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Technology, PO Box 217, Enschede, 7500 AE, The Netherlands

(Received 9 April 2021; final version received 29 May 2022)

Stimulating innovation through public procurement can lead to improved
performance, contribute to organizational and policy goals, but can also play a key
role in addressing societal challenges that cannot be adequately addressed by
conventional solutions. A significant amount of research has been carried out on
stimulating innovation through the public procurement of goods and services.
However, there is still a lack of knowledge on which procurement strategies and
tendering methods can be effectively used to encourage specific types of innovation
within larger public initiatives such as civil engineering projects and programmes.
The aim of this study is therefore to provide a coherent overview of innovation-
encouraging procurement strategies and tendering methods, and to relate their
potential effective use to the technology readiness of the targeted innovations, the
required level of cooperation between public client and contractor and the
willingness of public clients to bear innovation risks, and to provide incentives,
budget and solution space for these innovations. Based on a literature review and a
multiple case study, an innovation-encouraging procurement typology is developed.
In addition, a guideline is provided that can be used by public clients to select an
appropriate procurement strategy for their innovation projects and programmes.

Keywords: PPI; procurement strategies; tendering methods; civil engineering;
typology; innovation procurement; procurement selection guidelines

Introduction

Public procurement is increasingly used as a policy instrument to achieve horizontal
policy goals in addition to its primary objective of obtaining required goods, works and
services on the best possible terms (Arrowsmith 2010; Grandia and Meehan 2017).
Three such horizontal policy goals are: to reduce long-term unemployment, stimulate
small and medium enterprises and to reduce the environmental impact of procured
goods, works and services. Furthermore, public procurement can play an important role
in addressing societal challenges (Edquist and Zabala-Iturriagagoitia 2012; OECD
2017). As such, public procurement and innovation are recognized as two important
elements in the global effort to achieve the Sustainable Development Goals of the
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United Nations (United Nations Environment Programme 2017; United Nations General
Assembly 2015).

Over the past two decades, public procurement has again captured the interests of pol-
icymakers as a demand-side innovation policy instrument that can complement supply-
side policy instruments (Edler and Georghiou 2007; Edquist and Hommen 2000;
OECD 2017). With public spending representing 14% of the GDP in the European
Union (Grandia 2018), policymakers are becoming increasingly aware of the potential
of innovation-friendly procurement to spur economic development and growth (OECD
2011; Uyarra and Flanagan 2010). Furthermore, public organizations can also insist on
new solutions that address societal challenges and/or fulfil the needs of the procurement
organization (Edler and Yeow 2016; Edquist and Zabala-Iturriagagoitia 2020; Wesseling
and Edquist 2018). This trend is also reflected in the European Directive 2014/24/EU for
public procurement which gives high priority to innovation as an accelerator of social and
economic development. As stated in Recital 95: “It is of utmost importance to fully exploit
the potential of public procurement to achieve the objectives of the Europe 2020 strategy
for smart, sustainable and inclusive growth”.

In part due to the increased interest of policymakers, a significant amount of research
has been carried out on the use of public procurement to stimulate and procure inno-
vations over the last two decades. In their review of the different concepts, rationales
and approaches to stimulate innovation through public procurement, Lenderink,
Halman, and Voordijk (2019) also provide a review of existing typologies of public pro-
curement to induce innovation. The first typology of Public Procurement for Innovation
(PPI) was presented by Edquist and Hommen (2000). This typology has two dimensions.
The first dimension relates to the end-user of the procured product or service and makes
a distinction between the procurer as end-user of the procured product versus procurers
as catalysts if the procuring organization primarily acts to satisfy the needs of others,
either public or private. The second dimension relates to the level of innovation and
makes a distinction between completely newly created products, processes or systems
versus products, processes or systems that are not new to the world, but still new to
the country of procurement. This first typology was later modified by Hommen and
Rolfstam (2005) by extending the first dimension with a third cooperative category,
for cases in which the procurer shares the procured product, process or system with
other organizations. A somewhat distinctive typology on public procurement in relation
to innovation was provided by Uyarra and Flanagan (2010). This typology is based on
Kraljic’s model (1983) and Storper’s categorization (1997). One dimension makes a dis-
tinction between standardized versus specialised products while the other dimension
distinguishes between products developed for a dedicated versus generic market.
Based on the above-mentioned studies and research conducted by Edler (2009),
Edquist, Hommen, and Tsipouri (2002), and Hommen and Rolfstam (2009), Edquist
and Zabala-Iturriagagoitia (2012) developed a taxonomy that categorizes Public PPI
according to three dimensions: (i) the user of the purchased good; (ii) the character of
the innovation embedded in the resulting product and (iii) the cooperative or non-coop-
erative nature of the process.

So far, research on public PPI has dedicated limited attention to the procurement of
innovation-oriented civil engineering projects and programmes. In contrast to the procure-
ment of innovative goods and services, the procurement of innovative civil engineering pro-
jects and programmes requires a relatively long time frame to develop and realize a specific
project or programme (Davies,MacAulay, andBrady 2019). And inherent to the innovation
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ambitions of the public client, civil engineering projects and programmes also entail a
high risk and uncertainty profile that needs to be allocated and managed by the public
client (Lenderink et al. 2022). Further, civil engineering innovation projects and pro-
grammes always consist of a large number of interconnected parts, usually produced
by different suppliers (Gann and Salter 2000). As a consequence, an effective cooperation
between all the supplying parties but also between client and these suppliers is of utmost
importance (Eriksson et al. 2019). Considering the typologies that have been developed so
far, one may conclude that the dimension that relates to the degree of innovation and also
the one that relates to the degree of cooperation among procurers, suppliers are also
important to characterize public procurement for innovation of civil engineering projects
and programmes. However, they need further refinement and tailoring to the specific
context of civil engineering. By contrast, the value of the dimension that relates to the
end-user of the procured product or service is negligible. For the specific context of
civil engineering, a dimension that relates to the aims, scope and time frame of projects
and programmes would be of much more value. In conclusion, there is a need for a typol-
ogy that captures the different categories and options of public procerement for inno-
vation of civil engineering projects and programmes. And in addition, there is also a
lack of knowledge on which type of procurement strategies can be effectively used to
stimulate innovation within civil engineering projects and programmes. In order to con-
tribute in closing this gap in literature, the following research questionwill be answered in
this paper:

How to select an effective innovation-encouraging procurement strategy for specific projects
or programmes in the field of civil engineering?

The remainder of the paper is structured as follows. The paper starts with providing a lit-
erature background about important topics related to the realization of innovation in the
field of civil engineering projects and programmes. This literature section is followed
by a section in which the research methodology is explained that was used to collect
and analyse the data of eight cases in which the encouragement of innovation played
an important role in the procurement strategy. Next, a three-dimensional typology for
the classification of innovation procurement in civil engineering projects and programmes
is introduced. This is followed by a section in which the eight cases are described in detail.
This enabled to classify the cases and to evaluate their positioning in the developed typol-
ogy. Furthermore, a guideline is provided to assist public clients to select an appropriate
procurement strategy for their specific innovation projects and programmes. The paper
concludes with a section about the main contributions of this study for literature and prac-
tice. Finally, suggestions are made for future research.

Background literature

In this section, we first provide a general introduction about the characteristics of projects
and programmes in the field of civil engineering. This is followed by a definition of inno-
vation in the field of civil engineering and an explanation about the use of Technology
Readiness levels (TRL’s). Next, we discuss the literature about public procurement strat-
egies and tendering methods to realize innovation in the field of civil engineering. The lit-
erature background section ends with a summary of recent insights about the importance
of organisational cooperation between public clients and contractors to realise major inno-
vations in civil engineering projects and programmes.
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Projects and programmes in the field of civil engineering

As an industry, civil engineering and construction are geared towards the production of
Complex Products and Systems (CoPS) (Gann and Salter 2000; Winch 1998). CoPs are
seen as high-value capital goods which are designed and produced in one-offs, or small
batches, to meet the specific needs and requirements of individual customers (Hobday
1998, 2000). They consist of a large number of interconnected parts, usually produced
by different suppliers, that have to be integrated into the final product or system before
delivery to the client can take place (Gann and Salter 2000). The low volume production,
in comparison to mass-produced goods, allows greater customization and direct involve-
ment of the client in the design and production process. The production of CoPS is usually
organized in projects as this organizational form provides an effective way to manage the
complexities and uncertainties involved in the design and integration of the many inter-
connected parts in a final product or system (Hobday 2000). Projects are organized
around the achievement of one or more specific objectives within a predefined timeframe
(Munns and Bjeirmi 1996). In addition, they may also aim to contribute to secondary
objectives such as sustainability, social return or the stimulation of innovation.

With the increasing use of projects over time, programmes and programme manage-
ment have emerged as ways to improve coordination and balance the interests and priori-
ties between projects, as well as to achieve benefits which cannot be obtained by managing
projects individually (Pellegrinelli 2011; Project Management Institute 2017). Pro-
grammes can be defined as “a framework for grouping existing projects or defining
new projects, and for focusing all the activities required to achieve a set of major benefits”
(Pellegrinelli 1997). In comparison to projects, the aims and objectives of programmes
tend to be longer term, more abstract and strategic in nature, and are often defined in
terms of outcomes rather than outputs. Furthermore, the aims and objectives of pro-
grammes are more likely to change as needs change over time, and programmes do not
always have a fixed end date as projects tend to do (Pellegrinelli 1997). Programme man-
agement is also better able to cope with higher levels of complexity, ambiguity and risk
(Office of Government Commerce 2011). Finally, due to their ability to translate strategic
policy goals such as climate change adaptation and realising a circular economy into con-
crete projects (Pellegrinelli 2011), one can expect programmes to become increasingly
important as a tool to address these societal challenges (Volker 2019; Vosman 2020)
and to develop major innovations through successive innovation projects in a close
cooperation between project clients and contractors (Halman 2004, 2018).

A characterization of innovation in the field of civil engineering

The Organisation for Economic Co-operation and Development (OECD) defines innovation
as: “the implementation of a new or significantly improved product (good or service), or
process, a new marketing method, or a new organizational method in business practices,
workplace organization or external relations” (OECD/Eurostat 2005). In line with this defi-
nition, innovation in the field of civil engineering can be defined as the development and suc-
cessful implementation, of new ideas, products or processes in the design and realization of
new civil engineering objects (Lenderink et al. 2020). Innovations in civil engineering pro-
jects can be classified according to their degree of innovation. In the literature (e.g. Slaughter
(1998); Garcia and Calantone (2002); Lenderink et al. (2020)) the degree of innovation has
been placed on a continuum based on the level of change: from incremental innovations
(i.e. a small change) to fully radical innovations (i.e. completely new to the world, involving
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totally new technology). Besides the magnitude of change, innovations can also be classified
according to their degree of complexity, i.e. the expected linkages of an innovation to other
components, modules and the system as a whole (Henderson and Clark 1990; Lenderink
et al. 2020; Magnusson, Lindström, and Berggren 2011; Slaughter 1998).

