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Abstract 

The temporary constructions industry has cost efficiency and sustainability challenges that may require new innovative business models as well 
as product and processes. This paper aims to discuss how social sustainability services can be included in product service system (PSS) by 
investigating a case where employment is offered in distributed temporary building module manufacturing in the PSS context. The case has been 
evaluated against PSS literature. Recent reviews and literature on inclusion of social sustainability and PSS for buildings were used. It is concluded 
that the current concept fits basic definitions of PSS although it is not typical. The social value of employment is difficult to evaluate and inclusion 
in PSS needs further research. Design practice could be used to further develop the services in the studied concept. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 9th CIRP IPSS Conference: Circular Perspectives on Product/Service-
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1. Introduction 

This paper introduces a case study of a combined value 
offering providing modular house manufacturing, 
incorporating social sustainability values and alignment of 
economic incentives. The case is compared with product 
service system (PSS) definitions. Typical PSSs combine 
physical products with services in the use-phase. In this paper, 
temporary modular buildings combined with the social value, 
employment, offered to public customers, is examined. 

Municipalities in Sweden have been challenged for a couple 
of years, partly due to large immigration, to provide additional 
residential buildings, daycare and schools. Up to one third of 
the need for buildings is only temporary according to some 
local authorities [1]. For buildings in Sweden, temporary means 
that the permit for the building has to expire within 15 years, 
usually within 10 years [2].  

In addition, immigrants with lower education level have 
difficulties to get employment in Sweden and more than half 
are unemployed [3]. The government has thus called for 
“Simple jobs” for immigrants which means work with low or 

no demand on formal education. There are around 30000 
persons in Sweden without secondary education over the age of 
39 [4]. The government’s intention with this type of jobs is also 
to train personnel in Swedish and skills that will make it easier 
to get other jobs afterwards [5].  

To build temporary buildings at the same or lower use cost 
(or rent cost) than permanent buildings is challenging due to the 
economical lifespan of the investment. The depreciation time 
of buildings can never be longer than the economic lifespan. In 
Sweden, the recommended depreciation time is 50 years for 
permanent residential smaller building and 25-33 years for 
other non-industrial buildings [6]. For temporary buildings, the 
depreciation time of maximum 15 years is less than half of that. 
Thus, building costs need to be decreased to less than half 
compared to a permanent building. 

Traditional building business models of customized houses 
give more profit to the builder if more features are added. A 
majority of homes are provided by speculative house-builders 
typically providing a range of additional features [7]. These 
give higher price, even when operation and maintenance cost 
increase [8]. In practice this creates incentives for producers to 
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drive towards more expensive and more resource demanding 
solutions. One trend counteracting this is production of 
standardized modular buildings. With a clear standard, 
unnecessary expensive customizing is somewhat reduced. Still, 
there will usually be a higher profit for the producer if more 
features and thus production work content is added. 

By increasing building in Sweden, the government wants to 
increase the employment rate. However, the building industry 
mainly needs trained and skilled personnel. Although there is 
much less demands than on e.g. a nurse or a lawyer, most 
positions in building industry demands more training than e.g. 
assembly personnel in manufacturing. By designing 
manufacturing cells for lean production, introducing standards 
and visual instructions, the work tasks can become both 
efficient and easy to learn [9].  

Cell layouts providing safety of operators, flexibility error 
proofing and one piece flow are mentioned as important for a 
lean design of manufacturing processes [10]. In assembly cells, 
important sustainability aspects include ergonomics and 
occupational health and safety [11] and material efficiency of 
secondary material [12].  

By building temporary houses in lean manufacturing 
factories there is a potential to combine provision of temporary 
buildings and easy jobs for the community. The aim of the 
paper is to discuss how social sustainability services can be 
included PSS. This is done by investigating a case where cheap 
temporary houses and employment is offered in a PSS context. 
A comparison is made between this case and other PSSs to 
discuss if social innovation to enhance employment through 
temporary housing can be categorized as a PSS. The problem is 
broken down in two sub-questions. 

 Can raised employment be seen as a service in a PSS 
provided to a public customer such as municipalities? 

 What combination of products and services is suitable in 
the house module production industry? 

