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Abstract
The shipbuilding, automotive and aerospace industries are examples of industries offering product service systems (PSS) to their
customers, i.e. they combine physical products with services to add increased value. While product service systems are well
established in many manufacturing industries, it has barley emerged in construction, which is mainly explained by the wellestablished project-based organisation of construction work. Thus, implementation of product and service systems in construction
will challenge the established utilisation of technical solutions and systems, production processes and supply chains. The objective
of this study is to identify and critically review examples of product service systems in construction supply chains, with the purpose
of describing how it challenges prevailing business systems and organisation of construction work. The study rests upon empirical
data collected in two case studies at Gyproc Saint-Gobain in Denmark and Celsa Steel Service in Sweden. The two case studies
reveal significant challenges related to the implementation and marketing processes of product service systems. Companies that
develop and expand their business offers by providing new product service systems find themselves operating in two parallel market
segments, i.e. the traditional market of construction components and the new market of product service systems. The product service
systems reviewed in the two case studies show a strong focus and emphasis on the development of the offer and the operational
platform, while the companies’ roles and market positions remain unchanged. Thus, the case study companies organise and operate
their businesses and market relations as before the implementation of the product service system. The conclusion is that development
and implementation of product service systems in construction supply chains, even at the low end of product complexity represented
by single building components, require awareness in the companies’ offer of products and services, development in operational
platforms as well as clear market position.
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1. Introduction
A product is the result of a repetitive process that utilises a pre-developed structure of solutions for design and
production [1]. The product approach is fundamentally different to the traditional project-based construction, where
buildings are produced as uniquely designed, one-of-a-kind solutions, executed by temporary teams in loosely coupled
supply chains [2,3]. A product-oriented company specialises in offering a specific range of products that allows for
repetitions and continuous improvements over time, in order to establish an efficient manufacturing process and supply
chain. Production methods, technical solutions and sub-systems can be predefined and enable efficient end-product
configuration, due to the limitations of the scope of the product [4].
Product platforms constitute systematic structures of subsystems used for development and production of derivative
products [1]. Robertson and Ulrich [5] describe product platforms by four distinctive aspects, namely components,
processes, knowledge, people and relationships. Production platforms are optimised for efficient delivery by executing
design, production and supply of materials in cooperative and recurring processes by integrated teams engaged on a
long-term basis. Further, product and platform development require a clear perception of the customer’s needs,
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requirements and priorities in order to tailor attractive and competitive concepts [4] aimed at certain market segments
[1]. The specific importance of including the customer focus in a product-oriented production system is also
emphasised by Barlow and Ozaki [6], Barlow et.al. [7] as well as Lessing [8]. These authors conclude that productorientation requires long-term investments in platform development, production facilities and accordingly, a clear
understanding of the customers’ needs is crucial for the design and development of product concepts.
Production-orientation implies control and predictability of the planning, design and, production processes, which
allows for improved quality and customer value of the produced goods. Besides, product-orientation facilitates
additional opportunities in a long-term perspective. Other industries such as the shipbuilding, automotive and aerospace
industries show an increased focus on combining physical products with services [9]. Accordingly, the combination of
products and services could provide similar opportunities for e.g. manufacturers of building materials and industrialised
construction companies in order to expand their offerings.
A product is composed of a physical part, i.e. the tangible product that is manufactured and offered to the customers,