With respect to technological innovations, a distinction is made between product inno-
vation and process innovation (conform e.g. Schilling 2020; Tidd and Bessant 2018).
Product innovation can be characterized as an innovative solution which leads to a sub-
stantial improvement in the functionality and/or sustainability of an object, the extension
of the functionality of an object or and/or the technical performance of an object. And a
process innovation is defined as an innovative solution to increase the efficiency of the
construction process (Lenderink, Halman, and Voordijk 2019). To realize technological
innovations in the field of civil engineering, a gap between required and acquired techno-
logical knowledge needs to be bridged during the development and realization of the
project or programme. For radical innovations this knowledge gap – expressed as a tech-
nology readiness level (TRL) – will naturally be more significant than for incremental
innovations. The concept of TRLs has been developed during the 1970s by NASA for esti-
mating the maturity of a technology (Sadin, Povinelli, and Rosen 1989). Since then, the
TRL system has been further developed and has been put into use by many authorities.
The European Commission has adopted the TRL system to stimulate specific phases of
technology development. TRL as established by the European Commission has adopted
the TRL system to stimulate specific phases of technology development. The TRL
system as established by the European Commission distinguishes nine levels and four
phases. The first three levels (TRL 1, 2, 3) belong to “discovery”, followed by TRL 4,
5 and 6 of the “development” phase. TRL 7 and TRL 8 belong to the “demonstration”
phase, with TRL 9 “deployment” as the final development phase (EARTO 2014). Typi-
cally, the development and realization of incremental innovation projects have a TRL
between TRL8 and TRL9 while radical innovation projects have a TRL between TRL4
and TRL6.

Procurement strategies and tendering methods to realize innovation in civil
engineering

In the directives for public procurement of the European Union public procurement is
defined as:

The acquisition by means of a public contract of works, supplies or services by one or more
contracting authorities from economic operators chosen by those contracting authorities,
whether or not the works, supplies or services are intended for a public purpose. (European
Parliament and the Council of the European Union 2014)

In adopting this definition, we consider all stages of the process of acquiring works,
supplies or services to be part of public procurement. Activities in these stages can
range from the identification of needs up to the management of contracts. Further, in
line with van Weele (2009) the tendering process is considered to be a specific part of
the procurement process that focusses on the selection and contracting of a supplier.

Given the large influence of the project or programme on the procurement strategy in
civil engineering, three strategic levels with respect to procurement can be distinguished.
The first level is the procurement initiative, which refers to decisions on the level of the
civil engineering project or program in which the procurement occurs. This includes
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decisions that characterise the initiative, such as scope, budget and duration, as well as, the
predetermined aims and objectives which are pursued in the initiative. The second level is
the overall strategy, which refers to the plans for how the predetermined aims and objec-
tives can be realized in the procurement process. Examples are to follow a two-stage
approach to split the development phase from the realization phase. Or to provide a
subsidy to support the needed R&D activities. The third level is tendering methods,
which refers to the different procedures that can be followed as part of the procurement
strategy. Examples of important elements of tendering methods are the used procurement
procedure, selection criteria, award criteria and contractual arrangements.

The most common project delivery model in civil engineering is the design-bid-build
model where nearly all of the design activities are performed before a public tender for the
realization of the work is published. This delivery model is widely used for straightfor-
ward projects of small to medium size where the additional value of involving the main
contractor in design activities is expected to be limited. Integrated delivery models, on
the other hand, are often used for larger and more complex projects to allow for incremen-
tal innovation and optimization between different stages of the project lifecycle (Blayse
and Manley 2004; Eriksson et al. 2019). Contracts for Integrated delivery models range
from Engineering and Construct (E&C), and Design and Construct (D&C) up to the inte-
gration of Design, Build, Finance, Maintenance and Operation (DBFMO) activities in one
contract (Lenferink, Tillema, and Arts 2013).

Alongside widely used open, restricted and limited tender procedures, there are
several public procurement procedures permitted under the European law which
provide additional opportunities for stimulating innovation (Directive 2014/24/EU,
2014; Telles and Butler 2014). The competitive dialogue and the competitive procedure
with negotiation both allow greater communication and interaction between the tenderers
and the client by including one or more meetings in the tender procedure (Hoezen, Voor-
dijk, and Dewulf 2014). The client can also organize market consultations as part of the
market approach to inform and consult the market about the assignment prior to the tender
(Lenderink, Halman, and Voordijk 2019; Semple 2015). In comparison to the previous
procedures, the design contest, pre-commercial procurement and innovation partnership
approaches are mostly geared towards the development of new solutions (Georghiou
et al. 2015). Here, one should note that a pre-commercial procurement is a targeted
subsidy for the development of new solutions and is not regulated by procurement law
(Edquist and Zabala-Iturriagagoitia 2015).

One of themainways for public clients to stimulate innovation is the use of high-quality
standards (Dalpé 1994; Geroski 1990) and innovation-oriented award criteria (Dreschler
2009; Lenderink et al. 2020; Loosemore and Richard 2015). This is to provide incentives
to tenderers to offer high-quality and potentially innovative solutions. Public clients can
also stimulate innovation in public tenders through the use of functional instead of technical
specifications which provide more solution space to tenderers for offering alternative sol-
utions (Edquist, et al., 2015). Lastly, arrangements on intellectual property rights can also
provide incentives to tenderers for offering innovations (Edler et al. 2015).

The importance of cooperation between public client and contractor

Interorganisational cooperation is considered an essential aspect of realizing innovation in
CoPS where physical and human resources are dispersed among various organisations
(Rutten, Dorée, and Halman 2009; Barlow 2000; Gann and Salter 2000). Khalfan et al.
(2008) and Caldwell Roehrich, and Davies (2009) concluded in their study that,
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through public clients’ initiatives, there is great potential to utilize the expertise and
knowledge of suppliers and manufacturers in civil engineering and construction projects.
In this respect, a public client can act as a catalyst to promote innovative thinking by sup-
porting public client–supplier–manufacturer collaboration.

In his study on procurement effects on coopetition in client-contractor relationships,
Eriksson (2008) has positioned cooperation and competition as opposite sides of a conti-
nuum. He divides this continuum into a range from: (1) a state of pure competition to; (2)
competition-based coopetition to; (3) a state of coopetition; to (4) cooperation-based coo-
petition and ending with; (5) a state of full cooperation. To realize innovation in civil
engineering projects, Eriksson and Westerberg (2011) indicated that a high level of inte-
gration between client and contractor should be taken care of resulting in a joint involve-
ment in subcontractor selection and integration; an incentive-based payment on
innovation performance criteria and; the usage of collaborative tools such as the usage
of joint IT-tools, joint risk management and a joint project office.

Unfortunately, the study of Eriksson (2008) also shows that in the construction indus-
try, clients’ procurement procedures often facilitate a focus on competition and not on
cooperation. This explains the relatively low level of innovations in the construction
industry.

In conclusion, since innovation in the field of civil engineering must take place in
project or programme constellations consisting of a public client and supplying firms,
these firms are much dependent on public clients to allow for innovation (Ivory 2005;
Loosemore 2015; as cited by Lindblad and Guerrero 2020). Public clients can play a
central role in supporting innovation by establishing a supportive environment through
their willingness to limit the financial innovation risks of the contracted parties and by pro-
viding incentives to encourage innovation. In addition, public clients have the power to act
as a catalyst to promote innovative thinking through supporting public client-supplier-
manufacturer collaboration. And as long-term infrastructure owners, they will benefit
from more sustainable processes (Linderoth 2010; Smith 2014; Singh 2014; as cited by
Lindblad and Guerrero 2020).

Research methodology

A multiple case study, involving eight different cases, was conducted to gain insight into
the factors that influence the effectivity of innovation-encouraging procurement strategies
and tendering methods. Case studies are well suited for understanding the “how and why”
of phenomena in their natural settings (Yin 2013). Furthermore, case studies are most suit-
able when the object under study is difficult to quantify, as in this case. A cross case com-
parison helped to identify and explain commonalities and differences between the cases in
their procurement strategies and tendering methods. This cross case comparison helped to
derive a typology of innovation encouragement procurement strategies.

Case selection

In searching for suitable cases, the national expertise centre on public procurement in the
Netherlands was contacted, as well as several Dutch provinces and large municipalities
who were known for their ambitions with respect to innovation in the field of civil engin-
eering. In the contacts, we asked these organizations to provide us with specific examples
of innovations that were realized in the past five years. Further, the online Dutch tendering
databases, Tenderned.nl and Aanbestedingskalender.nl, were searched to find innovation-
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oriented tenders within the field of civil engineering and construction. Next, we contacted
the respective tendering authorities to also obtain additional tender documents. The initial
search process resulted in a variety of 25 potential cases in which innovation was expli-
citly part of the scope, aims and objectives of the project and/or the used Procurement
strategy. Next, we made a purposeful selection (Eisenhardt and Graebner 2007) that
was based on developing a sample that covered:

- projects as well as programmes;
- incremental as well as radical innovations;
- the identified variety of procurement strategies.

As explained in the literature background section, strategic policy goals such as
climate adaption and the realization of a circular economy are defined in long-term inno-
vation programmes which are decomposed into multiple successive and often interrelated
innovation-oriented projects with a much shorter time-horizon. However, besides inno-
vation-oriented projects being part of such an innovation programme, there are also inno-
vation-oriented projects that are defined and procured on their own. We therefore decided
to include examples of innovation programmes as well as examples of individual inno-
vation projects in our sample of cases.

This case selection resulted in first instance into seven cases that were taken for
further study. For comparison reasons, we added at a later stage, one case that did
not have a specific focus on innovation, but in which the procurement strategy
implicitly facilitated the implementation of innovation. This eventually resulted in a
case sample consisting of three examples of innovation-encouraging programmes four
examples of innovation-encouraging projects and one project in which innovation
was not directly stimulated.

Data collection and analysis of the individual cases

The data collection and individual analysis for each of the cases in the multiple case
study were performed in three steps. The first step was to contact the public client
of the initiative and request the project/programme, procurement and concept contract
documents where these could not be obtained from the public tender database in
which the procurement had been published. The second step was to review these docu-
ments to identify the scope, aims and objectives of the initiative and to gain an initial
grasp of the project and the procurement strategy used in the initiative. This initial
document study was also used to prepare questions for the planned semi-structured
interviews and to then corroborate findings from these interviews. The third step was
to carry out several semi-structured interviews with respondents from the public
client side who had managerial roles in the initiative. For example, these could be
the project leader, internal client, procurement advisor and, sometimes, external consult-
ants who supported the client. In total, 32 interviews were performed with the clients
and supporting external consultants. The questions in the interviews were structured
in a chronological order reflecting the different phases of the initiative and dealt
with: (a) the development of the scope, aims and objectives of the initiative; (b) the
procurement strategy used and why this approach had been adopted and (c) the role
of innovation in the initiative as well as in the procurement strategy.

For the selected cases, interviews were also carried out with the contracted organiz-
ations and other unsuccessful tenderers. A total of 18 interviews were performed with
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contracted organizations and tenderers. These interviews focussed on their incentives to
participate in the project as well as their view on the pros and cons of the selected procure-
ment strategy with respect to stimulating innovation. The interviews lasted between
50 min and two hours and were recorded and transcribed. The transcripts were sent to
the respondents to verify the content. None of the transcriptions required modification.
The cases were analysed from the perspective of public clients who initiated an inno-
vation-encouraging procurement strategy to fulfil the aims and goals of a specific
project or programme. This with the aim to increase knowledge on how the use of inno-
vation-encouraging procurement strategies was related to the characteristics of the specific
projects and programmes.

Development of the typology

The main strength of typologies is that they can be used to identify and understand
relationships between combinations of variables rather than only separate variables,
which makes them very suitable for midrange theory development (O’Raghallaigh,
Sammon, and Murphy 2010).

