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Abstract: Digitalization has the potential to radically 
change the way buildings are designed, produced, and 
operated. In this digital transformation, the establish-
ment of information standards play an important role. 
However, despite substantial efforts in the development 
of both technology and standards, these are not yet fully 
adopted in construction. This study aims to review the 
adoption of standards and to examine whether suppli-
ers of prefabricated concrete elements have transformed 
their business models. The purpose is to strengthen the 
understanding of the interplay between the adoption of 
standards and business model renewal. Driving forces for 
the adoption of standards are identified and coupled with 
suppliers’ arguments for business model protection and 
renewal, explained in terms of a market and a hierarchy 
approach. The market approach embraces the adoption of 
open standards for improved competition and information 
exchange along with the further adoption of industrialized 
construction. This study identifies that common standards 
for precast elements are lacking, which leads to waste in 
terms of structural re-design and liability uncertainties. 
On the other hand, a market situation with open stand-
ards is challenging for suppliers to utilize and benefit from 
their existing operational platforms. Suppliers of precast 
elements strive for a hierarchy approach, that is, the 

adoption of the whole value chain, to protect their market 
position and continue offering structural frameworks and 
services. This concurs with arguments for industrialized 
construction, which emphasize the benefits of continuous 
improvements. This study contributes to the understand-
ing of drivers and impediments for the up-take of stand-
ards versus business model renewal in construction.

Keywords: industrialized construction, information 
standards, business model, precast element, product 
service system

1  Introduction
Digitalization is the single most significant change factor 
of the whole value chain of construction, with thorough 
implications on new technology as well as organization 
and processes (Eadie et al. 2015; Leviäkangas et al. 2017; 
Rizal 2013; Salman et al. 2012). A strong driver for digital-
ization in construction is the request for continuous and 
integrated information exchange between all actors of the 
construction process (Andersson et al. 2018;  Thompson 
et  al. 2017), which will ease communication and collab-
oration and will facilitate productivity improvements  
(Edirisinghe and London 2015). The potential of integrated 
and digital communication and information exchange 
in construction depends significantly on the establish-
ment of common information standards (Koch 2017), file 
formats, and business models (Ekholm et al. 2013). Stand-
ards constitute a classification of information and rules 
for the building processes. Andersson et al. (2018) identify 
three main categories of standards:

•	 concepts and classifications
•	 data storage and transfer formats
•	 information deliveries

There are numerous examples of national and inter-
national classification systems developed to support the 
increasing digitalization in construction. CoClass is one 

*Corresponding author: Niclas Andersson, Faculty of Technology 
and Society, Malmö University, Nordenskiöldsgatan 1, S-211 19 
Malmö, Sweden, E-mail: niclas.andersson@mau.se  
Jerker Lessing, Department of Civil & Environmental Engineering, 
Stanford University, Stanford, CA 94305, USA

© 2019 The Authors. Published by Organization Management &  
Technology in Construction (OTMC).
This paper is an extended version of Andersson and Lessing (2019a), 
presented at the Creative  Construction Conference 2019, 29 June -  
2 July 2019, in Budapest.

 Open Access. © 2020 Andersson and Lessing, published by Sciendo.    This work is  
licensed under the Creative Commons Attribution NonCommercial-NoDerivatives 4.0 License.



2110   Andersson and Lessing, Industrialized construction – Standards and business models

example of a new Swedish classification system designed 
to improve information management in the construc-
tion and asset management sector (Smart Built Environ-
ment 2017). The CoClass builds largely on the interna-
tional ISO (ISO 12006-2 and ISO 81346-12) and IEC22 (IEC 
81346-2) standard systems and relates to IFC, the global 
standard for data exchange in the building industries  
(BuildingSMART, 2020a). Similar classification systems 
are, for example, the Danish Cuneco Classification System 
(Cuneco 2013), the OmniClass (OmniClass 2017), created 
and used by the North American architectural, engineer-
ing and construction industry (AEC) and the Uniclass, that 
supports the construction sectors of the UK.