and of an intangible part that consists of the various services that are offered to the customers [10]. Offerings that
systematically combine both tangible and intangible products, i.e. products and services, are commonly referred to as
product service systems (PSS). The concept of PSS has been defined by several authors, e.g. [11,12,13], only with
minor variations in their definitions. The common understanding of PSS is that it represents a systematic way of
structuring a combination of tangible products, services and the networks needed to satisfy customer needs. Manzini
and Vezzoli [12], defines a product service system as a combination of physical products and services that affects the
company’s offerings and business scope:
“A Product Service System is an innovation strategy, shifting the business focus from designing (and selling)
physical products only, to designing (and selling) a system of products and services which are jointly capable of
fulfilling specific client needs”.
1.1. Problem statement
While product service systems are well established in many manufacturing industries, it has barley emerged in the
construction industry. Construction is characterised as an industry producing complex one-of-a-kind projects, in
temporary organisations using mainly onsite production methods [2,3]. Supply chain integration is scarce due to a
fragmented process dominated by short-term relations [13]. Temporary design teams from different consulting firms
carry out the design and a variety of contractors use project-specific production methods on site [14]. The traditional
organisation of construction work offers limited incentives and possibilities to establish systematically repeated and
improved methods, design solutions and processes in a long-term perspective [15].
The implementation of product service systems in construction can however, provide new business opportunities
by combining physical products (e.g. building materials, components, prefabricated elements, building blocks etc.)
with intangible services. The knowledge and experiences of product service systems in construction is still limited, as
there is only a limited amount of research done in the field. Some researchers, however, touch upon the topic. For
example, Brady et.al. [16] explore the opportunities and obstacles for applying integrated solutions in the construction
industry, which are described as combinations of products and services that address customers’ requirements, and thus
are conceptually similar to PSS.
Brady et.al. [16] state that companies need to structure its business around repeatability in terms of both technical
systems and services offered, as well as standardised processes, in order to implement integrated solutions. Further,
they conclude that a PSS-approach requires maturity in the PSS-offering, investments in operational capabilities and a
surrounding market that is open for the PSS-offering. Besides, Lessing [8] mentions PSS as an opportunity for
industrialised construction companies to develop their offering and create new business models and revenue streams.
1.2. Purpose and objectives
The objective of this study is to identify and critically review examples of product service systems in construction
supply chains, with the purpose of describing how it challenges prevailing business systems and organisation of
construction work.
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2. Method
The study rests upon a literature study and empirical data collected in two case studies of which one was carried
out together with Celsa Steel Service in Sweden [17] (referred to as Celsa in this context) and the other one was done
in collaboration with Gyproc Saint-Gobain in Denmark [18] (referred to as Gyproc). The case studies were carried out
in order to identify and critically review examples of product service systems in the two companies.
The collection of empirical data was primarily done by semi-structured interviews, which was supplemented by
company and product documentation. Altogether, eight interviews were carried out with key-representatives from the
two companies of the case studies. All interviews were recorded, transcribed and returned to the respective respondents
as a quality check.
3. Product service systems in construction
Research on business models for house building and construction companies is scarce [19], but emerging. Brege
et.al. [20] were some of the first to present an evaluation of business models in the construction context of industrialised
building. Other resent research contributions on business models in this field have been presented by e.g. Höök et.al.
[21] and Lessing and Brege [22]. Brege et.al. [20] made a central contribution in terms of a business model framework
based on three cornerstones required for describing a house-building company’s business model, namely the
operational platform, the market position and the offering, see Fig. 1.
Offering
Market
Position