The development of the typology as described in this paper was based on the insights
on typology development from the literature (Niknazar and Bourgault 2017; Shenhar and
Dvir 1996). In developing the typology we followed the steps proposed by O’Raghallaigh,
Sammon, and Murphy (2010) in their paper on theory-building using typologies:

1. Define the purpose and limit the domain of the typology.
2. Identify and define the concepts used in the typology:
(a) Key constructs;
(b) Ideal types.

3. Describe the logic which explains the relationships between the variable(s).
4. Make predictions and propose suggestions for future research.

Guideline development:

The insights acquired during the literature review, the multiple case study and the typol-
ogy development were helpful to derive a general guideline for the selection of an inno-
vation-encouraging public procurement strategy. Depending on the type of project or
programme a different approach was worked out.

In the remainder of this paper, we will present the results of our research in the order in
which it was performed. First, we will introduce the three key constructs that will be used
to classify the different ideal types of innovation procurement in civil engineering projects
and programmes.

Classifying innovation procurement in civil engineering projects and programmes

Based on the conducted literature review, a typology has been derived which consists of
three dimensions. This typology will be used to classify the cases presented in the next
section.

The first dimension refers to the scope, aims and objectives of an initiative and makes
a distinction between civil engineering projects and programmes.
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The second dimension refers to the degree of innovation that is embedded in the
realised project or programme.

The third dimension of the typology refers to the level of cooperation between public
clients and contractors.

Details about the projects and programmes included in this study

This section first provides a brief description of each of the eight cases that were part of
our multiple case study. The study includes five procured civil engineering projects and
three civil engineering programmes. The characteristics of each of the procurement initiat-
ives and the reasons for the public client in stimulating innovation are listed in Table 1. An
overview of the different procurement strategies and the tendering methods that were used
can be found in respectively Table 2 (for the procured projects) and Table 3 (for the pro-
cured programmes).

Table 4 provides an overview of the type(s) of innovation(s) the public client hoped to
achieve in the respective projects and programmes, the innovation degree of the realized
innovations, what kind of role the public client played during the whole process, and more
specifically, the type of relationship between public client and contractor.

Brief case descriptions

1. Functional barriers
The municipalities of Amsterdam and Rotterdam and the Ministry of Infrastruc-

ture andWaterManagement published a Small Business Innovation Research (SBIR)
procedure for the staged development and initial testing of four functional barriers to
fence off construction sites. The SBIR procedure was followed by three pilot projects
to test the developed product innovations in practise: (a) a modular barrier (the Wall
for All), (b) a barrier which absorbs dust and reflects noise (the Greenbar) and (c) an
aesthetically pleasing and strong barrier with benches for the public (the Parkbench).

2. Cycle Bridge Ritsumasyl
The public client opted for a two-staged client-led approach for the develop-

ment and realization of a movable cycling bridge of bio-based composite materials.
Both the contractor and the supplier of the innovative bridge deck were involved
early in the design process. In the first stage, the innovative bridge deck was devel-
oped and tested in parallel with the development of the movable bridge design.
After most uncertainties in the design and performance of the bridge were miti-
gated during the first stage, the movable cycle bridge with a swing design was rea-
lized under an integrated contract in the second stage with the inclusion of the
developed bridge deck of bio-based materials.

3. Boekelo bridge
The public client requested tenderers to include up to three innovative solutions

in their tender offer, for which they could gain a competitive advantage in the award
of the tender. To calculate the extent of this competitive advantage the offered inno-
vations were assessed based on their degree of innovativeness, as well as, the scale
on which they were applied in the design and realization of the initiative. One
process and two product innovationswere implemented in the initiative: (a) engineer
and build in mixed reality, (b) solar panels on the road surface and (c) low tempera-
ture baked powder coating. The bridge design itself was also innovative and made
use of fully 3d modelled formworks to cast the abutments.

10 B. Lenderink et al.



Table 1. Characteristics of the procurement initiatives and reasons for stimulating innovation.

Case
Involved public
organizations Scope of the initiative

Aims and objectives of the
initiative

Budget and duration of
the initiative

Reasons for stimulating
innovation

Project 1. Functional
Barriers

- Municipality of
Amsterdam -
Municipality of
Rotterdam -
Rijkswaterstaat

Development and testing
of new types of
multifunctional physical
barriers.

- To reduce construction
nuisance and improve
the experience of the
public near construction
sites.

- € 0.55 million -
Approx. 18 months

- Contribute to policy
goals including the
stimulation of private
sector innovation

2. Ritsumasyl
Cycle Bridge

- Province of
Friesland

Development of a movable
bridge deck made of
bio-based composite
materials. Replacement
of a road bridge with the
developed bicycle
bridge using a movable
bridge deck using bio-
based composite
materials.

- To develop and realize a
movable bicycle bridge
using bio-based
composite materials. -
To facilitate the passage
of larger Va class ships
through the channel. -
Use an innovative and
sustainable approach in
the project. - To Realize
the project in
collaboration with
businesses and
educational institutes.

- € 6.6 million - Approx.
12 months for the
development and 9
months for the
realization of the
bicycle bridge.

- Address a project goal
which cannot be met
by conventional
solutions and
contribute to
innovation and
sustainability as
policy goals.

3. Boekelo Bridge - Municipality of
Hengelo -
Province of
Overijssel -
Rijkswaterstaat

Design and construction of
a bridge to replace an
old bridge.

- To realize an appealing
bridge of high.
architectural and
aesthetical quality - To
realize added value
through product and
process innovations. - To
reduce construction
hindrance.

- € 8.2 million - approx.
2.5 years

- Stimulate private
sector innovation as a
policy goal

(Continued )
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Table 1. Continued.

Case
Involved public
organizations Scope of the initiative

Aims and objectives of the
initiative

Budget and duration of
the initiative

Reasons for stimulating
innovation

4. Gemert
Northern Ring
Road

- Province of
Noord-Brabant

Design and construction of
a new ring road and
restoration of a creek.

- To realize a new traffic
connection. - To
maintain and improve
the flora and fauna
network. - Reduction of
CO2 emissions in the
project.

- Approx. € 4–6 million -
15 months

- Contribute to policy
goals including the
stimulation of private
sector innovation

5. Vechtdal
Connection

- Province of
Overijssel

Realization, renovation
and improvement of
three provincial roads,
including junctions,
civil engineering works
and optimization
measures.

- To realize a new traffic
connection. - To
renovate and improve
three provincial roads. -
To realize as many
optimization measures
as possible within the set
budget. - To reduce
construction nuisance
and CO2 emissions.

- € 101.8 million -
Approx. 5 years

- Contribute to project
objectives and policy
goals

Programme 6. Quay Walls
Innovation
Partnership

- Municipality of
Amsterdam

Development and
procurement of new
solutions for the
restoration of quay
walls.

- To reduce costs, lead
times and construction
nuisance in the
restoration of quay walls
in the inner city.

- € 0.6 million to develop
and max. 50% of
future quay wall
projects in framework
contract. - Two-year
award and
development, and 4 +
2 + 2 year framework
contract.

- Address an
organizational
challenge which
cannot be met by
conventional
solutions.
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7. Urban Lighting
Roadmap
Implementation

- Municipality of
Eindhoven

- Development of the
public lighting systems
to a smart and open
lighting grid. -
Maintenance and
exploitation of the
public lighting grid.

- To create an open smart
light grid. -
Collaboration in
quadruple helix. - Long-
term continual
innovation process. - To
contribute to social and
environmental
sustainability of the city.
- To maintain and
enhance the reputation
of the city as the “City of
Light” and increase the
quality of life in the city.

- € 20.5 million - Five-
year contract with ten-
year extension.

- Contribute to long-
term policy goals

8. Smart Way to
Sustainable
Municipal
Buildings

- Municipality of
Eindhoven

Renovation, maintenance
and exploitation of
seven municipal
buildings in the city
centre.

- To realize sustainable
accommodation for civil
servants in the city
centre based on a solid
business case and in the
light of the transition to
new ways of working.

- € 106 million - Ten-
year contract with
five-year extension

- Contribute to long-
term policy goals
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Table 2. Procurement strategy: Overall strategy and applied tendering methods.

Case

Procurement strategy

Overall strategy
Procurement
Procedure

Project delivery
model Market approach Selection criteria Award criteria

Project 1. Functional
Barriers

Targeted subsidies and
pilot projects for the
development and
testing of new
solutions.

SBIR procedure
(Small
Business
Innovation
Research,
targeted R&D
subsidy)

- Subsidy contract
for R&D. -
Small
assignment for
testing
purposes.

- Collaborative call
for proposals. -
Plenary
information
session. -
Individual
sessions during
SBIR procedure.

Feasibility research:
- Impact on
project goals. -
Technical
feasibility. -
Economic
perspective. -
Price.

R&D phase - Same as
selection criteria. -
Opportunity to
further explain the
plan of action.

2. Ritsumasyl
Cycle
Bridge

A two-stage approach
for the
development,
testing and
implementation of a
specific innovation
within a bridge
project.

Contractor: -
European
restricted
tender
Producer: -
European
open tender

- Construction
design team
contract for the
design and
feasibility of the
bridge. -
Integrated
contract for the
realisation of the
bridge.

Contractor: -
Individual
information
session in award
phase. Producer:
- Plenary
information
session. -
Individual
information
session.

Contractor: -
Experience with
comparable
technical works. -
Experience with
collaborative
design processes.
- Experience with
development of
innovations. Not
applicable for
producer.

Contractor: - Vision on
collaboration in
construction design
team. - Price.
Producer: Price and
quality (based on
plan of action) -
Knowledge and
expertise on bio-
based composite
materials. -
Collaboration in
construction design
team.

3. Boekelo
Bridge

Integration of design
and construction
activities in
combination with
the application of a
specific model for
assessing
innovation.

- European
restricted
standard
tender
procedure

Integrated
contract: - Full
design for the
construction of
the bridge. -
Execution of the
design and
construction of a
traffic lane.

- Traditional
market approach
(Publication and
written
information
notices).

- Integration of core
competences. -
Innovation.

- Price. - Architectural
and aesthetical
quality of the bridge.
- Innovation. -
Realization time.

14
B
.L

enderink
et

al.



4. Gemert
Northern
Ring Road

Integration of design
and construction
activities, in
combination with
the assessment of
CO2 emissions in
the tender.

European public
standard
tender
procedure

Integrated
contract:
Detailed design
and realization
of the work.

- Plenary
information
session. -
Opportunity for
individual
information
session in the
event of genuine
commercial
interest.

- Not applicable. - Price. - Ensured
accessibility, safety
and traffic flow. -
Project
management. -
Sustainability (CO2-
emission,
substantiation and
innovation).

5. Vechtdal
Connection

Integration of design
and construction
activities in a large
contract in
combination with an
optional
optimization
measures package
as part of the tender
offer.

- European
restricted
tender
procedure

Integrated
contract: -
Design and
realization of
the work.

- Traditional
market approach
(Publication and
written
information
notices). - Bus
tour.

- Drawing of lots. - Price. - Offered
optimization
measures. - Reduced
construction
nuisance for road
users and the
environment. -
Sustainability in the
realization of the
project.
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Table 3 Procurement strategy: overall strategy and applied tendering methods.

Case
Procurement strategy

Overall strategy
Procurement
Procedure Project delivery model Market approach Selection criteria Award criteria

Programme 6. Quay Walls
Innovation
Partnership

Targeted subsidies
and pilot projects
for the
development and
testing of new
solutions
followed by a
framework
contract.

- Innovation
partnership
(procedure for the
development and
implementation of
innovations)

- Subsidy contract for
development and
testing of
prototypes. -
Framework contract
with multiple
suppliers for the
renovation of quay
walls in the city.