The civil infrastructure sector demonstrates an 
example of the need for open standards due to digitaliza-
tion in the development project called “The Virtual Con-
struction for Roads.” The National Road Authorities of the 
Netherlands and Sweden initiated this project in 2012 to 
improve the data exchange in the civil infrastructure sector 
by developing open standards for exchange and sharing 
of road information with commercial actors in the sector 
(Andersson et al. 2018). The background for this initiative 
was that the private civil infrastructure sector showed 
limited interest in investing in the standardization of data 
exchange formats, and therefore, software suppliers did 
not want to develop software for infrastructure clients as 
the market potential of their products was considered too 
uncertain (Koehorst 2017). In the real estate sector, five 
Swedish public construction client organizations have 
taken a similar initiative to develop open standards to 
facilitate the systematic use of BIM in building projects 
and real estate management (Andersson et al. 2018).

National authorities of Land Survey in Europe take 
important initiatives for integration between BIM and 
geographical information systems (GIS), for example, 
by supporting the EU Directive INSPIRE that will enable 
the sharing of environmental spatial information among 
public sector organizations, facilitate public access to 
spatial information across Europe and assist in policy- 
making (European Commission 2019). Another example 
within land surveying is the standard data model and 
exchange format of CityGML that enables common 3D 
urban objects of cities and landscapes, such as buildings, 
roads, rivers, bridges, and vegetation, to be shared and 
exchanged between applications. CityGML builds upon 
the Geography Markup Language 3 (GML3) and the inter-
national standard for spatial data exchange issued by the 
Open Geospatial Consortium (OGC) and the ISO TC211 
(El-Mekawy et al. 2011). CityGML is also used as an inter-
connector with IFC to bridge GIS and BIM (de Laat and van 
Berlo 2010) and enable unified applications in the areas 

of urban planning, property formation, building permis-
sions as well as building construction analysis and coor-
dination of construction supply chains (Deng et al. 2019; 
Chognard et al. 2018).

The establishment of Construction Operations Build-
ing Information Exchange (COBie) provides an example of 
a standard data spreadsheet format that facilitates infor-
mation deliveries from BIM systems to Computer-Aided 
Facility Management systems for facility’s operation and 
maintenance (FM) (Lee et al. 2013). As such, COBie sup-
ports the handover of data from the design and construc-
tion phases to the facilities management by incrementally 
extracting and systematically store relevant FM-informa-
tion as it emerges from design and construction documen-
tation. The COBie specification rests upon open formats, 
such as Extensible Markup Language, SpreadsheetML or 
the IFC STEP format, designed for the exchange of data 
between systems (Schwabe et al. 2018).

BuildingSMART (2020b,c) has developed bsDD, the 
buildingSMART data dictionary, which constitutes an 
open and international standard library of construction 
concepts and their attributes. The bsDD allows architects, 
consultants, owners, and operators on one side and, 
product manufacturers and suppliers on the other side, to 
share and exchange product information at a global level 
(Beetz 2014).

Thus, there are several examples of local, national, 
and international standard classification systems that 
share the same fundamental idea of facilitating integrated 
information flow between systems and actors of the con-
struction process. Such an integrated information infra-
structure reaches beyond the AEC industry and includes 
urban planning, civil infrastructure, real estate manage-
ment, building material manufacturing, industrialized 
construction, and other aspects of the construction sector.

1.1  Problem statement

Digitalization in construction is transforming the way 
buildings are conceived, designed, constructed, and oper-
ated and bring promises of productivity improvements, 
ease of communication and collaboration (Leviäkangas 
et al. 2017; Salman et al. 2012). The development and 
implementation of common information standards repre-
sent an apparent contribution in this process of digitali-
zation (Koch 2017). However, despite rigorous efforts on 
the development of information standards and consider-
able advancements in technology, standards have not yet 
been fully adopted, and benefits from digitalization have 
not been fully capitalized upon by industry stakeholders 
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(Edirisinghe and London 2015). The research reports on 
several impediments for the implementation of digital 
solutions and the adoption of standards in construction.