Operational
Platform

Fig. 1. The business model framework used as the basis of analysis in this study [20].

The business model framework provides the basis of analysis for the two case studies in this context. The offering
in this case, represents the PSS-value proposition, i.e. the product and the service provided by the respective companies.
The operational platform describes the company’s resources and competences, e.g. production facilities, supply
systems, information infrastructures, R&D-support etc. The market position describes the company’s role in the market
place and supply chain.
3.1. Case 1: Celsa Steel Service – prefabricated reinforcement cages
Celsa [17], one of seven companies of the Celsa Group [23] is a leading European manufacturer of a wide range of
reinforcement solutions such as detailing, carpet reinforcement, prefabricated welded products, pile cages, just-in-time
delivery and client management systems.
3.1.1. The PSS-offering
The PSS-offering described in the Celsa case study includes prefabricated reinforcement cages, e.g. for foundations,
pier footings, beams, pillars etc. and the additional services includes structural reinforcement design in 3D, quantity
take-offs, industrial (i.e. automated) prefabrication and colour coding and other logistical services. Celsa’s main
arguments for the PSS-offering are improved health and safety, time and cost savings, quality improvements etc. for
the contractor, which are accomplished when moving the hazardous and tedious reinforcement work from the
construction site to prefabrication in an industrial and automated production facility.
3.1.2. Operational platform
The operational platform of Celsa consists of a highly automated industrial facility producing all the various
prefabricated reinforcement products, e.g. the reinforcements cages highlighted in this case study. The service part of
the operational platform supports the production line and provides services in terms of 3D-design, quality control and
clash detection, logistical services and an information management system.
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3.1.3. Market position
The company has two lines of businesses. The first and original one is the production of raw standard reinforcement
products such as bars, coils and wire rods sold by tonnage. The other line of business represents the refined
prefabricated reinforcement products and additional services as described in the PSS-offering in this study. The
development of PSS-offerings and its added value to their customers is a way for Celsa to answer to the increasing
competition from international suppliers of raw, unrefined, reinforcement products.
3.1.4. Review of Celsa’s PSS-offering
The PSS-offer of Celsa represents a resource-based, i.e. an inside out [24], business approach based on the
company’s technological knowledge and competences, production facilities, information and logistical infrastructure
and other resources. An essential requirement for this approach is the ability to exploit the internal and external
competences, but also to find a market demand and to create value for their customers [25,26].
However, Celsa has not yet fully managed to create this market demand for their PSS-offer. Contractors principally
ask for raw reinforcement products for single building or construction projects and select their reinforcement suppliers
by lowest price per tonnage. Accordingly, Celsa still competes with other suppliers by lowest prices on raw
reinforcement products, and their PSS-offering is reduced to a potential after-sale if they win the original bid.
Thus, this is an example of where the market position and business models are not renewed in parallel with the
development and implementation of the PSS-offering. Instead, Celsa still operates in the traditional market place of
raw reinforcement products, and consequently, face difficulties to promote and market their PSS-offering.
3.2. Case 2: Gyproc – The XRoc wallboard system
The Gyproc case reviews the product and services related to the new XRoc wallboard system, initially introduced
in a hospital building project in Denmark called “Det Nye Rigshospital” (in Danish) [27].
3.2.1. The PSS-offering
This PSS-offering is represented by Gyproc’s new wallboard system called XRoc and its related services in terms
of technical design, assembly instruction and performance validation. The XRoc wallboard is specially designed to
absorb ionising radiation (e.g. X-Rays) from CT scanners and similar devices frequently used in hospitals. The XRoc
wall system is free from lead, which significantly improves the health and safety aspects compared to the handling and
erection of traditional lead-based wallboards.
3.2.2. Operational platform
Gyproc is an international company with 12 000 employees in 56 countries with a long experience in developing,
manufacturing and distribution of lightweight gypsum plasterboard systems for interior walls and ceilings and other
building materials [28]. Gyproc’s operational platform is competitive, well developed and is supported by the global
Saint-Gobain Group [29], of which Gyproc is one of about 1 000 companies. The XRoc wallboard system is a result
of internal research and development carried within the Saint-Gobain Group.
3.2.3. Market position
Gyproc’s business partner in the hospital project of this case study is a wholesaler of building materials, from which
the contractor orders the XRoc system, traditional gypsum boards and other goods provided by Gyproc. Thus, Gyproc
has a remote market position, with no direct business relations to the contractor or other actors of the building project.
3.2.4. Review of Gyproc’s PSS-offering
Gyproc’s PSS-offer represents a market–based, i.e. an outside-in, business approach where the contractor’s
demands and needs provide the starting point [30]. During the project the contractor turned to Gyproc asking for help
and support with the design and validation of technical solutions for e.g. ventilation ducts, electrical switches, walls
plugs, door cases other connections through the XRoc wallboard system. Traditional led-based solutions were not
allowed in the project due to client demands.
It is perfectly in line with Gyproc’s general business idea to develop and market technical solutions for their
customers. However, Gyproc’s market position in the hospital project did not support this strategy. As Gyproc had no
business relation with the contractor of the building project, there were questions and uncertainties about the liabilities
and warranties of the technical solutions provided and not least, the reimbursement for Gyproc’s services. Obviously,
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Gyproc needs to establish a market position higher up in the value chain in order to support the PSS-offering of the
XRoc wallboard system.
4. Conclusion
The two case studies reveal significant challenges related to the implementation and marketing processes of product
service systems. The companies that are developing and expanding their business offers by providing new product
service systems find themselves operating in two parallel market segments, i.e. the traditional market of construction
components and the new market of product service systems. The product service systems reviewed in the two case
studies show a strong focus and emphasis on the development of the offer and the operational platform, while the
companies role and market position remains unchanged. Thus, the case study companies organise and operate their
businesses and market relations as before the implementation of the product service system. The conclusion is that
development and implementation of product service systems in construction, even at the low end of product complexity
represented by single building components, require awareness in the companies’ offer of products and services,
development in operational platforms as well as clear market position.