- Three plenary
market
consultations. -
Request for
feedback on
concept tender
documents
through
information
notices.

- Vision on innovation
development and
innovativeness with
respect to seven topics.

Preliminary award criteria
R&D phase: - Scalability
of solutions. - Impact on
direct environment (time/
nuisance). - Future value
with respect to
maintenance,
sustainability and multi-
functionality. - Team,
collaboration and plan of
action. - Price.

7. Urban Lighting
Roadmap
Implementation

Using the flexibility
of a large and
long-term
contract to
develop and
implement new
solutions.

- Competitive
dialogue
(procedure
including dialogue
sessions with the
tenderers)

- Five-year concession
agreement for five
pilot areas. - Ten-
year concession
agreement for entire
city.

- Plenary information
session. - Several
individual
consultations. -
Two rounds of
dialogue sessions.

- Operational management
of public lighting
installations. -
Innovativeness. -
Business models for
public services. -
Anticipation of social
needs. - Sustainable
business management.

Best value procurement: -
Underpinning
performance of
transformation to smart
lighting-grid, quadruple
helix, exploitation and
sustainability. - Risk
dossier. - Opportunities
dossier. - Quality of key
functionaries.

8. Smart Way to
Sustainable
Municipal
Buildings

Using the flexibility
of a large and
long-term
contract to
develop and
implement new
solutions.

- Competitive
dialogue
(procedure
including dialogue
sessions with the
tenderers)

Ten-year contract with
option to extend for
five years.

- Elaborate market
consultation
involving five
sessions. - Two
rounds of dialogue
sessions.

- Improvement of energy
efficiency. - System-
oriented sustainability
approach. -
Organizational
flexibility.

First funnel: - Underpinning
collaboration
performance. Final award
based on best value
procurement: -
Underpinning
sustainability
performance and
business case. - Risk
dossier on collaboration
and other subjects -
Opportunities dossier. -
Quality of key
functionaries.
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Table 4. Realization of innovations.

Case Aims of innovation

Targeted technology
readiness levels

(start/end) Type of realized innovations

Based on tender
documents: Role of public

client in innovation
process and client-

contractor relationship

Project 1. Functional barriers Development and testing of new
types of construction fences to
reduce construction nuisance and
improve and improve the
experience of the public around
construction sites

TRL 6–7 at the end
of the initiative

Three substantial product
innovations

Supportive role;
Competition based
coopetition

2. Cycle Bridge
Ritsumasyl

Development and implementation of
a cycle bridge with a openable
bridge deck of bio-based materials

TRL 3 at the start of
the initiative; TRL
8 at the end of the
initiative.

One radical product innovation Leading role; Cooperation
based coopetition

3. Boekelo bridge Implementation of product
innovations in the bridge and/or
process innovations for the
realization of the bridge

TRL 6 at the start of
the initiative; TRL
8 at the end of the
initiative

One incremental product
innovation, one radical
product innovation and one
substantial process
innovation.

Limited role; Competition
based coopetition

4. Northern ring road
Gemert

Implementation of solutions to
reduce CO2 emissions, and
improving project management
and traffic flow during the
realization of the initiative

TRL 6 at the start of
the initiative; TRL
8 at the end of the
initiative

One substantial product
innovation, one substantial
process innovation, and one
radical process innovation

Limited role: Competition
based coopetition

5. Vechtdal
Connection

No specific focus. Potential
innovations could improve
sustainability and traffic flow
during the realization of the
initiative

TRL 7–8 at the start
of the initiative;
TRL 8–9 at the
end of the
initiative

Process optimisations Very limited role;
Competition

(Continued )
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Table 4. Continued.

Case Aims of innovation

Targeted technology
readiness levels

(start/end) Type of realized innovations

Based on tender
documents: Role of public

client in innovation
process and client-

contractor relationship

Programme 6. Quay Walls Development and implementation of
new scalable solutions for
increasing the rate at which quay
wall renovations can be performed
while limiting nuisance to the
public

TRL 3–5 at the start
of the initiative;
TRL 8–9 at the
end of the
initiative

One radical and two
substantial innovations,
each including both product
and process innovation.

Supportive role;
Competition based
coopetition

7. Implementation of
the Roadmap
Urban Lighting

Implementation of innovations on the
lighting grid of the city to increase
the quality of life of the citizens in
the city.

Targeted TRL levels
between 4 and 9

Innovative collaboration
process (quadruple helix).
Initiative ended prematurely
before product innovations
could be implemented

Supportive role;
Competition based
coopetition

8. Smart way to
Sustainable
Municipal
Buildings

Implementation of new solutions for
the renovation and maintenance of
municipal buildings with the aim to
make them energy neutral and
more sustainable

Targeted TRL levels
between 4 and 9

One substantial process
innovation and several
incremental product
innovations

Supportive, facilitating
role; Coopetition;

18
B
.L

enderink
et

al.



4. Northern ring road Gemert
The project focused on the realization of a new ring road including three round-

abouts and a bicycle bridge, along with the restoration of a creek. The public client
used an integrated design and construct contract in combination with a European
open tender for the project. Furthermore, they included the reduction of CO2 emis-
sions as an award criterion in the tender next to project management and accessi-
bility & traffic flow in the village during the realization of the project. Innovation
was included as a sub-criterion of the award criterion reduction of CO2 emissions.
The contractor to which the initiative was awarded provided three innovative sol-
utions in their tender offer: (1) a 3d-printed bicycle bridge, (2) the construction of a
roundabout next to its final location and (3) the longest composite arch bridge at the
time of construction.

5. Vechtdal Connection
The main challenge for the public client in this project was to realize as much

of the scope of the project within a limited available budget. To tackle this chal-
lenge the province differentiated the scope of the project into (a) a package of
necessary improvements which are a fixed part of the scope of the project and
(b) 15 optional optimization measures which could be included by the tenderers
in their tender offer to receive a fictional reduction on their tender price as a com-
petitive advantage in the award of the tender. Stimulating innovation was not an
explicit goal of this program. Nevertheless, the use of an integrated contract in
combination with sufficient design freedom allowed for the implementation of
incremental product and process optimisations.

6. Quay Walls programme
7. large share of the quay walls in the city of Amsterdam is in a deteriorated state

since their upkeep has not been sufficient to offset their natural decay for many
years. The municipality used an innovation partnership procedure for the develop-
ment and testing of new solutions. So far, the innovation partnership resulted in the
development of three new solutions for the renovation of quay walls: (a) renova-
tion of quay walls with the use of prefab elements (EZ-flow), (b) renovation using a
self-propelling pile-driven system (GRB system) and (c) circular renovation of
quay walls from the water with electric equipment (Save).

8. Implementation of the Roadmap Urban Lighting
The public client has developed a roadmap for the transition of its urban

lighting system into a smart open lighting grid up to 2030 in collaboration
with the University of Eindhoven (den Ouden and Valkenburg 2012). For the
implementation of the roadmap, the municipality opted for a long-term collabor-
ation with a contractor using a scalable approach for the development and main-
tenance of the lighting systems. The municipality used the competitive dialogue
procedure with elements from best value procurement for the tendering of this
assignment. The initiative started with three pilot areas in which a four-step
approach was used: (1) replacing the existing light bulbs to lead, (2) mapping
the needs and requirements, (3) developing ideas and solutions and (4) realizing
the developed solutions. Unfortunately, the client and the consortium jointly
decided to terminate the initiative prematurely in 2019 before the realization
phase for the innovations started (van Galen, den Ouden, and Valkenburg 2020).

9. Smart way to Sustainable Municipal Buildings
Similar to case seven, the pubic client used the competitive dialogue procedure

with elements from best value procurement for the tendering of the assignment to

Innovation: The European Journal of Social Science Research 19



make their buildings more energy efficient and sustainable. One of the first results
of this project is the circular renovation of the city hall tower in which 95% of the
materials were either reused, sold through a purpose build web shop, or recycled.
The tower is also used as a living lab to test new technologies such as smart climate
systems.

Positioning of the projects and programmes in the developed typology

Based on the tender documents, a cross case comparison is made in this section between
the characteristics of each of the eight cases with respect to the three dimensions of the
innovation-encouraging procurement typology:

- The scope, aims and objectives of the initiative;
- The type and degree of the realized innovation;
- The type of Public client–contractor relationship.

Based on the identified characteristics of each case, it was possible to position each
case into one of the cells of the developed typology. The result of this classification is visu-
alised in Table 5. Note, that on the dimension “Public client–contractor relationship” none

Table 5. Typology populated with the cases from the multiple case study.
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of the cases were classified as “pure cooperation”. This is not strange, since the tender
regulations prescribe at least a minimum level of competition.

The scope, aims and objectives of the projects and programmes

With respect to the scope, aims and objectives, a distinction is made between projects and
programmes. As explained in the brief case descriptions and in Tables 2–5, cases 1–5 were
classified as civil engineering projects. They are characterized by a narrowly defined
scope that focusses on achieving specific objectives and performing specific tasks
within a short to medium time frame. In contrast, cases 6–8 could be classified as civil
engineering programmes due to their broadly defined scope and the multiple projects to
realize the aims and objectives in relative long to very long timeframe.

The type and degree of the realised innovations

Table 4 provides an overview of the type and TRL levels of the realized innovations in the
eight cases. Case 2 (the Ritsumasyl bridge project) and case 6 (the Quay walls pro-
gramme) are characterised by a low TRL level (3) and are therefore classified as a high
degree of innovation. Case 1 (the Functional Barriers project), Case 3 (the Boekelo
bridge project) and case 4 (Gemert Northern Ring project), case 7 (Urban Lighting
Roadmap Implementation programme) and case 8 (Smart way to sustainable Municipal
Buildings programme) are characterised by a moderate TRL level (4–6) and are therefore
classified as having a Moderate degree of innovation. Finally, case 5 (Vechtdal Connection
project) is characterised by a high TRL level (7–8) and has there been classified as a Low
degree of innovation.

Note that all three civil engineering programmes (cases 6–8) also include projects with
a lower degree of innovation. However, we have classified these cases according to their
lowest TRL level, since the successful realisation of the projects with a low TRL Level,
will ultimately also determine the successful completion of the programme.

The type of public client–contractor relationship

Table 4 provides an overview of the type of public client–contractor relationships for each
of the eight cases. The public client–contractor relationships varied, according to Eriks-
son’s (2008) continuum for client–contractor relationships, from “Cooperation based coo-
petition” to “Pure competition”. In case 5 (Vechtdal connection project), the role of the
public client in the innovation process was the most limited. It only consisted of providing
solution space by providing a list of alternatives in the tender requirements from which the
tenderers could select one alternative to implement. The public client-contractor relation-
ship was purely based on competition. In cases 3 (Boekelo bridge project) and 4 (Gemert
Northern ring road project), the role of the public client in the innovation process was also
fairly limited. In both cases, the public client–contractor relationship can be characterised
as a “competition based coopetition”, although case 3 was slightly more focused on com-
petition compared to case 4. This was due to the inclusion in case 4 of a market consul-
tation and the option for individual information sessions. In both cases, the public client
actively stimulated the implementation of innovations in the tender, but played a limited
role in the innovation process. The main role of the public client was to assess if the pro-
posed solutions could be realized within the tender requirements. For case 3 this required
the development of a new assessment method for assessing the innovative design of the
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bridge. In cases 7 (Implementation of the Urban Lighting programme) and 8 (Smart way
to sustainable municipal buildings programme) the public client played a more supportive
role in the innovation process. For example by allowing for optimizations in the scope
during the tender for the proposed business cases. Later, in the realization phase of the
cases the public client discussed the potential of the proposed solutions with the contractor
and assisted in providing the needed boundary conditions for the implementation of these
innovations. However, if compared to case 8, case 7 can also better be classified as a
“Competition based cooperation” while case 8 fits with a “Coopetition” based relation-
ship. One of the main differences between the two cases was a stronger focus in case 8
on collaboration in the selection and assessment criteria, as well as the market approach.