Ghaffarianhoseini et al. (2017) explain the limited 
uptake of BIM in construction with references to business 
risks and challenges related to the implementation of 
new technology and work processes. Rizal (2013) points 
at commercial and legal barriers as a leading reason 
for the limited implementation of BIM. The creation of 
COBie deliverables, mentioned above, is somehow prob-
lematic due to incomplete understanding of end-users 
and insufficient software implementation, which dimin-
ish the acceptance among practitioners (Schwabe et al. 
2018). Users and implementers of the Data Dictionary, 
bsDD, hesitate to rely on a single provider for the access of 
content due to issues of an extensive number of concepts, 
the dependency of a centralized system, and the constant 
evolution of vocabulary (Beetz 2014). Koch (2017) refers to 
a lack of legal demands for using information standards 
as an impediment to the adoption of information stand-
ards. National policy initiatives range from exclusive man-
datory requirements to more market-driven laissez-faire 
approaches, resulting in different implementation levels 
of digitalization in construction internationally (Ediris-
inghe and London 2015). Other important barriers for 
adoption of standards and digitalization in construction 
relates to the renewed requirements for legal governance, 
contractual systems, forms of procurement, and business 
models (Alreshidi et al. 2016; Dixit et al. 2019; Arshad et al. 
2019; BIM Alliance 2016).

Accordingly, construction digitalization and adoption 
to new standard systems provide thorough change processes 
for all stakeholders that need to reconsider their business 
models, protect and/or reconfigure their commercial offers, 
and balance the risk distribution with their customers and 
suppliers to develop their competitive advantage and main-
tain their revenue (Smart Built Environment 2019).

1.2  Purpose, objectives, and delimitations

This study aims to identify and review the adoption of 
standards and business model renewal for industrialized 
suppliers of precast concrete elements to bring light on 
the driving mechanisms for the adoption of standards 
versus business model renewal.

The empirical data collected from industrial suppli-
ers of precast concrete elements, in this study, referred to 
as precast suppliers, are delimited to Swedish companies 
and their operation on the Swedish construction market. 
The same geographical limitation goes for the contractors, 

property developers, and trade organizations covered in 
the study. All these companies and organizations repre-
sent well-established, strong, and large players in their 
respective lines of business. The literature review relies on 
international references, and some comparisons are made 
between the Swedish and the Nordic market of precast 
concrete.

2  Method
This qualitative study operates in the business interface 
between industrialized and project-based construction. To 
understand, describe, and critically review the business 
relations and adoption of standards among precast suppli-
ers, contractors, property developers, and trade organiza-
tions, semi-structured interviews were carried out with key 
representatives in this field. All interviews were recorded, 
transcribed, and were sent back to the respective respond-
ents for proofreading and eventual corrections in the docu-
mentation. Additional data collected through the literature 
studies and product documentation, that is, the examina-
tion of model-generated drawings and technical documen-
tation of precast products, supplemented the interviews. 
Altogether, the interview series included 11  interviews 
with key representatives from 10 different companies and 
organizations representing the industrialized as well as the 
project-based side of construction. See companies, lines of 
businesses, and roles of the interviewees in the list below.

•	 Abetong AB (Abetong 2019), precast supplier, head of 
the division

•	 Akademiska Hus (Akademiska Hus 2018), state-owned 
property company, expert

•	 Assoc. of Swedish Building Materials Merchants 
( Byggmaterialhandlarna 2019), trade organization, 
project manager

•	 BoKlok (BoKlok 2019), housing developer/prefab, 
head of research and development

•	 IKANO Bostad (IKANO Bostad 2019), contractor/prop-
erty developer, head of the production

•	 NCC (NCC 2019), contractor/property developer, head 
of research and development

•	 StruSoft AB (StruSoft AB 2019), software provider/
precast industry, and business unit director

•	 Tyréns (Tyréns AB 2019), technical consultancy/
precast design, head of the department

•	 Veidekke Bostad (Veidekke 2019), contractor/property 
developer, and project developer

