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A B S T R A C T   

Public clients’ decisions on the procurement and contracting of civil engineering projects have far-reaching ef-
fects on the development and implementation of innovations. Two decades ago, a trend towards the use of in-
tegrated contracts started to improve constructability and stimulate innovations. However, for radical 
innovations, the unilateral allocation of innovation 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. An in-depth case 
study was used to investigate the development and application of an alternative public-client-led approach to 
realizing a radical innovation in a civil engineering project. This study shows that: (1) government champion-
ship, through a proactive participation of the public client in the initiation, development and implementation of 
the project and the willingness to bear innovation risks; (2) the application of innovation risk management 
strategies and the availability of a fall back option; (3) the establishing of favourable organizational and rela-
tional conditions, were determinative factors for the successful development and implementation of the intended 
radical innovation. Furthermore, seven propositions have been derived that together provide instruments 
through which public clients can actively promote the development and implementation of radical innovations in 
civil engineering projects. 
Subject classification codes: Managing Project Risk; Managing Project Innovation; Contract Procurement and 
Tendering   

1. Introduction 

The quality of our physical environment is under increasing pressure 
due to grand challenges such as climate change and future energy and 
water supply, and to meet a new set of policy goals on themes such as 
sustainability and circularity. The sustainable development goals of the 
United Nations are an important example in this regard where in-
novations can provide a significant contribution towards obtaining these 
far-reaching goals (United Nations General Assembly, 2015). In addi-
tion, radical innovations may also be required where existing solutions 
appear ineffective. Government, as the largest client of the construction 
industry, is the single most influential party in supporting the achieve-
ment of these sustainability targets (Miller et al., 2009). 

Through its role as a client and regulator, governments can influence 
the outcomes of procurement activities by addressing the impediments 

to innovation and fostering its enablers (Eriksson et al., 2019; Rose and 
Manley, 2012). However, a recent report published by the Economic 
Institute of the Building environment (EIB) in the Netherlands (Arnol-
dussen et al., 2017) and earlier studies conducted by Blayse and Manley 
(2004), Ivory (2005), Manley (2006), and Na et al. (2006) noted several 
challenges for innovation in the construction industry. One of these 
challenges is the lacking of effective procurement methods that 
encourage and support the development and implementation of radical 
innovations in the construction industry. Currently, the two most 
commonly applied project delivery methods for construction projects by 
public clients are design-bid-build and integrated contracts. The EIB 
report seriously questions the extent to which these project delivery 
methods encourage radical innovation in construction projects. 

The design-bid-build project delivery method is often used for 
smaller, more predictable and less complex projects. In this delivery 
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method, detailed design and specifications are developed prior to the 
tendering process for the realization phase of a project (Hale et al., 2009; 
Lenferink et al., 2013). Most projects using this delivery method are 
awarded based on the price in the tender offers, and to a lesser extent on 
quality criteria (Loosemore and Richard, 2015). This delivery method, 
in combination with competitive tendering, stimulates arms-length 
working relationships (Eriksson, 2008; Eriksson and Westerberg, 
2011), where each of the involved organizations focusses on their own 
part of the project and collaboration between organizations is limited 
(Kent et al., 2010). This delivery method is considered to be less 
conducive to the development and implementation of innovations in 
construction and civil engineering projects for three reasons. First, the 
split between those organizations involved in the design phase and those 
in the realization phase limits possibilities for optimization between the 
design and construction parts of the project (Eriksson et al., 2019). 
Second, the common focus on price in awarding the contract limits in-
centives to offer innovative solutions with additional value beyond 
reducing the realization price (Loosemore and Richard, 2015). Third, 
the inclusion of a detailed design in the tender documents, with a list of 
technical specifications and requirements, limits the space for alterna-
tive solutions (Rose and Manley, 2012). 

An alternative to design-bid-build that is often applied is the use of 
integrated contracts as a project delivery method. Integrated contracts 
are often used for larger and/or more complex projects where additional 
value from early involvement of the contractor is foreseen. Integrated 
contracts combine design activities and the realization of the project in a 
single tendering assignment (Hale et al., 2009), and may also include 
maintenance, operation and/or finance components (Lenferink et al., 
2013). Generally, a combination of price and qualitative assessment 
criteria is used to assess the tender offers and guide the direction in 
which additional value can be offered. When a significant share of the 
design activities is performed by the main contractor, integrated con-
tracts provide more options for optimization between the design and the 
realization of the project and stimulate the inclusion of incremental 
innovations (Eriksson et al., 2019; Rose and Manley, 2012). At the same 
time, they reduce the financial risks for the client because the contractor 
becomes responsible for its part in the design activities as well as the 
realization of the project (Oyegoke et al., 2009). 