In cases 1 (Functional Barriers project) and 6 (Quay walls programme) the public client
also played a supportive role in the innovation process.However, therewere twomajor differ-
ences between these two cases in comparison to cases 7 and 8, which effected the role of the
public clients. First, the development of innovations played a more prominent role in both
cases 1 and 6. Second, it was much clearer which innovations needed to be developed and
tested in cases 1 and 6 at the time of the tender contract closure. Within the innovation
process the tenderers provided their client perspective and expertise on the feasibility and
desirability of the proposed innovations on a regular basis. Furthermore,multiple information
sessions were organized as part of the market approach. As such, the public client-contractor
relationship can be characterized as a “competition based coopetition”.

Case 2 (Ritsumasyl bridge project) clearly stands out from the other cases. Prior to the
tender phase the public client stated the ambition to develop and implement a specific
radical innovation. To this end, the public client used a two-stage approach for the devel-
opment and realization of the engineering work with the inclusion of the innovation. The
first part consisted of collaborative development and testing of the innovation, and the
development of the design of the civil engineering work including the innovation. Only
after extensive testing, the public client signed the design and construct contract for rea-
lizing the civil engineering work including the developed innovation. The public client
also significantly reduced the financial liability for the contractor and the producer of
the innovation and strongly collaborated with both parties during the development and
realization of this bridge project. As such, the public client-contractor relationship can
be classified as a “Cooperation based coopetition”.

The cases and their selected procurement strategy

The scope, aims and objectives of the cases and the degree of innovation were found to
have a major influence on the selection of a procurement strategy with respect to inno-
vation in several ways.

Case 2: A project characterised by a high degree of innovation

In case 2 (Cycle bridge Ritsumasyl project) the development and testing of radical inno-
vation was a major part of the scope of the project. For this reason, the public client devel-
oped a procurement strategy that was specifically geared towards the development of this
innovation. The standard open and restricted procurement procedures used in case 2 seem
to suggest the stimulation of innovations with higher TRL levels. However, these pro-
cedures were used within a two-staged approach that enabled the development and realiz-
ation of the intended innovation, which makes the use of these procedures suitable for the
developed innovations.

22 B. Lenderink et al.



Case 1, 3 and 4: Three projects characterised by a moderate degree of innovation

In Case 1 (Functional barriers project) the public organizations included a small assignment
for testing purposes in addition to the SBIR procedure.This with the aim to provide tenderers
the opportunity to test their developed innovations in a real-life situation.

Case 3 (Boekelo bridge project) and 4 (Northern Ring Road Gemert) were similar in
terms of scope, aims and objectives in the sense that they both aimed to stimulate the
implementation of innovations in a project for the design and realization of public infra-
structure with a budget under 10 million euro and a planned duration of less than three
years. Due to the relatively short duration of these cases the public organizations could
only stimulate innovations which required limited time for development and testing
prior to implementation. The procurement strategies were similar in that they allowed
for design freedom through the use of integrated contracts and they both used standard
tendering procedures. Despite this, the reasons for stimulating innovation and the used
tendering methods for stimulating innovation differed significantly. In case 3, innovation
played a strong role in the selection as well as the award phases of the restricted tender
procedure used in the project. In the selection phase, the number of candidates was
reduced based on: (a) their ability to integrally perform five pre-defined core competences
and (b) the extent to which candidates could convincingly prove that innovation is not
only part of their corporate strategy but had also resulted into the development and appli-
cation of innovations in projects comparable to case 3. In addition, innovation was chosen
in the award phase as one of the award criteria in determining the quality of the tender
offers. In case 4, innovation was primarily stimulated to reduce CO2 emissions in the
realization of the work. To achieve this, innovation was introduced as a sub-criterion of
the award criterion for reducing CO2 emissions. In addition, innovative solutions with
respect to project management, accessibility and traffic flow during the realization of
the work were indirectly stimulated as well since these subjects were included as the
other award criteria.

Case 5: A project characterised by a low degree of innovation

With a budget of more than 100 million case 5 (Vechtdal Connection project) is expected
to be completed within five years. The public client decided to combine a number of pro-
jects in the tender of case 5. This was done with the underlying assumption that this could
lead to possible optimizations. Innovation was considered of minor importance in case 5
and was therefore not explicitly part of the procurement strategy. An integrated contract
and standard tender procedure were used for this project. Despite this selection, inno-
vations that contributed to sustainability improvement and toward a limitation of construc-
tion nuances could still be implemented. But it was fully left to the tenderers if they saw
sufficient benefits in proposing alternative solutions to reduce construction nuance and
improve sustainability in the realization of the Vechtdal Connection project.

Case 6: A programme characterised by a high degree of innovation

In Case 6 (Quaywall programme) new scalable solutions for the restoration of quaywalls had to
be developed and implemented. This required one radical and two substantial innovations, each
including both product and process innovations. To this end, the Innovation Partnership pro-
cedurewaschosen.Anapproach that is specificallysuitable for thedevelopmentofnewsolutions.
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Case 7 and 8: Two programmes characterised by a moderate degree of innovation

Cases 7 (Implementation of the Roadmap Urban Lighting) and 8 (Smart way to sustain-
able Municipal Buildings programme) are two long-term programmes of considerable size
in which the implementation of innovations was important for reaching the aims and
objectives of the programmes. The large size and long duration of these cases allowed
for the use of economies of scale and provided a significant amount of time which
could be used to recoup investments in innovative solutions. In both cases, the public
client decided to not fully determine the scope of the case before the tender to allow
for optimizations in the scope based on the input of the tenderers. As a result, tenderers
were able to optimize their business case with respect to the development and implemen-
tation of innovations. To make the optimizations in the scope possible, in both cases the
client consulted the market before the tender and used a competitive dialogue in combi-
nation with elements of best value procurement in both cases. The use of the competitive
dialogue allowed for more negotiation and communication with respect to the scope of the
assignment in comparison to traditional tender procedures.

A theory-based reflection on the positioning of the cases in the typology

Based on what is known in literature, we hereby evaluate the positioning of the respective
cases in the typology. We also reflect on the suitability of the different configurations of
the typology to encourage innovation.

Case 1 (Functional barriers): a project classified as a moderate degree of innovation
and with a competition based coopetition

The innovation risks that are involved in the development of multifunctional construction
fences such as in case 1, are relatively low (The Ministry of Infrastructure and Water man-
agement reports a TRL 6). These types of developing products are pre-eminently assign-
ments that can be asked out to the market in competition. However, from the public client,
a supporting role is still required to harmonize the requirements and to formally approve
the designs to be installed on roadways. The SBIR procedure that was chosen in case 1,
has specifically been designed to facilitate these types of pre-commercial developments
(Rugby 2016).

Case 2 (Ritsumasyl project): a project classified as a high degree of innovation and
with a cooperation based coopetition

For radical innovations, such as the Ritsumasyl project, the unilateral allocation of inno-
vation risks to the main contractor is undesirable since most of the associated innovation
risks are difficult to assess and manage due to the inherent uncertainties. A study con-
ducted by Lenderink et al. (2022) showed that a proactive participation of the public
client in the initiation, development and implementation of the project and the willingness
to bear innovation risks were essential to successfully realise this innovation project. In
addition, Khalfan et al. (2008), concluded that a public client can act as a catalyst to
promote innovative thinking through supporting public client–supplier–manufacturer col-
laboration. Hence, a separate tender – as happened in Case 2 – to include the knowledge
and expertise of a key subcontractor in the project team, was also considered an important
stimulus for realizing the intended radical green innovation.
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Case 3 (Boekelo bridge) & Case 4 (Gemert northern ring road): Two projects
classified as a moderate degree of innovation and with a competition based
coopetition

Lenderink et al. (2020) conducted a study about the procurement of the Boekelo bridge
project and the way how the project client encouraged innovation in this specific project.
Their findings show that the public client triggered innovation by providing sufficient finan-
cial incentives for innovation and by using innovation awarding selection criteria. The
results show that with respect to the innovation degree of the provided solutions, all solutions
were assessed as incremental or moderate innovations on the module or system level of the
bridge project. This is not surprising given the limited time frame in which the tenderers
were expected to develop and implement their innovative solutions (Klein and Sorra
1996). The general conclusion that may be drawn here is that in tenders such as in cases
3 and 4, one may not expect radical innovations. An important reason for this is that the
development risks are perceived as too high by the contracting parties and that they do
not outweigh any returns. To gain tender advantages, contractors will therefore primarily
focus on process innovations. Public clients are expected to have a supporting and testing
role in cases such as the Boekelo Bridge project and the Gemert Northern Ring project.

Case 6 (Quay Walls): A programme classified as a high degree of innovation and
with a competition based cooperation

In this case, the public client requested an innovative approach for renewing the quay walls
in Amsterdam. For this approach, both product and process innovations were needed. The
innovative approach had to be developed from TRL 1 to TRL9. Consequently, the pro-
gramme entailed a great deal of uncertainty for the market parties involved. Besides tech-
nological uncertainty, market parties were also unsure if their investment would result
profitable. The public client decided to use the Innovation Partnership procedure as an
instrument to develop, together with market parties, the required innovations. Agreements
regarding the available fixed budget and Intellectual Property were made in a phase in which
the TRL was still on a 2–3 level. Given the uncertainties and related high innovation risks
the fixed budget understandably led to tensions between public client and contracting
parties. In a comparative study between the Quay walls programme and the “Sterke
Lekdijk” programme, Heming (2021) concluded, that an open budget during the develop-
ment and engineering phase, followed by a fixed budget in the construction phase such
as in the “Sterke Lekdijk” programme, are to be preferred for cases characterized by a
High degree of innovation. The arrangement that was followed in the “Sterke Lekdijk” pro-
gramme considerably decreased the uncertainty and innovation risks for the market parties.
In conclusion, for projects and programmes characterized by a high degree of innovation, a
Cooperation based coopetition (such as in the Ritsumasyl project) or at least a Coopetition
based public client–contractor relationship is required.

Case 7 (Urban lighting roadmap implementation) & Case 8 (Smart way to
sustainable municipal buildings): Two programmes classified as a moderate degree
of innovation and with competition based coopetition (Case 7) and a coopetition
based cooperation (Case 8)

Dubois and Gadde (2002) view learning as the sine qua non of technological innovation.
From a learning perspective, a programme offers the opportunity to co-ordinate, re-use
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and progressively develop technology across projects over time. Dorée and Holmen
(2004) have convincingly illustrated the successive development of an offshore
assembly technology for large bridges across five large projects. Similarly, the tech-
nology development process in cases 7 and 8 can be characterised as a process that
was designed to successively develop, implement and further upgrade incremental
innovations across projects. To realise a successful business case in a long-term
programme such as in cases 7 and 8, it must be possible to adjust, if necessary,
the requirements and the wishes of the involved stakeholders. From a risk manage-
ment perspective, a Coopetition based relationship between public client and con-
tractor is by far preferred above a Competition based coopetition (as was applied
in case 7).

