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Balancing the production flow in prefabrication of wooden houses 
Jimmy Johansson, Tobias Schauerte (Presenting), & Fredrik Lindblad, Linnæus University, 351 95 Växjö 
SWEDEN 

ABSTRACT  

The industrialization of wooden house building processes from traditional on-site production to off-site prefabrication 
is challenging, concerning the possibility of effective handling of numerous product variants, where each house is 
more or less unique. To obtain high productivity in the production, a well-balanced flow with minimization of waste 
is of great importance. In Sweden, many off-site house producers are in the starting phases of introducing advanced 
automation technologies in their production processes and the need for a more detailed process control therefore 
increases. In previous studies, the installation of windows has been identified as a demanding step in the prefabrication 
process, since it often creates a bottleneck i.e. the most overloaded part of process (Slack et al., 2016) and thus 
negatively affects the cycle-time and a balanced production flow. 
 
This study aims to understand, how the effectiveness of windows installations could be improved. By using a multiple 
case-study methodology, processes of several companies are compared and discussed. Further, suggestions for 
improvements are made for one case company. The results show that a replacement of the windows installation could 
(a) shorten the cycle-time of one wall by more than 10 %, (b) reduce the queueing time for the entire wall assembly 
process by more than 48 % and consequently (c) help to create a more balanced production flow. 

INTRODUCTION 

Industrialised house building implies off-site prefabrication of components and assembly to modules before final 
assembly on-site (Finnimore, 1989; Goodier & Gibb, 2007). The off-site production has potential benefits like e.g. 
lower costs, shorter lead-time, higher quality, improved production control and better working conditions (cf. Blismas 
et al., 2007). Lead-time is referred to as the time from need of activity until there is information that the activity has 
been performed (Olhager, 2013). According to Eliasson (2014), companies in the Swedish industry for wooden single-
family houses still have relatively manual production processes and the difference between these companies and more 
traditional non-prefabrication companies is rather narrow. This is in line with Brege et al. (2004), who state that even 
though the actual work moves from the construction site towards prefabricating house elements in factory buildings, 
the work performed is still similar. Here, the potential advantages of off-site prefabrication or industrialised house 
building is not utilised. According to Bildsten (2011), the reason for this could be found in the increasing customer 
demand of unique products. In accordance with this, Popovic (2017) state that a challenge in the off-site production 
is to find ways of having a balanced flow in production, even though the customization of the products are 
troublesome. 
 
Previous research highlighted that meeting customer needs can increase customer satisfaction and market penetration. 
In this regard, clever product architecture is vital and can give the impression of a fully customised house by using 
standard components in the production process (Gibb, 2001).  
 
A specific process step earlier described as containing a lot of work content is the window installation (Schauerte & 
Lindblad, 2017). The window installation appears to be handled very differently between companies. As Schauerte & 
Lindblad (2017) describe, the selection of productions technique does not always seem to be made in the most optimal 
way. This study aims to understand how the window installation is made in different companies and, in one specific 
case, understand how the effectiveness of windows installations could be improved.   

MATERIALS AND METHODS 

This study uses a multiple case study methodology, including five case companies referred to as cases a, b, c, d and e. 
All of them are producing wooden single-family houses as their main product. Case companies (a-d) are located in 
the Southern part of Sweden, whilst case company (e) is located in Germany. The companies in Sweden act on the 
same market and are direct competitors. They are in geographically striking distance to each other and due to the 
market being highly competitive (Schauerte et al., 2014), it is most likely the case that they even influenced by each 
other in their business approaches, e.g. in the selection of production methods. The German company therefore was 



used for comparison to study differences. The current study is mainly based on secondary data from case studies 
conducted during 2014-2017 (Allhorn & Svensson, 2014; Tingström & Gunnarsson, 2014; Andersson & Jönsson, 
2016; Björk & Andersson 2016; Fohlin & Ekström 2017), and tutored by at least one of the authors of the current 
paper. Yet, whilst tutoring Andersson & Jönsson, Schauerte took five own measurements of the window pre-assembly 
in that case company. This primary data is included in the current study as well. In order to be comparable, all window 
measurements in the case studies have been conducted at standard windows of the size 110x130cm. 
 
The aims of the case studies (a-e) were mainly to identify bottlenecks in production and to propose possibilities for 
productivity development in the pre-fabrication of wall modules. Yet, each case had a lightly different aim. Case (a-
c) focused on overall improvement of production effectiveness, case (d) focused on internal logistics and case (e) was 
designed with the focus on window installation. Therefore, some specific information concerning window pre-
manufacturing is missing in some of the studies. All studies started with mapping the value stream of the respective 
production process. This is often done as the basic step for improvements of the value flow (Rother and Shook, 2003). 
The value stream mapping was based on data collection from observations in the production process for identification 
and mapping of the different processes. This was followed by time studies, interviews and discussions with operative 
staff, mostly during continuous observation of the production. Production management staff was interviewed in a 
semi-structured manner. The current study collects qualitative data from the material and the reports from the case 
studies above, related to the window installation processes specifically.  

