction to the information engi-
neering method (IEM) is given by Martin (1986). It builds
on a gradual increase of level of detail, from abstraction
to physical facts. The process is facilitated by the Infor-
mation Engineering Facility (IEF) Computer Aided Soft-
ware Engineering (CASE) tool. The main strength of IEM
is that it connects the information strategy to the industrial
goals of the company. IEM is realised in seven steps:

1. Information Strategy Planning
2.Business Area Analysis
3.Business Systems Design

4. Technical Design

5. Construction

6. Transition

7.Production



The CASE tool is similar to a CAD tool, but for software
development and produces graphical representations of
processes. The distinction between data modelling, activ-
ity modelling and product modelling is made clear. These
three areas have their own special tools, where product
modelling e.g. can be realised through IFC and activity
modelling through IDEF0. The feasibility of the informa-
tion engineering method in the construction sector was
tested by Ford et al (1995). Findings were that IEM is
useful on a strategic level, but must be completed with
object-oriented methods when reaching more detailed
levels.

3 CASE STUDY

The case study involved six companies with a clear pre-
fabrication strategy. The companies are medium-sized,
approximately 100 employees, with around 20% of the
staff working with design and administration and the re-
maining engaged in production. All six companies use
timber for the load-bearing structure, a heritage from the
dominant position of timber on the Swedish market for
single-family dwellings. Five of the companies have cho-
sen to manufacture modular houses inside a factory, re-
ducing the building site to mere montage, fig. 3. The vol-
ume elements are finalised with claddings and HVAC
installations, which are connected on site. Buildings using
the modular technique can be up to five stories high. The
sixth company produces flat elements (walls and floors)
and mounts them on site.

Two of the companies sell directly to private customers,
while four of them work with professional customers who
in turn sublet dwellings or public premises. Two of those
companies work mainly with public premises, such as
schools and prisons. They are forced to follow drawings
and specifications made by a third party consultant under
the restriction of the Government Procurement Agree-
ment (GPA) and compete with traditional construction
firms on the open market.

Organisation in the studied companies is often clear,
however not process oriented in any formal way. Building
projects follow predefined paths, which involve multiple
departments. There is no clear process orientation or
process leader, which can create complications in co-
operation between departments. The ownership of im-
provements concerning multiple departments or product
development does not seem to have an appointed func-
tion. Theoretically the companies have all the prerequi-
sites to control both the processes and the resources used,
but in reality an organisation focusing on streamlining the
production has not yet been established, which is consis-
tent with the findings of Nasereddin et al (2007).

All companies were visited and studied at their produc-
tion plants, interviewing employees from all departments
from sales to production to screen the process. Drawings
were studied to describe the documentation of the build-
ing system. Questions were also posed on the information
strategy and its implementation.
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Figure 3. Modular house production.

3.1 The sales process

The two companies working directly with private persons
as customers use sales agents spread out through Sweden
as the communicator of the building system. The sales
agent works with an extranet, where information regard-
ing the product range, including choices of material and
prices etc. have been posted. The company itself remains
idle until a contract between the customer and the com-
pany has been signed. Detailing is then decided itera-
tively, through communication between the design de-
partment and the sales agent.

This is a process that generates much information in form
of documents, emails etc. and there is no system for man-
aging this data. The finalised product specification is
gathered in a manufacturing order, which follows the
product through manufacturing. The manufacturing order
is the main document where specifications are recorded,
but there is no ICT tool coupled to its conception or re-



finement, it remains a written paper throughout. When the
process of product specification has come to so much
detail that an application of a building permit can be sub-
mitted, drawings are made by the design department at
the company.

The four companies working with professional customers
do not use sales agents, but have skilled salespersons in-
house, whose main task is to establish good relations with
customers and satisfy all their requirements. The salesper-
son must have good knowledge of the building system,
good conception of costs and constantly be aware of the
order stock to present a correct product offer to the cus-
tomer. Two of these companies work mainly with design-
and-build contracts, controlling design, specification,
manufacturing and erection in-house. The two others
work with public premises, under the restriction of the
Government Procurement Agreement (GPA). This means
that the companies have limited possibilities to change
specifications in the tender, which leads to inefficient
design for industrialised manufacturing.

3.2 The design process

The two companies working with sales agents use stan-
dard type houses as templates for the production of draw-
ings. The standardisation has inspired these two compa-
nies to invest in ERP-systems (Enterprise Resource Plan-
ning) for economical follow-up and material and resource
planning (MRP). Unfortunately, the CAD software and
the ERP system does not communicate with each other,
resulting in the product (the building) being defined in
two different ways, not seldom with discrepancies. Stan-
dard CAD software for construction is used to produce
drawings printed on paper. Bill of materials is produced
as quantity take-off directly from drawings and listed in
Excel (no link between CAD and Excel for this purpose).
The specifications needed for manufacturing are listed
using Excel or Word.

The four companies working on the open market with
professional customers cannot use standard type houses,
since the customer defines the main characteristics of the
building. Standardisation is instead sought in the manu-
facturing process, by defining standard joints, standard
stairwells, standard wall and floor sections etc. Since the
layout of the building affects the manufacturing to a large
extent, strategic alliances with architects and customers
are sought to streamline the design process. Building de-
sign is performed in two stages; first the architectural de-
sign that defines the building envelope and divides it into
modules suitable for manufacturing; secondly the detailed
design where the elements building up each module is
documented on manufacturing drawings. HVAC installa-
tions are also designed twice; on a building level and on
an element level, in some cases by in-house consultants
and in some by external ones. Standard CAD software for
construction is used to produce drawings printed on pa-
per. Bill of materials is produced as quantity take-off di-
rectly from drawings and listed in Excel (no link between
CAD and Excel for this purpose). The written specifica-
tions needed for manufacturing are listed using Excel or
Word. Ordering of materials is made based on the bill of
materials as a manual action.
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3.3 The manufacturing process

The design process results in a bunch of manufacturing
drawings and lists, which are used as steering documents
for manufacturing. None of the studied companies have
automated their production plants, but plans exist in sev-
eral of them. Work is based on craftsmanship with hand-
held tools. The factory seems to work as a stand-alone
production unit and the drawings produced have a strong
resemblance to those used for on-site construction.

The capacity of the production plants vary, on the average
150 m® finished volume elements are produced each day.
The degree of prefabrication is taken as far as possible;
the finished volumes contain fully equipped kitchens,
finalised bathrooms and all interior claddings. Only com-
ponents at risk for theft are delivered directly to the build-
ing site.

3.4 Building system documentation

The results of the study show that the technical platforms,
i.e. the building systems, very much build on the same
principles. The degree of prefabrication is what differs
between the companies. Parts can be categorized in two
main groups of information — detail and type solutions.
Detail solutions describe meetings between components
for example a joint between two wall segments. Detail
solutions can also encompass specific methods for e.g.
mounting kitchen assemblies. Type solutions describe
general solutions for elements with a cross section, e.g.
walls and floors, but not their geometrical extent, only the
layer constitution.

Rules regarding assembly and limitations of the technical
platform are not consistently described. They exist on
different levels in the organisation and are not docu-
mented with a consistent method. Many of these rules
have not been documented at all and exist only in the
mind of the employees. The rules affect the modularisa-
tion in the design process, which is one of the reasons
why they must be documented methodically.

Type and detail solutions are documented in a drawing
archive at the studied companies. These drawing archives
often lack possibilities for attributing search tags, which
makes it difficult to find specific information. No specific
person is assigned the function of managing the building
system. This means that product development is not a
separate process within the companies, but rather an ac-
tivity that arises in project after project. Therefore, the
change of the building system over time is not traceable.
There is a risk for reinvention of already used solutions,
but more severely the non-existent product development
process prevents the use of modularisation strategies and
consistent handling of rules for the building system.

3.5 ICT tools

All of the companies work with a range of ICT tools to
support their production. However, the linkage between
the ICT tools is poor, leading to information loss and it-
erative recalculations of the same data. Two of the studied
companies use ERP systems to keep track of the material
flow, material orders and stock take-off. The ERP system
and the CAD software do not use the same data exchange



format c.f. The Design Process above. The communica-
tion problem between the systems arises since the CAD
software stems from the construction industry, while the
ERP system is developed for the manufacturing industry
— differing data formats and database technology hinders
the information flow. So why cannot the companies ex-
change one of the systems? If deciding to use a CAD
software from outside construction, all templates and
symbols needs to be redefined. Furthermore, suppliers of
materials (e.g. windows) also supply CAD-symbols
ready-for-use predominantly in AutoCad format. ERP
systems developed directly for the construction sector
seem non-existent. General time plans for the project
from the ERP system are enhanced and revised in other
ICT tools at each department in the company. Apart from
the larger systems, individual solutions with Excel and
VB-scripts are extensively used to automate smaller sub-
tasks. The data is not migrated into any receiving system.

The four companies that do not use ERP systems instead
have problems with information management. It is clear
that the process focus has not yet reached the design
process. Information is dependent on individuals and the
lack of an overall process management is prominent.
There is no central management system that controls the
progress of the process; therefore it is difficult for indi-
viduals to keep track of the progress. Projects are defined
in the early stages through CAD-drawings and PDF docu-
ments with specifications. CAD data is seldom re-used in
the following detailed design, merely as print-outs. Bill of
materials are not produced with CAD data as the basis,
but are Excel lists enhanced with a VB-script to automate
the process. Scheduling for manufacturing is done by the
plant manager who also controls the supply of materials.
The work is manual with standard tools (Excel, MS Pro-
ject).

4 ANALYSIS AND DISCUSSION

First of all, industrialised construction is a mixture of two
worlds. To stay competitive on the market, these compa-
nies need to stay compatible with the tools available in
their field (templates from suppliers, common estimation
data) and also deliver data that is accepted by the cus-
tomer (relational documents in the correct format). Any
deviation from this route creates immediate problems,
increasing in-house administration, which is exactly what
these companies try to avoid. On the other hand, an indus-
trialised process is sought, to improve quality and control.
Industrialisation is not supported by common ICT tools
for construction, therefore companies want to learn from
the manufacturing industry and attempts have been made
to incorporate tools such as ERP systems. Once again, the
link to established construction software is missing, in-
creasing in-house administration.

This is seemingly a problem that could be overcome by
using a neutral exchange format such as IFC or STEP.
The only problem is that IFC is developed for the con-
struction sector and STEP for the manufacturing industry.
Suppliers of ICT tools have the same specialisation in
sectors and tend to support one of the formats, not the
other. Traditionally, the level of detail in modelling soft-

ware in the construction sector is poor (e.g. studs are usu-
ally represented as belonging to a layer and nails are not
even incorporated). As preparation tools for manufactur-
ing, common CAD tools do not perform well. A complete
model including details as nails might on the other hand
be too heavy to work with. Modularised ICT tools would
serve well. Today, there are some tools that have the po-
tential of filling this gap, but their main drawback is that
the support for HVAC installations is non-existent. The
strategy for a single company is individual and at this
moment, there is no common clear working method that
is recommendable or reliable.

If the aim is to industrialise production it is painfully clear
that the companies must learn to document their own
product. All automation relies on well-documented prod-
ucts including the connection between the product mod-
ules. All of the studied companies can easily document
their product structure in terms of what building parts
their system consists of and how they are built up in de-
tail. This type of information is well communicated today.
Even working methods for detailing are documented e.g.
specifying nailing distances or mounting instructions for
windows. What is missing is a systematic approach to
describing and realising the connections between building
parts, such as Product Family Modelling. According to
Hvam and Riis (1999) experiences from a number of
Danish companies show that the implementation of prod-
uct models done without a proper method or modelling
technique often resulted in an unstructured and undocu-
mented system, which made it very difficult or nearly
impossible to maintain and develop the product model
further. An alternative to product family modelling could
be the information engineering method using the IEF
CASE tool, Ford et al. (1996).

In the IFC standard, the connection between parts is rep-
resented by a direct parent-child relation. IFC have mostly
been used in the traditional construction process, facilitat-
ing communication with model based CAD. However, the
authors would like to raise the question if it is possible to
use IFC as a foundation for building generic product
structures, instead of just documenting existing instances.
In the case study presented, companies will have to build
product structures that can serve as a product model for
customer adapted instances. Eventually, IFC could be
used as this generic product structure. The idea was tested
in Ekholm et al (2000) with discouraging results. In the
industrial production of timber houses companies control
far more of the value-chain and thus chances of success
are greater. A strong factor against the approach is the
companies’ lack of understanding for the benefits of a
standardised product model and the efforts needed to es-
tablish it. Ménnisto et al. (1998) further claims that
“STEP is fundamentally based on a fixed standardized
product schema that cannot be extended for the purposes
of a company. In our view, this seriously limits the poten-
tial of STEP when companies start utilizing more ad-
vanced product modelling concepts.” The same statement
should hold true also for IFC as it is based on the STEP
standard.

CRC cards on the other hand, are more focused on rela-
tions between parts and might be a good working method
for a company in the documentation of their current build-
ing system. The question is whether it is good strategy or
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not to pursue CRC cards and move on to the development
of a configuration system? Jergensen (2005) and Mén-
nisto et al. (1998) both claim better conditions for indus-
trialisation using configuration systems in terms of quality
control and process orientation. Still, the development of
a configuration system for the industrialised construction
sector needs to stay compatible with the construction sec-
tor in general, different from the approach in Gross
(1996). The configuration system needs to offer a support
for manufacturability without becoming yet another ad-
ministrative burden. This calls for a development where
both the working methods and the tool itself are taken
into account, providing a possibility to simultaneously
improve internal work processes and ICT support.

The actual product definition within the studied compa-
nies seems to be debated. Administration claims that the
product is defined already in the ERP system fed from the
manufacturing order. The structural designer does not
agree, since detailing is never done in the early stages,
and instead claims that the CAD software defines the
product. Follow-up using the ERP system is then difficult
to perform since the data created in CAD cannot migrate
back to the ERP system automatically. The work flow
with interacting product data and economic management
is common in the manufacturing industry, where work
flows and information paths generally are better docu-
mented, (Johnsson et al. 2006). This is a need that must
be addressed in the future, both by companies deciding on
an information strategy and by ICT developers providing
reliable solutions. Once again, a good documentation of
the information flow within companies is the first step
towards a strategy, (Ford et al, 1996). The process, the
ICT tools and the building system are tightly linked to
each other, which means that improvements must address
them simultaneously in a context, not separate from one
another.

5 CONCLUSIONS

This paper has identified the need for well-documented
building systems at companies striving to industrialise
their production. Methods to achieve a description exist,
but generally there is a lack of methods describing con-
nections between modules in a consistent manner. To
achieve a reliable description of a building system a com-
bination of methods is proposed. CRC cards can be used
for screening and mapping the building system, (Hvam
and Riis 1999). To take control of the manufacturability, a
configuration system is useful. The core of the configura-
tion system could possibly be based on the IFC standard,
opening up a path for neutral communication between
ICT tools. The key point to succeed with ICT and indus-
trialisation is to recognise the dependency between the
development of working methods and ICT tools. This
could be addressed with the information engineering
method as an umbrella, (Ford et al. 1996). Companies
wanting to develop in this direction cannot wait until
ready ICT solutions are at hand, and ICT suppliers need
to truly understand what industrialised construction is
about.
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5.1 Future work

There is a gap between the developed, large standards for
information exchange and the true needs of smaller com-
panies. There is room for a condensation of methods, nar-
rowing down to sector specific problems, in order to sup-
port industrialisation. This might eventually lead to a re-
formulation of existing methods and standards. The near
future goal of this ongoing project is to make a documen-
tation of a building system, with the aim of establishing a
configuration system for industrialised construction. This
will present a good evaluation test for the applicability of
existing standards for industrialised construction.
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SUMMARY: Industrialized production of building components, or entire houses, reduces activities at the
construction site to the assembly of parts and has the potential to increase productivity and reduce the design
effort invested in every project. However, in order to realize all of the potential efficiency gains that use of
predefined components could deliver effective, interoperable information management systems are required.
This article presents a multiple case study investigating the processes, products and ICT environment involved in
industrialized house construction from an information management perspective, focusing on six Swedish
companies that manufacture timber frame elements and one that makes precast concrete elements. The aim of
the study was to identify critical aspects of information management related to industrialization in the sector.
The findings show that companies aiming to enhance control and productivity by improving information
management need a better understanding of the requisites for efficient industrialized construction in terms of
ICT support. Changes in the perspectives of the construction companies appear to be needed in terms of not only
the manufacturing processes, but also information management. Three main areas are identified that should be
prioritized before any investments in ICT can be implemented effectively: formal description of the relevant
processes, detailed description of the product range and its full variety, and creation of an appropriate
information systems strategy.
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1. INTRODUCTION

Several modular house companies are currently manufacturing complete volumes/elements off-site in Sweden.
Use of the prefabrication strategy changes construction companies from project-oriented building contractors to
production-oriented manufacturers. Unfortunately, however, information management within the companies has
not developed at the same pace, and documentation of their projects in many respects still resembles that of on-
site construction projects.
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The building design process generates large amounts of information, and time is often wasted searching for,
sharing and recreating information. One reason for this is the lack of interoperability between software used in
the various stages of the building process. Gallaher et al. (2004) estimated that the annual cost of inadequate
interoperability in U.S. capital facilities amounts to as much as $15.8 billion. Therefore, information
management in building design is a key area for improvement in attempts to improve the efficiency of the
construction process (Nasereddin et al, 2007).

The study presented here identifies problems related specifically to information management in industrialized
house design and manufacture — which are likely to impede overall growth in productivity and the exploitation
of economies of scale in the sector — and considers their underlying causes. We believe that more refined
information management systems and the use of product models could serve the same purposes in the industrial
prefabrication of construction units as in manufacturing industries, i.e. facilitate the timely and efficient use of
information, reduce lead times and costs of processes such as product specification, and tighten quality control.

2. FUTURE PERSPECTIVES FOR INFORMATION MANAGEMENT IN
INDUSTRIALIZED CONSTRUCTION

Tailoring ICT support presents a strategic opportunity for optimizing information management in industrialized
construction, and hence reducing the inefficiencies highlighted by Gallaher et al. (2004) and Nasereddin et al.
(2007). Furthermore, as noted by Bjornsson (2003), use of an apt information system (IS) strategy — i.e. set of
information resources organized for the collection, storage, processing, maintenance, use, sharing, dissemination,
disposition, display and/or transmission of information (CNSS, 2006) — provides valuable support for a
company’s business strategy. Thus, appropriate IT infrastructure and services, as illustrated in Fig. 1, are
required.

s Business strategy
Possibiliti es of Strategic decisions

IS/IT systems Goal and directi on
*Process change

Where should
we go?

