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ABSTRACT: Housing builders in Sweden have been moving from on-site production to industrialization. 

From 1990 to 2002, approximately 74% single-family detached houses in Sweden are prefabricated by in-

dustrialized housing builders. To fulfill the benefits of industrialization, the design specifications have to  

be worked out from a list of predefined standardized components and elements. On the other hand, the 

requirements of client (diversity, cost and delivery time) make design specification process seems to be  

complex and paradoxical situation, which may lead to the ad-hoc design customization and slow response  

to potential client’s enquiry. This research therefore presents a BIM-based configuration design, in which  

lean-agile supply chain is used to balance and manage the trade-off between builders and clients, stand-

ardization and customization. Furthermore, integrating discrete event simulation (DES) with building in-

formation model (BIM) enables an enriched information model including cost and delivery time. The re-

search argues that the industrialized housing is the systematic trade-off and balancing the values of all  

stakeholders and BIM-based lean-agile industrialized configuration design provides an effective trade-off  

platform.
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1. Introduction
Industrialization is a business strategy that transforms the traditional on-site construction process into a 
manufacturing and assembly process in order to reduce cost, time, and improve the quality . Housing 
builders in Sweden have been moving from on-site production to industrialization . From 1990 to 2002, ap-
proximately 74% single-family detached houses in Sweden are prefabricated by industrialized housing 
builders . The industrialized house building is reported to improve productivity, cost, delivery time, quality 
. To fulfill the benefits of industrialization, the design specifications have to be worked out from a list of 
predefined standardized components and elements. However, a serious obstacle for industrialized housing 
is to configure the housing according to client’s requirements (diversity, cost and delivery time) while to 
consider the constraints imposed by the industrialized production systems. Designing completely accord-
ing to the customer’s requirements regardless of the technical constraints of industrialized production sys-
tem often leads to ad-hoc customization that can be hard to fulfill for the industrialized builder . Con-
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sequently, it loses the benefits of industrialization. On the other hand, providing standardized housings to 
marketplace has been criticized for reducing the possibilities of customization to satisfy the diversity . 
Hence, industrialized housing needs to balance and coordinate the interests and possible conflicts 
between different stakeholders . 

This research therefore presents a BIM-based configuration design, in which lean-agile supply chain is 
used to balance and manage the trade-off between builders and clients, standardization and customiza-
tion. Furthermore, integrating DES with BIM enables an enrich information model including cost and deliv-
ery time, which provides a quick response to potential client’s enquiry.

2. Stakeholders’ value
Malmgren et. al.  defined four product views relevant for industrialized building systems: customer, engin-
eering, production and site assembly view. These views show the product breakdown from the different 
stakeholders’ perspective. Figure 1 shows the flow of information and constraints. 

• The customer view contains the clients functional requirements and is created by the architect or 
sales department

• The engineering view is transformed from the customer view and detailed into building parts to 
be manufactured

• The production view contains the necessary information needed to pre-manufacture the building 
parts. It contains information relevant for the supply chain and the factory production units.

• The assembly view contains information on how to assemble the pre-manufactured building parts

Each view represents the interest of customer, engineering, production and assembly respectively. Usually, 
it is common practice for companies to “throw over the wall” which means transfer information down-
stream the value chain rather than transferring information, rules and constraints upstream the value 
chain. When the manufacturing and engineering department received order that is difficult or impossible 
to fulfill for technical constraints, it is often too late, expensive and troublesome to correct it. Thus, the 
demands for standardization from a production point of view need to be balanced by the demand for cus-
tomization. However, little attention has been devoted to transfer information upstream from manufactur-
ing and engineering to the customer view . 
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Fig. 1: Information Flow between the Different Views (Olofsson et al., 2010)
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3. Lean-agile supply chain
Lean paradigm has emerged as one of the sources to achieve competitive advantages in construction in-
dustry. The winner criterion of lean paradigm is cost reduction by eliminating of wastes in production sys-
tem, while agile production emphasizes the response to fluctuating market demands. Naylor et al.  pro-
posed the concept of ‘leagile’, combining lean and agile paradigms to provide an optimal balance between 
responding to volatile demands downstream while providing stable and predictable production environ-
ment upstream from the de-coupling point. The de-coupling point separates parts of the production pro-
cess geared towards satisfying clients’ orders from the parts based on planning . That is, the de-coupling 
point links lean and agile processes together. 

It is argued that housing construction offers the closest analogy to lean production and matches that of 
auto production . Simultaneously, in order to quickly response to volatile market demands, construction 
companies increasing embrace agile paradigm to enhance service level. The adaptability to synchronize 
with volatile marketplace ensures the survival of industrialized construction. Naim and Barlow  indicated 
the potential application of leagile to the housing industry and developed a rich pictorial representation of 
the engineered supply chain. Nevertheless, the research has been mainly at the strategic level, a major 
limitation is the lack of how to build leagile supply chain .

Figure 2 shows the processes of Swedish industrialized housing which based on the complete number of 
Swedish companies using industrialized Timber Volume Element (TVE) housing production. Those compan-
ies manufacture building components, or entire houses in factory, reduce activities at the construction site 
to the assembly of parts . With the moving of de-coupling point, the factory prefabrication and on-site pro-
duction is reallocated : with shifts in the de-coupling point upstream of the production system, the agile 
process increases, while moving it downstream of the production system increases leanness.