RESULTS AND DISCUSSION 

All studied companies use variants of a line-based production layout for the exterior house wall production. The 
production is controlled by customer orders and no manufacturing to stock occurs. The lines are divided into different 
work stations. The operations in different work stations and number of work stations vary. Even though there is no 
major difference between those steps for the different house manufacturers, they are conducted in slightly different 
order. There are variations in the pre-fabrication level of different components before they are introduced in the main 
production line as well as large variation in the companies’ levels of automation. Table 1 describes the different cases 
concerning window pre-manufacturing, production line layout and façade design. 
 
Table 1: Product and process description of case (a-e). 
 

 Case a Case b Case c Case d Case e 
 Andersson & 

Jönsson (2016) 
Tingström & 
Gunnarsson 
(2014) 

Björk & 
Andersson 
(2016) 

Allhorn & 
Svensson 
(2014) 

Fohlin & 
Ekström (2017) 

Production line 
Layout 

7 stations 3 stations 
separated in 4-
6 sub stations 

3 stations 4 stations 11 stations  

Window pre-
assembly 

Wood frame 
preparation 
with pre-
assembled 
window 

Wood frame 
preparation 
with pre-
assembled 
window 

Wood frame 
preparation 
with pre-
assembled 
window 

No window 
preparation 
outside the 
production line 

Preparation of 
the window 
with insulation 
strips etc.  but 
not the wood 
frame 

Façade design Wood paneling Wood paneling 
or plaster 

Wood paneling Wood paneling Plaster based 
facades 

 

The assembly of windows is in general conducted in two ways; either directly in the wall (case d, e) or by a pre-
assembly principle, where the window is mounted in a stud frame (case a-c) that even might include insulation (case 
a, b). The reason for such pre-assembly is to reduce the assembly time in the main production line. A window can be 
mounted in different stations in the different production lines. When mounted in the first step, where the entire wall 
stud frame is assembled, the pre-assembled window frame is fit into the wall stud frame. Otherwise, the window is 
mounted fairly late in the line. In some cases, an adjustment of the already assembled wall to make room for the 
windows is chosen as a method instead of planning for the window initially. 
 



In table 2, an overview of the processing times related to window installation in the walls is presented. In most cases, 
the produced walls, however, contain different numbers of windows. In line with the assumptions in the original case 
studies, a good average is assumed to be 2 windows per wall element. In case (e), the wall is prepared for a plaster-
based façade. This requires a more careful sealing of the space between the window and the frame, which results in 
an increasing time for adjusting the window in the production line. Popovic (2017) points to the complexity of 
collecting data in processes with a large degree of product uniqueness. In the case of house building, each product is 
stated to be more or less unique and in Popovic’s case, this leads to a large variation in work content in different work 
stations. In all described cases, the cycle time between stations have large variations. Cycle time is the average time 
between units of output emerging from a process (Slack et al., 2016). Different stations have, in the cases, different 
cycle times. It is difficult to state a true value of the cycle time, because workers may for example shift to other duties 
if there is excess capacity on a work station, or the work stations do not operate according to its maximum capacity. 
 
Table 2: Time studies related to window installation in the different cases (a-e). 
 

Activity Time case a 
(sec)  

Time case b 
(sec) 

Time case c 
(sec) 

Time case d 
(sec) 

Time case e 
(sec) 

Window pre-assembly 900 Not measured 1256 - 1302 
 

Window mounting in wall 85 
 

Not measured 225 1800 3300 
 

Total Window pre-assembly 
and mounting time 
(assuming 2 windows per 
wall)  

1970  2962 
 

3600 5914 
 

Cycle time in the station 
were window is installed 

780 Not measured 4446 3600 14950 
 

Cycle time for bottleneck 
station  

1909 2520 4446 7200-28800 Mounting of 
window is 
today the 
slowest 
processing 
step 2584 sec. 

Cycle time for station with 
most excess time 

780 420 3035 540 Two 
processing 
steps 
mounting 
blinds and 
mounting 
gypsum panels 
are the fastest 
production 
steps. Approx. 
1020 sec. 

Comment Station 1 is 
where the 
window 
modules are 
mounted 
into the wall 
and lies 
behind the 
bottleneck 
station. 
Thus, 
waiting time 
occurs. 