Support I l Directi o

IS strategy

*Value for the process
*Focus on needs
*Applicati on oriented

3
@

What is needed?

Services and infrastructure I l Needs and prioriti es

IT strategy How can it be
*Support of applicati ons delivered?
*Focus on technology

FIG 1: Information system. Adapted from Bjornsson (2003).

This paper focuses on components of a company’s information system that describe its products, rather than the
overall system. In a computer-based information system, formal descriptions of products (ideally designed and
specified using compatible digital tools) can be stored in product data models. In the literature there are
numerous definitions of such models, e.g. one by Shaw (1989), and specifically regarding product models for the
building and construction sector the following definition by Bjork (1995)..."A type of conceptual schema where
the universe of discourse consists of buildings throughout their design, construction, operation and maintenance.
A building product data model models the spaces and physical components of a building directly and not
indirectly by modeling the information content of traditional documents used for building descriptions.”

It could be established that a product model incorporates a formal and structured definition of product
information of a manufactured artifact. Further on, the product data model is described in a conceptual schema

expressed in an information modeling language. The procedure for defining a building product data model
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usually starts with activities to capture the domain knowledge of a certain business or engineering process. This
procedure, referred to as product modeling, generally involve collaborative efforts between domain experts and
product modeling experts (Lee et al, 2007). An essential starting point is to establish specific purposes or
objectives for the model, in order to identify the types of information that should be included (especially since
construction products often contain large numbers of diverse components, thus if the purpose of the model is not
clearly established at the outset the resulting model is likely to become unnecessarily complex).

In the building construction industry the term Building Information Modeling (BIM) is sometimes used, rather
than product modeling, to describe the processes of generating and managing data during the entire life cycle of
a building (Lee 2006). Hence, according to Succar (2009), BIM can be regarded as a methodology to manage
product data throughout a building's life-cycle consisting of a set of interacting policies, processes and
technologies. Smith (2008) states that “A basic premise of Building Information Modeling is collaboration by
different stakeholders at different phases of the life-cycle of a facility to insert, extract, update or modify
information in the Model to support and reflect the roles of that stakeholder”.

A formal method that can be used to describe a product, and to define and conveniently reuse information
required throughout the knowledge capturing and product modeling phases is the Georgia Tech Process to
Product Modeling (GTPPM 2008; Lee et al. 2007). GTPPM is divided into several steps from acquiring domain
knowledge to implementing a product model. Two of the phases are Requirements Collection and Modeling
(RCM), including process modeling and specification of product information, and Logical Product Modeling
(LPM). The RCM phase is equivalent to general process modeling, a key objective of which is to establish the
processes that will be used to manufacture the product. Various approaches can be applied to meet this objective,
and various commercial tools can be used, inter alia Flowchart, UML and IDEFO (Lee et al, 2007). Process
modeling essentially provides a way of understanding the process, which will be subsequently supported by the
product model. In addition, the RCM phase includes the capture of product information used in the process,
which can be described in the terminology used by the specific company.

The Center for Product Modeling (CPM)' has developed a method for designing and implementing product
models to support product configuration processes. By including knowledge regarding various aspects of the
product, information can be made more accessible throughout the company. The method developed by Hvam et
al. (2000) includes the following seven steps:

d Mapping the processes of product specification.

. Product analysis, in which existing product ranges are analyzed. Product knowledge and product-
related knowledge are identified and structured.

. Object-oriented analysis, which results in specification of requirements for the product structure.

. Object-oriented design of configuration software.

. Programming

. Implementation of the completed configuration

. Maintenance and further development

The product modeling methods mentioned above include both process and product analysis phases as a way to
capture the domain knowledge, thus process and product documentation is important in any kind of product
modeling effort. The product modeling methods mentioned above include both process and product analysis
phases, and are cited to illustrate the importance of capturing relevant domain knowledge using interoperable
systems, and thus the importance of appropriate process and product documentation in any kind of product
modeling effort.

A term used by the CPM in its literature is “product range”, which is used in the same sense as the term “product
architecture”, defined by the Product Development and Management Association Glossary for New Product
Development as “the way in which the functional elements are assigned to the physical chunks of a product and
the way in which those physical chunks interact to perform the overall function of the product”. According to
Smith (2007), there are two main types of product architecture: modular and integral. Modular architectures have
high degrees of flexibility in product development and manufacture, each “chunk” incorporates one or a few
functional elements and the interactions between them are well defined. In contrast, integral architectures have
high degrees of stability and optimization, overall functions of the products are satisfied using more than one
chunk, but each chunk incorporates many functional elements, and the interactions between chunks are ill-
defined. However, modularity is a relative property (Ulrich and Eppinger, 2008), i.e. a product is rarely strictly

'cpm (Center for Product Modeling). The Association for Product Modeling, Denmark. Available from: <http://www.productmodels.org>,
[Accessed: 4 June 2008].
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modular or integral, instead products generally have varying degrees of both modularity and integrity in their
architecture.

3. METHOD

This article is based on a multiple case study investigating processes, the ICT environment and product
documentation in seven industrialized construction companies with the intention to elucidate the current status of
information management in the sector, ways in which information is used throughout their processes and the
requirements for adopting a product model approach. Current information management strategies were
investigated, in terms of process and product documentation.

The case study material was gathered mainly through interviews with 3-4 key employees of each company, at
their respective workplaces, involved in activities ranging from sales to manufacturing. Together with the
subjects, the process from sales to manufacturing and assembly in their respective companies was mapped out,
either on a whiteboard or using post-IT notes to minimize the risk for misinterpreting communications. The
results were later transferred to IDEF0 process maps. In the same sessions information flows were also discussed
to acquire an understanding of the information related to the various steps of the process. It should be noted that
the two IDEFO diagrams presented in the article were prepared by two different researchers. To obtain a
complete overview of the ways in which information was processed and transferred in the companies, each
company’s Chief Information Officer was contacted to verify our model of their ICT systems. The information
acquired was formalized in schemas. Additional information and various documents were gathered at the time of
the visits to obtain an understanding of the companies’ product ranges and product documentation strategy.

4. CASE STUDY

4.1 Brief introduction to the companies

Relevant information on the companies included in the case study (excluding their names for reasons of
confidentiality) is summarized in Table 1.

Table 1: A brief introduction to the companies

Company Architectural and Detailed Design HVAC Drafting Manufacturing
* Interface from sales: text documents, ¢ Interface HVAC: import and ¢ Interface Manufacturing: printed
master time plan from separate export in Auto-Cad format. drawings, data from second CAD-
software, calculations for offer from Occasionally paper drawings system feeds wall production,
Volume separate software for detailed design. manual quantity take-off from
module * Arch. Design: 2D AutoCad * Made by external resources in drawings.
producer 1 * Detailed design: second CAD-system Auto-Cad format * Manual work apart from wall
* Bill of materials in spreadsheet production
¢ Written documentation and printed
drawings.
¢ Interface from sales: text documents, ¢ Interface HVAC: import and ¢ Interface Manufacturing: printed
master time plan from separate export in Auto-Cad format. drawings, manual quantity take-off
Volume software, calculations for offer from ¢ Made by internal resources in from drawings.
module separate software Auto-Cad format ¢ Manual work
producer 2 | * Arch. Design and detailed design: 3D ¢ Written documentation and printed
AutoCad format drawings.
* Bill of materials in spreadsheet
* Interface from sales: text documents, ¢ Interface HVAC: import and ¢ Interface Manufacturing: Written
master time plan from separate export in Auto-Cad format. Printed drawings. Manual quantity
Volume software, calculations for offer from * Made by internal resources in take-off from drawings.
module separate software Auto-Cad format * Manual work
. * Arch. Design and detailed design: 3D ¢ Written documentation and printed
producer 3 AutoCad format drawings.
¢ Bill of materials and time planning
made in a calculation system
¢ Interface from sales: text documents, ¢ Interface HVAC: Import and  Interface Manufacturing: Printed
master time plan from separate ex-port in Auto-Cad format. drawings. Manual quantity take-off
Volume software, calculations for offer from * Made by external consultant in from drawings.
module separate software AutoCad format * Manual work
* Arch. Design and detailed design: ¢ Written documentation and printed
producer 4 CAD-system DDS drawings
* Bill of materials and time planning
made in spreadsheet
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* Interface from sales: sales support * Not necessary, single-family ¢ Interface Manufacturing: Printed
Volume system coupleq to the ERP system, homes seldom have complex drawings. Automatic quantity take-
module customer §peuﬁcatlons transferred i HVAC technology off from ERP system.
producer 5 . Argh. demgr} made by external architect . Mapual work . )
(single or in-house in 3D AutoCad format ¢ Written documentation and printed
homes) ¢ Detailed design in the same CAD- drawings
system. Bill of materials and time
planning made in an ERP system
* Interface from sales: sales support * Not necessary, single-family * Interface Manufacturing: Printed
system coupled to the ERP system, homes seldom have complex drawings. Automatic quantity take-
customer specifications transferred HVAC technology off from ERP system.
Element . Arlch. desigr} made by external architect . Mapual work ) )
producer 1 or in-house in 3D AutoCad format. ¢ Written documentation and printed
Detailed design in the same CAD- drawings
system
* Bill of materials and time planning
made in an ERP system.
¢ Interface from sales: master time plan, * Not necessary, since the * Interface Manufacturing: NC data
quantities and cost estimations in Excel producer only manufactures generated machine files
Element spre?dsheets ) ) filigree floors and double walls | ¢ Highly automateq pr'oducFion line
roducer2 | ° Design and specifications are produced ¢ Control and monitoring, lift
p in CAD-system and product data instruction, quality control reports,
including bill of materials are managed marking labels and marking labels
in a database through UniCAM

4.2 Timber frame houses

Six of the companies examined in this multiple case study construct timber frame housing using prefabrication
strategies. The companies are medium-sized, each with approximately 100 employees, ca. 20 of whom are
involved in design and administration, while the others are engaged in production. Five of the companies have
chosen to manufacture factory-built modular houses, reducing activities at the building site to mere assembly,
Fig. 2. The volume elements are prefabricated with claddings and HVAC installations, which are connected on
site. The sixth company produces wall and floor panels that are assembled on-site.

FIG 2: Modular house production

The organization in the studied companies is often clear, not process-oriented in any formal way. Building
projects follow predefined paths, which involve multiple departments. Theoretically, the companies have all the
essential tools to control both the processes and the resources used but, in accordance with the findings of
Nasereddin et al. (2007) they have not yet established an organization tailored for streamlining production.’

4.2.1 Process Model

Two of the companies deliver directly to private persons, and use sales agents spread throughout Sweden as
communicators of the building system. The sales agents use an extranet, which provides them with information
regarding the product range, including available materials and prices etc. The production facilities remain idle
until a contract between a customer and the company has been signed. Detailed specifications are then decided
iteratively through communications between the design department and the sales agent, as shown in the IDEFO
lower-level (A2) child diagram presented in Fig 3, which provides details of the design phase in the overall
process from the sale to the manufacture of modular houses outlined in a parent diagram (A0, not shown).

The sales process generates large amounts of informal data in the form of documents, emails etc., but currently

there is no system for managing this information. The finalized product specifications are gathered in a
manufacturing order, which follows the product through manufacturing. The manufacturing order is the main
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document in which specifications are recorded, but there is no ICT-tool coupled to its conception or refinement;
it remains written on paper throughout the manufacturing process.

Template drawings

Manufacturing i Material structure in
order ERP-system, documents
Check ystem,
\§ deviations
— from
templates
ETRP T Purchase order
system AutoCAD Purchase

———» materials

Template drawings f Manufacturing drawings

ERP-system -
» Adjust
structural )
.

— . - drawings
AutoLAD Adjust Manufacturing drawings
" installation
drawings
g Manufacturing
T documentation
AutoCAD L, Compile
manufacturing
| drawings
NODE: A2 ‘TITLE: Design Process at Industralized Construction Company ‘NO'

FIG 3: Extract (IDEF0 A2 child diagram) of the design phase from a process model at a Swedish company
manufacturing modular houses

The other four timber frame companies operate in the open market with professional customers, and hence
cannot use standard types of houses since the customers define the main characteristics of the buildings they
require. Standardization is instead sought in the manufacturing process, by defining standard joints, stairwells,
wall and floor sections etc. Since the layout of each building strongly influences its manufacture, strategic
alliances with architects and customers are sought to streamline the design process. Each building is designed in
two stages: first an architectural design is drafted that defines the building envelope and divides it into volumes
suitable for manufacture, then a detailed design is prepared in which the elements contributing to each volume
are documented in manufacturing drawings. HVAC installations are also designed in a two-step process, at a
building level and at an element level, in some cases by in-house consultants and in others by external
consultants.

The design process results in manufacturing drawings and bills of materials, which are used to control the
manufacturing process. None of the studied companies have automated their production plants, but several are
planning to do so. Work is based on craftsmanship with handheld tools. At each case company the factory seems
to operate as a standalone production unit and the drawings produced have strong resemblance to those used for
on-site construction. The capacities of the production plants vary, but on average 150 m” finished volume
elements are produced per day at each plant. The degree of prefabrication may be very high; finished volumes
may contain fully equipped kitchens, finalized bathrooms and all interior claddings.

4.2.2 ICT Models

All of the companies use a range of ICT tools to support their production. However, the links between their ICT
tools are poor, leading to loss of information and iterative recalculations of the same data. Two of the companies
use Enterprise Recourse Planning (ERP) systems to keep track of the material flow, material orders and stock
take-off. However, their ERP system and CAD software do not use the same data structures or compatible
database programs (see section 4.2.1 above), which severely hinders the information flow between the systems,
because the CAD software stems from the construction industry, while ERP-systems are not developed

ITcon Vol. 14 (2009), Persson et al, pg. 115



specifically for construction. In addition, from the larger systems, individual solutions with Excel and VB-scripts
are extensively used to automate smaller sub-tasks. The data are not migrated into any receiving system.

The four companies that do not use ERP-systems instead have problems with information management, and
insufficient attention has clearly been focused on optimizing and integrating the design phase of the process to
date. There is no central management system to control progress during the process, so it is difficult for
individuals to keep track of the progress. Commissioned buildings are defined in early stages in CAD drawings
and PDF documents with specifications, but the CAD data are seldom re-used in the following detailed design
phase, they are merely used as printouts. Bills of materials are not based on CAD data either, but are compiled in
the form of Excel lists enhanced with a Visual Basic script to automate the process.

4.2.3 Product Range Documentation

The findings of the study show that the technical platforms, i.e. the building systems, are very similar in many
respects, the main differences between them are in the degree of prefabrication. Further, the parts they use can be
categorized and described in two main groups of information — detail and type solutions. Detail solutions
describe connections between components, e.g. a joint between two wall segments and may also encompass
specific methods, e.g. for mounting kitchen assemblies. Type solutions describe general solutions for elements
with a cross section, e.g. walls and floors, but they do not describe their geometry and dimensions, only the
constitution of the layers.

Rules regarding the assembly and limitations of the technical platform are not consistently formulated, and they
are not built into the CAD software. Instead, the rules originate at various levels in the organization and are not
documented by a consistent method; in fact many of these rules have not been documented at all and exist only
in the minds of the employees. Thus, there are few restrictions preventing designers creating designs that do not
align with the building system, and in order to optimize the overall process systematically followed rules should
be incorporated in the building breakdown structure from the start of the design phase onwards.

Type and detail solutions are documented in drawing archives, which often lack facilities for assigning search
tags, which makes it difficult to find specific information. Furthermore, no specific person is assigned the task of
managing the building system. Hence, product development is not a separate process within the companies, but
rather an activity that is undertaken on project-by-project basis. Therefore, changes in the building system over
time are not traceable and there is a risk for reinvention of solutions that have already been used and, more
seriously the lack of a product development process prevents the use of coherent modularization strategies and
consistent handling of rules associated with the building system.

4.3 Precast Concrete Elements

The studied Swedish concrete element company designs, manufactures and sells precast concrete structures for
housing, offices, industries and farm buildings. Production capacity is 400 000 m? cast area per year at full
utilization. In the factory, concrete elements, filigree floors and double walls are produced. In a building project,
this production method means that walls and joists are produced at the plant, and then filled with concrete at the
building site. No stock is kept at the factory; production and logistics are intended to deliver building
components when needed, according to “just in time” principles. The components are placed on loading pallets
in assembly order according to the erection plan. At delivery, the double walls are ready for installation, since
electronic boxes, electronic tubes, sleeve couplings and recesses are fitted at the factory.

4.3.1 Process Model

An overall model of the process at the precast concrete company, in IDEF0 diagram form, is shown in Fig. 4. As
illustrated in the diagram, a project starts when the marketing and sales department receives an order to deliver
precast concrete structures for a building project. The sales department sends a number of documents, with
analogical information on paper, to the design department, then product specifications of double wall elements
and filigree floor elements are produced in AcadWand and AcadDecke (developed by IDAT), a CAD-system for
the precast concrete industry. To increase flexibility the plant has also adapted its ICT system to enable design
with IMPACT, a Swedish software package (developed by StruSoft) for the precast industry. This makes it
possible to buy designs from consultants with access to these systems.

When elements have been specified, the system generates a machine file. To enable this, the CAD-system has

been adapted according to the production control and monitoring system. The design department receives basic
data digitally from architects and installation contractors as .dwg or .plt files.
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FIG 4: IDEF0 process and information model for the Swedish precast concrete company (element producer 2 in
table 1)

During planning pre-production engineering is conducted, in which the generated machine file is tested by an
error search before it is sent to the manufacturing apparatus via the control and monitoring system. In the
planning tool IDAT Stacker a loading and detailed plan is made to determine the optimal range of production.
The order of assembly on the pallets determines how the elements should be loaded, and thus the order in which
the elements should be manufactured. The planning department also prints the construction drawings.

In IDAT Stacker the machine file is prepared for manufacturing. The file is sent to a control and monitoring
system called Unicom. Here, any required adjustments to the machine equipment are made. Labels are printed
from the system to keep track of the elements during transport. The manufacturing department provides the
transport company with documents for inherent control. Lifting instructions are described in Word documents.
The documentation of any temporary storage and loading plans is handled analogically at the plant. The planning
department creates a delivery note for the transport company, and loading lists for both the transport company
and the erection company.