2. Materials and methods 

This case, Husmuttern, has been studied in a grounded 
theory inspired approach where the concept is studied, 
described and then a search for fitting theory has taken place 
[13]. The authors are however experienced with the sustainable 
business models and PSS field. Due to limited previous 
research, the questions are best studied with an explorative and 
qualitative approach, [14]. The research consists of a case study 
with an integrated literature review [15]. The case concepts 
were studied and compared against literature definitions and 
examples (Fig. 1) 

 

Fig. 1. research methodology 

In the discussion, possible developments of the case concept 
to fit better into the PSS concepts are discussed, as well as the 
provider and buyer value in different alternatives. 

2.1. The Husmuttern case 

Husmuttern is a private initiative trying to make a business 
case around two social challenges in Sweden (and elsewhere), 
namely the need of cheap temporary houses (e.g. for 
kindergartens/schools and temporary residential need), and the 
need for employment, especially for low educated immigrants. 
The concept is to assemble modular buildings in standardized, 
highly digitalized, but low automated, flexible, micro factories.  
The modules are said to be designed for efficient handling and 
easy to mount and dismount the buildings.  

The case company has used an open innovation concept 
together with Mälardalen University, where students have been 
working on design or redesign tasks for different part of the 
product, production and service design. One author participated 
in a business model brainstorming session with the owners and 
three concept presentations for suppliers and two departments 
at the university. The production concept details were further 
developed in nine student group projects, and in two bachelor 
theses supervised by the author the logistics and workstation 
design were optimized [16, 17]. Finally, an additional interview 
with the owner was conducted to clarify business model 
connections. 

2.2. Literature search  

There are several thorough literature reviews on PSSs. The 
literature search thus was limited to five recent Journal of 
Cleaner Production review articles in the PSS field [18-22]. 
These were used to find relevant literature regarding social 
sustainability in PSS and building/construction. In addition, to 
find more recent research, conference papers presented at CIRP 
IPSS 2016 and Euroma 2016 were also checked.  

Most of the reviews used do not go into depth into social 
sustainability inclusion. Except for Bocken et al. [19] where a 
broader analysis includes value capture of societal benefits, 
only three papers discussing social sustainability and 
unemployment were found in the reviews [23-25]. 

Of the five reviews, only Bocken et al. [19] mention any 
industry specifics such as PSS involving buildings, two 
examples of energy-PSS are given. Therefore, resources from 
the Nordic council and United Nations Environmental Program 
[8, 26], an article found in Scopus and marketing materials 
from temporary building suppliers in Sweden [27, 28], were 
used for building industry PSS comparisons. 

3. Product Service Systems 

A PSS is a market proposition selling an integrated system 
of products and services which are jointly capable of fulfilling 
specific client demands [26]. Service integration is increasingly 
important to remain competitive, since services are more 
difficult to imitate compared to tangible products and 
traditional functionality [29]. 
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There exist several definitions of PSS, but most authors 
conclude that an advantage of PSS business models is that they 
align customer and provider incentives [18,19, 21]. Early on, 
PSS has been defined as an offer consisting of tangible products 
and intangible services, jointly developed and brought to the 
market to fulfil a customer need. Mont [30], followed by other 
authors, also stipulates that a PSS should be designed to be 
“competitive, satisfy customer needs and have a lower 
environmental impact than traditional business models” ([30] 
p77). This is achieved through e.g. reduced overconsumption 
and increased utilization of the product. Traditionally, the 
provider is incentivized to provide as many products as 
possible regardless of customer utilization or needs, while 
customers usually want to keep costs low and only buy the 
necessary amount. In PSS, the business model is changed so 
that both provider and customer try to keep the amount of 
product to the lowest necessary (Fig. 2) [31]. 

 

Fig. 2. Incentive alignment (redrawn from [31]). 

Tukker [22] argue that sustainability is not automatic in 
PSS, rather it needs to be designed into the system. Bocken et 
al. [19] also conclude that new social business model 
archetypes need further research. Few papers investigate social 
innovation in PSS. However, connecting social sustainability 
to the building industry and creating job opportunities, 
Dominski et al. [32] argue that the development of sustainable 
cities consists of a balance between natural resources, 
economic productivity and social infrastructure or wellbeing 
(cited in [33]). Here, jobs, education/learning and housing are 
specified elements of social wellbeing, which will be one of 
five major sustainability factors for PSS [23]. 