Despite the clear benefits of integrated project delivery methods for 
improving constructability and stimulating innovations, this delivery 
model has its drawbacks. Since, in the integrated project delivery 
method, the main contractor is held responsible for the design as well as 
the realization of the project, a large proportion of the risks is allocated 
to the main contractor. This is especially true when combined with fixed 
price contracting (Öztaş and Ökmen, 2004). This skewed risk allocation 
becomes problematic if the contractor faces considerable uncertainties 
in a project. These uncertainties will not only hinder a reliable assess-
ment of potential project risks and a realistic inclusion of these risks in 
the tender price, but will also reduce a contractor’s ability to manage 
and bear these risks effectively (Öztaş and Ökmen, 2004; Rijkswater-
staat, 2019). In addition, the integrated delivery method obliges con-
tractors to take responsibility for risks that they cannot influence, such 
as deficient scoping of the work that needs to be realized and the timely 
issue of building permits, which may lead to considerable project delays 
and costs (Miller et al., 2009). If the integrated delivery method is 
applied, contractors may well be reluctant to develop and/or implement 
radical innovations. Radical innovations are associated with a higher 
risk profile. The risk profile of innovations is strongly related to the 
extent of the uncertainty in terms of: a) the required budget and 
development time, b) the performance of the innovation, and c) the 
ability of the innovation to comply with regulations. These uncertainties 
are logically higher when a potential innovative solution has a lower 
technology readiness level and requires more development and testing 
(Mankins, 2009). The risk of having to bear the consequences when 
things go wrong, take longer, or when the specified performance levels 
turn out to be unachievable with the intended innovative solution, will 

make contractors reluctant to seek radical innovations (Rijkswaterstaat, 
2019). 

If the development and/or implementation of radical innovations is 
explicitly requested in the issued tender assignment, the reluctance of 
contractors to take innovation risks may result in a lack of offers from 
potential contractors. This, in combination with the discussed limita-
tions of both the design-bid-build and integrated delivery methods to 
encourage innovation and facilitate the management of innovation risks, 
we argue that an alternative approach is needed for the development 
and implementation of radical innovations in civil engineering projects. 

In literature, little attention has been devoted so far on possible 
alternative procurement methods that facilitate and encourage the 
development and application of radical innovations in civil engineering 
projects. 

In order to contribute in closing this gap in literature, we will eval-
uate the effectiveness of a recent alternative procurement approach that 
was applied to develop and implement a new technology with a low 
readiness level in a civil engineering project in the Netherlands. The new 
technology concerns an innovative bio-based composite bridge deck that 
was developed and incorporated in the design and realization of a 
movable bridge. 

To evaluate the effectiveness of the alternative procurement 
approach, the following research questions will be answered in this 
paper:  

1) What determining factors and mechanisms influence the successful 
development and implementation of a radical innovation in civil 
engineering projects?  

2) To what extent can the theory on innovation risk management, 
government championship and coopetition in client-contractor re-
lationships help to explain the successful development and imple-
mentation of radical innovations in civil engineering projects? 

The rest of this paper is structured as follows. Section 2 provides a 
background of the literature that is considered relevant for this study. In 
section 3 the research methodology is introduced and the case study 
explained. The research methodology section is followed by a detailed 
description in section 4 of the application of the developed approach in 
the tendering process for a bicycle bridge project with an innovative 
movable bridge deck of bio-based composite materials. Section 5 in-
cludes an extensive analysis of the applied approach in the case study. 
Three major characteristics of the approach are derived and seven 
propositions are formulated for realizing radical innovations in civil 
engineering projects. The paper concludes by identifying its contribu-
tions to literature, its policy implications, its research limitations and by 
highlighting the overall conclusions. 

2. Background literature 

In subsection 2.1 we first provide a general definition of innovation 
in the context of civil engineering projects. This is followed by subsec-
tion 2.2 with a more detailed characterization of radical innovation in 
civil engineering projects. Next, we discuss in subsection 2.3 the liter-
ature on Public Procurement of Innovation (PPI) and in subsection 2.4 
the literature on procurement procedures that foster innovation in civil 
engineering projects. This is followed by a review of recent literature in 
subsection 2.5 about Government championship. In the last subsection 
we review strategies to manage innovation risk in general and more in 
particular in civil engineering projects. 

2.1. A definition of innovation 

Innovation in civil engineering projects can be defined as the 
development and successful 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 projects can be 
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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 
totally new technology). Besides the magnitude of change from the 
current state-of-the-art associated with the innovation, 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; Mag-
nusson et al., 2011; Slaughter, 1998). 