During the interviews the personnel were clearly aware of the sub-processes and had mutual agreement
regarding most aspects of the process relevant to their work, but such awareness was much less apparent when
trying to map the information flow during the process. Furthermore, no defined product development process
could be described, even though there is a close linkage between product development and the development of
the production system due to the highly automated production line (so every change in the product affects the
production system and vice versa).

4.3.2 ICT Model

Corresponding to the process and information model, there is an ICT system model showing interoperability
between some (but not all) of the systems involved in the process, see Fig. 5. The ICT systems use different
databases, and for them to be able to communicate with other systems several interfaces have been developed
between different systems. The IDAT solution consists of a database and three main software modules (An
administration, a “stacker” and a design tool module). The administration module handles the projects, and
administrates the data files and the database. The “Stacker” module handles the data concerning the
manufacturing process, and the “Design tool” module uses AutoCAD ADT to allow the user to design the
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required concrete elements, in a CAD environment. The product data used in the design and manufacturing
process are stored in a MS SQL-database, and MS Access is used as a user interface to communicate with the
database.

With the IMPACT solution, product data used in the design process are managed in an Ingres database and
design work is carried out in a module integrated within the AutoCAD ADT system. The machine file is
generated through IDAT or IMPACT. The control system, UniCAM, uses a MS Access database to manage the
data during the manufacturing process.

[ |

Ty
IDAT IDAT
(MEACTR Design Administration
- - »
Front end
ADT ADT MS Access | cromtend
ODBC
MS SQL
ODBC

MS Access | [Frontend solution

to IDAT Stacker -
IDAT

niCAM
Machine files Stacker Machine files diniE MS Access

FIG 5: ICT model of the process at the Swedish precast concrete company (element producer 2 in table 1)

4.3.3 Product Range Documentation

In this case company there is no documentation of the product range to communicate with different stakeholders.
However, the product range could be found in the information structure compiled in the databases and the CAD
applications in IDAT or IMPACT. To illustrate the product range offered by the precast concrete company we
use IMPACT as an example. For each precast company IMPACT develops a factory standard, which includes a
product structure and allowed variants of the double walls. An extract showing the variants that could appear for
each type of material used is presented in Fig. 6. The labels are numbers used for the identification of various
articles managed at the company.

Relations and rules that define how different sub-assemblies and parts connect to each other are also
implemented in IMPACT. In interviews with the employees at the company and the managing director of the
company that developed IMPACT it was clearly apparent that the procedure applied to set these rules and
relations in attempts to capture relevant domain knowledge is time-consuming when there is no formal
independent documentation of the product range.
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FIG 6: Extract from a product structure in IMPACT of variants in the design of a double wall that could be
produced by the Swedish precast concrete company (element producer 2 in table 1)

5. INFORMATION MANAGEMENT ANALYSIS

Our analysis of the current situation in the case companies shows that much work remains to be done to
implement rational and effective information management systems, especially within the studied timber frame
companies. The systems are more closely integrated in the company that produces precast concrete elements, but
even here potential improvements have been identified. Three main aspects of information management at the
companies included in the study that could be substantially improved have been identified:

. Process orientation
. Product range documentation
. Information systems strategy

5.1 Process orientation

In this multiple case study the investigated companies in both the timber frame construction and precast concrete
industries showed a lack of understanding of their existing business processes as well as difficulties in
communicating them to other stakeholders. These deficiencies were clear even during the interviews with
employees of the companies, since the interviewees were unable to describe their respective companies’
workflows. None of the companies in the case study appear to have a distinct product development process in
which building platforms are defined, instead major efforts are put into the design and adaption of every
customer order, thereby exacerbating the lack of clarity of product definitions and the tendency of the designers
to make changes in every project.

The industrial producers of the modular timber houses examined here need to gain more knowledge of the
benefits they could acquire from a product development process. The findings indicate that there is an urgent
need to introduce a product development process that accounts for the specific conditions of house
manufacturing. At the manufacturer of precast concrete elements there is awareness that the product

ITcon Vol. 14 (2009), Persson et al, pg. 119



development affects the manufacturing process due to the high degree of automation. However, product
development is not considered a separate process, and thus there is a lack of strategy concerning issues other
than the feasibility of manufacturing new or modified products.

5.2 Product range documentation

In all of the studied companies there is a need to describe the product range thoroughly in a formal way that
provides a better overview than the current approach. The incomplete descriptions of the offered products do not
cover the full range that the companies can provide customers and leave much scope for interpretation in every
project. A contributory reason for the under-definition of the product ranges are that opinions differ amongst
staff in the companies regarding the product assortment and its definition, so product specifications cannot be
too rigorous. The overall product descriptions of the product ranges at the precast concrete company are
incorporated in program instructions of the design module tools. Nevertheless, there are no visual descriptions of
the product range that could be used to communicate with various stakeholders or support a product
development process. Hence, one objective that has to be considered in both the timber frame and precast
concrete companies is to internally agree on a mutual company view of the product range.

Timber frame house manufacturing is often seen as a trade with great traditions and has always been dependent
on skilled craftsmen. Customer demands are fulfilled by applying specific solutions, but the same customer
request may be fulfilled by various solutions depending on the designer, which results in unwanted product
variety. A contributory factor to this variety is the lack of guidance provided by the CAD tools at the six timber
frame manufacturers included in this case study. In contrast, at the precast concrete manufacturer the CAD tools
do provide guidance, and demands for product variety are met by adding more part types and interfaces, which
rapidly increases the complexity of the products, and the associated information. More variety means more
product articles to manage in an information system, and thus higher costs (Ulrich 1995). For the investigated
precast concrete manufacturer, its automated production equipment restrains product variety. In early stages of
the process the company has to either accept or decline an order depending on whether or not its design is
compatible with its production equipment, which sets the parameters of its product variety, since the costs of
adjusting it to suit single, customized orders would widely exceed any profit.

A requirement for using ICT tools optimally to manage house design and manufacture is a formal description of
the complete product range (Lee et al 2007, Hvam and Riis 1999), which should be provided by either product
modeling of existing products or a product development process. However, there are no such formal descriptions
as yet at any of the companies included in the study. Hence there is a need to create them, especially for the
timber frame house companies, which lack product models that describe their products. Instead, they regard the
drawings that describe the various elements they manufacture as their product documentation, and information
associated with specific applications or types of document types is stored in various forms (analog or digital)
with little interoperability. Furthermore, the documentation is incomplete and could not be used as a basis for
implementation in an ICT system (Hvam et al, 2008) due to the lack of a data model that facilitates information
management involving multiple systems.

When constructing a complex product (a building for instance) from modules, the addition of more parts rapidly
increases the complexity of the product and the possible interactions amongst the parts (Erixon, 1998), which
thus increases the interfaces required and the amounts of associated information. Hence, managing the
manufacture of a complex product requires well-defined product structures and well-developed information
systems; the simpler the product model can be kept, the more efficiently it can be managed. For buildings this is
especially relevant because of the complexity and high numbers of components they contain. However,
regardless of the type of product being made, it is important to thoroughly define the product structures in order
to maximize the efficiency of the information management.

5.3 Information systems strategy

In the precast concrete case company the information system includes several data models describing different
aspects of the product and the manufacturing process. Consequently, there is a more refined strategy for
managing information than in the timber frame construction companies. Nevertheless, synchronization between
models and the production of information in the product development process could be improved. A hindrance is
that the description of the product is embedded in different ICT systems and not accessible in a visual format to
facilitate communication with different stakeholders. An alternative for the company is to develop an
independent product model that supports the company process model and the product range, thereby improving
the interoperability between the different data models.
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Many complications arise when information has to be transferred from one system to another within all of the
studied companies. This is a common complication associated with inadequate information management and
information system strategies within the companies. For example, computer applications used within the timber
frame companies are basically the same as those used in traditional building design, purchase and scheduling.
However, these tools may not be optimal for companies that straddle construction and manufacture. Current
applications for construction do not provide sufficient detail and ability to structure information in a way that
facilitates industrialized construction. In addition to the companies’ inability to specify appropriate demands for
ICT tools, there is a pronounced lack of capability to formulate long-term information system strategies that
align with the strategies for products and manufacturing systems.

6. CONCLUSIONS

Systematic information management and better tailored information systems could yield substantial benefits for
the timber frame manufacturers and precast concrete element manufacturer included in this study. It is apparent
that structuring information more effectively, and applying a holistic information strategy at management level
that incorporates use of information systems throughout the company as a whole could considerably reduce the
costs of information processing. In order to realize these improvements, companies will have to prioritize the
following areas:

. Describing the relevant processes formally
. Explicitly describe the product range and its variety
. Creating an approporiate, interoperable information systems strategy

Based on the case study findings, the authors conclude that the general level of knowledge concerning
information management in industrialized construction within Sweden must be increased. This will hopefully
lead to better and more precise demands for information systems that can be subsequently supported by specific
hardware and software. For a company that is eager to boost productivity through tailored use of ICT, more
knowledge should first be acquired about what they want to accomplish through the use of ICT (rather than
seeking tools for specific applications. Industrialization should change perspectives on not just the
manufacturing system, but also on information management. Higher levels of industrialization place greater,
more sophisticated demands on information management, thus investments in industrial production also require
adequate information management.

The need for a product data model that accounts for the specific needs of industrial house manufacturers has
been recognized in this article. Future priorities in this respect include development of a model capable of
describing the product range of industrial construction companies that could facilitate information management
in terms of product specification and production. Such a model should consider the three critical areas specified
in this article.
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1. INTRODUCTION

Production methods of Swedish house manufacturers vary from almost manual carpentry to highly automated
manufacturing units. Earlier studies in Sweden have concluded that information management in Swedish timber
house manufacturing is relatively poor and similar to on-site construction (Johnsson et al. 2006; Persson et al.
2009). The information gap between sales, engineering and production departments often leads to situations
where customer requirements are implemented using ad-hoc solutions that are not suitable for the existing pro-
duction system. Traditional methods and use of project oriented 1T-tools do not support the industrialization and
automation of the house manufacturing industry (Johnsson et al. 2007). Therefore, new methods and IT systems
need to be developed and integrated in the design and production of manufactured houses.

On the other hand, many of the developed building systems have evolved during decades and cannot easily be
adapted to fluctuating markets. Also, the lack of proper description of the building system makes it harder to
adapt to volatile customers’ requirements. Development of modularized product platforms is one strategy for
mass customization (Erixon 1998) that often has been used by the manufacturing industry. The customization
process needs information about the product structure, its constraints as well as the customer requirements in
order to develop a successful configuration and modularization strategy (Yang et al. 2008). The product docu-
mentation in construction industry often consists of drawing files in CAD libraries (predominantly AutoCAD)
that make the products difficult to use in a customization process. According to Nasereddin et al (2007), ade-
quate documentation of the product structure and customization processes is essential for the productivity and
quality of the end product. The “ad-hoc” customization of initially well-standardized technical solutions is one
of the main reasons for the decreasing profits in the Swedish prefabricated single-house industry (Brege 2008).

This paper evaluates a product family of a Swedish industrialized house manufacturer from two perspectives:
(1) how the product is designed, how information is shared and how the product is offered to customers, and
(2) what features customers request. The intention is to find a successful form for product documentation that
will grasp product information from customer design through engineering and production of the final product.
The case study has been performed on a product that is offered at a competitive price with limited possibilities
for customization. This makes it easier to see if it can really be managed to foresee customer demands, and if
the product can be modularized according to customer needs.

2. OBJECTIVES AND METHOD

The objective of the study is to investigate how product modeling technology can be used by industrialized
house manufacturers in the customization of a building system. More specifically three research questions are
formulated:
1. How can an existing building system be documented using product modeling methodology to

cover the process from sales to the realization of a customized building?

How well can the existing building system be adapted to customers’ requirements?

How is the flow of information from sales to realization of the building affected by the use of

product modeling technology?

An investigation of a Swedish company has been performed where three methods of collecting information were
used for the case study of the building system in the research project:

. Studying drawings and documents of the building system as well as the production system
. Interviews with sales and engineering department
. Workshops with the engineering department to verify the product model of the building system.

The existing description of the building system is used as a basis for creating the product structure presented in
section 4. From drawings and documents a first description of the product design and production constraints were
established. This part of the study was performed with the intention to create a first product model of the case study
building system. The information was then illustrated in product views (see section 4.4.1-4.4.4), which were used to
refine and verify the product structure of the building system with the engineering department in a workshop. The
refined version presented after the final workshop is the version published in this paper.
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Two methods were used to define a set of general requirements from a typical customer used in the study des-
cribed in section 4.5:

. Information gathered from a Swedish the survey of housing standards (Horsman 2008)
. Interviews with the sales department in the company.

3. BACKGROUND

3.1 Information and product models

An information model represents a part of the real world, in some cases referred to as the universe of discourse
(Bjork 1995). All information models are unique, as well as the process of creating them. According to Schenck
and Wilson (1994) an information model should be precise, complete, non-ambiguous, minimally redundant and
implementation independent.

Companies that develop, manufacture and sell complex products need to define and manage product information
during all stages of the life cycle (Claesson et al. 2001). These information models that contain data of both the
product and the processes supporting the product’s life cycle are generally referred to as product models. A buil-
ding information model, BIM, is a product model defined for building products. A well known model standard
for buildings is the Industry Foundation Classes (IFC) of the BuildingSmart initiative (BuildingSmart 2009).
The team defining the set of rules used to interpret the data in the product model, i.e. the model schema, consists
of product modeling experts and domain experts possessing knowledge of the product and the supporting life
cycle processes. The definition of product model schemas often contains a mix of various methodologies, for
example top-down and bottom-up in an iterative process (Hvam et al. 2008).

According to Bjork (1995) the creation of a product model for buildings start by defining the classes of the main
building parts and the systems they form, i.e. structural system, installation system etc. The next step is the defi-
nition of the most important attributes of these classes and the relationships between these object classes needed
in many applications. A similar approach is suggested by Schenck and Wilson (1994), where basic classes and
relationships often can be extracted from the domain experts by frequently used nouns and verbs, were nouns
represent the physical objects and verbs represent the relationships between the objects.

There are aspects that have significance in the choice of the information modeling language (Bjork 1995):

. Capability for modeling the semantics of the universe of discourse without simplifications caused
by the information modeling language

. Capability for modeling the designer’s intents and aims

. Support for the evolutionary process of design (extendibility of the schema)

. Usefulness for the exchange of data between heterogeneous computer applications in construction
. Technical feasibility for implementation using current commercial software

. Realistic possibilities for achieving standardization (in terms of reaching consensus in

standardization bodies and expenditure)

A popular language used in many product model applications such as the STEP and IFC model standard is the
EXPRESS modeling language (1SO 10303-11 2004).

3.2 Product configuration

Product configuration is described as an effective mean of structuring products and standardization, but also a
way of presenting the product for the customer (Hvam et al. 2008). Also, the structuring of products in product
models becomes a common view of the product ranges in the company that can be shared by the people involved
in the support of the product life cycle, e.g. sales, design, production and maintenance. Before a configuration
project is initiated, the following issues need to be resolved:

. The range of products to be part of a configuration system need to be structured in some form of
product structure. Often conflicting views exist in the company regarding rules, degree of detail
etc., these issues have to be resolved before any product modeling initiative is launched.
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. Companies have to decide what parts of the product range should be included in a product confi-
guration system. Probably, not all products are suitable for configuration.

. The information needed for the product configuration project has to be collected. This information
often resides in documents, CAD files and different types of management systems such as ERP,
SCM and CRM. It is also to be found as tacit knowledge of the product specialists within the
company.

. How should product information be stored, updated and maintained? The product model will have
to be constructed so that these parameters are effectively considered.

Leckner and Lacher (2003) pointed out that customer oriented product modeling is governed by the flexibility
required in the product configuration process. They defined different types of flexibility or degrees of freedom
of a product:

. Alternative component models where the customer can choose exactly one from a set of mutually
exclusive alternative components

. Optional component models where the customer can select optional components not obligatory for
the product in an add-on configuration process

. Attribute enumerated set model where the customer can choose a component with one value from
a predefined set of possible values

. Attribute numerical interval model where the customer can choose a component with one value

within an interval boundary.

The result of a product configuration is a customer specific product model where the product properties and
functions are determined and specifications of what modules and components will be produced and assembled
are given (Jorgensen 2001).

3.3 Customer requirements

The increasing demands on products matching customers’ individual preferences put pressure on manufacturing
companies to offer more product varieties (Veenstra et al. 2006). Still, the economical benefits of mass produc-
tion need to be retained to keep the production cost at an acceptable level.

Since the cost of developing a building system is high, system analysis and customers surveys of the target market
segments are important in the design of modularized product platforms (Bertelsen 2005). This approach is well
known in the manufacturing industry but often overseen in construction companies; hence customer requirements
are treated only in the specific one-off project and often specified by the client in a building program. However, a
product platform needs to be adapted to a variety of customers in the targeted market segment to be competitive.
Therefore, a number of methods have been developed to map customer demands against product properties. Quality
Function Deployment (QFD) is a widely used method that emerged in Japan (Akao 1990). QFD introduces the cus-
omer needs and requirements early in the process and governs the product development in many ways.

The transformation of customer values and requirements into product properties are often performed by a multi-
discipline QFD-team. In traditional procurement systems where different people perform design and construction,
the QFD methodology can potentially create problems. The “cross-functionality” approach often used when
conducting a QFD, can be difficult to achieve in traditional construction projects where the design, engineering and
production planning and execution phases are separated. The QFD methodology can be suitable for projects where
one part is responsible for both the design and production, and the functional requirements for both the product and
the production can be defined in an early stage of the project and not as a parade of trades (Dikmen et al. 2004).

The QFD analysis needs the customer values or requirements as input. This is often evaluated in market surveys
where different market segments are surveyed using statistics and customer questionnaires (Eldin et al. 2003).
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4. CASE STUDY

4.1 Investigated company

The investigated company is one of Sweden’s leading modular family house manufacturers. Since the start over
50 years ago, approximately 43 000 houses have been built. The company delivers turnkey ready houses and takes
total responsibility for the delivery. Sales, design, manufacturing and on-site assembly are performed by in-house
staff. The company exports houses to Denmark, Germany and Japan. Customers include both private individuals
and business to business clients. In 2008, the turnover was € 91 Million and in total the company employs a work-
force of approximately 320 people. Houses are manufactured in both contemporary and classic designs and the
targeted end customer group is predominantly middle- and upper middle class.