Morelli [24] discusses how PSSs can encompass co-creation 
between customer/user and producer and add value in form of 
learning, knowledge and innovation to all actors. The 
discussion focuses around product and service design and co-
creation of value. The rationale behind co-creation varies, 
ranging from creating products that meet consumer needs and 
wishes to express criticism on power relations [34, 35]. In the 
literature researched, social sustainability value offerings are 
not commonly pointed out as part of PSSs. Some examples are 
found, e.g. in the project “Sustainable Everyday”, where co-
creation was utilized to improve urban communities. Here, 
social networks and PSS were connected [35]. 

Gelbmann and Hammerln [25] performed an extensive 
review of business models with social enterprises and re-use, 
and compared to three cases where integration through labor 
market propositions were implemented. The social service, 
employment of socially disadvantaged people was mainly 
funded on the side of the regular sale items for reuse. 

Cook et al. [7] conclude that the PSS market is less mature 
for building industry than for manufacturing, and integration 
with facility managers is mainly interesting with large 
customers. A typical PSS model, common for public 
customers, is Design-Build-Operate (DBO) or Design-Build-
Finance-Operate (DBFO), where the provider rents out the 
building including operation costs to the customer who usually 
owns the land [8]. The model incentivizes builders to prolong 
the lifespan of buildings and reduce environmental impact and 
cost in the use-phase. For temporary buildings, the lifespan is 
optimized rather than maximized and reuse and material 
recycling is included [26]. The buildings are designed for 
recycling and low operating cost. 

Another type of PSS is Factory-in-a-box, a concept that may 
be a competitive PSS solution for the manufacturing equipment 
industry, where assembly cells are designed into mobile 
production units installed in e.g. containers and transported to 
wherever needed. It is a manufacturing offer including 
installation, operation and reuse of the manufacturing facility, 
giving production capacity on demand [36]. 

4. Empirical results 

4.1. The Husmuttern concept  

The concept Husmuttern aims to provide modular houses 
that can be assembled as temporary (or permanent) houses with 
an added value, to provide employment. Their intended 
customers are mainly public organizations such as 
municipalities or municipality owned companies.  

Husmuttern state their code of conduct in short as “-do good, 
-be good, -fair deals” [37]. They have not any formalized 
production system principles, but the development follows 
general lean principles and have a focus on social sustainability 
and material and logistic efficiency (environmental 
sustainability). The market niche is to provide cheap standard 
buildings. The abundance of robots is stated as a major value, 
since the concept aims to deliver employment for people who 
today are marginalized in the job market. 

Most features of Husmuttern’ s module-building are similar 
to other module-house-builders. Cost and resource use is 
reduced by standardized building blocks, standardized 
manufacturing, and optimized logistics.  The modules are 
standardized and designed to be easy to transport with a regular 
truck with a small crane and a small forklift [16]. The building 
material is ordered in amounts as needed for the amounts of 
modules to be assembled. Since all parts have standardized 
dimensions, most of them can be ordered ready for assembly in 
the assembly cell. The parts and the modules are designed with 
design for assembly and design for lean production in mind. To 
increase life of the temporary building the modules are possible 
to reuse. The ready building is guaranteed for disassemble and 
reassemble within fifteen years. A resell service is planned with 
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a portal where customers can sell used building modules, future 
customers will also have the option to include reused modules 
in their building, depending on availability.  

Quality is assured by poka-yoke (a lean method for error 
proofing) and every sub-operation is digitally documented by 
photos to control any deviations from the standards. Thanks to 
the standardization and the visualization of instructions, the 
training time to work in the cell is kept short and supposed to 
be independent from skills in the Swedish language.  

The manufacturing of the modules is done in mobile 
assembly cells in a manufacturing process designed to be easy 
to work in, in a lean production system [17].  The assembly 
cells require small space and can be rolled out at cheap 
available locations near the customer. In addition, the 
standardized process of assembly, and the digital instruction 
and quality control system used, gives the opportunity to use a 
work force with no former building/construction skills. Every 
operation is standardized and visualized in photos (with 
possibility for instructional movies). With multilingual support 
and visual instructions there is no need for high level language 
skills and the work can be combined with language training. 
The buyer, typically a local community who needs temporary 
buildings, takes the responsibility to supply the workforce, 
either as temporary employees at Husmuttern or they supply 
the project with workers’ time.  