2.2. A characterization of radical innovation in civil engineering projects 

Researchers have used different definitions of radical innovations 
but seem to agree that opposed to incremental innovations, in radical 
innovations unprecedented improvements or performance features are 
achieved, representing major changes in technology that involve the 
discovery of new knowledge, radical technical risk, time, and costs 
(Cardinal, 2001; Keizer and Halman, 2009; Leifer et al., 2001; Majchr-
zak et al., 2004; Roussel et al., 1991). Variations on the theme often 
relate to the wish to highlight specific major changes, for example: 
newness to the market including customers and trade, technological 
newness including materials and functions (Keizer and Halman, 2009). 

With respect to civil engineering projects, Slaughter (1998) explains 
that different types of innovation require different activities and re-
sources for their implementation in specific projects. First, where in-
cremental innovations can be implemented at any time in a project, it is 
more advantageous to commit to the implementation of a radical 
innovation early in a project. Second, the need for coordination and 
supervision within a project increases when linkages between the 
innovation and other parts of the system increase. Third, radical in-
novations are more likely to require special equipment or expertise that 
needs to be provided by external specialized organizations or to be 
developed in-house. 

In the context of construction and civil engineering we define radical 
innovations as: the development and realization of products and/or 
processes that either include one or more key technologies that are new 
to the field of the construction industry and create radical value to the 
clients. This means that in the case of radical innovations a significant 
gap between required and acquired technological knowledge and skills 
needs to be bridged during the development and realization of the 
innovation project. This means that these types of projects inherently 
have a low technology readiness level (TRL) in their early phase of 
development. The concept of TRLs has been developed during the 
1970’s by NASA for estimating the maturity of a technology (Sadin et al., 
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 Com-
mission 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). Typically, the development and realization of radical innovation 
projects have a Technology Readiness Level between TRL4 – TRL7. 

2.3. Public Procurement of Innovation (PPI) 

To tackle the grand challenges being faced by societies all over the 
globe, Public Procurement of Innovation (PPI) is increasingly seen as an 
essential element of innovation policy (Edquist et al., 2015; Edquist and 
Zabala-Iturriagagoitia, 2012; OECD, 2011). Edquist et al. (2015) explain 
in the Introduction of their book on Public Procurement of Innovation, 

that traditionally, innovation policy initiatives have mostly come from 
the supply side. Countries and regions have actively implemented and 
used innovation policy instruments such as fiscal measures and public 
financing of research and development (R&D). Demand side policy 
procurement interventions are intended to increase the demand for in-
novations, to improve the conditions for the uptake of innovations and 
to improve the articulation of demand (Edler and Georghiou, 2007). 
Public Procurement of Innovation (PPI) occurs when a public organi-
zation places an order for the fulfillment of certain functions (that are 
not met at the moment of order or call) within a reasonable period of 
time through a new or improved product (Edquist et al., 2015). The 
objective of PPI is not only to enhance the development of new products, 
but also to target functions that satisfy human needs, solve societal 
problems or support agency missions or needs (Edquist et al., 2015; 
Edquist and Zabala-Iturriagagoitia, 2012). 

The effectiveness of PPI is influenced by the way procurement is 
undertaken. Besides the potential benefits, much of the debate has 
centered in the last decades on the potential barriers to innovation in 
public procurement (Uyarra et al., 2014). Typical barriers and con-
straints to innovation include lack of interaction between procurers and 
suppliers, lack of advance communication about potential needs, risk 
aversion in the granting contracts, costly and over-bureaucratic 
tendering procedures, and rigid specifications among others (Edler 
et al., 2015). Edler et al. (2015) further observe indications that the 
incentive structures, capabilities and priorities in public organizations 
are not very conducive to risk taking. 

2.4. Public procurement procedures that foster innovation in civil 
engineering projects 

Eriksson (2008) cites Rahman and Kumaraswamy (2002) who have 
characterized the construction industry as a very high-risk, complex, 
and multiparty business, in which the transactions involve many com-
plex processes. Projects often last for many years and the product design 
is often changed during the time because of changes in the client’s 
preferences (Kadefors, 2004). Hence, as Eriksson (2008) argues, con-
struction transactions are mostly characterized by high complexity and 
customization, long duration, and high uncertainty. Such transactions 
should therefore be governed within relationships that have a high 
emphasis on cooperation and a lower emphasis on competition, i.e. 
cooperation-based coopetition. Unfortunately, the study conducted by 
Eriksson (2008) shows that in the construction industry, clients’ pro-
curement procedures facilitate a focus on competition and not on 
cooperation. In view of the need of a cooperation focused procurement 
procedure in construction, Pesämaa et al. (2009) have proposed and 
validated an alternative procurement model, that facilitates cooperation 
between clients and contractors. The model is based on four multi-item 
constructs – incentive-based compensation, limited bidding options, 
partner selection and cooperation. Risks are allocated to project actors 
through the contractual arrangements. As explained by Osipova and 
Eriksson (2011), the main purpose of incentives, is to facilitate collab-
oration in problem solving, and reward the actors on the basis of their 
performance. Incentives motivate actors to focus on joint objectives and 
significantly reduce disputes. Limited bidding invitation is a crucial part 
of a cooperative procurement procedure (Love et al., 1998). In such 
situations, the client only invites contractors that are perceived trust-
worthy and competent enough to perform to expectations and to 
contribute to the design work (Pesämaa et al., 2009). 