Note, that some of the configurations along the three dimensions of the typology do
not meet the requirements to serve as ideal types for innovation-encouraging procure-
ments. As earlier mentioned, “Pure cooperation” on the dimension “Public client–con-
tractor relationship”, is an “empty set”, since the tender regulations prescribe at least a
minimum level of competition. Also, “Pure competition” on the dimension “Public
client–contractor relationship” can be characterised as an empty set, since at least a
minimum of coopetition between public client and contractor is required to realize inno-
vation in civil engineering projects and programmes (Eriksson 2008). This explains why
the procurement strategy for Case 5 (Vechtdal connection project) – not having any
innovation-encouraging awarding procurement criteria – could be classified as “Pure
competition”. In case the focus on innovation is missing or less relevant, public
clients may apply standard procedures and fulfil their testing role. With an increase in
scope, through the merging of projects, or in case a project has a long duration, there
will be room for incremental innovations and optimisations. In such cases, a public
client may also support the implementation of incremental innovations that do not cor-
respond to the standards that are used. Another configuration which may be considered
as an “empty set” is the projects or programmes with a low degree of innovation and
with a “Cooperation based coopetition” type of cooperation. These low-risk type of pro-
jects or programmes do not require such an intense involvement from the public client
and can be realised with traditional competitive procurement procedures (Eriksson and
Westerberg 2011). And, as concluded for case 6 (Quay walls programme), from an effec-
tive innovation procurement strategy perspective, also the configuration with a High
degree of innovation and Competition based coopetition should be treated as an
“empty set”. In Table 5 a dotted line has been drawn in the cells which are considered
as “empty sets”.

Guideline for selecting an innovation-encouraging procurement strategy

This section provides a general guideline for the selection of an innovation-encouraging
public procurement strategy. Depending on the type of project or programme, a different
procurement strategy is suggested. Table 6 (project perspective) and 6 (programme per-
spective) provide an integral picture of three different Procurement Strategies: Regular
procurement (Low degree of Innovation, particularly product and process improvements);
Innovation oriented procurement (Moderate degree of Innovation); and Innovation driven
procurement (High degree of Innovation).

Based on the conducted literature review and analysis of the case results, the most
important characteristics for procurement projects (Table 6) and procurement programmes
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(Table 7) are included. Depending on the degree of Innovation, the changes per character-
istic and the steps that are required to take are specified in respectively Tables 6 and 7.
Both Tables 6 and 7 show that with a higher degree of innovation and consequently
higher innovation risks, public clients should be open to bear at least a part of the inno-
vation risks. And due to the inherent uncertainties in the development process, a more
intense collaboration between public client and contracting parties is required. Rather
than impose conditions unilaterally in the tender contract, the aim should be to arrive at
jointly supported agreements. The public client should also create sufficient space for
adaptation after tendering. This is to prevent that promising solutions are excluded in
advance.

As stated, Tables 6 and 7 provide a general guideline. Depending on the specific
project or programme, further details need to be elaborated.

Table 6. A general guideline for the selection of an innovation-encouraging procurement strategy
for civil engineering projects.

Project

Procurement strategy

Initiative Characteristics Regular project Innovation oriented
project

Innovation driven
project

Aim & objectives
(project goals)

Product & process
Improvements

Product & process
Development

Product & process
Innovation

Scope Optimizations in
general

Inventory of
possibilities, to

develop specific parts

Focussed at
specific topic/part
of the project

TRL level High TRL level,
Deployment

phase

Moderate TRL
Level,

Demonstration Phase

Low TRL level,
Development

Phase
Budget for

innovation
Not Applicable Direct or indirect

(through criteria)
Separate

Development
budget

Tendering
Methods

Procedure Restricted/open
bid procedure

Restricted bid
procedure

Two staged bid
procedure, special
procedures (SBIR)

Project delivery
model

Integrated
Contract

Integrated or Two
staged contract

Two staged
contract

Awarding criteria Quality of
suggested

improvements/
price ratio

Quality of suggested
innovative solutions/

price ratio and
Collaboration

Quality of
Collaboration &

Innovation
competencies

Pricing In competition In competition or
fixed

Negotiated

Public Client-
contractor
relationship

Client–
Contractor
Relationship

Competition
based, with
separated

responsibility

Competition based
coopetition or

Coopetition with
separated

responsibilities

Collaboration
based coopetition

with joined
responsibilities

Role of the Client Supporting Supporting or
Facilitating

Participating,
bearing a

significant part of
the risk
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Contributions and recommendations for future research

The role of demand, as an enabler and source of innovation has been a topic in innovation
studies and innovation policy for quite some time (Edquist et al. 2015). Both public pro-
curement and innovation are nowadays well-established research themes in contemporary

Table 7. A general guideline for the selection of an innovation-encouraging procurement strategy
for civil engineering programmes.

Programme

Procurement strategy

Initiative Characteristics Regular
programme

Innovation
oriented

programme

Innovation driven
programme

Aim & objectives
(long term
goals)

Product & process
Improvements in
multiple projects

Product & process
Development

through subsequent
projects

Product & process
Innovation through
subsequent projects

Scope Continuous
Improvements &
Optimizations

Development and
implementation of

promising
possibilities

Innovation focussed
at a specific topic

TRL level High TRL level, Moderate TRL
Level,

Low TRL level,

To be realised by
projects with
demonstrated
technology

Technology
developed, but still
to be demonstrated

in subsequent
projects

Technology still to
be developed and
demonstrated in

subsequent projects

Budget for
innovation

Not Applicable Integrated in total
programme budget

Dedicated in total
program budget

Tendering
Methods

Procedure Competitive
Dialogue

Competitive
Dialogue (Best

Value)

Innovation
Partnership, SBIR

Project delivery
model

Concession,
DBFM

Two staged contract
(Development/
Frame-work
Agreement)

Two staged contract
(Development/
Framework
Agreement)

Awarding criteria Quality/price ratio Quality achieving
programme goals/
price ratio and
Collaboration

Quality of
Collaboration &

Innovation
Competencies,
Achieving

programme goals
Pricing In competition Negotiated as

business case
(adjustable scope)

Negotiated as
business case

(adjustable scope)
Public Client-
contractor
relationship

Client–
Contractor
Relationship

Competition
based, with
separated

responsibilities

Coopetition with
separated

responsibilities

Collaboration based
coopetition with
partly shared
responsibilities

Role of the Client Supporting Supporting and
Facilitating

Pro-active, shared
risk bearing of
additional

developments
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social science and are recognized as two essential elements in the global effort to achieve
the Sustainable Development Goals of the United Nations (United Nations Environment
Programme 2017; United Nations General Assembly 2015; Rolfstam 2015). In the wake
of the Lisbon strategy in 2000, also EU heads of state and government identified public
procurement and innovation as instruments for qualitative change, for example, to
develop and implement green sustainable or energy-efficient technologies (Rolfstam
2015). However, in their review of the different streams of literature, dichotomies and
typologies on public procurement with respect to inducing innovation, Lenderink,
Halman, and Voordijk (2019) concluded that the various innovation approaches provided
little insight into the suitability of these approaches in specific situations that are encoun-
tered in procurement practice. In line with the conclusions drawn by Lenderink, Halman,
and Voordijk (2019) we have pointed out in the Introduction section of this article on the
lack of a systematic overview of innovation-stimulating procurement strategies from
which, depending on the specific goals and aims of a public civil engineering project or
programme, an effective public procurement strategy could be selected.

The conducted multiple-case study, as described in this article, is among the first to
classify the different types of innovation-encouraging procurement strategies in the
field of civil engineering. Based on an extensive literature review and the multiple-
case study, we were able to deduce that the selection of an effective innovation-
encouraging procurement strategy, particularly depends on three important factors.
These are The scope and time frame of the intended project or programme; The
degree of innovation to be realized in the specific project or programme; and The
level of cooperation that is required between public client and contractor(s) to
realize the envisioned project or programme. Based on these three distinguished
factors we were able to compose a typology consisting respectively of 15 configur-
ations of innovation-encouraging procurement projects and 15 configurations of inno-
vation-encouraging programmes. After a closer analysis of the configurations, the
cases positioned in the typology and relevant literature, we dropped 8 of the 15 con-
figurations of innovation-encouraging procurement projects and also 8 of the 15 con-
figurations of innovation-encouraging programmes.

The developed typology combines and integrates the insights from three streams of
research: the management of product and process innovation in the field of civil engineer-
ing (Schilling 2020; Tidd and Bessant 2018; Slaughter 1998; Lenderink et al. 2020); the
insights about public client–contractor collaboration in the field of civil engineering
(Love, Skitmore, and Earl 1998; Eriksson 2008; Pesämaa, Eriksson, and Hair 2009;
Osipova and Eriksson 2011); and the available knowledge about the management of
scope, aims and objectives to realize civil engineering projects and programmes
(Morris and Hough 1987; Winch 1998; Gann and Salter 2000; Pellegrinelli 2011;
Project Management Institute 2017).

The multiple case study and the literature review also helped us to design (cfm. Aken
2005; Van Aken, Chandrasekaran, and Halman 2016) a corresponding guideline for
selecting a specific procurement strategy. When considering new initiatives, public
clients can benefit from the developed guideline as a tool to select the most appropriate
procurement strategy considering the aims, goals and objectives of their intended new
project or programme.

To a large extent, civil engineering firms depend on public clients to create a market/
demand for innovations (Loosemore (2015); Caerteling, Halman, and Dorée (2008); Caer-
teling et al. (2013); Lenderink et al. (2022)). However, Loosemore (2015) and Loosemore
and Richard (2015) have also pointed out that many public clients are unwilling to pay for
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innovations or lack the tools to assess and drive innovation in projects. The results of this
paper indicate that to realise innovation in the field of civil engineering, an active role of
the public client is essential. To encourage innovation in civil engineering projects and
programmes, public clients should at least be willing to limit the financial innovation
risks of the contracted parties, and to provide additional incentives, solution space and
time for developing and implementing the required innovations.

Naturally, this paper is not without its limitations. First, the case study findings and the
developed typology with its corresponding guideline, are based on a multiple case study
consisting of eight cases in the field of civil engineering. As such, further case studies
are required to establish the external validity of the findings, the developed typology and
guideline. Second, the developed typology and the corresponding guideline to select an
appropriate innovation-encouraging procurement strategy, provide a general direction for
a procurement strategy. More detailed information on the exact scope, timeframe, goals
and context of the initiatives will be required to further define and tailor an appropriate
and effective procurement strategy. Addressing the research opportunities of the findings
of this study in future research, could make important contributions to the understanding
of the determining factors and mechanisms that influence the successful development and
implementation of innovations in civil engineering projects. This will also open up oppor-
tunities to find solutions for the grand challenges our physical environment is facing.

Acknowledgements
We thank the associate editor and two anonymous reviewers whose most valuable comments have
helped us to improve the earlier versions of this manuscript.

Disclosure statement
No potential conflict of interest was reported by the author(s).

Funding
This work was supported by the Municipality of Eindhoven and Amsterdam in the Netherlands.

Notes on contributors
Bart Lenderink has an MSc in Construction Engineering and Management from the University of
Twente, Enschede, the Netherlands. His research interest focusses on public procurement and inno-
vation, in particular within the context of civil engineering and construction. He is a PhD-student at
the University of Twente in the faculty of Engineering Technology.

Hans Boes has an MSc in Public management and a BSc in civil engineering. Hans Boes is Assist-
ant Professor at the Department of Construction Management and Engineering at the University of
Twente. His research, consultancy and lecturing are in the field of public procurement, with a
primary focus on the client-contractor relationship. He has advised and supported various public
clients in the establishment of tender strategies on innovation and cooperation.