The business model is not fixed, and there exist several 
alternatives, but the intended concept is to rent out the 
production cells to the customer who will supply the operators 
and they will co-produce the buildings. Husmuttern will supply 
management and start-up of the production cells. The price will 
be one part fixed price per produced module and another part 
with weekly rate for using the production cells. The per module 
price covers the design and development of modules and 
supplier selection. The weekly rate covers salary, investment 
and development of the production process. 

4.2. Comparison to regular business models for wooden and 
modular buildings  

With an owner coming from the automotive industry, 
Husmuttern aims at providing social sustainability values by 
combining construction with lean manufacturing. As shown in 
table 1 below many of the cost driving features in construction 
are kept down by working in a modularized, standardized 
production setting, similar to other modular builders. In 
addition, the manufacturing process is designed to be rolled out 
locally wherever needed in a factory-in-a-box concept giving 
the municipality customers new local temporary jobs, the 
difference to regular construction is that normally construction 
workers are not locals, but rather skilled construction workers 
brought in. The manufacturing system is highly digitalized, but 
the assembly operations are manual. This gives the opportunity 
to educate people and also to improve the processes quickly. 
With low fixed costs in the system and continuous optimization 
of the manufacturing there are opportunities to provide 
buildings at low cost. By designing the module for reuse the 
total cost of ownership for users can be further lowered. 
Husmuttern does not rent out buildings in PSS typical design-
build-operate. A main reason is that the core competence of 

Husmuttern is lean manufacturing, not facility management 
although there are other companies in Sweden who produces 
and rent out modular buildings. 

 Table 1. Case comparison. 

Concept 
feature/factor 

Normal 
wood 
building 
[27] 

Regular 
modular 
building [28] 

Husmuttern 

Add feature by 
customization 

increase decrease Decrease 

Standardization - 
Reduce labor time  

no yes Yes  

Reduce worktime by 
digital instructions 

No  Not stated Yes 

Increase life by 
reusable modules 

No Possible  Yes, with a 15 
year warranty. 

Renting building 
from manufacturer 

Possible Possible  No (not at the 
moment) 

Take back / reuse of 
modules  

Usually not Possible  A resell service is 
included 

Local production Yes, on site No Yes, near or at site 
Temporary on 
demand production  

Yes No Yes 

Customer can assign 
workforce 

Possible, 
craftsmen 

No Yes, assembly 
workers 

Language skill need 
for workforce 

Varies Depend on 
standards and 
instructions 

visualized system 
minimizes 
language need.  

Minimize use phase 
energy need 

Depend on 
design 

Depend on 
design 

Only possible 
with redesign 

Material scrap, type: 
where does it occur 

Design-, 
process- & 
quality 
loss: 
building 
site 

Design-, 
process- and 
quality losses 
production 
site 

Quality loss: 
production site. 
Design- & 
process- loss: 
supplier site 

Material recycling 
possibilities 

Difficult Difficult Not investigated 
in this study (yet) 

Maintenance cost Differs Differs Not investigated 

5. Analysis and discussion of the concept 

5.1. PSS analysis 

The concept designed by Husmuttern fits in most of the 
general definitions of PSS [18-22] where PSS is defined as a 
combination of products and services that fulfil a customer’s 
needs, usually while being more sustainable and or competitive 
than traditional business models. However, the responsibility 
in this case is shifted towards the buyer/user rather than to the 
provider. Instead of letting the provider take ownership of the 
use phase, the public buyer is taking some responsibility over 
the production of the modules. Many authors [18-22]) 
particularly point out that PSS models should reduce material 
and energy use by selling a function. This part is slightly 
weaker in this concept since the product ownership of the 
building is still transferred and so far, the energy use of the 
buildings is not addressed in the business model (the modules 
may still be designed for low energy use, but there is no 
incentive shift for this in the business model).  

If the studied modular temporary housebuilding concept 
would follow classic PSS logic, then the responsibility of the 
provider should be prolonged into the use-phase in order to 
reduce resource need in a design-build-operate (DBO). When 
modules are rented, it will be a clear form of PSS, especially in 
the form of DBFO [8]. Typically, the responsibility over energy 
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use and/or maintenance are included and thus incentivize low 
maintenance and energy efficient buildings designs. 
Husmuttern claims to aim for efficient use-phase design, but 
there is no incentive shift for this in the concept. For temporary 
buildings, reuse / refurbishing is typically part of a PSS. In the 
case of modular houses, they are often rented out, taken back, 
renovated and rented out again, thus giving incentives for 
designing modules that are reusable, with reduced maintenance 
cost, and recyclable parts. In the studied concept, there is a re-
sell system to partly accomplish this. In the studied case the 15-
year warranty, the resell service and the possibility for future 
customers to buy used modules can be seen as a a light form of 
functional related service [19]. 