The whole idea of Partner selection on the basis of a limited bid 
invitation and incentive based compensation is to find and motivate 
suitable partners that can contribute to a better construction solution 
(Pesämaa et al., 2009). This is especially important in the case when 
specific unique knowledge is required to develop and implement a 
required radical innovation. 

With respect to realizing innovation in construction projects, Eriks-
son and Westerberg (2011) have developed propositions in which they 
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state the need for a high level of integration between clients and con-
tractors; a high focus on soft parameters in the bid evaluation; a joint 
involvement 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 man-
agement (JRM) and a joint project office. Unfortunately these proposi-
tions have not been validated yet in practice. In a more recent study 
Eriksson et al. (2019) observe that the early involvement of contractors 
may not be sufficient to facilitate radical innovations. The authors also 
indicate the importance of client priorities towards innovation. 

2.5. Government championship 

Today, countries around the world are seeking smart innovation-led 
growth, and hoping that this growth is also more “inclusive” and “sus-
tainable” than it used to be in the past (Mazzucato, 2015). Such a feat, 
explains Mazzucato in her paper “Building the entrepreneurial state”, 
requires rethinking of the role of government and public policy in the 
economy. This needs a new justification of government intervention that 
goes beyond the usual one of “fixing market failures”. It also requires the 
shaping and creating of markets and attention to the ensuing distribu-
tion of “risks and rewards”. This implies a constructive attitude in 
forming types of public-private interactions that can create new 
innovations. 

This means that public organizations should be restructured so they 
also accommodate a risk-taking and explorative capacity, and the ca-
pabilities needed to envision and manage contemporary challenges. 
What we need, is an entrepreneurial government, a government that not 
only supports technology innovation, but also shows championship in 
actively approaching the innovation challenges of the future. 

Government support is a popular instrument to foster technology 
innovation. It can take various forms such as financial aid, tax credits 
and technological assistance. There are many studies on the effective-
ness and impacts of government support, mostly on the program-level or 
industry-level (Yue, 2017). However, with the intention to encourage 
technology development, governments can also play a more direct, 
championship role. Championship is defined as “expressing confidence 
in the innovation, involving and motivating other to support the inno-
vation, and persisting under adversity” (Caerteling et al., 2013; Howell 
and Sheab, 2001; Yue, 2017). Morris and Hough (1987) analysed eight 
major technology projects, and found that in addition to roles such as 
owner, buyer and regulator, government could also act as the “cham-
pion” in an innovation process. Moon and Bretschneider (1997) 
discovered a positive association between innovation development and 
the active involvement of New York State Government. Similar type of 
positive findings of government championship on technology innova-
tion performance are reported by Caerteling et al. (2013) and Yue 
(2017). However, with respect to government championship there are 
still many questions to be answered (Yue, 2017), such as: How and to 
what extent can government support the development and realization of 
technology innovations? How should government interact with the 
other participants in a technology innovation project? And what type of 
approaches are more effective in different stages and situations of 
technology innovation? 

2.6. Managing innovation risks in civil engineering projects 

Risk is defined in many ways which have changed only a little over 
the last decade. For example, risk is referred to as the probability of an 
effect (ISO 31000, 2009), as an uncertainty of outcome (UK Cabinet 
Office, 2002), as an event having a negative impact or outcome (Wang 
et al., 2010). As the magnitude of change and the complexity of devel-
oping an innovation increase, so does the uncertainty over the future 
performance of the system and the need to actively manage the devel-
opment process and the risks associated with this innovation (Magnus-
son et al., 2011). Edler et al. (2015) cite Keizer and Halman (2007) who 

have mapped the risks involved in radical innovation projects according 
to three dimensions: the degree of uncertainty, the degree of control-
lability and the relative importance (in other words benefits). 