One of the interviewed precast suppliers wanted to 
stay anonymous.
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3  Industrialized construction
Fundamentally different production systems aggravate 
the establishment of common information standards and 
coherent information exchange in industrialized and  
 project-based construction (Cox and Ireland 2002). Complex 
and unique products, temporary organizations, and onsite 
production methods (Gann and Salter 2000; Gosling and 
Naim 2009) characterize project-based construction, which 
offers limited incentives and possibilities for systematical 
repetition and improved production methods (Dubois 
and Gadde 2010). Industrialized construction represents 
a systematic, controlled, and standardized production 
process of well-defined elements and building systems, 
which facilitates the collection of experiences from the 
design, production, and assembly of the building system 
as a basis for continuous improvements (Lessing 2015). 
The understanding of industrialized construction has 
evolved over the years, from the mere off-site prefabrica-
tion of building elements to the design and manufacturing 
of more complex building systems, for example, complete 
structural frameworks composed by a specific set of slabs, 
walls, pillars, and beams (Lidelöw et al. 2015). The precast 
suppliers reviewed in this study operate as manufacturers 
of standard precast elements as well as suppliers of com-
plete structural frameworks for buildings.

4   The business model framework  
of precast suppliers

The review of business models and information stand-
ards among precast suppliers in this study has its 
 starting point in the business model framework for 
industrial house-building companies presented by 
Brege et al. (2014). This business model consists of 
the operational platform, the market position and, the 
offering (Figure 1).

4.1  The operational platform

The operational platform describes the precast suppliers’ 
internal structure of resources, competencies and produc-
tion facilities, but it also includes activities and operations 
such as management, planning, design, supply chain, 
and information and communication systems (Liker 2004; 
Ohno 1988; Bellgran and Säfsten 2009). Thus, the opera-
tional platform provides the foundation from which the 
companies’ offers derive.

All the precast suppliers in this study have made con-
siderable investments in sophisticated industrial produc-
tion facilities, capable of producing all kinds of precast 
elements. The operational platforms also include sophis-
ticated services in terms of customization of elements, 
structural design of building systems, planning and logis-
tical services, as well as clash detection and coordination 
with MEP-suppliers. Overall, the operational platforms of 
the precast suppliers must be considered well developed 
and highly competitive.

4.2  The offering

The offering represents the products and services pro-
vided by precast suppliers. There are two distinct types of 
offers identified among the precast suppliers. The first is 
the traditional offer of precast elements such as concrete 
pillars, columns, stairs, walls, and slabs. Even though this 
type of offer is highly focused on standardized products, 
they also involve some customization for the unique needs 
of each building project.

The other type of offering includes the whole concept 
of structural design, manufacturing, logistical services, 
and assembly of complete precast concrete structural 
frameworks. This offering is an example of complex struc-
tural concrete frameworks composed of several standard-
ized and well-documented building elements of precast 
concrete slabs, walls, pillars, and beams. Offerings that 
systematically combine both tangible products and intan-
gible services are commonly referred to as product-service 
systems (PSS) (Manzini and Vezzoli 2003; Mont 2002; 
Tukker and Tischner 2006). With PSS-offerings, the busi-
ness’ focus shifts from the design and manufacturing 
of physical products to a combined offering of products 
and services (Manzini and Vezzoli 2003). Strong drivers 
for the precast suppliers’ development of their PSS- 
offerings are the extended possibilities for customization 
(Mont 2002), the establishment of long-term business 
relationships (Manzini and Vezzoli 2003), and extended 
business opportunities (Andersson and Lessing 2019b). 

 

Market Position Operational Platform

Offering

Fig. 1: The business model framework used as the basis of analysis 
(Brege et al. 2014).
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The precast suppliers find it difficult to compete solely 
by producing a standard set of precast elements. Besides, 
PSS-systems enable systematic, controlled, and standard-
ized production processes that make it possible for the 
precast supplier to monitor and gather experiences from 
the design, manufacturing, logistics, and assembly of the 
precast elements as a basis for continuous improvements 
(Lessing 2015). This study will refer to the precast suppli-
ers’ offerings of complete precast structural frameworks 
as PSS-offerings.