Process 
designed for 
cycle time 1200 
sec. However, 
large variations 
because of 
mainly 
differences in 
product design. 
Window 
production not 
studied 
separately 

 Window 
installation 
is a separate 
station 

Continuous 
production 
line without 
stations  



 

In case (a), the window pre-assembly is performed the fastest in all cases, i.e. 900 sec. However, in their mapping of 
the current state, Andersson & Jönsson (2016) show that in the current state working station 1, i.e. where the pre-
assembled window frame is fit into the wall stud frame, always has a waiting time of about 1140 sec on average, 
before the wall stud frame can be moved to station 2. Assuming that the operator from station 1 is not needed at 
another station, that time could theoretically be used to directly mount the window into the wall stud frame, instead 
of using the pre-assembly approach. Theoretically, since the separate pre-assembly station is organized in a very 
optimal manner. Transforming that way of working to station 1 would require a lot of training for the operator. If the 
operator from station 1 is needed at another station during waiting time, the operator from the windows pre-assembly 
station could perform the window mounting into the wall stud frame. 
 
Case (b, c) have similar production units for their pre-manufacturing of windows. Therefore it may be assumed, that 
the processing times in this preparation steps are relatively equal. 
 
In case (b), the differences in cycle time between different stations are large. In relation to what kind of wall to be 
produced, there is further a large variation in processing time in some of the stations. It is observed, that it is difficult 
to find a specific production bottleneck in this case. Instead, the bottleneck moves in relation to what product that is 
produced. Case (b) further has two façade systems, either wood paneling or plaster façade. In the case of plaster façade, 
there is a need for large adjustments concerning moving the windows before adding the plaster. This adds a lot of 
extra time in the last work station. 
 
Schauerte & Lindblad (2017) show, based on the data from case (c), that the pre-assembly of windows does not have 
any effect on the overall lead-time of the exterior walls. This, since there is, in that specific case, anyhow waiting time 
between the stations and the work station where the window is mounted is not the bottle-neck. In case (c), the removal 
of the pre-assembly of window elements is preceded by a rebalancing of the tasks in each work station that was found 
to be possible without too much efforts. It therefore appears, that decisions on the mounting of the windows directly 
in the line, compared to a pre-assembly approach, must be based on a holistic view of the production line. Popovic 
(2017) presents a framework including eight steps to analyse and propose improvements to existing productions 
systems for housing units. The framework has a holistic approach, including a system view on product and process. 
That approach is noticed in this work necessary to consider obtaining good results. However, tackling the problematic 
issue with large product variation is to be studied further. Jonsson (2018) describes a trade-off between productivity 
and flexibility, hence a production system designed to meet customer requirements concerning product design is 
probably not the best process choice, if the customer values price and delivery time most. 
 
In case (d), the window is mounted directly in the line as a separate process station. With the prevailing conditions 
and current work stations, introducing an additional separate window pre-assembly station would not be beneficial, 
because the station before is the bottleneck.  
 
In case study (e), where window installation was a focus area, it can be seen that the installation time for windows is 
high and represents a bottleneck in the production. In this case, the company could potentially benefit from introducing 
a pre-assembly approach for windows frames. If also installing that pre-assembled window frame earlier in the 
process, in the same way as in case (a-c), the need of adjusting the wall by making a hole for the window, which is 
the case today, disappears. The time for the most time-consuming production step will be around 1800 sec. This will 
have a large impact on the waiting time in production that will decrease and improving the lead-time of the production 
by 12 % (lead-time 21030 sec to 18392 sec). This is a result of mainly a more balanced production flow with decreased 
waiting times between operations. The waiting time will decrease by 48 %. 
 
Simone et al. (2014) points out that wood as a building material has been pushed aside in favor of concrete and steel 
during the age of industrialization. Working processes for timber constructions were too slow and hence too expensive, 
compared to industrialized production methods of steel and concrete. Wood with e.g. an excellent performance-to-
weight ratio, good environmental performance and positive from a human well-being perspective should however 
benefit wood as a building material. In recent years, rationalization and industrialization of the production and 
processing methods for wood-based products is progressing. One specific technology increasing the potential and 
redefining construction design is CNC (computerized numerical control), as pointed out by Simone et al (2014). CNC 
machines have the potential of increasing precision of components and automate production of complex geometries. 
Window installation is a processing step that requires a lot in the production today. Their placement in the wall 



interferes with the rest of the wall design-wise and creates extra work in the way it is handled today. To overcome this 
issue it is necessary to take leaps in how preparation of production is conducted. Handling data from drawings are in 
all described cases noticed as a time consuming activity. Transferring data from the computerized model directly to 
CNC machines and removing need for operators to handle this information would probably decrease cycle time in 
several work stations. 

CONCLUSION  

This study shows a development potential in the wooden single-family house off-site manufacturing concerning 
window installation in relation to the overall production flow. How to handle the window installation most effectively 
is reliant on the situational and depends on how the rest of the production is organized. Reorganizing the window 
installation may be used to reducing lead times as well as cycle times. By focusing a study on the window installation 
separately, as done in the current study, also indicates the need of thinking differently in house manufacturing 
concerning how to obtain a more balanced flow in production. Work stations must be developed to contain an equal 
amount of work to use resources effective and decrease the lead time of products. In this work, product development 
activities that uses computer integrated manufacturing tools to a greater extent, as well as computer controlled 
machineries, could be a way forward. 
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