When it comes to the management of project risks, there are in 
principle four possible risk management directions that can be taken: to 
accept, to reduce, to transfer or to reject the risk (Actuarial Profession 
and Institution of Civil Engineers, 2005; Gehner, 2008; Halman, 1994). 
Depending on the direction selected, various risk solution strategies can 
be taken (Halman (1994, 2008); Keizer et al. (2002)). See also Fig. 1: 

• In case of risk acceptance, it will be necessary to monitor the diag-
nosed risk carefully and take precautionary actions through a con-
tingency plan and/or incorporate sufficient slack (time and funds) to 
address the effects.  

• In case of risk reduction, possibilities are to select a different solution 
by choosing a more reliable, already existing, solution or by altering 
the demands and specifications. Another option is to include more 
time and funds for research and testing; or incorporate quit options; 
or opt for a different team composition by, for example, including 
external experts.  

• In case of risk transfer, the possibilities are to entirely outsource that 
part which is difficult to solve to an organization with significant 
knowledge, skills and experience in the specific area. Similarly, one 
could develop an alliance and allocate responsibility for developing a 
satisfactory solution to the alliance partner who can manage the 
specific innovation risk.  

• In case of risk rejection, it is important to consider whether rejection 
will lead to a complete stop to project execution or whether it is still 
possible to adapt the project scope. When adaption is possible, the 
options for redefining or restructuring the project should be 
considered. 
There are numerous innovation management studies indicating that 

radical innovations are highly risky. This explains the reluctance of 
many civil engineering contractors but also public clients to engage in 
radical innovation projects. The procurement form determines to a great 
extent if a project provides sufficient incentives for a construction firm to 
undertake the innovation efforts (Hartmann, 2006). For example, when 
a procurement system focusses highly on price and/or time, it will not 
facilitate innovation (Kumaraswamy and Dulaimi, 2001). Functional 
specification instead of prescribing what a contractor has to do and 
Performance-based procurement are described as enablers for innova-
tive behaviour (Rose and Manley, 2012). Also early contractor devel-
opment has been demonstrated as a stimulant to innovate (Hartmann, 
2006). And a study by Blayse and Manley (2004) shows that the pres-
ence of a well-integrated team not only improves communication and 
learning but also innovation outcomes. A very important factor to enable 
innovation is the mutual agreement between public client and 
contractor about the way how innovation risks will be allocated (Hart-
mann, 2006). Especially in the case of radical innovations, public clients 
are required to act more flexible with respect to their expectations and 
acceptance of risks (Rose and Manley, 2014). Different studies have also 
shown the importance of government championship with respect to the 
management of innovation risk in the development and realization 
process of construction and civil engineering projects (Caerteling et al., 
2013; Gattiker and Carter, 2010; Sergeeva and Winch, 2020; Yue, 2017). 

3. Research methodology 

An in-depth single-case study design was used to investigate the 
development and application of bio-based composite materials in the 
deck of a new to be build movable bridge project. Unlike the usual use of 
components with a high readiness level in the procurement of civil en-
gineering projects, the readiness level of the bio-based composite ma-
terials was still in an early phase of development: the technology 
readiness had been validated as a prototype, but not demonstrated yet 
within a civil engineering project. As such, the movable bio-based cycle 
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bridge can be characterized as a ‘world first’ innovation project. 
Single case studies are particularly suitable, when the case is un-

usually revelatory, or when it is extremely exemplar, or when it offers 
opportunities for unusual research access (Eisenhardt and Graebner, 
2007; Yin, 2013) as cited in (Mariotto et al., 2014). This case was spe-
cifically selected because of its unique characteristics which would allow 
the generation of insights about the procurement of innovative projects 
with still a relatively low technology readiness level (Numagami, 1998; 
Siggelkow, 2007). 

3.1. Data collection 

Different sources of evidence were used to complement each other 
and to ensure the validity of the study (Yin, 2013). The research started 
with an extensive document study of policy documents issued by the 
relevant provincial authorities, tender documents for the movable 
bridge project and the website of the case study project: D.R.I.V.E 
(2019). This helped to develop an overview of the approach that was 
developed and applied by the public client in the project and to prepare 
for discussions with key informants. The document study was followed 
by three interviews with staff of the public client (Friesland, a province 
in the Netherlands), three interviews with staff of the engineering 
company supporting the public client, three interviews with the main 
contractor’s staff, one interview with the producer of the bridge deck, 
and two interviews with other tenderers (see Table 1). All the in-
terviewees held important managerial positions, possessed deep 
knowledge about the project organization, and were also directly 
involved in the project. An interview protocol was created for the in-
terviews. A semi-structured approach was adopted to enable follow-up 
questions and include aspects that were considered relevant during 
each interview. Each interview lasted between 50 and 70 min. All the 
interviews were recorded and transcribed. The transcripts were sent to 
the respondents to verify the content. None of the transcriptions had to 
be modified. 