4.2 The investigated product family

The investigated product family is an affordable house model offered by the manufacturer. It features five
alternate models all based on the same construction principles. The design is classic/contemporary with a
relatively high standard regarding kitchen appliances, surface materials etc. All models are detached houses
spanning between 100-180 square meters of living space, manufactured in the production facilities of the
manufacturer and delivered and assembled as turnkey houses to the customers.

The product family is offered at a competitive price with limited possibilities for customization. The product
family is designed by the company associated architect with the intension of creating solutions that do not need
to be modified. The strategy is to streamline house production and minimize one-of-a-kind operations. The cus-
tomization options are mainly selection of fagade, kitchen appliances and surface materials.

4.3 Product documentation system

CAD is the predominant product description system for the investigated product family. Plain AutoCAD"® is
used for design and customization of all house models in the company. The AutoCAD system is used for the
architectural, structural and HVAC design. Production design rules have been implemented in AutoCAD using
the VBA interface®. The production design rules with associated parameters are stored in a MS Access database.
The company is also using an in-house developed MRP/CRM-system (Material Resource Planning / Customer
Relation Management) that keeps track of stock and orders linked with customer data. Product related informa-
tion is consequently kept in two systems, the AutoCAD and MRP system, depending on where the information
is created, i.e. design information is kept in the CAD system and information related to purchase, stock and cus-
tomer is kept in the MRP/CRM system.

As a complement to the design rules in the CAD system, written manuals exist that contain information about
rules and limitations of the building system. There is also a manual describing the design rules of the building
system to external users, for example architects, structural engineers and sales agents. It includes the main
aspects such as, facade heights, floor plan, openings, roof and floor structure, etc. Other product related infor-
mation is mostly distributed within the organization through documents and drawings.

4.4 Current process

The sales department is often asked to adapt the offered product to fit customer’s individual needs. These changes
are often not possible to fulfill without violating the rules of the building system. Despite the managements’ inten-
tion to have relatively restricted customization policy, changes to the original concept are often introduced by the
sales department to satisfy customers. Consequently, these adaptations cause problems both in engineering and pro-
duction when ad-hoc solutions need to be applied to specific customers. Also, the implications, i.e. additional costs
for adaption of the product by the engineering and production teams, are hard to evaluate. Furthermore, these ad-
hoc solutions are often not reused in other projects since the specific solutions are not analyzed in an attempt to
modify and incorporate the changes in the product family.

! http://usa.autodesk.com/adsk/servlet/pc/index?id=13779270&sitelD=123112#
2 Visual Basic for Applications, http://usa.autodesk.com/adsk/servlet/index?sitelD=123112&id=770215
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Findings from interviews with sales and engineering emphasize that there are important issues that need to be
resolved in order to improve efficiency:

. The product documentation needs to be adapted to the different processes in the company, e.g. in
the sales, engineering and production views.

. Changes in one view, e.g. sales view, should be easily traceable in the engineering and production
views and vice versa.

. Changes of the product concept affecting the production system should be made in a product deve-

lopment process from a strategic point of view making the building product more adaptable to
customers’ requirements. Otherwise, the costs of introducing ad-hoc solutions should be part of
the offer to the customer.

In the next section, we present a conceptual solution of the product documentation issue using different views of
a product model of the investigated product family.

4.5 Organizing the product information in product views

Hvam et al. (2008) suggest a methodology based on the representation of the product in a hierarchical structure
using the Unified Model Language (UML) *. These representations or product views of the product model are
used to package and present the product information for a targeted set of stakeholders (knowledge domain).
IKEA is an example of a company working with different product views. IKEA’s kitchen configuration program
makes it possible to design and get a price of a custom made kitchen directly on their website (IKEA 2009).
Information essential for the customer such as cabinet doors and colors etc, are presented in the customer view
of the product. In the production view of the customized kitchen the types of colors and cabin doors is described
by article numbers, color codes and other related information used in the production of the custom made kitchen.
This information is added in the manufacturers CAD application, which is different from the one used on the
web site.

The use of process related product views is common in the manufacturing industry and to some extent also in the
construction industry. However, the different views in the construction industry are mostly connected to the
architectural, HVAC and structural disciplines using drawings and documents, thereby making the integration
and coordination between these different disciplines a tedious manual task prone to errors (Jongeling and Olofs-
son 2007).

The product views with their related product structures also constitute the point of departure for organizing,
storing and communicating product information both internally and externally. This would facilitate information
sharing in the customization process (Hvam et al. 2008; Johnson et al. 2007).

Accordingly, in our case study the following product views were defined:

. The Customer view represents an instance of the product model as seen by end customers and sales
agents which represent the company. This view represents the features of the product family re-
quested by customers.

. The Engineering view represents the various customized alternatives of the product model from an
engineering point of view. This view represents the most important systems for the technical reali-
zation of the product features requested by the customers (such as structural, installation etc.).

. The Production view describes the different building parts to be manufactured at the production
facility. It contains information relevant for the supply chain and the factory production units.
. The Assembly view describes how the product will be assembled on site. Assembly instructions,

the order of delivery and assembly of prefabricated elements, schedules etc. are example of infor-
mation relevant in the assembly view.

Compared to the model presented by Hvam et al. (2008) the assembly view has been added to the product views
in the case study because this is one essential factor that differentiates the construction industry from manufac-

8 http://www.uml.org/
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turing. The assembly of the final product on site needs to be managed separately, in contrast the manufacturing
industry, in general, considering the product finished when it leaves the factory.

4.5.1 Customers view

Fig. 1 a) — d) shows the customers view of the product family. The customization options consist of selecting be-
tween two types (henceforth referred to as type 1 and 2) of models within the product family. Within the type 1
concept, the customer can for example choose from changing the floor plan to consist of either two or three bed-
rooms, an adjustable roof slope with two optional colors (red, black), two types of fagade paneling and two types
of windows. In Table 1 and Fig. 1 the different types of flexibility and alternatives are exemplified by the type 2
house. Table 1 summarizes the flexibility types of the customer views of the product family concept according to
Leckner and Lacher (2003).

TABLE 1: Flexibility of the product family in the customer view

Alternative Flexibility

Type 1 or Type 2 Alternative component model
Type 2 — Floor plans: 2 or 3 bedrooms Optional component model
Type 2 — Roof: 27° or 45° Attribute enumerated set model
Type 2 — Roof: red or black color Attribute enumerated set model

Type 2 — Fagade: vertical or horizontal paneling Attribute enumerated set model

Type 2— Fagade: Window type 1 or 2 Attribute enumerated set model

The alternative floor plan with three bedrooms is not a true add-on configuration (optional component model)
since the alternative will affect the size of the living room.

The customer product view shows the choices that are important in the context of the sales process. Prominent
parameters of this view are (1) architectural expression of the floor plan, and (2) exterior. The details of the
structural system, installations etc. are not included because they are not important to the customer. Neverthe-
less, the engineering and production parameters need to be verified already in the sales stage to avoid the crea-
tion of ad-hoc solutions propagating downstream to engineering and production.

Customer view Architectural expression
Tvne 1 Allfacade
e
) Typ Horizontal
ype 2

paneling

Floor plan Adjustable roof slope
Type 1 ”2 bedrooms” X E
Type 2 ”3 bedrooms”

Vertical
paneling

Roof
Type 1 7”27 degree angle

Steel sheet cover

Black color
Red color
Tile cover
etc......

Type 2 7”45 degree angle

Facade
Type 1 "Horizontal panelling” Alt. windows
Type 2 "Vertical panelling”
—@ Window @ m
—@ Kitchen
@ etc....
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Bedroom 2
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Kitchen

Alternative wall
[ placement

FIG. 1: The customer view of the product family Type 2 alternative.
FIG 1a) shows the product structure, 1b) the facade, 1c) the interior floor plan and 1d) an example how the

configured product is presented for the customer.

4.5.2 Engineering view

Fig. 2 shows the engineering view that ensures that the company can technically realize the customers’ choices.
This view represents the technical solutions that fulfill the features requested by the customer. The engineering
view is meant to be used in the design of new products or new features in a product family considering the con-

straints given by standards, regulations, production system, etc.

In the engineering view, the structural system of the product family is shown in Fig. 2a). The load bearing and
non load bearing wall blocks including openings for doors and windows are shown to be able to test the structu-
ral integrity of the product family model. In Fig. 2b) space objects have been inserted in the bathroom and kit-
chen as carriers of functional and customization requirements, e.g. bathroom and kitchen requirements on the
walls facing these rooms, such as noggin pieces for kitchen cabinets and bathroom gypsum boards that go behind
the tiles. Figs. 2c) and 2d) show how a wall can be decomposed or modularized in units that can be reused in
product development. The combination of these engineering modules into different wall types in the product

must abide the rules of the production system, i.e. they must be able to be produced by the production system.

Wall element
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Non load bearing element
Load bearing element
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Exterior wall element
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Window size
”9x15”
etc...
Door module
Wall module

Start module
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End module
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Non load-bearing

Load-bearing
interior wall
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perimiter

Kitchen cabinet
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FIG. 2: The Engineering view of the product family type 2.
FIG. 2a) shows the product structure, 2b) the structural view of the interior floor,
2c) an example of a load bearing exterior wall and 2d) its modular composition.

4.5.3 Production view

The production view gives a detailed description of the building parts to facilitate the pre-manufacturing in the
factory. It contains information relevant for the supply chain and the production system. The production product
structure can also be used to create the bill of materials (BOM), and hence link the production view to the MRP
(Material Resource Planning) and ERP (Enterprise Resource Planning) systems in the company.

Fig. 3 illustrates the product from the production point of view. Here, the elements to be pre-manufactured are
presented with the necessary information for production. Fig. 3b) shows an exploded view of a wall, Fig. 3c) the
wall framework while Fig. 3d) contains BOM list and information necessary for manufacturing the wall assem-
bly. CAD applications used in manufacturing industry are often able to connect to various PDM (Product Data
Management) and PLM (Product Lifecycle Management) systems, but CAD applications in the AEC industry
are seldom used together with PDM or PLM systems.

Production view P Order number: XXXX
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FIG. 3: The Production view of a customized order.
FIG. 3a) shows the product structure, 3b) an exploded view of the highlighted wall element,
3c) the framework of the wall and 3d) its BOM list and manufacturing information.

4.5.4 Assembly view

Fig. 4 shows the assembly view that provides information on how the product will be assembled on site. Infor-
mation needed in this view is assembly instructions, the order in which the prefabricated elements such as roof
blocks and wall elements needs to be delivered to the assembly site and the schedule. Fig. 4a) shows the assem-
bly product structure, 4b) an exploded view of the product to be assembled, 4c) connection details between
assembly components and 4d) a flow line view of the assembly schedule. The assembly drawing focuses on the
connections between different elements to be assembled. The proposed scheduling method is flow-line or Line-
of-Balance because of its ability to plan and analyze the assembly for workflow and the possibility to combine
with 4D visualization (Jongeling and Olofsson 2007).

Next, we will analyze the product family model, type 2 concept, from a customers point of view represented by a
recent Swedish customer survey performed on the Swedish housing market.
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Site view Model: Type 2 between wall
- Roof block elements

Foundation Wall element

2111-240-78-08-6

b Ground beam

Wall number: 2111-240-75-03 3

|———a Connection botten

|——a@ Connection top

C ion right,/Left

—e Nail "4x10"

Lo etc...
———=aRoof element

—alnstallation system

—»etc....
Wall element 2111-240-78-03-4

ITcon Vol. 16 (2010), Malmgren et al., pg. 706




Connection  of
wall element in
Gener corner

v o= b

i ’ ® | N
Connection between .- R - )
|

' wall element =1
i 2 s o = O @ ,‘“

=

F

v,

Gmi=

Figure 4: The Site view of a customized order.
Figure 4a) shows the assembly product structure, 4b) an exploded view of the assembly structure,
4c) assembly drawing of connections and 4d) the assembly schedule expressed in a flow-line diagram.

4.6 Customer Requirements

According to the company the house models are targeted towards families looking for a customizable house with
relatively high standard regarding materials and construction but not with too many other choices, see possible
alternatives in Table 1. Actually, the studied case company refers to itself as an engineering company that focu-
ses more on the demands from the production department than demands from the customers. However, if these
models are to be successful on the market, the alternatives must be based on market analysis of the consumer

segment.

According to Eldin et al. (2003) customers’ requirements must be based on market research using surveys and
interviews with prospective customers. To exemplify the importance of adapting the product to market trends,
the product offers of the product model have been compared with a recent survey of the Swedish housing market
regarding demands and wishes (Horsman 2008). The Internet survey, performed in 2008, received about 5000
answers where some 1600 answer came from people living around the city of Stockholm. The respondents va-
ried in age between 18 to 65 years. The result of the survey was also confirmed with customer demands received
by the sales office in Stockholm in interviews with key employees. In Table 2 the top ten demands from the sur-
vey and the willingness to pay are compared with the product offers of the product model.
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TABLE 2: Customer top ten demands compared with the product offers of the product model (Horsman 2008)

Housing Rank Willingness to Offer
pay
The housing have central controlled functions that is connected to internet, such as 1 34% no

possibility to check the fire stove, turn on alarm, etc.

It is possible from a central place to control environmental climate systems and light 2 40% no
system etc.

There is a possibility to have built in speakers and media players etc. 3 25% no
It is easy to rebuild the floor plan for handicap requirements 4 28% no
The house is easy to access with Wheel chairs and baby carriage 5 28% yes
Possibility to compensate for climate 6 38% no
Flexible floor plan with for example movable walls etc. 6 18% no
The housing is build in a way that lower sound disturbances between bedrooms etc. 8 40% no
There is a high standard regarding kitchen and bathroom 9 55% yes
The building is close to culture and activities performed in spare time for example 10 28% n. a.

restaurants and theaters etc.

Remote control of indoor climate, flexible floor plans, noise reducing walls between rooms, high standard in kit-
chens, etc, are among the top alternatives where customers indicate a relatively high willingness to pay. In a
survey undertaken in Holland “type of kitchen” also ended up as the most important customization property
(Hofman et al. 2006). These types of customer surveys provide valuable information for customization options
for the house manufacturers.

5. ANALYSIS

5.1 Organizing the product documentation

Less complex information models of the reality that are better adapted to working processes probably have a
better chance of success (cf. Sandberg et al. 2008). As illustrated in section 4, the product model was structured
in four views, capturing the information needs in the customization, engineering, production and assembly pro-
cesses respectively. The control over the product comes from the ability and the way these views are described
and connected, i.e. the transformation of information downstream and upstream the value chain. Fig. 5 illustrates
how different views of the same product intervene with each other, for example the chosen kitchen type in the
customer view will affect the engineering view with how the noggin pieces will be placed, but also the produc-
tion view in the actual production of the wall element. This will also affect the assembly view when assembling
the kitchen on site. The transformation of information is therefore critical to ensure that ad-hoc solutions are kept
to a minimum.

Today, experiences from earlier projects are seldom documented; they exist only as tacit knowledge in the people
working at different departments (Sandberg et al. 2008). The company knowledge of the product becomes fragmen-
ted since it can only be transferred to co-workers in close proximity. This was also evident in the case study com-
pany, since informal knowledge had been noted on personal copies of CAD files and product documents. Benefits
of integration of product knowledge using product model technology are manifold — less problems with ad-hoc
solutions, a better and faster product specification process, ability to develop and modularize technical solutions to
better match customer requirements, integration of the flow of information between sales, engineering, production
and site assembly, etc.
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FIG. 5: The separate views of the same product and how they overlay each other.

Today, there exists a multitude of product modeling technologies and systems that can manage complex prod-
ucts. However, most methods and tools are still limited to support the design, development and production only
of single products (Claesson et al. 2001). Often only the geometric description of products generated by CAD
systems is managed directly (Sudarsan et al. 2005). Instead, the extent of the product family should be modeled
(digitally represented) and IT systems must be adapted to the manufacturer’s product portfolio and economical
and organizational abilities.

5.2 Customer requirements versus product offers

Many of the highest ranked customer needs cannot be offered by the product family investigated. The compari-
son between the customer survey and the customization options indicates that there is a mismatch between pro-
duct offers and requirements in the market segment. This can be one reason for the ad-hoc solutions observed in
order to satisfy the customer. Another possible cause is the inability of the company to transfer information of
rules and constraints of the building system to the sales organization. Also the company self image as an engi-
neering company might underestimate the importance of adapting the building system to the end customer
requirements. The product should be continuously developed to adapt to customers volatile requirements and
trends in the market segment. Therefore, experiences from the sales department should always be analyzed and
incorporated in development of the building system. New product options should only be implemented as a
result of a strategic decision to develop the building system.

5.3 Information flow with product modeling technology

An order is verified against a checklist which describes the customization rules (constraints). This checklist con-
tains detailed information of the house to ensure that products can be efficiently manufactured, giving the impress-
ion that the company uses a bottom up approach, i.e. let the customer decide then adapt the design to the system.
However, the interviews provide the opposite impression that a top-down approach is used — the customer chooses
a model which then can be modified according to certain rules. According to sales office, they do not have contact
with engineering and production departments before the customer signs the contract. However, to sell the product
they need to agree on certain changes of the product, to be able to satisfy the customer. These statements indicate
that the link between customer view and the other views (engineering, production and assembly) is weak. When the
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customization process violates the rules of the building system, this information is not automatically transferred to
the engineering and production view which is a major source of ad-hoc solutions in production. Attempts to reduce
ad-hoc customization have been to offer fewer options, but this also increases the risk of removing the wrong opti-
ons from a customer perspective.

It has also been shown that it is much easier for companies to transfer information downstream the value chain
than transferring information, rules and constraints upstream, see Fig. 6. Thus, problems related to information
transfer should be addressed by creating paths and tools for information exchange upstream the value chain and
agree on mutual views of the product. If the information and constrains illustrated in the separate views can be
described for all disciplines involved in the process “ad-hoc” solutions can be minimized. The constraints are
often too many to manage without the support of integrated information systems such as PDM and ERP systems
in the customization of the product.