Dr. Johannes I.M. Halman is a professor at the University of Twente in the Faculty of Engineering
Technology in The Netherlands. He has an MSc in Construction Engineering from Delft University
of Technology and a MSc from the Rotterdam School of Management based at Erasmus University.
His PhD is in technology management and innovation was awarded by Eindhoven University of
Technology. His research interests are in the field of innovation management, with a primary
focus on program and project management. He has specialized in the area of risk management
and has advised various multinationals on risk management within innovation processes.

30 B. Lenderink et al.



Dr. Hans Voordijk is Associate Professor at the Department of Construction Management and
Engineering of Twente University. His expertise is in the field of supply chain management and
ICT in the construction industry. He is in particular interested in adoption and diffusion of IT and
VR tools in construction supply chains. Hans started his career as research assistant at Maastricht
Economic Research Institute on Innovation and Technology (MERIT). He also worked as Lecturer
on Production Management and International Marketing at the University of Asmara, Eritrea.
Before he joined Twente University, he worked as project manager at the TNO Institute of Infra-
structure, Transport and Regional Development and as Assistant Professor Organization and Strat-
egy at Tilburg University.

Dr. André G. Dorée is a Professor at the University of Twente in the Department of Construction
Management and Engineering. He studied industrial engineering and management at the University
of Twente and also earned his PhD in public procurement from the University of Twente. Current
research interests include public procurement methods, project delivery methods, the management
of innovation processes and the transition towards sustainable energy. André Dorée has been the
initiator in the Netherlands of ZoARG, a program to streamline inner-city infrastructure projects
with resect to subsurface utilities and also the initiator of the ASPARI (Asphalt Paving Research
& Innovation) research program. He has published several articles in the fields of procurement
and innovation management.

References
Aken, J.E. van. 2005. “Management Research as a Design Science: Articulating the Research

Products of Mode 2 Knowledge Production in Management.” British Journal of Management
16 (1): 19–36.

Arrowsmith, S. 2010. “Horizontal Policies in Public Procurement: ATaxonomy.” Journal of Public
Procurement 10 (2): 149–186.

Barlow, J. 2000. “Innovation and Learning in Complex Offshore Construction Projects.” Research
Policy 29 (7-8): 973–989.

Blayse, A. M., and K. Manley. 2004. “Key Influences on Construction Innovation.” Construction
Innovation 4 (3): 143–154.

Caerteling, J. S., J. I. M. Halman, and A. G. Dorée. 2008. “Technology Commercialization in Road
Infrastructure: How Government Affects the Variation and Appropriability of Technology.”
Journal of Product Innovation Management 25 (2): 143–161.

Caerteling, J. S., J. I. M. Halman, M. Song, A. G. Dorée, and H. Van Der Bij. 2013. “How Relevant
Is Government Championing Behavior in Technology Development?” Journal of Product
Innovation Management 30 (2): 349–363.

Caldwell, N. D., J. K. Roehrich, and A. C. Davies. 2009. “Procuring Complex Performance in
Construction: London Heathrow Terminal 5 and a Private Finance Initiative Hospital.”
Journal of Purchasing and Supply Management 15 (3): 178–186.

Dalpé, R. 1994. “Effects of Government Procurement on Industrial Innovation.” Technology in
Society 16 (1): 65–83.

Davies, A., S. C. MacAulay, and T. Brady. 2019. “Delivery Model Innovation: Insights from
Infrastructure Projects.” Project Management Journal 50 (2): 119–127.

Dorée, A. G., and E. Holmen. 2004. “Achieving the Unlikely: Innovating in the Loosely Coupled
Construction System.” Construction Management and Economics 22 (8): 827–883.

Dreschler, M. 2009. “Fair Competition: How to Apply the ‘Economically Most Advantageous
Tender’ (EMAT) Award Mechanism in the Dutch Construction Industry.” PhD. TU Delft,
Delft University of Technology.

Dubois, A., and L.-E. Gadde. 2002. “Construction Industry as a Loosely Coupled System.”
Construction Management and Economics 20 (7): 621–631.

EARTO. 2014. The TRL Scale as a Research & Innovation Policy Tool, EARTO Recommendations.
Retrieved from https://www.earto.eu/wp-content/uploads.

Edler, J. 2009. “Demand Policies for Innovation in the EU CEE Countries.” Manchester Business
School Working Paper No 579, The University of Manchester.

Edler, J., and L. Georghiou. 2007. “Public Procurement and Innovation – Resurrecting the Demand
Side.” Research Policy 36 (7): 949–963.

Innovation: The European Journal of Social Science Research 31

https://www.earto.eu/wp-content/uploads


Edler, J., L. Georghiou, E. Uyarra, and J. Yeow. 2015. “The Meaning and Limitations of Public
Procurement for Innovation: A Supplier’s Experience.” In Public Procurement for
Innovation, edited by C. Edquist, , N. S. Vonortas, J. M. Zabala-Iturriagagoitia, and J. Edler,
35–65. Cheltenham: Edward Elgar.

Edler, J., and J. Yeow. 2016. “Connecting Demand and Supply: The Role of Intermediation in Public
Procurement of Innovation.” Research Policy 45 (2): 414–426.

Edquist, C., and L. Hommen. 2000. “Public Technology Procurement and Innovation Theory.” In
Public Technology Procurement and Innovation. Vol. 16, edited by C. Edquist, L. Hommen,
and L. Tsipouri, 5–70. New York, NY: Springer Science + Business Media.

Edquist, C., L. Hommen, and L. Tsipouri. Eds. Public Technology Procurement and Innovation.
Dordrecht: Kluwer Academic Publishers.

Edquist, C., N. S. Vonortas, and J. M. Zabala-Iturriagagoitia. 2015. “Introduction.” In Public
Procurement for Innovation, edited by C. Edquist, N. S. Vonortas, J. M. Zabala-
Iturriagagoitia, and J. Edler, 1–13. Cheltenham: Edward Elgar Publishing.

Edquist, C., N. S. Vonortas, J. M. Zabala-Iturriagagoitia, and J. Edler. 2015. Public Procurement for
Innovation. Edward Elgar.

Edquist, C., and J. M. Zabala-Iturriagagoitia. 2012. “Public Procurement for Innovation as Mission-
oriented Innovation Policy.” Research Policy 41 (10): 1757–1769.

Edquist, C., and J. M. Zabala-Iturriagagoitia. 2015. “Pre-Commercial Procurement: A
Demand or Supply Policy Instrument in Relation to Innovation?” R&D Management 45 (2):
147–160.

Edquist, C., and J. M. Zabala-Iturriagagoitia. 2020. “Functional Procurement for
Innovation, Welfare, and the Environment.” Science and Public Policy, doi:10.1093/scipol/
scaa046.

Eisenhardt, K. M., and M. E. Graebner. 2007. “Theory Building from Cases: Opportunities and
Challenges.” Academy of Management Journal 50 (1): 25–32.

Eriksson, P. E. 2008. “Procurement Effects on Coopetition in Client-Contractor Relationships.”
Journal of Construction Engineering and Management 134 (2): 103–111.

Eriksson, P. E., L. Volker, A. Kadefors, S. Lingegård, J. Larsson, and L. Rosander. 2019.
“Collaborative Procurement Strategies for Infrastructure Projects: A Multiple-Case Study.”
Proceedings of the Institution of Civil Engineers - Management, Procurement and Law 172
(5): 197–205. doi:10.1680/jmapl.19.00016.

Eriksson, P. E., and M. Westerberg. 2011. “Effects of Cooperative Procurement Procedures on
Construction Project Performance: A Conceptual Framework.” International Journal of
Project Management 29 (2): 197–208.

European Parliament and the Council of the European Union. 2014. “Directive 2014/24/EU of the
European Parliament and of the Council of 26 February 2014 on Public Procurement and
Repealing Directive 2004/18/EC.” Official Journal of the European Union 57: L94/65–L94/
143.

Gann, D. M., and A. J. Salter. 2000. “Innovation in Project-Based, Service-Enhanced Firms: The
Construction of Complex Products and Systems.” Research Policy 29 (7): 955–972.

Garcia, R., and R. Calantone. 2002. “A Critical Look at Technological Innovation Typology and
Innovativeness Terminology: A Literature Review.” Journal of Product Innovation
Management 19 (2): 110–132.

Georghiou, L., J. Edler, E. Uyarra, and J. Yeow. 2014. “Policy Instruments for Public Procurement
of Innovation: Choice, Design and Assessment.” Technological Forecasting and Social Change
86: 1–12.

Geroski, P. A. 1990. “Procurement Policy as a Tool of Industrial Policy.” International Review of
Applied Economics 4 (2): 182–198.

Grandia, J. 2018. “Public Procurement in Europe.” In The Palgrave Handbook of Public
Administration and Management in Europe, edited by E. Ongaro and S. Van Thiel, 363–380.
London: Palgrave Macmillan UK.

Grandia, J., and J. Meehan. 2017. “Public Procurement as a Policy Tool: Using Procurement to
Reach Desired Outcomes in Society.” International Journal of Public Sector Management 30
(4): 302–309.

Halman, J. I. M. 2004. Platformgedreven innoveren in de bouw (in English: Platform Driven
Development in Construction). Enschede: University of Twente.

32 B. Lenderink et al.

https://doi.org/10.1093/scipol/scaa046
https://doi.org/10.1093/scipol/scaa046
https://doi.org/10.1680/jmapl.19.00016


Halman, J. I. M. 2018. Met zekerheid in onzekerheid: over innovatie en het nemen van innovatier-
isico’s (in English: With Certainty in Uncertainty: About Innovation and Taking Innovation
Risks). Enschede: University of Twente.

Heming, S. 2021. “Balancing of Interests Between the Clients and Contractors Within Infrastructure
Innovation Partnership Projects. A Comparative Study Between the Quay Walls and the Sterke
Lekdijk Programmes.” Master thesis study. University of Twente.

Henderson, R. M., and K. B. Clark. 1990. “Architectural Innovation: The Reconfiguration of
Existing Product Technologies and the Failure of Established Firms.” Administrative Science
Quarterly 35 (1): 9–30. doi:10.2307/2393549.

Hobday, M. 1998. “Product Complexity, Innovation and Industrial Organisation.” Research Policy
26 (6): 689–710.

Hobday, M. 2000. “The Project-Based Organisation: An Ideal Form for Managing Complex
Products and Systems?” Research Policy 29 (7): 871–893.

Hoezen, M., H. Voordijk, and G. Dewulf. 2014. “Procuring Complex Projects Using the
Competitive Dialogue.” International Journal of Project Organisation and Management 6
(4): 319–335.

Hommen, L., and M. Rolfstam. 2009. “Public Procurement and Innovtion: Towards a Taxonomy.”
Journal of Public Procurement 9 (1): 17–56.

Ivory, C. 2005. “The Cult of Customer Responsiveness: is Design Innovation the Price of a Client-
focused Construction Industry?” Construction Management and Economics 23 (8): 861–870.

Khalfan, M. M., P. McDermott, X. Li, M. Arif, and M. Kashyap. 2008. “The Integration of
Suppliers and Manufacturers Within Construction Supply Chains Through
Innovative Procurement Strategies.” International Journal of Value Chain Management 2
(3): 358–370.

Klein, K., and J. S. Sorra. 1996. “The Challenge of Innovation Implementation.” The Academy of
Management Review 21 (4): 1055–1080.