4. DES in construction
DES has been proven to be an effective technique in predicting productivity and evaluating the behaviours 
of system . It has been used in Construction Engineering and Management (CEM) research community 
since the development of CYCLic Operations Network (CYCLONE) . After the introduction of CYCLONE, there 
have been many construction simulation programs developed, such as UM CYCLONE , STROBOSCOPE , ABC , 
Simphony.net , RiSim  and SDESA . Construction simulation is the science of developing and experimenting 
with computer-based modelling of construction systems to analyse their underlying behaviours . It is a 
quantitative analysis methodology that the behaviours of system can be quantitatively evaluated and re-
designed until it has achieved expected performance.

Vitascope , which integrates DES with 3D visualization enable the modeller to visualize simulated pro-
cesses in smooth, continuous, 3D virtual worlds. Such 3D visualization provides valuable and accurate in-
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Fig. 2: Swedish industrialized housing
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sight into the DES model and facilitates simulation model verification and validation. For instance, a sys-
tem of tower crane operations integrating 3D visualization with DES was built to effectively communicate 
and understand simulated construction operations, thus improve the credibility and accessibility of simu-
lation model . The relationships and framework for integrating lean theory and simulation methodologies 
has also discussed in construction simulation . In general, lean thinking provides a structured format in 
which processes can be re-designed , and DES offers a methodology to re-engineer the construction opera-
tion under lean theory . Hence, this research adopts visualization-simulation DES model and integrate such 
model with lean-agile thinking.

5. BIM-based lean-agile supply chain
To cope with customer variety, companies need to balance those customer desires with operational reliab-
ility in a flexible manner . Product configuration is proposed to meet customer specifications with engin-
eering and physical constraints . Product configuration is described  as an effective way of structuring 
products composed of standardized parts but also as a method of presenting products to clients. Addition-
ally, products structured in a product platform become the company common view of the product range 
that can be shared by sales, design and production departments. In the work with product customization 
many industries have developed methods to design product platforms . These platforms can be configured 
either by adding, removing, or substituting modules to the platform or by scaling the platform in one or 
many direction to target a special market . Jensen (2010) developed an engineering configurator demon-
strator of the floor slab module in Tyréns wooden building system based on requirements, as shown in 
Figure 3. The building system modules can be imported in Revit as a family in the customer view. The 
floor slab family consists of four different widths “600, 1200, 1800, 2400”, where the length parameter is 
parametric within the module limits and set with Revit accuracy scale “Course, medium, fine” using a grid 
of 150 mm. A distance parameter between modules was defined representing the interface when connect-
ing the floor slab to walls. The downstream flow from customer to the engineering view was demonstrated 
using XML export/import mechanism but could have been realized using IFC.

Fig. 3: The implemented floor slab configuration demonstrator, Jensen (2010)

Building information modeling (BIM) defines as “a computable representation of all the physical and func-
tional characteristics of a building and its related project/lifecycle information” for the building stakehold-
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ers to use and maintain throughout the lifecycle of a building . BIM presents as objects (walls, columns, 
windows, doors, etc.) with attributes and relationships between building elements . BIM includes not only 
the geometry information of a CAD object but also the information that supports the activities involving 
the objects and their relationships with the other objects . Figure 4 presents BIM-based lean-agile supply 
chain, in which the whole industrialized housing is organized according to lean-agile supply chain. This re-
search builds hierarchical Discrete Event Simulation (DES) model for industrialized building processes. The 
lower level DES model simulates the detailed operational processes for selected components. Extracting 
data from lower level DES, the higher DES model simulates the performances (cost and delivery time) of 
lean-agile supply chain for industrialized housing, which are exchanged through BIM platform.

Figure 5 describes the flowchart of BIM-based lean-agile supply chain. Sales and customers are co-design-
ers of industrialized housing. A customized house can only be developed if the customer is involved in 
the housing specification process. Sales and customers together decide the dimensions, materials, colour 
etc. of every selected component from a list of predefined components. After confirming the selected com-
ponents, the delivery time and cost are simulated by encapsulating specifications sub model in each com-
ponent. The component is represented by sets of attributes and defined values, such as list of operations, 
resource required, duration, sequences and order number. The developed simulation model intelligently 
responses and simulates the production of components according to above specifications of components 
and factory constraints. Simultaneously, the visualization model provides a transparent communication 
platform to customers, sales and builders. If conflicts are observed in the visualization platform or cus-
tomers disagree with the delivery time and cost, this cycle process perform again until all stakeholders are 
satisfied and agreed with the customized housing design. And then, the order is released. Accordingly, 
such framework ensures a consistent and effective information communication (upstream and down-
stream) between all stakeholders.
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Fig. 4: BIM-based lean-agile supply chain



6. Discussion
Making a better match between buildings and clients’ needs will influence the clients’ satisfaction and 
thus leading to a higher level of durability of the building . This research argues that the value of all 
stakeholders should be considered and balanced in industrialized housing. The industrialized housing is a 
balance between flexibility of adapting to customer requirements and efficiency in design and production. 
Design automation in the engineering view, can be implemented in parametric tools and product configur-
ators normally used by the mechanical industry. The effective trade-off among all stakeholders will minim-
ize the risk for ad-hoc design solution propagating downstream to production and assembly on-site. This 
will also speed-up the design process and enables production to be automated and industrialized.

For the fragments in industrialized housing, the information and communicating technology (ICT) provides 
alternative solution to it. This research therefore presents a BIM-based configuration design, in which lean-
agile supply chain is used to balance and manage the trade-off between builders and clients, standardiza-
tion and customization. BIM lie at the core that it is used not only to detect the design conflicts and mis-
takes, also to be value balance platform providing enriched information to all stakeholders.

Value is only significant if, for example, a product meets customer demands at a specific time and a spe-
cific price . Integrating DES with BIM enables an enriched information model including cost and delivery 
time, which make an agile response to potential clients’ requirements to be possible. 
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Fig. 5: Flowchart of BIM-based lean-agile supply chain
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