INFORMATION REGARDING RULES AND RESTRAINTS TRANSFERRED UPSTREAM

1| PRODUCTION VIEW Ll si7eE view
(=

. N o e

INFORMATION TRANSFERRED DOWNSTREAM

FIG. 6: The connection and integration of information between the separate views

6. CONCLUSIONS

Product modeling is a suitable technology to describe the product structure of modular houses. It gives the ma-
nufacturer the opportunity to get a view of the entire product range. Creating adapted views makes the product
structure less complex to implement and easier to split in more than one release. The integration between the
different views consists of information transferred downstream from the customers view to the engineering,
production and assembly views. The rules and constraints of the building system are transferred upstream from
the assembly, production and engineering views to the customers view and hence define the customization limits
of the product family.

The presented case study also showed that product development of modular houses must start from customers’
requirements. Too little attention of adapting the production system to the changing customers’ expectations
increases the risk for ad-hoc solutions propagating to manufacturing and assembly on-site with considerable
higher costs as a result. Eventually, the product will become harder to sell. It is also evident that the ICT-tools
used to create and manage the different views should be view specific, as long as the information and constraints
can be transferred between the tools. We believe that successful cooperation and information exchange between
these four views is a key to future development and customize-to-order configuration, because it provides an
explanation model of the information transfer needs and it also provides a good visual overview of the goals set
out to accomplish by a company in terms of information management. Using the four views will give companies
a structure for how to plan and organize information transfer.

However, there are some evident barriers for companies who want to implement information management sys-
tems. Currently there is a lot of tacit knowledge within the studied companies that needs to be formalized before
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it can be used in an IT system. Several companies also need to go through a process of unifying their view on
product information within the company, so that they have a common ground to stand on when taking on new
challenges. Another issue is that the general level of IT maturity is lower compared to other industries.
Regarding the choice of system there are no specific systems for integrating information in this relatively small
sector, which means that custom development is one probable solution. Going forward companies need to be
prepared that regardless of what system they decide to use, it will probably need customization to work with
their specific needs and processes. This implies that the company has to be more involved in the development
or customization, the right competence for this might need to be built up before a project can be initialized.

The main lesson learned from the studied project is that it proved beneficial to use the presented four views as
a way of visualizing the information flow from customer requirements to a turnkey-ready house. This approach
also showed useful as an analysis model — by using the views to assess how well integrated information transfer
is achieved within a company. We have also learned that a mismatch between the technical platform and custo-
mer requirements will lead to more ad-hoc customization downstream, which in turn leads to a product platform
that might grow without control. Instead, new product features should be introduced as a result of strategic deci-
sions that are aligned with the overall company strategy.
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Abstract

Purpose — Planning of pipe and bathroom renovation is often subjected to uncertainty
and personal judgments. The purpose of this article is to suggest a model approach to
support decision-making for property owners.

Design/methodology/approach — Based on interviews and studying of maintenance
planning documentation, a model has been developed that can assist in prioritizing
between buildings based on the need for pipe renovation.

Findings — The 10 parameters that were used can describe the need for pipe renovation,
the parameters include building information, status and use. The initial validation of the
model shows that the prioritization of the model represents real-world decisions. The
quality of any model is however dependent of good quality data and well defined
parameters, which can be problematic.

Research limitations/implications — Further validation of the model through more cases
and different kinds of buildings are necessary improve validation and generalization.
Practical implications — The model can act as a data analysis tool for real-estate property
owners that would like to gain an overview of the need for pipe renovation. It can serve
as one of several decision support tools and provide maintenance recommendations from
a technical perspective.

Originality/value — This model can contribute to the objective data analysis of pipe
renovation needs. It is however necessary for property owners to consider definitions and
availability of data.

Keywords: service-life, property management, maintenance planning, pipe renovation
Classification: Research paper

1 Introduction

1.1 Background

In Sweden 1.3 million apartments were built between 1950 and 1975, this constitutes a
large part of all apartment buildings in Sweden. Many of these are now in need of major
renovation and it has been estimated that 35 million Euro needs to be spent on renovation
of these buildings (Industrifakta, 2008). The current pace of renovation in Sweden
however is too low and will need to increase significantly in the coming years (The
Swedish National Board of Housing, 2003). The legal term real-estate property
(henceforth called property) is here defined as a piece of land and the buildings on it.
Hence a property owner is here defined as an owner of land and it’s buildings (henceforth
called property owner). To estimate the future need of renovation is a complex issue
according to a group of property owners that were interviewed within the research
project. Service-life is often difficult to determine accurately, the life of sewage-pipes
(cast iron) can for example span from 30 to 60 years (Dahlblom, 2001; VVS-



installatérerna and VVS-inspektorer, 2002), which is not accurate enough for good
maintenance plans. For bathroom components, service-life can be decided by
measurements or destructive testing, often there is also a statistical basis and the
accumulated knowledge of companies and experts. In a book for property owners,
service-life of a number of components are listed, which are based on investigations and
experience (VVS-Foretagen, 2009). In Dahlblom (1999) an effort is made to find and
compile sources of service-life estimations. 12 sources were found that list common
sources of information and data, including: literature studies, interviews and surveys,
inspections, statistical databases and laboratory tests. Figure 1 shows a typical bathroom
in an apartment building with expected service-life of key components. Previous studies
have however shown that by only using service-life to evaluate the need for renovation,
the need is often overestimated (Bejrum, 1987). The lack of actual failure and
maintenance data has been established as a issues from both academia and industry
perspectives (Wu et al., 2003). The lack of data and different opinions on service-life
makes maintenance planning a complex issue for property owners.

SERVICE LIFE OF BATHROOM COMPONENTS

Painted plaster
10-15years — > Heating system
and radiators
/ approx. 80 years
Tiled walls
Tiled floor 30-40 years
30-40 years
Heating pipes
in sand filling
30-40 years

Floor drain and
sewage in cast iron
30-60years—___ | " —

\
1 - ) \

Figure 1 Typical service-life of components and materials in bathrooms. (VVS-Foretagen and
Ventilation, 2008)
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The main reasons for bathroom renovation are technical, economical and
health/convenience (Dahlblom, 2001), but also esthetics is a common reason. Over the
past three years, but also in the coming years, the highest costs for renovation in Sweden
can be found in building service systems (The Swedish National Board of Housing,
Building and Planning, 2010). As there is much room for individual opinions regarding
when costly repairs due to water damages start to occur (Lind and Lundstrom, 2011),
property owners are directing their attention towards the improvement of maintenance
planning. The focus of this study is the renovation of water and sewage pipes (henceforth
called pipe renovation) in apartment buildings built between 1950-1975. Water damages



incur costly repairs and during 2011, 66 % originated from leakage in water, heating and
sewage pipes and 17% were caused by leakage through water proofing
(Vattenskadecentrum, 2011). Because of the costly repairs it is relevant to be able to
assess the future need for pipe renovation. With good decision support, property owners
can apply preventive actions, which also means less disturbance for tenants. To address
the future need of pipe renovation, the possibilities of modeling prioritization of pipe
renovation is evaluated in this paper.

1.2 Aim and purpose

The purpose of this article is to identify on what basis property owners plan maintenance
and to propose a way to facilitate and structure planning through the use of a model. The
aim of the model is to provide a simple, adaptable starting point.

2 Maintenance planning

The ambition ambitions of property owners are different, they are usually dependent on
owner directives and the financial situation. Hogberg et al. (2009) categorized property
owners in four ideal types based on their investment policy (regarding energy efficiency
actions), spanning from strictly profit maximizing to administration led ambitious
companies. Similar to energy efficiency there is an investment policy that influences
renovation, which will affect maintenance planning.

There are many models and much research performed on bridge and infrastructure
maintenance. One reason for the elaborate maintenance planning may be that the
consequences of failure are much more severe, whereas the consequences of failure in a
sub-system of a building may be more acceptable. Reliability based models are divided in
two parts; a deterioration- and a decision model (Frangopol et al., 2004). The
deterioration model explains how the intended function deteriorates over time, the
decision model puts forward possible solutions. When optimizing bridge repair strategies,
a method consisting of six steps is suggested by Estes and Frangopol (1999) with
includes the identification of relevant failure modes and parameters, then a overall system
model is developed. Based on the above steps a model that describes the deterioration and
loads are developed. The abovementioned steps describes the system and deterioration,
this approach is used in the development of the maintenance model in this article.

Rosenfeld and Shohet (1999) suggest a methodology for how to index the state of
buildings based on known facts. They use the index model to compare both building
facts and renovation options. The model is divided in four modules and encompasses
preliminary survey, evaluation, generation of feasible alternatives and a technical and
economic evaluation. It does however not go into detail of the assessment of the current
status of the building. Alanne (2004) put forward a multi-level model which returns a
rating based on a combination of possible actions. This model addresses only the
selection process of renovation alternatives. Altogether there are several models that
address the selection of renovation alternatives. Those that exist have been described as
well defined, rule-oriented, for example aids for financial analysis, insurance and taxation
(Okoroh and Torrance, 1999). Few models however in a practical manner can facilitate
the evaluation of building status and the prioritization between buildings that property
owners are faced with.



3 Method

To build a model that can structure information and predict the urgency of pipe
renovation, the first step was to gather information on how property owners plan
maintenance. The planning process, key parameters and how they influence the planning
were learned through interviews and studying of documentation.

In an ongoing case study at a Swedish public property owner full access to documentation
was given, this constitutes the main empirical material. The case study has encompassed
participating in meetings, studying documents and interview. This was complemented
with interviews with 5 property owners including the case study company, to gain
understanding of the planning process. All property owners are located in growth regions
of Sweden and own apartment buildings, they provide rental apartments as their main
business. All companies have long-term owner strategies, i.c. their aim is to keep the
properties over a long period of time. The semi-structured interviews focused on planning
of maintenance from a technical perspective; hence the financial situation of each
company and how it affects the maintenance planning have not been considered, although
identified as an important factor. The interviewees were people in charge of maintenance
planning or in a managing position with insight into maintenance.

The subsequent development and validation of the model were made in collaboration
with the case study company. It was developed in Microsoft Excel in iterations with
continuous validation through real-world cases taken from the case study company. After
developed, the model was validated in a number of cases by comparing the prioritization
provided by the model with the expert judgments of the case study company that
participated in the study.

4 Maintenance planning by five Swedish property

owners
To understand which parameters influence maintenance planning, interviews were
conducted to determine what should be included in the model and how it should be built.
The property owners that were interviewed are presented in Table 1. Below follows a
summary of the results.

Table 1 Participating property owners

Property owner \ No. of apartments Owner status

#1 23 000 Public Local (city)
#2 5000 Private National
#3 400 Private Local (city)
#4 12 000 Public Local (city)
#5 24 000 Private National

Most property owners work with maintenance planning on several levels, where they
have a short ”action plan” and a 3-5 year plan. In addition, some property owners work
with 10-year forecasts. It is often up to individual managers to analyze and establish the
need for renovation. Public companies have to a larger extent, dedicated staff for
maintenance planning and renovation projects, private companies often integrate this
responsibility with general facility management. Thus it seems that public property
owners are better equipped for strategic maintenance compared to their private
counterparts. Companies showed different approaches for how to gather and analyze data,




public companies generally had better potential for rational decision making because of
their dedicated staff. This gives them the ability to act more proactively, whereas private
companies in general act more reactively. But also other circumstances influence the
level of maintenance, for example owner directives and company size. Some of the
property owners have computer-based systems for facility management that can serve as
a base for planning. But the quality of data depends on how good companies are in
collecting information. Larger companies, especially public, generally have more
established processes for maintenance planning and have more data available.

Maintenance planning is generally based on a combination data, budget and technical
know-how. Several of the companies are however vulnerable because they are dependent
on skilled individuals. Maintenance planning requires experience and the ability to see
the bigger picture and often employees who possesses the necessary skills are limited.
The interviews showed that public property owners spend more time and money on
maintenance planning and analysis compared to private. One of the reasons might be that
there is more pressure on public owners to optimize maintenance. Private companies have
stricter demands of delivering return on any investment, which is a reason why they are
more selective.

The maintenance planning process at the case study company was used as a starting point
in the development of the model. The data from the interviews supported and
complemented the development of the model structure. The interviews were used to get a
general overview and to identify the most decisive parameters for determining the need
for pipe renovation. The parameters form the basis for the model and are presented in
Table 2.

5 A model for evaluating pipe renovation need

5.1 Model background

The aim is to aid property owners to determine how urgent the need for pipe renovation is
within a portfolio of apartment buildings and to prioritize between them. The model is
calibrated to emulate the decisions taken by the interviewed property owners. It was
decided to collect data and present results on property level, for most companies this
represents a commonly known and manageable structure. The main challenges was to
select parameters that characterize the need using available data and still provide the
results needed. In the development of method, inspiration was found in reliability-based
assessments see Estes and Frangopol (1999). In creating a structure for the model other
models within similar contexts were surveyed (Alanne, 2004), (Rosenfeld and Shohet,
1999). The only considered failure mode in the present model is water leakage, which
often leads to serious consequences in several parts of the buildings.

A description of the model logic was made before the development started. On a top level
the model should assign each property a score depending on how urgent the need for pipe
renovation is — higher score implies greater need. That means that all parameters need to
be assigned a score, which are then added up to form the overall score for each property.
To compensate for different importance of parameters, a weighting system was
introduced. To provide good overview, the parameters are structured in a hierarchy where
the score of each property can be traced backwards to the lowest level.



5.2 Developing the model

Microsoft Excel was chosen as a platform for the model, as it is a flexible and widely
available. It can both manage data and present the results in a structured and visually
appealing. It was decided to use a scale from 1-10 to rate each parameter, a higher score
means a worse situation, thus higher risk. The score is based on the input given and is
calculated by the model. The relative importance of each parameter is considered by a
weighting between 0-1. In the model the score of each parameter is multiplied with the
weighting, which gives the weighted score for each parameter. The parameters, their
meaning and weight are described in Table 2.

Table 2 Model input parameters

Model input parameters

Group Parameter Unit Input Weight | Comment
Construction year Year Year of construction 0.5 Between 1-10 depending on
the inherent risk of the
construction
Hot water - Basement / 0.5 States if there is hot water
5 recirculation Basement and recirculation only
< vertical horizontally in the basement
- (1), or both horizontally and
vertically (10)
Built-in pipes in - Yes/No 0.3 Yes (10), no (1). Built in
apartment pipes gives larger secondary
damages.
Remaining Year Year of last 1.0 Score between 1-10
service-life of renovation depending on remaining
surfaces service-life for surfaces in
bathrooms
% Remaining Year Year of last 1.0 Score between 1-10
§ service-life of renovation depending on remaining
n pipes service-life for water and
waste pipes in buildings
Status of surfaces - Good/Average/Poor 1.0 Score of 1-5-10 depending

on the perceived condition
of surface materials

Share of Percent Percentage of 0.5 Score between 1-10
apartments with modernized depending on the percentage
new surfaces apartments of modernized apartments
after last renovation
Damage cost EUR/m2 | Damage cost per 1.0 Score between 1-10
square meter, mean depending on damage cost.
of last 5 years. Definition of the case study

company used here —
includes direct damage cost,
consultancy cost, upgrades

Q and maintenance. Mean
] value of the last 5 year is
calculated by the model.
Moisture load - Low/Medium/High 0.5 Score 1-5-10 depending on
the perceived moisture load.
Damage cost trend | EUR/m2 | Yearly change in 0.7 Score between 1-10
damage costs per depending on how the
square meter for the damage costs have
last 5 years developed during last 5

years. Positive development
gives higher scores. Defined
as the linear regression.

Most parameters have a straightforward scoring method — older or higher cost means
higher score. But construction year and share of apartments with new surfaces are not
immediately obvious. They are dependent on circumstances that need to be described in a
more complex way. The scoring had to be based on expert opinions. For example, during




the 1950’s the quality of cast iron pipes were generally low, so the score for construction
year is high during this period compared to before and after. For share of apartments with
new surfaces a large share means that many bathrooms have new surfaces with little need
for renovation.

After all inputs have been converted into weighted scores they are grouped into three
categories: facts, status and use, which describe building information, building status and
current use respectively. The score of the three groups are then added together and
normalized into one final score between 1 and 10. The score indicates the need for
renovation of one property in relation to the other properties that are evaluated based on
the same conditions. When filled with data the model provides a snapshot of the pipe
renovation need within a group of properties based. See figure 2 for example of how the
score is calculated. The prioritization made by the model will provide documentation of
the status of the properties. If updated data is provided regularly the model could work as
a documentation tool of the need for pipe renovation over time.

SCORE x WEIGHTH ___ GROUPING __ |l NORMALIZED RESULT

6x0.5 n

- FACTS:80F 13~

10x0.5

|

L

1x0.3

|

- STATUS: 22 OF 30 + TOTAL SCORE: 8 OF 10

L

- USE: 27 OF 27 -

L

Figure 2 Model calculation example

5.3 Validation

Property owners that took part in the development were also engaged in a validation of
the model. The purpose was to see how well the model could reproduce the pipe
renovation priorities made by experts. Each company were given a presentation of model
and asked for their opinion regarding how it could be used to predict need of pipe
renovation. The case study company was then asked to identify the most influential
parameter, this parameter was assigned the weight of 1. Then the experts specified the
relative importance of all other parameters compared to the most influential. Finally the
case study company provided data from buildings with varying need for pipe renovation.
According to the experts the model could be used to predict the need for pipe renovation,
although some minor adjustments were identified and corrected.



Cast iron pipes manufactured in the years following the Second World War and plastic
pipes manufactured between 1970-1979 were identified as having poor quality.
Consequently the parameter construction year needed to be adjusted to yield high scores
for these periods. It was also pointed out by the respondents that construction year
reflects the situation of today, which may change over time. The parameter remaining
service-life of pipes currently assigns a common service-life for sewage and water pipes.
In reality water pipes have shorter service-life. If a common service-life should be used,
the experts recommended that 40 years be used. Damage cost was identified as an
important parameter, although hard to identify correctly for some companies. For the
model to show relevant damage cost, only the cost related to pipes and moisture barriers
should be identified. If not defined correctly, it reflects more than pipe related damages
and looses credibility. Damage cost will possibly fluctuate more in small buildings
because the parameter is measured per square meter, making it less useful in the model. It
was suggested that instead of using subjective estimates to determine the moisture load,
the consumption of hot water for the building could be used as an indicator of moisture
load. Share of new apartments with new surfaces says more about what action to take
than what state the bathroom is in. It can be a decisive parameter of which properties to
renovate first if other parameters give equal status. If nearly 100% of the bathrooms
already have been modernized after the last renovation, then property owners probably
would consider smaller, more targeted efforts instead of large renovation programs.