The interviewees also provided documents that enabled us to refine 

the description of the characteristics of the innovation project, the 
procurement approach that was followed including the use of contrac-
tual arrangements with respect to the goal of the project. The interviews 
also provided valuable information with respect to the role of the project 
client in the project, the use of risk management strategies in the 
development and implementation of the project’s innovation as well as 
the collaboration process between all parties in the project. 

The interviews with the public client focussed on the goals and 
context of the selected project, as well as the used project and pro-
curement approach to developing and implementing the intended 
innovation as part of the project. In addition, specific questions were 
asked with respect to the management of innovation risks. The in-
terviews with the representatives of the engineering company support-
ing the client went more in-depth into why certain decisions were made 
in the tender procedures, the use of contracts and the collaborative 
development process. The interviews with the contractor, the producer 
of the bridge deck and the other tenderers focussed on their incentives to 
participate in the project and the value as well as their view on the 
benefits and limitations of the selected approach for developing and 

Fig. 1. Options to accept, reduce, transfer or reject project innovation risks (adapted from Halman (1994, 2008)).  

Table 1 
Overview of interviewees.  

Organization Role of interviewee in project (number of 
interviews) 

Province of Friesland Project leader (2) 
Programme manager/internal client (1) 

Engineering company supporting 
client 

Contract advisor (1) 
Project manager/advisor (1) 
Project coordinator (1) 

Contractor Tender/project manager (2) 
Local tender manager (1) 

Producer bridge deck Director/project manager (1) 
Other tenderers Tender manager contractor (1) 

Director contractor and composite materials 
(1) 

Total number of interviews 12  
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implementing the intended innovation. 

3.2. Data analysis 

A content analysis of the interview reports, the project documents 
and relevant information that was found on the website, was undertaken 
using ATLAS. ti. 6.2. In line with the procedure for content analysis 
recommended by Boeije (2010), every document was ‘open coded’. In 
the next step, ‘axial coding’, was employed to reorganize and reassemble 
the codes identified in the first step. The output of the ‘axial coding’ step 
consists of identifying themes and concepts and is considered as an 
essential intermediary step towards ‘theoretical coding’. In this last step 
of theoretical coding, relationships between data fragments that explain 
the nature of realizing radical innovations in civil engineering projects 
were identified. This last step was guided by deductively drawing on 
theory as discussed in Section 2. Identifying the first-order open codes, 
the themes and concepts and, subsequently, the research propositions 
was supported by a data structure that consisted of various research 
notes and matrices as suggested by Miles and Huberman (1994). 

The data analysis helped to explain how and why a radical innova-
tion, i.e. a movable bridge made of bio-based composite materials, was 
successfully developed and realized. Based on this analysis, seven 
propositions were derived concerning the development and imple-
mentation of radical innovations in civil engineering projects. 

3.3. Validation workshop 

To validate our research findings and analysis, a workshop was 
organized which was attended by the persons who were earlier involved 
as interviewees. This session allowed the participants to clarify their 
views and opinions and to discuss them with all the participants. Group 
discussions are inherently prone to bias such as group think. This was 
anticipated and guarded against in two ways. The first was to establish a 
clear focus on validating previous findings whereby the attendees were 
explicitly asked to add context to the identified factors and developed 
propositions. Second, the group discussions were moderated by an 
experienced facilitator who was not involved in the interview and 
coding steps of the research. The discussion session had a duration of 
approximately 90 min. All the interviewees that were invited partici-
pated. The session was recorded for later transcription. The discussion 
session provided support for the derived propositions. In addition, the 
discussion session also provided more insight about the way how all 
members of the tender team members experienced their own and also 
their joint contribution to act as an integral complementary team. 

4. Case study: the Ritsumasyl bicycle bridge project 

4.1. Project context and challenges 

The Ritsumasyl bicycle bridge project was initiated by the Province 
of Friesland in the Netherlands. The province has strong ambitions with 
respect to circularity and knowledge development in the region and has 
formulated as one of its policy goals to be among the Top 3 of circular 
development regions in Europe. 

Being aware of the policy ambitions of the province, the internal 
client opted to use bio-based materials in the Ritsumasyl bicycle bridge 
project. Worldwide, such types of bio-based circular bridges have never 
been built before. This project therefore seemed to fit well with the 
ambition to experiment with the use of new sustainable materials. 
Compared to bridges intended for cars, trucks or trains, bicycle bridges 
require less load bearing capacities and the impact on society if a bridge 
needs to be closed for maintenance or repairs is also smaller. 

At the start of the project, the public client determined five project 
goals which were published in the tender documents: 

1. To replace the existing bridge across the canal in the village of Rit-
sumasyl with a movable bicycle bridge, and widen the canal below 
the bridge to 17 m to facilitate the passage of Class Va ships through 
the canal.  