Kraljic, P. 1983. “Purchasing Must Become Supply Management.”Harvard Business Review 61 (5):
109–117.

Lenderink, B., J. I. M. Halman, H. Boes, and H. Voordijk. 2020. “A Method to Encourage and
Assess Innovations in Public Tenders for Infrastructure and Construction Projects.”
Construction Innovation 20 (2): 171–189. doi:10.1108/CI-05-2019-0044.

Lenderink, B., J. I. M. Halman, J. Boes, H. Voordijk, and A. G. Dorée. 2022. “Procurement and
Innovation Risk Management: How a Public Client Managed to Realise a Radical Green
Innovation in a Civil Engineering Project.” Journal of Purchasing and Supply Management,
doi:10.1016/j.pursup.2022.100747.

Lenderink, B., J. I. M. Halman, and H. Voordijk. 2019. “Innovation and Public Procurement: From
Fragmentation to Synthesis on Concepts, Rationales and Approaches.” Innovation: The
European Journal of Social Science Research 32: 1–25. doi:10.1080/13511610.2019.1700101.

Lenferink, S., T. Tillema, and J. Arts. 2013. “Towards Sustainable Infrastructure Development
Through Integrated Contracts: Experiences with Inclusiveness in Dutch Infrastructure
Projects.” International Journal of Project Management 31 (4): 615–627.

Lindblad, H., and R. Guerrero. 2020. “Client’s Role in Promoting BIM Implementation and
Innovation in Construction.” Construction Management and Economics 38 (5): 468–482.

Linderoth, H. C. J.. 2010. “Understanding Adoption and Use of BIM as the Creator of Actor
Networks.” Automation in Construction 19 (1): 66–72.

Loosemore, M. 2015. “Construction Innovation: Fifth Generation Perspective.” Journal of
Management in Engineering 31 (6): 04015012.

Loosemore, M., and J. Richard. 2015. “Valuing Innovation in Construction and Infrastructure:
Getting Clients Past a Lowest Price Mentality.” Engineering, Construction and Architectural
Management 22 (1): 38–53.

Love, P. E., M. Skitmore, and G. Earl. 1998. “Selecting a Suitable Procurement Method for a
Building Project.” Construction Management & Economics 16 (2): 221–233.

Magnusson, T., G. Lindström, and C. Berggren. 2011. “Architectural or Modular Innovation?
Managing Discontinuous Product Development in Response to Challenging Environmental
Performance Targets,” Vol. 07.

Morris, P. W., and G. H. Hough. 1987. The Anatomy of Major Projects: A Study of the Reality of
Project Management. London: Wiley.

Innovation: The European Journal of Social Science Research 33

https://doi.org/10.2307/2393549
https://doi.org/10.1108/CI-05-2019-0044
https://doi.org/10.1016/j.pursup.2022.100747
https://doi.org/10.1080/13511610.2019.1700101


Munns, A. K., and B. F. Bjeirmi. 1996. “The Role of Project Management in Achieving Project
Success.” International Journal of Project Management 14 (2): 81–87.

Niknazar, P., and M. Bourgault. 2017. “Theories for Classification vs. Classification as Theory:
Implications of Classification and Typology for the Development of Project Management
Theories.” International Journal of Project Management 35 (2): 191–203.

OECD. 2011. Demand-side Innovation Policies. Paris: OECD.
OECD. 2017. Public Procurement for Innovation.
OECD/Eurostat. 2005. Oslo Manual: Guidelines for Collecting and Interpreting Innovation Data.

Paris: OECD.
Office of Government Commerce. 2011. Managing Successful Programmes. London: The

Stationary office.
O’Raghallaigh, P., D. Sammon, and C. Murphy. 2010. “Theory-building Using Typologies – A

Worked Example of Building a Typology of Knowledge Activities for Innovation.” Paper pre-
sented at the DSS . International conference on Decision Support Systems, July 7–10, 2010,
University of Lisbon, Portugal.

Osipova, E., and P. E. Eriksson. 2011. “How Procurement Options Influence Risk Management in
Construction Projects.” Construction Management and Economics 29 (11): 1149–1158.

Ouden, P. H. den, and R. Valkenburg. 2012. Vision and Roadmap Urban Lighting Eindhoven 2030.
Eindhoven: University of Eindhoven.

Pellegrinelli, S. 1997. “Programme Management: Organising Project-Based Change.” International
Journal of Project Management 15 (3): 141–149. doi:https://doi.org/10.1016/S0263-7863
(96)00063-4.

Pellegrinelli, S. 2011. “What’s in a Name: Project or Programme?” International Journal of Project
Management 29 (2): 232–240.

Pesämaa, O., P. E. Eriksson, and J. F. Hair. 2009. “Validating a Model of Cooperative
Procurement in the Construction Industry.” International Journal of Project Management 27
(6): 552–559.

Project Management Institute. 2017. A Guide to the Project Management Body of Knowledge (sixth
ed.). Pennsylvania: Project Management Institute.

Rolfstam, M. 2015. “Public Procurement of Innovation for a Better World: A Consolidation or a
New Beginning?” Innovation: The European Journal of Social Science Research 28 (3):
211–219.

Rugby, J. 2016. “The Impact of Pre-Commercial Procurement on Innovation.” In Handbook of
Innovation Policy Impact, EU-Esprit Forum on Science Technology and Innovation Policy
Series, edited by J. Edler, P. Cunningham, A. Gök, and P. Shapira, 382–402. Cheltenham:
Edward Elgar.

Rutten, M. E. J., A. G. Dorée, and J. I. M. Halman. 2009. “Innovation and Interorganizational
Cooperation: a Synthesis of Literature.” Construction Innovation 9 (3): 285–297.

Sadin, S. R., F. P. Povinelli, and R. Rosen. 1989. “The NASA technology push towards future space
mission systems.” Acta Astronautica 20: 73–77.

Schilling, M. 2020. Strategic Management of Technological Innovation. New York: McGrawHill/
Irwin.

Semple, A.. 2015. A Practical Guide to Public Procurement. Oxford: Oxford University press
Shenhar, A. J., and D. Dvir. 1996. “Toward a Typological Theory of Project Management.”

Research Policy 25 (4): 607–632.
Singh, V. 2014. “BIM and Systemic ICT Innovation in AEC: Perceived needs and Actor’s Degrees

of Freedom.” Construction Innovation 14 (3): 292–306.
Slaughter, E. S. 1998. “Models of Construction Innovation.” Journal of Construction Engineering

and Management 124 (3): 226–231.
Smith, K. B. 2002. “Typologies, Taxonomies, and the Benefits of Policy Classification.” Policy

Studies Journal 30 (3): 379–395.
Storper, M. 1997. The Regional World: Territorial Development in a Global Economy. New York:

Guilford.
Telles, P., and L. R. A. Butler. 2014. “Public Procurement Award Procedures in Directive 2014/24/

EU.” InModernising Public Procurement: The New Directive, edited by F. Lichere, R. Caranta,
and S. Treumer, 131–184. Copenhagen: Djof Publishing.

Tidd, J., and J. R. Bessant. 2018. Managing Innovation: Integrating Technological, Market and
Organizational Change. Chichester: John Wiley.

34 B. Lenderink et al.

https://doi.org/10.1016/S0263-7863(96)00063-4
https://doi.org/10.1016/S0263-7863(96)00063-4


United Nations Environment Programme. 2017. Global Review of Sustainable Public Procurement.
https://www.unep.org/resources/report/2017-global-review-sustainable-public-procurement.

United Nations General Assembly. 2015. Transforming our World: The 2030 Agenda for
Sustainable Development. New York. sustainabledevelopment.un.org.

Uyarra, E., and K. Flanagan. 2010. “Understanding the Innovation Impacts of Public Procurement.”
European Planning Studies 18 (1): 123–143.

Van Aken, J. E., A. Chandrasekaran, and J. I. M. Halman. 2016. “Conducting and Publishing Design
Science Research: Inaugural Essay of the Design Science Department of the Journal of
Operations Management.” Journal of Operations Management 47-48: 1–8.

van Galen, W. P. L., E. den Ouden, and R. Valkenburg. 2020. Your Light on 040: Innovation
Process: An Evaluation. Eindhoven: University of Eindhoven.

van Weele, A. 2009. Purchasing and Supply Chain Management. 5th ed. Hampshire: Cengage
Learning Emea.

Volker, L. 2019. Just a Little of That Human Touch: Towards a Value-Based Ecosystem for
Delivering Infrastructure Services = Gewoon een beetje meer menselijkheid: richting op
waarde gebaseerde ecosystemen voor het leveren van infrastructuurdiensten. Enschede:
University of Twente.

Vosman, L. 2020. From Project to Programme: Drivers to a Programmatic Procurement Approach
in the Dutch Construction Industry. Enschede: University of Twente. http://purl.utwente.nl/
essays/81329.

Wesseling, J. H., and C. Edquist. 2018. “Public Procurement for Innovation to Help Meet Societal
Challenges: A Review and Case Study.” Science and Public Policy 45 (4): 493–502. doi:10.
1093/scipol/scy013.

Winch, G. 1998. “Zephyrs of Creative Destruction: Understanding the Management of Innovation in
Construction.” Building Research & Information 26 (5): 268–279.

Yin, R. K. 2013. Case Study Research: Design and Methods ( 5th edition). Thousand Oaks, CA:
Sage Publications Inc.

Innovation: The European Journal of Social Science Research 35

http://purl.utwente.nl/essays/81329
http://purl.utwente.nl/essays/81329
https://doi.org/10.1093/scipol/scy013
https://doi.org/10.1093/scipol/scy013

	Abstract
	Introduction
	Background literature
	Projects and programmes in the field of civil engineering
	A characterization of innovation in the field of civil engineering
	Procurement strategies and tendering methods to realize innovation in civil engineering
	The importance of cooperation between public client and contractor

	Research methodology
	Case selection
	Data collection and analysis of the individual cases
	Development of the typology
	Guideline development:

	Classifying innovation procurement in civil engineering projects and programmes
	Details about the projects and programmes included in this study
	Brief case descriptions

	Positioning of the projects and programmes in the developed typology
	The scope, aims and objectives of the projects and programmes
	The type and degree of the realised innovations
	The type of public client–contractor relationship

	The cases and their selected procurement strategy
	Case 2: A project characterised by a high degree of innovation
	Case 1, 3 and 4: Three projects characterised by a moderate degree of innovation
	Case 5: A project characterised by a low degree of innovation
	Case 6: A programme characterised by a high degree of innovation
	Case 7 and 8: Two programmes characterised by a moderate degree of innovation

	A theory-based reflection on the positioning of the cases in the typology
	Case 1 (Functional barriers): a project classified as a moderate degree of innovation and with a competition based coopetition
	Case 2 (Ritsumasyl project): a project classified as a high degree of innovation and with a cooperation based coopetition
	Case 3 (Boekelo bridge)  Case 4 (Gemert northern ring road): Two projects classified as a moderate degree of innovation and with a competition based coopetition
	Case 6 (Quay Walls): A programme classified as a high degree of innovation and with a competition based cooperation
	Case 7 (Urban lighting roadmap implementation)  Case 8 (Smart way to sustainable municipal buildings): Two programmes classified as a moderate degree of innovation and with competition based coopetition (Case 7) and a coopetition based cooperation (Case 8)

	Guideline for selecting an innovation-encouraging procurement strategy
	Contributions and recommendations for future research
	Acknowledgements
	Disclosure statement
	Notes on contributors
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