5  The market position
The market position of the business model framework 
describes how precast suppliers relate to their customers 
on the market. The precast suppliers in this study operate 
in two principal lines of business. The offering of stand-
ard precast elements with minor customization represents 
the traditional line of business, in which general contrac-
tors constitute the typical client. In this line of business, 
the precast suppliers act in the role of a manufacturer of 
building elements with limited involvement in the onsite 
building production.

The other line of business represents the PSS- 
offerings of complete precast structural frameworks and 
additional services. In this line of business, the precast 
supplier operates as a contractor with full responsibility 
for the design and construction of the structural frame-
work. Accordingly, the precast supplier acts on behalf of 
the building client, cooperates with the design team, and 
is directly involved in the onsite production side by side 
with the general contractor.

6   Standards versus business 
models

6.1  Standards for precast concrete elements

The precast suppliers in this study produce more or less 
the same set of products, that is, concrete walls, slabs, 
pillars, beams, and stairs. However, despite the almost 
identical range of products, there is no common standard 
for the classification of various precast elements and their 
properties. Instead, all precast suppliers have developed 
their company-specific classification systems with the 
unique nomenclature and geometrical definitions of their 
concrete elements (Table 1).

The lack of common standards impedes the precast 
suppliers’ communication and information exchange 
with their clients or members of the design team. Further, 
it prevents the integration between the structural design 
of precast and in-situ frameworks and renders numerous 
situations of rework, that is, waste, when a structural 
design solution for in-situ production needs translation 
into a corresponding solution for precast manufacturing 
(Andersson and Lessing 2017).

The other Nordic countries of Finland and Norway 
show a different situation about national standards for 
the design of structural frameworks. The Finish publica-
tion series of “Common BIM requirements 2012” includes 
hitherto 13 sections, with common requirements for 
models and model information contents. Section 5 in this 
series covers structural BIM-modeling and the required 
information content of the BIM models produced by the 
structural designer (COBIM 2012). These common BIM 
requirements are to be mandatorily applied in all design 
contracts in Finland. Besides, the Finish BES system 
represents a specific standard system for precast ele-
ments that build upon standard modular dimensions for 
slabs, interior and external walls, bathrooms, staircases, 
and other precast elements of standard dimensions 
(Warszawski 2005). The precast elements can be config-
ured within the constraints of the modular dimensions 
and the defined element interconnections. Correspond-
ing standard systems for industrialized construction 
is prevalent in Norway (Edirisinghe and London 2015), 
where the civil state client of Statsbygg has presented a 
BIM guideline (Statsbygg 2013).

Despite the obvious advantages of open standards for 
precast structural frameworks, as in Finland, the Swedish 
precast suppliers express reluctance, or at least hesita-
tion, about the adoption of open standards. Any structural 
engineer can execute the structural design for precast ele-
ments based on open standards, and the situation is the 
same for logistical services and assembly of precast ele-
ments on site. Consequently, open standards for precast 
elements will challenge the market for PSS-offerings and 
reduced the precast suppliers to mere manufacturers of 
precast elements.

Tab. 1: Examples of precast suppliers’ naming of the different types 
of concrete elements.

Product Supplier A Supplier B Supplier C

Wall (solid) V RV V
Wall (sandwich) RW RW W
Pillar (circular) P or OP OP P
Pillar (rectangular) P or RP RP P
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6.2  Business models for precast suppliers

The precast suppliers require early involvement in the 
project process to fully compete and harvest the full busi-
ness potential of their PSS-offerings. Too late involvement 
will lead to unnecessary waste in terms of re-design of the 
structural framework and will render uncertainties about 
responsibilities for the structural design. The precast sup-
pliers get involved early in a project, for example, when 
hired directly by the building client, which can be the case 
in separated coalitions. In this situation, the precast sup-
plier works closely with the architect and other technical 
engineers from the initial briefing and design stage of the 
project.