The model is mainly directed at large renovation programs where there is an established
need for renovation, consequently the result will be more accurate in this situation. It was
discussed how the model would react to high-rises and lower buildings respectively. A
water leakage on one of the top floors of a high-rise typically leads to larger
consequential damage — thus property owners commonly tolerate lower risk in high-rises.
Compensation for different houses has not been addressed in this version of the model.

To test how the model prioritizes properties compared to experts, seven properties with
know statuses were fed to the model. The test resulted in that ongoing pipe renovation
projects got a rating of 8-8,5. Properties scheduled for lighter upgrades received a score
of 6,5-7. Properties recently exposed to pipe renovation got a score between 2,5-3,5 (see
Figure 3). Theoretically the model can produce results between 0-10, but the score of a
property can never be zero, because there is always an inherent risk due to construction
method etc. So a low score, as seen here, would be considered low risk. When comparing
one property that was just subjected to pipe renovation to one that is ongoing with similar
characteristics, they have scores of 3.2 and 8.0 respectively. The damage costs for the two
properties are almost identical, because the renovation has not yet given any effect in
terms of decreased damage cost.

recently lighter ongoing
renovated upgrade renovation

.

—
.234567891.

Figure 3 Validation results

There is a considerable variation in damage cost between all seven properties that were
tested, despite that they were estimated to have the same need of pipe renovation. There
were also variations of cost between years for the same property, which lead to variation
in the parameter damage cost trend. Despite the variation in damage cost the results were



satisfying, it shows that individual parameters can give misleading results but together
they provide a fuller picture.

6 Results

Experts were part of the development and their opinions are central to the results that the
model provides, but the model may not match individual expert opinions. The validation
of the model shows that it can produce results that match the prioritization of property
owners, given that the parameters are defined equally for all properties. The parameters
identified as most important by experts and that have most influence of the result is
service-life of pipes and surfaces together with the use parameters. The damage cost data
provided in the validation showed large variations from year to year for single properties
and also between properties that were beforehand believed to have the same
prioritization. Despite the inconsistent data, the model provides acceptable results, thus
showing that a margin of error can be allowed for individual parameters.

The aim of creating the model was to develop a structure where parameters are
interchangeable and their individual importance could be altered. Because property
owners evaluate the status of their properties in a similar way, most property owners
could use the model for structuring the need. The primary use of the model is for
estimating the need for pipe renovation. Its strength is that it uses not only service-life,
but incorporates also usage parameters and history of each property. From the interviews
it was understood that the need for renovation is first based on several individual
judgments, by using a model those individual opinions would be eliminated. A routine for
obtaining the data needed, as well as regular evaluations, should be part of the
implementation of the model. Another benefit of using the model is that it provides
context and insight also for people used to interpret data.

From the interviews it was clear that property owners define parameters differently,
hence the model will need to be adjusted for new circumstances at new companies.
Currently there are no coherent definitions for many of the parameters, thus it is hard to
compare the renovation need between different property owners. Neither are different
buildings equally sensitive to damages, the model does currently not account for different
types of buildings. Going forward a large-scale test with more properties or an evaluation
after some years of use would provide interesting results to analyze in terms of how the
model performs when subjected to many different types of conditions and buildings.

7 Discussion and conclusions

The use of models should be seen as one of several decision supports that forms the
renovation plan for property owners. Management directives, budget etc. is not included
and must be considered separately. All together the model provides a more balanced view
than just looking at service-life or damage cost and the element of personal opinion can
been minimized. The model is a flexible structure that allows companies to adapt and
organize the planning of pipe renovation. Because each company defines parameters
differently, the model is developed so it can easily be manipulated. Access and
definitions of data is essential for the quality of the results and many property owners has
a potential for improvement.

There is a connection between maintenance strategy and owner directives; if owner
directives are expressed in terms of profitability, there is a risk of maintenance being
more reactive and selective. The model presented here could act as a counterweight and



provide a maintenance prioritization overview from a technical and usage standpoint,
regardless of profitability.
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Abstract

Purpose — This article aims to investigate the correlation between demand and supply of
services for renovation. It will also discuss how the low interest for development can be
addressed.

Design/methodology/approach — Interviews were performed with contractors and a
survey amongst property owners were sent out to provide insight in the Swedish
situation. The results of the two studies were then compared and the findings were
analyzed.

Findings — There is a correlation between demand and supply, but there is at the same
time little interest of development. Many are satisfied with the situation, but poor
communication, quality and high prices are identified as issues. Contractors in general
offer flexible solutions and claim to be able to adapt their solutions to the specifications
of clients.

Research limitations/implications — To strengthen the generalization of the results,
more property owners and contractors should be investigated, including other countries.
Practical implications — The results of the study can provide better understanding of
client requirements in renovation and provide a starting point for a discussion regarding
development.

Originality/value — The incentives for innovation and development is low and there is a
need to put forward good examples of renovation of multi-family houses. To reduce
unwanted flexibility and to learn from past experiences could be a way to address the
issues expressed in the study.

Keywords — property management, client requirements, renovation, maintenance
Classification — Research paper

1 Introduction

Many houses were built during the mid-twentieth century in Sweden. During the period
1965-1975, nearly 25% of all current houses in Sweden were built (Boverket, 2003) and
the situation is similar in many countries. Today many of these buildings are in need of
renovation, but the current pace of renovation in Sweden must more than double in the
coming years to keep up with the demand (Boverket, 2003). The estimated cost to cover
the minimum need is 5.8 billion Euro in buildings from 1961-1975 alone (Sabo, 2009),
the total spend needed to modernize these buildings are however debated; it is estimated
to 20-100 billion Euro. Concerns have been raised for the cost of maintenance in both
Sweden and internationally (Lind and Muyingo, 2012) and effective, sustainable
renovation is the subject of several ongoing research projects (Thuvander ef al., 2012),
(Geier et al., 2011).

Swedish real-estate property owners have listed bathroom and kitchen renovation
including pipe renovation, as a prioritized area during the coming years (Industrifakta,



2008). Pipe renovation is the repair or exchange of the water and sewage pipes in
buildings. This is a major intrusion in the building and a demanding task. It is capital
intensive for property owners, complicated for building contractors, and not least
demanding for tenants who often continue to live in apartments throughout the
renovation. Successful renovation aims to minimize tenant disturbance and to produce
sustainable, high quality solutions with low maintenance costs, hence it requires good
cooperation between clients and contractors. The focus during recent years on
renovation has increased the attention from contractors and a development of offers
specifically for renovation has been seen. The industrialization of the construction
industry has meant more focus on platforms and processes, see e.g. (Lessing, 2006),
which to some extent also may inspire renovation. For contractors who can meet client
demands combined with efficient execution, renovation offers a great potential. Some
property owners however find it difficult to identify offers that match their the needs and
the core competences of property owners have been described as the internal checklists
and in-house expertise together with guidance from directives and business plans, while
construction and architectural design, evaluations etc. are commonly purchased
(Thuvander et al., 2012).

This paper presents a study of supply and demand on the Swedish renovation market and
aim to further the knowledge of renovation and better understand the rationale and needs
of clients. The correlation between demand and supply is discussed and
recommendations to future development are given.

2 Renovation of multi-family houses

The incentives for renovation in multi-family houses are often technical or based on
poor performance (Thuvander et al., 2012). Given the composition of housing the need
is increasing at the same time the declining construction rates increases the relative
importance of renovation, but currently the investments in renovation is lower or equal
to the investments in new construction in the residential sector (Meijer ef al., 2009). A
comprehensive study showed that Germany, Sweden, Switzerland and UK have the
largest percentage of dwellings built before 1970 (Meijer et al., 2009), both single-
family and multi-family dwellings. Thus there is an high need for renovation in these
countries. Within the study Sweden and Switzerland have the largest sector of rented
multi-family dwellings, 87 and 80% respectively of all multi-family houses.
Additionally Sweden has a large share of multi-family houses that are socially rented,
68% of all multi-family houses. Consequently renovation is of high importance for both
property owners and contractors in these countries.

Modernization of kitchens and bathrooms are the most common renovation activities
and most of the modernizations take place before the components’ end of service life
(Meijer et al., 2009). Barriers to a more sustainable approach to renovation are the lack
of knowledge and negative cost-benefit relations. Further explanations to the low pace
of renovation could be solutions that are not suitable for renovation, lack of experience
and few best-practice examples (Meijer ef al., 2009). Consequently there is a need for
development in several areas. Several small studies regarding demand and supply in the
renovation sector have focused on understanding what clients want, but these studies
have often been initiated by contractors, the conclusions have shown both that property
owners would like to have control over the renovation process, and that they would like
to place most of the details of the solution and project management with the contractor.
The position of the client in renovation needs further investigation.

The positioning of large Swedish contractors has mostly been focused on multi-family
houses from the period 1961-1975, where there is a large documented need and an



ongoing debate. Holistic approaches to renovation can be seen as a part of later years
interest for conceptualization and industrialization in construction where focus lies on
systematic approaches to processes and technology. Compared to construction there are
however several differences in renovation, the most prominent are the sometimes
unknown conditions of renovation, which increases the demand for project management
and tenants who continue to live in buildings during projects.

3 Concepts and platforms

The founding ideas of the renovation concepts employed by some contractors can be
linked to the development of industrialization of construction, which aims to increase
quality through established processes and technical platforms (Lessing, 2006). Concepts
with high degree of standardization, i.e. low flexibility, however need to show customers
that concepts have benefits that compensate the sacrifice in flexibility (Olofsson ef al.,
2012). An idea can be thought of as a concept or mental impression. From Latin,
concept is translated as a thing conceived, thus it could be described as a general idea for
marketing and design. For an organization it can be interpreted as how the organization
is designed. To conceptualize is consequently to gather services and products to form an
overall idea. Several large construction contractors in Sweden have formed offerings
targeting the needs of the renovation market — sometimes referred to as concepts. The
offerings include several aspects of renovation, for example energy efficiency, synergy
effects, social factors, see e.g. (NCC, 2012), (Peab, 2012), (Skanska, 2012). From a
construction point of view they form a holistic idea of how to modernize multi-family
buildings and could be described in terms of a concept that addresses property owners
needs. There are however little research in how the concepts have been received by
property owners.

Renovation concepts generally need to have a high degree of flexibility to accommodate
for the variations of existing buildings. Increasing the standardization of concepts
transforms the offer from being mostly a service contract to a product offer (Olofsson et
al., 2012), thus having an impact on the business model. The industrialization ideas and
solutions in construction are today most often supplied by an industrialized partner
(Hakkinen et al., 2007), which today most often is a contractor supplying a closed
concept. So far design-build contracts are the only feasible traditional contracting form
for industrialized concepts, unless the client acts as a concept owner (Olofsson et al.,
2012). There could however be a potential new role for clients in the industrialization of
renovation, which includes participation in concept development and changed
collaboration forms.

4 Business models as an analytical tool

To easily be able to explain the logic of what and how a company does can be a useful
tool for many different reasons. Business models describe business ideas and can thus
explain how companies work. The business model concept can help capture, understand
and visualize business logic (Osterwalder and Pigneur, 2005). Three factors have been
described as to build up business ideas; the external environment, the offering and the
internal factors (Normann, 2001). The external environment is the surrounding that the
company operates in, offering refers to the service or product that the company offers
and the internal factors are the internal resources, capabilities and structure of the
company. The business model perspective can be a good way for companies to see how
products, services and competences form an offer based on their operative platform,
suitable for their market position. Osterwalder and Pigneur (2005) proposed a general
business model terminology that can be used to describe business models. It is based on
nine building blocks and builds on a synthesis of several business model descriptions.



The building blocks led up to the definition of the business model canvas, see
Osterwalder and Pigneur (2010), which contains the same groups of building blocks as
described by Normann (2001), excluding financial aspects.

The business model concept can be used as an analytic tool to understand companies
(Osterwalder and Pigneur, 2005), thus making it useful as an analysis framework
(Kindstrom, 2005). It can provide means to analyze existing operations or to develop
new models, it can also help outsiders understand and describe companies as they
appear. Business models have before been used as a framework to analyze industrialized
construction in Sweden (Andersson et al., 2009). In this study business models are used
to structure information about contractors.

5 Method

The aim of this study is to understand the correlation between demand and supply of
renovation services for multi-family houses. The study has targeted both public and
privately rented buildings, together this segment constitutes 87 % of the Swedish multi-
family residential house market (Meijer et al., 2009). The empiric data collection
consisted of interviews with renovation contractors and a questionnaire amongst
property owners.

The questionnaire aim to establish the demands posed by property owners of rented
buildings. It is a straightforward approach to obtain descriptive answers and to study
attitudes and beliefs (Robson, 2002). In addition it is a more effective method for
reaching out to many respondents compared to interviews. The selection criteria were
large property owners with long-term maintenance strategies, who actively engage in
renovation and have high ambitions in property management and maintenance. 41
companies were contacted and the final response rate was 41% (76 % public property
owners, 18% privately owned and 6% cooperatively owned) The participating
companies together owns and maintains over 200 000 apartments. Because of the
relatively small selection, the results were analyzed qualitatively. The questionnaire
presupposes that respondents are knowledgeable enough to understand and analyze the
renovation market. In questionnaires there can also be a difference between attitude and
behavior (Robson, 2002), which can affect the validity negatively. The questionnaire
included four areas: property owners’ general perception of the renovation market, their
preferred project setup, requirements on the tendering- and renovation process. The
intention was to reflect the different stages of the renovation process and to capture the
respondent’s general views. The questionnaire was created online, as a form in Google
Docs (Google, 2013). Before sent out the questionnaire was tested in a pilot on a
property owner and on academic peers.

The interviews aim to describe different categories of renovation contractors that
provide services in the segment were the identified property owners are active. A
simplified business model structure inspired by Normann (2001), Osterwalder and
Pigneur (2005) was used to structure the interviews according to operational platform,
market position and offering. It emphasizes the relation between internal competences
and external environment of contractors (Kindstrém, 2005), thus making it a useful tool
to analyze a market from the perspective of supply and demand. Four different
categories of companies were identified for the study: HVAC, small and medium sized
(SME), large and system suppliers. These groups are identified as representing the
market of multi-family house renovation. Two companies were identified from each
group, in total 8 companies were contacted, 7 responded. Semi-structured interviews
were performed with persons in managing positions, the interviews lasted about 2 hours.



The results from the questionnaire are then analyzed and compared to the interviews.
The correlation between demand and supply are discussed in terms of whether the
market can supply what client’s request and opportunities for development are also

discussed.

6 Renovation contractors
The study showed many similarities, especially in the flexibility to adapt the offer to
specific client demands, see table 1. The companies are however different in terms of
specialization, organizational structure and which market segments they are active in. all
companies are however active on a local or regional market regardless of company size
and geographical presence.

Table 1 Operational platform, market position and offer of renovation contractors

Operational platform

Market position

Offer

Large
contractors,
2 companies

* Central coordination and
documentation of knowledge.
Access to specialists.

Use established processes and
experience

High operational efficiency
through the use of experienced
teams

Every region is responsible for
bidding and execution.

No formal relationships with
sub-contractors, but same are
often used

¢ International/National
companies, but they operate
and compete on local markets
Have packaged existing
knowledge as a response to the
growing renovation market
Clients span between different
type of owners

Can and prefer to control the
solution

* Offer large and comprehensive
initiatives to modernize
buildings

Also have the flexibility to
compete on the terms specified
by the client

Have various tools that can
help clients to optimize the
investments, for example by
energy savings or reduced
operating costs

Short project duration

SME
contractors
2 companies

Heterogeneous group of
companies

* Rely on experienced and
dedicated project managers
Focus on traditional execution
of renovation projects
Varying need of sub-
contractors

Active on a local/regional
market

Specialize in specific client
segments, but accept a variety
of projects

Do not engage in proactive
sales

Little engagement in sector
development and
conceptualization as their
clients do not request it
Compete with quality and good
reputation to get jobs, not price

.

Different offerings and
reimbursement models
depending on company

Focus on quality, flexibility
and reliability, not project time
Push experienced project
managers as guarantee for good
results

System
suppliers
2 companies

* Have separated product
development from projects
Well defined product, logistics
and process

Organization mainly consists
of product development,
logistics and sales

Have physical logistics center

Supplier of a solution

Can deliver nationally

Must enter the process early for
adaption to concept

Still at an early stage — not
many projects completed

Can be used for a majority of
buildings according to

.

Fast bathroom and pipe
renovation — reduces time,
disturbance and total cost for
the client

Standardized, well defined
solutions — client knows what
they get, but offers low
flexibility

or manufacturing facilities themselves ¢ Their client is the contractor
and indirectly the property
owner
HVAC * Specialized knowledge in ¢ International/National * Can accept large design build
contractor HVAC company, but operates and contracts, if they can perform
1 company * No central conceptualization or competes on local markets 50% or more of the work

solution management

¢ Lacking project management
skills for large projects with
many subcontractors

¢ No formal relationships with
sub-contractors, but same are
often used

Main market for design build
contracts are housing
associations

Rely on quality and good
reputation for jobs

Traditional offer built on
experience

Offer flexibility, can adapt
solution to clients requirements
Can act as HVAC-
subcontractor in large
renovation projects

The large contractors have gathered their existing competence under an umbrella (i.e.
concept) to help clients see the advantages of choosing a contractor that can assist in
finding the right content both in terms of technical solution and profitability. Concepts




focus on building knowledge and work with feedback so that the concepts gradually
improve. There are no large investments in the concepts, which make them responsive to
cope with changing requests. Competence and experienced teams make them well
equipped to manage large projects. Large contractors are organized so that local
organizations are responsible for the execution of projects, where they are free to chose
solution also outside the concept. What and how comprehensive the project becomes is
up to the client.

The SME contractors that were interviewed rely on good execution and their reputation
on the local market. They do not have the same capacity to formalize knowledge as large
contractors, instead they rely on experienced and dedicated project managers to ensure
operational efficiency. Their flexibility makes the potential client segment wide, but in
reality the individual companies are more specialized compared to large contractors and
their offerings vary depending on their skills. They promote experience, flexibility and
reliability as key content of their offer.