References
[1] M. H. Meyer and A. P. Lehnerd, The Power of Product Platforms: Building Value and Cost Leadership, New York: The Free Press, 2011.
[2] D. M. Gann and A. J. Salter, “Innovation in project-based, service-enhanced firms: the construction of complex products and systems,”
Research Policy, vol. 29, no. 7-8, pp. 955-972, 2000.
[3] J. Gosling och M. M. Naim, ”Engineer-to-order supply chain management: A literature review and research agenda,” International Journal of
Production Economics, vol. 122, nr 2, pp. 741-754, 2009.
[4] K. T. Ulrich and S. D. Eppinger, Product Design and Development, New York: McGraw-Hill, 2011.
[5] D. Robertson and K. Ulrich, “Planning for Product Platforms,” Sloan Management Review, vol. 39, no. 4, pp. 19-31, 1998.
[6] J. Barlow and R. Ozaki, “Achieving 'Customer Focus' in Private Housebuilding: Current Practice and Lessons from Other Industries,” Housing
Studies, vol. 18, no. 1, pp. 87-101, 2003.
[7] J. Barlow, P. Childerhouse, D. Gann, S. Hong-Minh, M. Naim and R. Ozaki, “Choice and delivery in housebuilding: lessons from Japan for
UK housebuilders,” Building Research & Information, vol. 31, no. 2, pp. 134-145, 2003.
[8] J. Lessing, Industrialised House-Building, Conceptual Orientation and strategic perspectives, Lund: Faculty of Engineering, Lund University,
2015.
[9] T. S. Baines, H. W. Lightfoot, S. Evans, A. Neely, R. Greenough and J. Peppard, “State-of-the-art in product-service systems,” Journal of
Engineering Manufacture, vol. 221, no. 10, pp. 1543-1552, 2007.
[10] A. Tukker and U. Tischner, “Product-services as a research field: past, present and future. Reflections from a decade of research,” Journal of
Cleaner Production, vol. 14, no. 17, pp. 1552-1556, 2006.
[11] O. K. Mont, “Clarifying the Concept of Product-Service System,” Journal of Cleaner Production, vol. 10, no. 3, pp. 237-245, 2002.
[12] E. Manzini och C. Vezzoli, ”A strategic design approach to develop sustainable product service systems: Examples taken from the
'environmentally friendly innovation' Italian prize,” Journal of Cleaner Production, vol. 11, nr 8, pp. 851-857, 2003.
[13] A. Cox and P. Ireland, “Managing Construction Supply Chains: The Common Sense Approach,” Engineering, Construction and
Architectural Management, vol. 9, no. 5-6, pp. 409-418, 2002.
[14] M. Naim and J. Barlow, “An Innovative Supply Chain Strategy for Customised Housing,” Construction Management and Economics, vol.
21, no. 1, pp. 593-602, 2003.
[15] A. Dubois and L.-E. Gadde, “The construction industry as a loosely coupled system: implications for productivity and innovation,”
Construction Management and Economics, vol. 20, no. 7, pp. 621-631, 2010.
[16] T. Brady, A. Davies and D. Gann, “Can integrated solutions business models work in construction?,” Building Research & Information, vol.
33, no. 5, pp. 571-579, 2005.
[17] Celsa - Företaget, ”Celsa - Företaget,” 13 03 2018. [Online]. Available: www.celsa-steelservice.se/foretaget/.
[18] Saint-Gobain, »Om Saint-Gobain,« 13 03 2018. [Online]. Available: http://www.saint-gobain.dk/.
[19] W. Pan and C. Goodier, “House-Building Business Models and Off-Site Construction Take-Up,” Journal of Architectural Engineering, vol.
18, no. 2, pp. 84-93, 2012.
[20] S. Brege, L. Stehn and T. Nord, “Business models in industrialized buildning of multistorey houses,” Construction Management and
Economics, vol. 32, pp. 208-226, 2014.
[21] M. Höök, L. Stehn and S. Brege, “The development of a portfolio of business models: a longitudinal case study of a building material
company,” Construction Management and Economics, vol. 33, no. 5-6, pp. 334-348, 2015.
[22] J. Lessing and S. Brege, “Business models for product-oriented house-building companies – experience from two Swedish case studies,”
Construction Innovation, vol. 15, no. 4, pp. 449-472, 2015.
[23] ”Celsa Group,” [Online]. Available: www.celsagroup.com/. [Använd 13 03 2018].
[24] C. K. Prahalad and G. Hamel, “The Core Competence of the Corporation,” Harvard Business Review, vol. 68, no. 3, pp. 79-91, 1990.
[25] B. Wernerfelt, “A resource-based view of the firm,” Strategic Management Journal, vol. 5, no. 2, p. 171–180, 1984.

639

CCC 2018 Proceedings

DOI 10.3311/CCC2018-084

[26] D. J. Teece, G. Pisano and A. Shuen, “Dynamic Capabilities and Strategic Management,” Strategic Management Journal, vol. 18, no. 7, pp.
509-533, 1997.
[27] Region Hovedstaden, »Det nye Rigshospital,« [Online]. Available: www.rigshospitalet.dk/nythospitalblegdamsvej/Sider/default.aspx. [Senest
hentet eller vist den 28 03 2018].
[28] Gyproc Saint-Gobain, “About Gyproc,” [Online]. Available: www.gyproc.in/company-pofile. [Accessed 27 03 2018].
[29] Saint-Gobain, ”Om Saint-Gobain,” 07 06 2016. [Online]. Available: www.saint-gobain.se/om-saint-gobain.
[30] M. E. Porter, “What is strategy?,” Harvard Business Review, vol. 74, no. 6, pp. 61-78, 1996.

640