2. To use bio-based composite materials in the bridge wherever 
possible and to use 100% bio-based composite materials in the 
movable bridge deck.  

3. To develop the bridge in a collaborative process with the contractor, 
the developer/producer of the bridge deck and educational organi-
zations to: a) generate and disseminate knowledge on the sustainable 
application of bio-based composite materials in civil engineering, 
and b) improve collaboration in the supply chain.  

4. To realize the bicycle bridge within the maximum budget allocated 
to the project.  

5. To have political and societal support for the project at the start of 
the realization process of the bicycle bridge. 

4.1.1. Challenges and innovation risks 
At the start of the project there were three foreseeable challenges and 

risks related to the development and implementation of the innovative 
bridge deck in the project. First, there was limited knowledge on the 
properties of bio-based materials for bridges and potential changes in 
these properties due to aging, movements of the bridge and external 
influences over time. As such, it was uncertain if the bio-based com-
posite bridge deck would meet the predefined design requirements. 
Second, the bridge deck needed to be co-developed and implemented in 
a movable bridge design that would allow larger ships to pass through 
the canal. This increases the complexity of the bridge system, the in-
terdependencies between components, and the design requirements for 
the bridge deck. Third, a market analysis conducted by the Province 
showed that there were only a few potential suppliers who possessed the 
knowledge and expertise to develop a bio-based composite bridge deck. 
The fear was that this could limit competition in the tender phase. 
Contrary to what is usual in integrated projects and in design-bid-build 
projects, the public client deliberately decided to bear the uncertainties 
and risks related to the development and implementation of the inno-
vative bridge deck. This enabled the commitment to the project from all 
stakeholders. By doing this, the public client manifested itself as a 
government champion (cfm. Gattiker and Carter, 2010) for the Ritsu-
masyl bridge cycle project. 

4.1.2. Project overview and approach 
The project was split into four phases: the pre-tender phase, the 

tender phase, the design and development phase and the realization 
phase. This section now describes the successive phases of the Ritsu-
masyl bicycle bridge project. An overview of the topics discussed in each 
of these phases is indicated in Fig. 2. 

4.2. Pre-tender phase 

During the pre-tender phase, the approach to be used for the Ritsu-
masyl bicycle bridge project was developed by the public client with the 
aid of two engineering companies. Both engineering companies were 
already contracted as consultants in a larger Province program. The 
Ritsumasyl bicycle bridge project formed an iconic conclusion to the 
Province program. This phase included several important decisions 
related to the development and implementation of the innovation in the 
project. 

The public client decided to separately tender for a developer/pro-
ducer of the composite bridge deck and for a contractor for the bridge. 
Moreover, the public client also decided to contractually split the tender 
into two successive phases as illustrated in Fig. 3. The first phase 
focussed on the development of the bio-based bridge deck and the design 
of the movable bridge, and the second phase focussed on the realization 
of the bridge. To achieve this, the decision was taken to use a two-staged 
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open book tendering approach, which is similar to the two-stage open 
book tendering model used in the UK (Mosey, 2014). 

An important reason for this contractual split was the fact that it was 
uncertain if a movable bridge with a bio-based composite bridge deck 
would meet the requirements for a bicycle bridge as part of the public 
road network and would continue to perform well over time. As such, 
the public client saw it as unreasonable to transfer these risks to a main 
contractor before a full design of the bridge had been developed and the 
innovative bridge deck tested. 

By separating the project into two successive phases, the public client 
also created an opt-out possibility. This provided the public client with 
the opportunity to fall back on a traditional solution if a developed 
composite bridge deck would not perform as well as expected and/or 
could not meet the predefined design requirements. 

The public client expected the use of separate contracts to increase 
competition since contractors would be able to submit an offer without 
having to subcontract one of the few potential producers of bio-based 
composite bridge decks. Moreover, the use of separate contracts would 
improve the contractual position and the central role of the developer/ 
producer of the bio-based composite bridge deck in the project 
compared to being subcontracted by the main contractor. Another 
advantage of the separate tenders was that it gave the public client the 
opportunity to have different tender criteria for the producer of the bio- 

based composite bridge deck and the contractor of the bridge as a whole. 
However, this decision also created risks for the co-development of the 
bridge deck and the design of the movable bridge: the contractor of the 
bridge and the developer/producer of the bridge deck might be unfa-
miliar with one another, or worse, have bad experiences with working 
together. 