Early involvement can also be the case when the main 
contractor in an integrated project coalition procures the 
precast supplier. However, the contractors’ decision about 
whether to choose a precast or a traditional in-situ struc-
tural framework is sometimes a concern of the construc-
tion managers on-site rather than the technical engineers 
in the design phase. The contractors’ most pronounced 
benefits of precast structural frameworks are time-saving, 
improved working conditions, and better logistics, which 
all directly relate to improved conditions on the construc-
tion site. Consequently, decisions about applying precast 
suppliers are sometimes taken late even in integrated 
project coalitions.

The problem of late involvement is the same in the 
project with separated coalitions when the contractor 
procures the precast supplier after the architectural and 
structural design has been already completed by the 
initial design team. The original design documentation 
is typically done with an in-situ structural framework in 
mind. Consequently, the precast supplier needs to rede-
sign the structural framework to adapt it to a precast 
structural framework.

The given situation, with two parallel design solu-
tions, raises questions and uncertainties about responsi-
bilities between the original team of the architectural and 
structural design and the structural designer of the precast 
structural framework (Andersson and Lessing 2017).

7  Conclusions
This study, operating in the business interface between 
industrialized and project-based construction, identifies 
driving forces for the adoption of standards from a market 
perspective that counteracts with the precast suppliers’ 
arguments for market protection. Incentives for the adop-
tion of standards as well as renewed business models 

provide an example of a power balance between market 
and hierarchy (Williamson 1973).

The market approach promotes the adoption of open 
standards for the prefabrication industry, as in Finland. 
This approach will open up the market and making it pos-
sible for different actors using the same set of common 
standards to perform their respective parts of the value 
chain of precast elements. For example, one actor can 
do the structural design while another actor does the 
manufacturing of precast element and a third actor per-
forms the logistical service as well as the assembly of the 
precast elements on site. Open standards, thus, promote 
increased competition, support information exchange, 
and prevent the identified problems design rework when 
shifting from in-situ to precast structural frameworks. The 
market approach, however, implies a product focus where 
the market position of the precast supplier is reduced to 
a mere manufacturer of precast concrete. Competition 
is based on the lowest price for standard elements of 
low complexity, and business relations are described by 
delimited and project-based contracts (Figure 2).

With open standards, the precast suppliers cannot 
utilize and benefit from their existing operational plat-
forms with qualified structural design competences, 
logistical services, and resources for onsite assembly. 
The reserved attitude to the adoption of standards among 
precast suppliers identified in this study concurs with 
Koch (2017), who found that actors on markets with no 
legal demands for the use of standards will only consider 
the adoption of standards if it generates immediate bene-
fits for the business.

In the hierarchy approach, the precast suppliers try 
to align the whole value chain of precast structural frame-
works to provide PSS-offerings and to secure the most 

Market Position

Offering

Supplier of Precast 
Elements

Contractor of
Structural Frameworks 

Precast
Elements

PSS-
offerings

Standards Business Model

Market:
Product focus

Low complexity
Lowest price

Hierarchy:
Results, value 
Unique, complex
Trust

Fig. 2: Implications of standards and business models on offerings 
and market position.
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efficient use of their operational platforms. As a sup-
plier of PSS-offerings, precast suppliers act as turnkey 
contractors responsible for the design, manufacturing, 
deliverance, and assembly of the precast structural frame-
work. This integrated work process provides opportuni-
ties for the precast supplier to gather experiences from 
the design, manufacturing, logistics, and assembly of 
the precast elements as a basis for continuous improve-
ments. The hierarchy approach enables early involve-
ment, shared risk and rewards, and close collaboration 
with the design team as well as other contractors. Besides, 
business relations rely on trust rather than strict contrac-
tual agreements, the product is unique and complex and 
competition is a matter of capabilities and qualities of the 
expected results. Accordingly, precast suppliers promote 
their PSS-offers as a way to climb the value chain and get 
more closely involved in the project-based construction.

The future scenario of the two counteracting forces 
toward an approach of standards and open market or 
toward integrated business models and hierarchies is, of 
course, impossible to forecast. In the long run, however, 
the adaption and integration of the two approaches are 
needed to enable the full potential of precast solutions as 
an integrated part of the construction process.
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