Unnecessary “luxury” added purely to increase sale-price is 
incentivized in a DBO to be reduced. With standardized 
modules, the possibilities to add such features is limited. In 
modular lean manufacturing adding features and/or variants 
increase production complexity and is costly and is thus a built-
in limit. It is indeed a change in incentives connected to the 
process design. In the suggested model, another shift is made, 
the buyer is involved in the production phase and ideally the 
end-user may take part in production. Since the supplier is not 
making profit on work content, unnecessary work, i.e. some 
unnecessary features to the building may be reduced.  

There are also elements of learning and knowledge transfer 
between provider-customer and user. Morelli [24] means a PSS 
could encompass co-creation between customer/user and 
producer adding value in form of learning, and innovation to 
all actors. Learning and innovation can be achieved by social 
welfare activities such as employment of marginalised people 
although the business model link in PSS may need further 
research [23, 25].  In a sense this is what Husmuttern is trying 
to pursue by providing employment as a municipality service.  

Also, seen as a provider of production equipment the 
Husmuttern case could be seen as a factory-in-a-box PSS. That 
concept does not include the design of the modular houses and 
the contractual negotiations with part suppliers. 

5.2. Improvement and further development 

The research on social sustainability in PSS appear to be 
rare, and thorough reviews including adjacent fields could be 
useful to clarify the importance of employment service PSSs. 
The field can gain from cross disciplinary research on social 
values in combination with environmental values involving 
LCA and LCC methods [38]. 

The case study needs further investigation on the result of 
the cost cutting drivers. For temporary buildings, the challenge 
is to produce at less than half the cost of regular buildings. In 
order to do this, a production cost investigation and prototype 
verification of the product and production concepts are planned 
for 2017. Extending the proposition to include after sales such 
as furnishings could prolong customer relation [7]. 

To increase the PSS’s innovative value and to further 
integrate social sustainability, the case could benefit from 
design practice by reframing the purpose of the complete offer 
[39]. The case could focus on design-driven innovation, with 
focus on innovating product meanings [41], which refers to 
why consumers require a product or a PSS. Here, the company 

may critically review the value they aim to deliver to the 
community, for example through employment and quality, and 
if current offerings are suitable to achieve this aim. Esslinger 
[42] argues that an intentional effort is required in the design 
phase to create strategies that contribute to environmental and 
social sustainability. This could enable improvements in the 
processes, buildings and services. Xing [43] presents a useful 
checklist of points for PSS design. 

Design-driven innovation, although still in early stages is 
gaining attention in connection to service innovation [44]. 
Complementary, value-driven design could be a method that 
develops PSS further [45]. However, more research is needed 
to better understand how companies can innovate product 
meanings [46], especially in the context of PSS.  

The providers and customers need to develop a win-win 
relationship [47]. Here, principles from co-creation could be 
applied, not just in the development of the buildings, but also 
to build collaborations between providers and customers. To do 
this it is beneficial to evaluate the tangible and intangible values 
that can be attained by the providers [48]. Action research, 
using value evaluation and value development tools, can 
develop the case study further. Evaluation of the societal value 
of employment and if this can be incorporated as a service in 
product service industry needs further academic discussion.  

6. Conclusions 

The aim was to discuss the inclusion of social values in 
PSSs. First, it is concluded that the studied case fits basic 
definitions of PSS. However, it is not a typical PSS, since the 
provider does not retain ownership of the buildings. Renting 
out modules and including the use phase are common in PSSs 
for modular buildings.  

Second, the social sustainability, through employment, has 
proven difficult to assess. Research on social sustainability in 
PSSs appears to be rare, and thorough reviews including 
adjacent fields could be useful. However, the case does provide 
grounds for future research on the inclusion of social values in 
PSSs. Here, action research, co-creation and design are needed 
to further develop the services and enhance social sustainability 
in the case.  
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