System suppliers are companies that supply a complete solution and the knowledge of
how to install it. Thus their clients are primarily contractors and only indirectly the
property owner. Consequently it is critical for them to find contractors that understand
the benefits of using the concept. Their offer is standardized and offers little flexibility.
The development the offer has however helped them to learn what they can and cannot
do well. Their dilemma is however that they need to convince both contractor and client
of the benefits compared to a traditional solution.

HVAC contractors are similar to the SME contractors. The company that was
interviewed is large and international with several business areas. They expressed the
ambition to integrate knowledge to create concepts similar to the large contractors.
Currently the company is however more specialized on a specific technology compared
to the others in the study and can thus also act as subcontractor in large projects. The
solutions they offer for pipe renovation is flexible and can be adapted to specific
projects. They rely on good reputation and quality for work.

7 Client situation

Company size and the average year of construction differed between the responding
companies (figure 1), most of the companies however answered that they perform most
of the planning in-house without the use of consultants. This shows that companies
probably are competent in understanding their needs and can put up correct demands
towards contractors.
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Figure 1 Company size by number of apartments (one of the responding organizations builds and
maintain for cooperative tenant ownership organizations)
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Figure 2 Large projects or individual actions.

The pace of renovation in terms of apartments per year varied between companies,
probably in relation to the size of the company or how old the buildings are. Most
favored project sizes were 20-500 apartments (figure 2). Almost 50% of the companies
preferred to gather several actions in large projects, which can be a benefit for large
contractors who have conceptualized their offers. The pace of renovation is governed by
the maintenance budget and the ability to control projects, which should indicate that
organizational capabilities and financial prerequisites controls renovation (figure 3). The
most reoccurring problems were perceived as communication, quality and cost, which
are commonly described problems of the construction sector. 41% however said the
market is working just fine and 47% said that contractors provide similar solutions,
which coincides with the flexibility that contractors say they offer (figure 4).
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Figure 3 Influence on the pace of renovation.
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Figure 4 Client opinions of the renovation market.

Many of the respondents state that contractors prefer to offer design-build contracts
(59%), but also that there are some interest in partnering contracts (35%). From the
contractors design-build contracts are appealing because it gives them control over the
process from design to execution and allows them to use existing knowledge and
solutions. The most valued contractor characteristics in procurement is competence,
followed by experience from working with tenants and competent site managers, only
6% valued if the contractor had established processes and routines, or the ability to help
motivate project benefits (figure 5). During the execution effective communication,
project planning and the ability to keep schedule were ranked highest (figure 6). There
was a low acceptance amongst clients to pay extra for contractors with good references.
The appreciated characteristics reflect traditional values of project-based construction.
The interest for conceptualization or innovation seem low from the perspective of
clients, however the competence of clients can provide opportunity to be more proactive.
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Figure 5 Contractor characteristics valued in procurement.
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Figure 6 Contractor characteristics valued during execution of renovation projects.

8 Demand and supply

8.1 Clients’ perspective

Clients give a contradictory picture in their description, a possible explanation to that
clients are satisfied with the market could be that they are competent and have learned to
control complicated renovation projects. Quality issues have been reported many times
before in the construction industry, e.g. (Byggkommisionen, 2002). From an outside
perspective this can be seen as an indicator of weak incentives for improvements
amongst contractors. On the other side, there were only a limited number of clients that



wanted to better control the process of defining solutions, only one respondent valued
contractors that have established processes. Despite that clients have the potential to use
their influence to enforce better control of prices and quality, this does not seem like a
prioritized area. By changing their position in the value chain by for example taking
better control of the solution, they could reinforce their position and become less
dependent on contractors for solutions. This could be a starting point for repetitive use
of solutions that could gain both the success of renovation projects as well as the long-
term property management.

The findings here are partially consistent with Hatush and Skitmore (1997), who also
identified technical ability and management capability as the most common criteria’s in
procurement. The abilities that clients appreciate in projects are what one can expect
from any contractor in a construction project and shows that clients continue to reinforce
traditional views. To engage more actively could be a way for clients to gain knowledge
and commitment to the processes and solutions of renovation.

8.2 Contractors’ renovation offerings

Renovation poses special demands on contractors, it often requires work in apartments
where tenants live. Working within existing structures and systems also adds
complexity. Effective renovation projects require experience and the skills to minimize
deviations from plans, which is dependent on a solution that can provide predictable
results. Many of the large renovation projects are complex and require project
management that small and specialized contractors do not have, instead they act as sub-
contractors. Likewise small companies do not have the capacity or the incentives to
build concepts. A probable reason is that they lack internal resources to leverage a
platform. Many companies explained that they are able to adapt their solution according
to different client specifications, perhaps because they compete more or less for the
same clients and agility becomes a prerequisite. From the clients’ perspective this is
perhaps ideal, but the downside is that there are limited possibilities for standardization
and continuous learning if every solution is unique.

Concepts for renovation are probably an effect of the growing market. There might
however be a conflict between leveraging knowledge and established processes, versus
offering flexibility. To make a difference, concept requires clients that do not have
intentions to involve too much in the renovation process. System suppliers have a
different situation; they are suppliers to the contractors and do not meet the client
directly. They supply a complete solution that requires special skills from the contractor.
They are also limited to buildings that are physically suitable for their solution.

8.3 The correlation between demand and supply

Based on the results of this study there is a match between demand and supply. But
clients do not seem to be searching for new structures and contracting forms, for
example innovations such as industrialization. Instead they are focused on improving the
current process, asking for reliable, dependable contractors. It is the details in the
execution that is lacking according to the clients; communication, planning and quality.
The clients’ capability to define or purchase robust solutions may be important for the
quality of the result. But the more clients define, the more they need to know about the
possible implications of the solutions and the contractors that they include or exclude
from the bidding, which means more work. There is also a potential conflict between
what the client wants and what the contractor can best deliver. In Sweden construction
contractors have a strong position relative to the clients, which can create an information
asymmetry leading to an imbalance of power. If contractors develop offers based on
their operational platform instead of client needs, there is a gap between demand and
supply, which leads to renovation projects that might fail to meet the requirements.



Property owners have stated that they prefer to manage maintenance planning, but many
are not interested in the design of solutions. But often they still need to manage tenants
during projects, and would like to decide specific details in some cases. This could affect
the project and lead to unclear responsibilities and roles, which could lead to
communication issues that have been stated as one of the problems. The flexibility
offered by the contractors is twofold. It is contributing to a good and open market, but it
can also make every solution unique. Low reuse gives both contractors and clients fewer
possibilities for learning and building knowledge. The interest from property owners in
concept solutions was low. One reason could be that good concept solutions require
contractors to enter the process early. As long property owners themselves manage the
early process this will constitute a barrier. System suppliers are offering a different kind
of renovation that builds on established processes and standardized solutions. It offers
less flexibility, but can deliver predictable results within a short timeframe with low
disturbance for the tenant. The lack of references has been an argument against the
solutions from clients. As long as clients are reasonably happy with the current structure,
they may not see the need to take a risk with a new solutions, despite that it could mean
potential benefits.

9 Conclusions

Neither clients nor contractors seem to see benefits in a development that goes outside
the current logic of renovation projects. As long as property owners continues to ask for
traditional renovation projects, the offers will continue to be homogeneous and flexible.
What separates contractors may just be quality and price and it takes good purchasing
capabilities to identify the best alternative. Contractors seem to feel forced to offer
flexibility to meet varying needs from clients. But at the same time this flexibility may
hinder the use of repetitive solutions and standardized processes. The results of this
study can hopefully contribute to initiate a strategic dialogue between contractors and
clients, which could improve understanding and development of offers.

So far the development of methods and solutions has mostly been lead by contractors.
But as long as there are no demands for innovative solutions, this will inhibit
development and preserve the status quo in renovation, the final responsibility for
efficient solutions is dependent on the involvement of clients. There is a potential for
change if clients can demand and promote new solutions, but the incentives has to be
highlighted and made visible. Going forward there are opportunities to define new
concepts and business models for renovation where clients can take an active role. But it
will take commitment and new capabilities from both contractors and property owners.
To suggest new solutions and collaboration models will require more research into why
clients act conservatively in renovation projects. More research are also needed to
improve generalization of this study.
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Industrialization of renovation — a case study of client
opportunities

Linus Malmgren1

Abstract

Industrialized construction is considered a method to improve quality and cost in
construction. This article will investigate the feasibility of using strategies for industrialized
construction in renovation of multi-family houses. The importance of renovation is
increasing and the investments are expected to pass those in construction of new buildings in
the coming years. The renovation sector is however in need of modern and efficient
approaches and clients have a key role in implementing new strategies. The aim is to provide
guidance to client to how they can approach industrialized strategies for renovation.
Production strategies suitable for construction has been evaluated and an adapted model for
renovation is suggested, the feasibility is evaluated in a case at a professional client. The
findings show that it is possible for clients to apply industrialized strategies to renovation, but
it requires changes to organization and capabilities. The results indicate that there is a
potential to increase quality and predictability, a starting point for clients can be to formalize
the technology that is currently used.

CE Database subject headings: Construction industry, Construction management,
Renovation, Residential buildings, Maintenance

Author keywords: renovation, industrialization, property owner, multi-family buildings,
residential buildings

1 Introduction

The craft and resource based renovation sector is gaining interest and importance in
comparison to new construction as the need in multi-family houses are increasing in many
countries in Europe. The sector has been identified as in need of improvements to increase
innovation and energy performance, for example by industrialization (Geier ef al., 2012). In
Sweden property owners face major renovation needs, the exchange of water and sewage
pipes is for example an imminent need that is attaining focus of the industry as well as the
government (Boverket, 2002). The case study company for example, annually spends 70-80
million Euro on maintenance and renovation, which is high compared to their peers. The
high costs and impact on society makes renovation a prioritized area of improvement from
several perspectives.

The industrialization of construction builds on the idea that continuous development of
processes and technology should be in focus, which are then applied in construction projects
(Lessing, 2006). The same thoughts could be applied also to renovation. Renovation projects
today are often characterized by project specific, on-site solutions that require extensive
planning and design in each project and cause large disturbances for tenants. Industrialization
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has the potential to shorten the implementation process and can create replication effects for
processes and technology. It can also provide new market opportunities in a growing
renovation market (Geier ef al., 2012).

Unlike the situation in many mass-production markets, clients in the construction sector do
not play a passive role (Hartmann et al., 2008). Clients often have an important role and
ownership in traditional renovation projects and there is a potential for clients to exert control
over processes and technology by the use of industrialization. To compare, the success of
construction innovation has been described as largely dependent on the involvement of the
client (Nam and Tatum 1997), (Ivory 2005), (Hartmann et al., 2008). If industrialization of
construction can be equaled to innovation, then the success is dependent on the acceptance of
the clients. Consequently the benefits for clients have to be highlighted, as well as the
knowledge required to actively participate.

Industrialization of the construction industry has so far been focused on contractors with the
ambition to cut costs by reducing complexity and increasing the predictability of projects.
The interest from clients in taking an active role has so far been low, possible explanations
could include lack of relevant experience, resources or tangible benefits. Some clients have
however standardized parts of the solutions for renovation, but have often lacked a
systematic approach that includes the holistic perspective. The objective of this study is to
describe feasibility and the efforts needed by clients to introduce industrialized strategies for
pipe renovation in multi-family houses. It is believed that professional clients do not have to
change competence or organization profoundly to take active part in the development of
industrialized strategies for renovation.

2 Industrialized construction

2.1 Production strategies

Japan’s house building industry was explored by construction researchers attempting to
transfer knowledge to the UK house-building sector (Gann, 1996), (Barlow et al., 2003),
(Naim and Barlow, 2003). At the same time the Swedish construction sector was scrutinized
by governmental and industry commissions, industrialization was seen as a method to reduce
costs, increase quality and to develop production methods (SOU, 2000). The concept of
industrialized construction has been described by many authors, but it has earlier lacked a
clear definition (Lessing, 2006). As an example the term “industrialized building system” has
been used to describe both the technical methods and the processes of the building industry.
In Japan, researchers explored how production concepts like Lean and Agile could be used to
increase efficiency, the possibilities of using mass-customization as production strategy for
the house-building sector was also explored. Winch (2003) identified and described four
production strategies and tested their appropriateness for the construction sector:

* Concept-to-order
* Design-to-order
* Make-to-order

* Make-to-forecast

The most suitable production strategy for construction depends on the sub-sector being
analyzed, however the most appropriate would be a design-to-order strategy (Winch 2003),



where significant engineering design is performed for the specific project although based on
a basic product concept. Hikkinen et al. (2007) on the other hand argues that industrialized
products must be configured in a make-to-order strategy. A make-to-order strategy consists
of fully detailed design, which can be configured to suit particular customer requirements. To
use either of the two strategies however requires development of solutions separate from
their implementation in projects, which is a central in industrialized construction.

Prefabrication is another aspect of industrialization, which requires thorough planning. Gibb
(2001) argues that the extra effort made in planning reduces the need for on-site problem
solving and facilitates better on-site management (which should be a natural consequence of
better planning). Altogether the use of standardization and pre-assembly potentially increases
predictability and efficiency in construction projects (Gibb, 2001).

A definition of industrialized construction has been proposed based on current and earlier
understandings that emphasizes well-defined processes and organizations that use “highly
developed components ... in order to create maximum customer value” (Lessing, 2006).
Central to Lessing’s definition is the separation of construction projects and the continuous
development of technology and processes, which is also emphasized by Olofsson ef al.
(2012). Industrialization implies a shift of focus for companies and better understanding of
production strategies can provide continuity, but it requires new capabilities and changes to
the organization.

2.2 Client role in construction

Clients have been described as project focused and to rely on external project managers for
the execution of construction projects, (Vennstrom, 2008). Furthermore clients are claimed to
be driven by “value of money” in projects, through competitive tendering. This may result in
that contractors and suppliers are procured to lowest price in on-off projects, with little
guarantee for continued collaboration for the contractor (Cox and Thompson, 1997). Thus
contractor-client relationships are focused on short-term relations, which inhibit the use of
industrialization. Site specific work and solutions that are unique for the project have resulted
in temporary organizations and cost inefficiencies for clients as a new learning curve has to
be climbed in each project (Cox and Thompson, 1997). The short term perspective is
described as an aspect of the industry culture that constitutes a barrier to change (Vennstrom,
2008), the focus on systematic use of solutions and processes through industrialization can
however offer a way to address long-term development.

Many of the definitions of industrialized construction are however focused on the internal
processes and production strategies of contractors and suppliers, clients are seldom
mentioned as part of the process. At the same time there is an increasing interest in
developing more cooperative contractor-client relationships, but clients have historically
been reluctant to change the traditional roles (Brochner et al., 2002). Clients have even been
described as non-supportive to the development of industrialized construction and to many it
is still perceived as new and different (Engstrom, 2012). The lack of client role may hinder
effective cooperation and consolidate current roles. There is a need to better understand the
client role because misunderstandings and unclear responsibilities can cause interference in
projects, which industrialized construction is especially sensitive to (Geier et al., 2012).

An initiative by the client organization for Swedish publicly owned property owners (SABO)
have resulted in a frame agreement for the construction of multi-family houses, where
suppliers have used platforms and concepts to deliver buildings (SABO 2012). This is an



interesting development of the client role, because a client organization can provide larger
volumes, thus it can provide appealing possibilities for contractors to develop platforms. The
focus in the frame agreement lies on cost and quality and it is interesting to note that stricter
demands in cost has led contractors to respond with industrialized concepts.

2.3 Industrialization of renovation

An increasing number of stakeholders take interest in the development of industrialized
applications for renovation, for example property owners in Sweden and throughout Europe,
see e.g. (Geier et al., 2012). It is estimated that renovation will pass construction as the
dominating activity in terms of importance and turnover in the coming years (Meijer et al.,
2009), thus there should be an increasing interest to create effective solutions. Industrialized
approaches in renovation have been reported to provide positive effects that could lead to
improved solutions, there are although barriers that have to be resolved (Geier et al., 2012).
Risks include insufficient planning time and collaboration within design or construction
teams (Geier et al., 2012). It appears that the attempts so far to implement industrialization in
renovation has been within the existing project organization. For effective implementation
the process would need to change and clients need to take a holistic approach.

2.4 Industrialized strategies for renovation

The research in property maintenance has been described as underdeveloped (Wu et al.,
2010) and repair and maintenance does not have comparable activities in manufacturing
(Winch, 2003), thus the industrialization of renovation require separate attention. Based on
production strategies, a model that describes renovation from the position of the clients is
adapted from the structure of the product specification process by Hvam et al. (2008), see
figure 1. The product specification process describes the appropriate level of pre-definition of
solutions suitable for different manufacturing organizations (Hvam et al., 2008). The level of
pre-definition can span from an identification of codes and standards, which are used to
engineer customer specific products, to the development and production of standard products
where customers choose a variant (Hansen, 2003). The model aims to increase clients’
influence in renovation by strengthening the use of standardized approaches. Four different
strategies based on a separation of development of technology and processes are suggested,
which can potentially change the role of clients to concept owners.
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Figure 1 Production strategies for renovation.

The model is based on the separation of the continuous development of solutions and
processes, and the project specific activities. The left side of figure 1 represents design
performed independent of projects, i.e. product development. The right side represents design
that is specific for each project. The design de-coupling point is the stopping point for the
product development process. Increased definition of solutions provides less flexible
solutions, on the other hand it requires less design in each project and offers better
predictability. The strategies represent different levels of systematic use and definition of the
solutions.

In the project strategy all design is created specifically for the project, based on codes and
regulations. It provides flexible solutions that can be optimized to specific buildings and
projects. Knowledge can be reused based on the participants’ individual experiences, but
because project groups often are temporary, systematic reuse of knowledge from earlier
projects is difficult to implement. Processes are difficult to formalize because of changing
practice depending on who participates.

The component strategy means that key components are defined and included in all projects
where applicable. Still a large part of the solution is designed in the project, but based on
design concepts and standardized components. This option offers standardization at the
expense of some flexibility and requires clients to arrange processes to choose and evaluate
components. The systematic use of components better allows for feedback and evaluation to



support continuous improvements. A component strategy can further include information or
instructions for contractors of how to install components, similar to a manual.

The sub-system level implies that components have been put together into solutions that
cover sub-systems of the building, for example for pipe- and bathroom renovation. The sub-
system and its’ interfaces are defined independent of projects in a product development
process. Here processes and information can be detailed even further compared to the
component level. The level offers more predictable results because of known and tested
designs. Likewise the ability to evaluate solutions becomes more beneficial because of the
high level of reuse.

The platform strategy means that buildings are treated as several sub-systems that together
form a platform that includes all major functions of the building. This allows for most parts
of buildings to be pre-designed. The platform level provides the opportunity to implement
processes and information systems that can support many aspects of the design and
construction phase, for example purchasing, logistics, and continuous development. It
however requires a design that is well conceived and integrates building systems well. Little
design is performed in the projects, thus it changes the processes and roles significantly. This
strategy corresponds to the make-to-forecast approach (see chapter 2.1), which becomes
difficult to implement in a majority of renovation projects because of changing conditions.

According to the model more pre-definition means more predictable quality and cost as well
as the possibility to include different aspects of the supply-chain, for example purchasing.
Depending on the strategy chosen, it however requires different capabilities of clients.
Solutions that are developed independent of projects generate information that can be
managed differently to allow effective use. The project development process put clients
closer manufacturing companies, thus inspiration to product data management could be
found here. Also, the introduction of new production strategies will affect clients on a
strategic level and require change to many aspects of how clients engage in projects.

4 Method

A case study approach was chosen to be able to in depth describe the real-life context of a
large property owner as well as to be able to have a continuous discussion about their
attitudes towards industrialization (Yin, 2003). It was conducted at a large Sweden public
property owner and construction client. The aim was to describe how they currently manage
pipe renovation projects, as well as to understand the feasibility and potential implications
and benefits to an increased focus on design and standardization of solutions for pipe
renovation.

The first part of the case study aimed to understand the current situation and included
participation in project- and internal meetings as well as work-site visits. Also technical and
financial information were accessible at the case study company during this phase, which
increased the general understanding. The case study company was in the middle of a program
to formalize processes, data was collected through participation in meetings and workshops
that resulted in process documentation. Interviews and discussions with several mid- and
high-level managers, as well as several project managers were held to describe how the case
study company works today and to understand their opinion to an increased ownership of
solutions.



Using industrialization strategies suitable for construction as a basis, the case company was
then matched to identify suitable client strategies for pipe renovation. The required
capabilities for industrialized strategies and extended focus on solutions were compared and
analyzed to the model presented in chapter 2.4. The implications for the pipe renovation
process were then evaluated and the potential effects on the case study company are
discussed. This is a first suggestion to a model, to improve generalization of the results will
requires more evaluation of different cases.

5 Case description

5.1 Need for modernization and pipe renovation

The case study company is a municipality owned property owner in one of the largest cities
in Sweden and were founded more than 60 years ago. They provide rental apartments as their
main business. With almost 23 000 apartments they have a market share of 33 % of all rental
apartments and a market share of 15 % of the total dwelling stock in the city where they are
present. They have almost 300 employees of which around 30 are working with technical
maintenance and 4 specifically work with project management and tenant communication in
pipe renovation projects. As a publicly owned property company they abide under the Public
Procurement Act (PPA), which put demands on all purchasing above a certain amount. It
obliges them to set up fixed criteria for purchasing and evaluation of bids. According to the
PPA, it is not free to contract whoever they deem most appropriate. Many of the buildings
were built during the period 1950-1970 (figure 2), because of the aging property stock many
houses’ technical systems are now in need of renovation.
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Figure 2 Case study company apartments by construction year.

In 2008 the case study company completed an extensive investigation to quantify the need
for pipe renovation and to form an action plan. There was an estimated need for renovation in
12 000-15 000 apartments during the coming years. The current planning to address the
issues stretches to 2027. The conclusions of the investigation were based on three data
sources:

* Physical inspections of buildings to determine and document status of systems and
materials
* Interviews with staff who do daily maintenance



* Maintenance- and damage history documented in IT-systems

The investigation resulted in a strategy where three approaches to pipe renovation were
decided, these are further explained in chapter 5.2. Pipe renovation with bathroom
modernization is one of the largest and most complex types of renovation projects and
currently they perform pipe renovation in about 500 apartments per year as a result of the
investigation. The approaches constitute a recommendation based on the technical status and
renovation costs. Because of the high costs of pipe renovation the investment also has to be
approved by the top management.

5.2 Pipe renovation approaches

The three different approaches to pipe renovation (see table 1) have been formed to address
the varying need in the buildings. The case study company aim is to optimize the service-life
of existing components instead of using the same solutions throughout, thus achieving
financial benefits by not doing more than necessary. The savings is estimated to almost 30%
for each building where they do not have to perform the most intrusive approach. The
criterion for choosing alternative is based on the judgment of the maintenance planners and
builds on the status of the buildings in combination with the requests of the property
managers of the specific buildings.

Table 1 Pipe renovation approaches employed by the case study company.

Approach Description

#1 New water and sewage pipes,  Total refitting of the bathrooms including new tiles and floors. New pipes

refitting of bathrooms for water and sewage are installed throughout the building. Often the
electrical system in the apartments is exchanged as well. In some projects
new kitchens have been included. When this kind of project is performed in
the building, tenants get the opportunity to choose between shower and
bathtub as well as chose tiles. They also get the opportunity to upgrade, for
instance kitchens with dishwasher. This alternative requires approximately
8 weeks of work in each apartment before the tenant can use the bathroom
again.

#2 New water pipes This alternative replaces the incoming water pipes in the building. New
vertical pipes are installed in shafts, often in the stairwells. New horizontal
pipes on each floor extend to the kitchen and bathroom in each apartment.
This alternative only requires minimal work in each apartment, thus the
disturbance for tenants is minimal.

#3 Relining of sewage pipes In buildings where #2 has been performed the sewage pipes remains to
modernize. In buildings where applicable, a relining of the existing pipes
are performed instead of an exchange. This procedure is much quicker,
cheaper and offers less disturbances for tenants compared to #1.

Approach 1 is for buildings where there is a combined need of renovation for bathroom
interior and water as well as sewage pipes. This approach require approval from all tenants
before project start, because the project makes it eligible to increase the rent. The rent
increase is part of the budget and motivation in the financial evaluation. Approach 2 is
motivated by leaking water pipes at the same time as there is little need for renovation of
sewage pipes and bathroom interior. By performing a partial renovation they can address
only parts the where the service life has expired, thus they reduce project cost and time, as



well as minimize the disturbance for the tenants. Approach 3 addresses only sewage pipes
where relining of existing pipes is applicable. The status of the pipes must however be of
above a certain level for this approach to be possible, otherwise a complete renovation
(approach 1) must be chosen instead. Approach 3 has the same benefits as 2 in terms of cost,
time and disturbance. Approach 2 and 3 represents lighter alternatives for buildings with a
partial renovation need. They are performed separately from bathroom interior renovation,
which can be performed at a later stage when the need occurs. 2 and 3 has the benefit of not
needing tenant approval and does not incur rent increase, thus the planning is shorter.

The approaches differ in the extent of the renovation and do only address strategic concerns,
not the technical content. Especially in approach 1 there is room for different contractual and
technical solutions. The need for flexibility and adaption to the unique conditions of each
project has been expressed as necessary due to variation between buildings. In approach 1 the
extent of the project and detailed solutions are up to the project manager and the consultants
in each project. The 2 and 3 approaches are less extensive projects and are managed as
continuously ongoing activities and also procured differently.

5.3 The pipe renovation process at the case study company

The pipe renovation process in approach 1 can be divided in three separate sub-processes:
planning and prioritization, tenant interactions, the design and execution. Hereafter the
process is described from the perspective of the property owner as a client in the design and
execution of renovation projects. Figure 3 shows the process in detail (current practice as of
2012).
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Figure 3 Case study company pipe renovation process.

When a project is handed over to a project manager the first step is to calculate the benefits
of the investment. The calculation accounts for rent increases, historical and expected
damage costs and the total project cost. The project is then evaluated for the duration of the
calculation period, the profitability and any remaining values. If the calculation returns an
investment that does not meet the standard, the project will stop at this stage. At this stage the



cost estimates for the project is based on experience, because neither contractor nor
consultants are involved at this stage. In parallel the appointed project manager informs
about the proposed forthcoming renovation in a meeting with all internal stakeholders.

If the project is approved, external consultants and designers are contracted to design a
proposed solution. During this phase the client and consultants examine buildings and
meetings are continuously held. When drawings and technical documentation are completed,
a request for tender is published. When a contractor has been selected and deemed qualified
for the job according to the PPA, a contract is signed.

It is common practice at the case study company that most of the tenants continue to live in
the building during the project, with temporary toilets and bathrooms placed in the courtyard
or in the basement. The work in the building then progresses according to the contractors’
schedule. Project meetings are held every three weeks. Frequent visits and controls are
however made by the project manager during the course of the project. The project manager
is also standby to solve problems.

When the contractor has finished the work they report to the client and a pre-inspection of
the work in performed to identify eventual errors and sub-standard work. When the work has
been approved in a final inspection, the apartments are handed back to the tenants and the
project is ended. There is no formal process for knowledge reuse, but an internal meeting is
held after completion.

5.4 Technical solutions

The case study company has a procurement function that manages the purchase of standard
components, materials and services. The responsibility spans from kitchen cabinets, to floors,
to windows and standard contractor services, the main incentive is to obtain lower prices.
The use of tiles and pipe modules are currently standardized in all pipe renovation projects,
but it is so far only a small part of the technical content in the project that is procured
centrally and only well-defined components.

Throughout the study there was a reluctant attitude to more standardization of components or
materials, because of perceived extra work and few benefits. Logistic responsibilities for
material on-site, extra project management and responsibility were mentioned as reasons.
During later interviews the opinion had moved towards less responsibility in projects, which
would further decrease their influence. In pipe renovation the case study company is
currently involved in the design phase through consultants, where they can influence the
solution. A solution is designed based on the specific conditions of the project and the
standardized components supplied by the company. They are dependent on external
consultants because they have no in-house design capability and technical consultants
contribute to the design with their previous knowledge and information. Consistent use of
technical solutions is thus dependent on the use of the same consultants or project managers
that can correctly communicate the requirements of the case study company. There is a lack
of structured coordination between projects that would help to maintain a technical standard.
Currently this is up to the individual project managers. The three approaches to pipe
exchange are on a conceptual level, thus no documentation of solutions has been decided
necessary. Consultants are most active in the design phase, after the design has been
completed their involvement in the project ceases. No formal routines or systems to gather
feedback after project completion were identified in the case study, which makes it hard to



evaluate solutions. As a consequence much of the information is not made available to the
rest of the organization.

5.5 Reflections

According to the management, the overall potential to develop maintenance and renovation
effectiveness lies in repetition by the use of a project methodology and in creating a learning
organization. Until now they have seen no incentive to standardizing more solutions or
taking a larger responsibility in projects. Their view is that industrialization so far mainly has
benefited the productivity of contractors. It was expressed that a competitive market would
be able to provide good quality products at the right price, thus there should be no need for
clients to engage in increasing the effectiveness of renovation projects.

In several interviews and reflections it was expressed that the financial project examination
exhibits a large barrier that all renovation projects have to go through before they are
approved. It was described as time consuming, rigid and only evaluates one project at the
time and thus misses any long-term benefits. Top management sees the examination as a tool
to control costs and to make sure that the most financially sound projects are executed. They
constantly have to balance the long-term benefits and the profitability of each project. Project
managers also expressed a large potential in better information management, especially for
project related information.

6 A suggestion to a sub-system strategy for pipe exchange
6.1 Current conditions

The long-term ownership strategy of the case study company provides a great potential to see
renovation in a life cycle perspective. Many of the problems that were described in the first
step of the study stem from the current pipe renovation process, which may be a reason to
that they have tried several different approaches. But constant changes make a systematic
approach more difficult and may risk overseeing potential long-term benefits. The
introduction of a systematic approach that includes both solution and processes could provide
needed stability. The current direction towards less direct involvement in the process might
eventually lead to the loss of knowledge and capabilities. Today the case study company
already chooses part of the solution, which shows long-term thinking — but at the same time
they evaluate success on project level and not whether the next project is more effective than
the previous. The systematic use of components that have been introduced allows them to
specify part of the solution for renovation projects, but at the same time less involvement
indicates an ambivalent attitude. The changes over time in how they choose solutions and
collaborate with contractors make learning from past experiences difficult.

Today consultants and contractors are the primary users of solution information in renovation
projects at the case study company, they are however exchanged over time, thus information
and experiences frequently has to be conveyed to new project participants, which is both
unproductive and a potential source of error. As a consequence, consultants and project
managers carry information instead of documented routines and systems.



6.2 Potential and implications of a systematic approach for the case study company

A sub-system approach can provide a good balance between flexibility and predefinition of
solutions without significant changes to the organization. Renovation in contrast to new
construction often may require more flexible solutions because of the fixed preconditions of
existing buildings. It could give benefits in terms of continuity and control without
fundamental change to processes and solutions. It will however shift focus of project-based
design to a continuous development and improvement of well-established solutions (figure
4). In projects the appropriate solution could instead be configured based on the already
specified solutions that constitute a sub-system for pipe exchange, which can shorten time
and provide known quality.
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- Predefined solutions +

Figure 4 Sub-system approach selected for pipe renovation.

The transformation from in-project design to sub-system strategy changes the ownership and
responsibility of design and development of solutions from contractors and consultants to
clients. Necessary changes include defining, or redefining, processes for product
development, continuous improvements and the execution of projects. With the introduction
of a product development process, design activities currently performed in projects will be
moved (see figure 3) thus reducing the execution process. Routines for continuous platform
development will need to be added, as it has not been a part of the execution process before.
Also the quotation process changes because of more detailed specifications of the solutions.
More detailed specifications that comes with the platform makes the executive decision
based on better known facts instead of estimations as in the current process. The change also



presents the possibility to create work instructions for contractors, based on experience and
also the possibility to better define the expected result. Over time less errors can be expected
because solutions are tried and tested. With a better defined ownership for the technical
platform and increased design capabilities, there can be a more strategic direction of the
development. The creation of a platform gives the possibility to procure solutions and
materials as an option for clients. The case study company has however argued that today
contractors obtain better prices and that there are not interested in the extra work connected
to managing materials.

A systematic approach must accommodate necessary flexibility, functionality and ability to
manage the interfaces to the surrounding structure, which require design capabilities.
Transferring consultants from the case study company’s current in-project design could be a
solution for the need of continuous maintenance and development.

The case study company has previously measured success based on the project result in
terms of budget and schedule. The separation of design and development from projects
makes long-term evaluations of solutions more important and processes for how to reuse
knowledge and implement improvements have to be designed. Solutions separated from
projects also provide opportunities for documentation of solutions independently, that can
introduce version management and the ability to maintain a standard solution. But a
requirement is that solutions can be effectively distributed to project participants, so that
information transfer between development and projects is considered. This can be
accomplished through an information structure internally based on a product structure with
component trees and variants, see e.g. Malmgren et al. (2010).

Systematic use of solutions can aid cost estimations and thus make better budgets because
the solutions are well known. It may also lead to that issues are identified and remedied, thus
also contributing to lower cost. There are also several risks with the implementation of sub-
system seen from the case study company’s perspective:

* From a technical perspective it may be a risk if buildings are so different that it is
hard to find enough common denominators to create a systematic approach.

* From a business perspective, a change in renovation strategy could mean that
solutions are rendered unnecessary.

* The internal acceptance and sponsorship is important for long-term stability.

* For successful implementation, the solutions will need to have a certain volume to
justify the investments as well as to be an effective strategy. With low volumes,
contractors will not see the need to adapt their current practices to the client and the
market cannot exist.

* Investments in resources, for example staff, will be necessary for design and
development.

7 Discussion

The traditional focus of clients has often been in the project specific issues (Vennstrom,
2008), consistent with the views of project managers in the case study. Industrialization
could however help to better see the long-term benefits. A contributing factor to the short-
term view is the financial examination that many property owners subject their renovation



projects to. A project by project economic evaluation may miss learning aspects as well as
the life-cycle effect of solutions.

There is a potential for clients in using industrialized strategies for renovation. The case
study company has already standardized some components for pipe exchange as well as the
over all approach, which they can continue to build on. In the short term perspective the
change of strategy will make investments and reorganization necessary, which potentially
can create confusion and add extra costs. Investments are however necessary to achieve the
long-term benefits, thus perseverance is necessary. The case study showed that there in some
aspects exist an ambivalent attitude to standardization, which has to be more coherent going
forward. Otherwise the mix between standardized components and project specific details
may risk to create confusion and missed benefits.

Solutions specified by clients could potentially create a new market for renovation. Stability
through the continuous use of solutions creates an opportunity for contractors to learn how
clients work and what they expect. If clients can guarantee volume and consistent use, client
led strategies and concepts could provide contractors with the opportunity to specialize. This
would mean a shift from today where consultants or contractors often suggest and develop
solutions. The PPA has however been problematic to tackle for public clients. They have
continuously during the study discussed how they best can collaborate with contractors in
accordance with the PPA. So far the impression is that the case study company has felt
hindered to choose the best partner from a long-term perspective, thus impeding
collaboration.

Industrialized strategies could alternatively be led by industry organizations, which would
mean that more companies can use the same solutions, at the same time it creates larger
volumes. The examples that exist today seldom include development of solutions, instead
they focus on efficient purchasing and volume. Larger volumes could create a more viable
market and the costs of necessary development could be shared between more participants.

8 Conclusions
The study has concluded that:

* Clients could potentially increase quality and predictability, as well as reduce costs in
renovation projects by adopting industrialized strategies.

* The potential lies in better control of technical solutions, processes and information
management, but with it comes reduced flexibility.

* Industrialized strategies also have the potential to create a new market where clients
have a strong position.

The different approaches presented in this paper aims to create guidance for clients and can
be used as an aid to develop strategies. By strong engagement, clients can affect the
construction process to create more customer value, i.e. value for themselves. Quality,
sustainability and effective property management should be in focus for property owners, not
low cost in each project. At the same time contractors have the potential to learn how specific
clients work, which may mean lower risks, more precise schedules and better cost estimates.
The standardization of technology and processes can become a platform for continuous
improvements, therefore industrialization should be considered for its’ long-term benefits.



Clients that see a potential in industrialized renovation should start with building on the
existing knowledge within the organization. A starting point could for example be to
formalize routines for technology that is frequently used in renovation projects. Processes
and information structures that facilitate cooperation could be added over time.
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