The public client further decided to use a construction design team 
approach in the design and development phase of the project. In this 
phase, the public client, the contractor and the developer/producer were 
expected to closely collaborate on the development and the testing of the 
bridge deck in parallel with developing the design of the movable 
bridge. The details for the collaboration and the specific division of re-
sponsibilities between the public client, the contractor and the devel-
oper/producer of the bio-based composite bridge deck construction 
design team would be detailed in a construction design team contract 
that was signed by all parties. 

For the realization phase of the project, the public client decided to 
use an integrated design and construct contract. This seemed realistic 
since it was expected that most of the uncertainties with respect to the 
properties of the materials, the dependencies between the components 
of the bridge and the ability to meet the design requirements would have 
been significantly reduced during the earlier design and development 
phase of the project. 

Fig. 2. Project overview and structure for describing the application of the client-led innovation approach.  

Fig. 3. Contractual arrangements for the Ritsumasyl bicycle bridge project.  
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4.3. Tender phase 

A European open tender procedure (Directive 2014/24/EU, 2014) 
was used to select the developer/producer of the composite bridge deck, 
and a European restricted tender procedure with pre-selection (Directive 
2014/24/EU, 2014) to select the contractor of the bridge. An overview 
of both tendering procedures with their respective eligibility re-
quirements, pre-selection criteria and award criteria is presented in 
Fig. 4. 

4.3.1. Developer/producer for the composite bridge deck 
Since only a few potential developers/producers were known for the 

composite bridge deck, a European open procurement procedure was 
used in combination with a plenary information session to attract and 
inform potential producers. To ensure that the potential producers 
would have the required knowledge and capabilities, tenderers were 
required to demonstrate their past experience with respect to the design 

as well as the production of composite bridge decks. The award of the 
contract was based on the quality of the action plans submitted by each 
of the tenderers. The public client evaluated each of the submitted plans 
against the following three criteria:  

1. Knowledge and expertise on bio-based composite materials (max. 70 
pt)  

2. Experience and vision on collaboration in the construction design 
team (max. 30 pt)  

3. Tariff rates for different employee categories (max. 20 pt) 

The assignment was awarded to the tenderer who obtained the 
highest overall score. 

The plan of action in the winning tender offer was later included as 
an attachment to the contract of the construction design team. As such, it 
became an integral part of the contract. 

Fig. 4. Tender procedures applied in the composite movable bicycle bridge project.  
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4.3.2. Contractor for the movable bicycle bridge project 
To find a suitable contractor for the co-development of the bridge 

deck and the movable bridge, the public client heavily focused on the 
contractor’s experience with realizing movable bridges, designing civil 
engineering works in collaboration with a public client, and realizing 
ground, road and civil engineering works together in a single integrated 
contract. Five contractors were pre-selected based on their experience 
with: (a) the realization of movable bridges including composite mate-
rials, (b) collaborative design processes, and (c) contributing to the 
development of innovations. In addition to the opportunity to submit 
questions on paper before the pre-selection process, the pre-selected 
contractors were invited to attend a plenary information session and 
an individual information session about the project before submitting 
their tender offer. Similar to the selection of the developer/producer of 
the composite bridge deck, the award of the contract was based on the 
quality of the proposed plan of action. The submitted plans were eval-
uated against three award criteria, again with different weights for each 
criterion:  

1. The vision on collaboration in the construction design team (max. 60 
pt)  

2. Identification and management of risks (40 pt)  
a. In the design and development phase.  
b. In the realization phase.  
c. In the coordination between the contractor and the developer/ 

producer of the composite bridge deck.  
3. Tariff rates for different employee categories (max. 20 pt) 

The public client considered the abilities of the contractor to 
collaborate in a construction design team and to identify and manage the 
innovation and organization risks in the project as essential elements for 
a successful collaborative development and implementation of the bio- 
based composite bridge deck in a movable bridge design. 

The tariff statements were included in the tender to allow a limited 
competition based on price. Moreover, their inclusion allowed the 
public client to include what it considered to be a reasonable minimum 
and maximum hourly rate per function category, and to communicate 
their expectations regarding the required time investment by the 
contractor in the design and development phase. 

4.4. Design and development phase 

The design and development phase was split in two sub-phases. A 
simplified overview of the staged development procedure with multiple 
go/no-go moments is represented in Fig. 5. The first sub-phase included 
all activities up to and including the conceptual design. The goal of this 
sub-phase was to determine if the requirements stated in the tender 
specifications were feasible. The second sub-phase focussed on the 
further development of the design and the bridge deck, which was 
necessary to obtain an environmental permit for the realization of the 
bridge. 

4.4.1. Roles and responsibilities 
The public client, the contractor and the developer/producer of the 

bridge deck each had their own role within the construction design 
team. The public client had a leading role in the construction design 
team regarding: a) the coordination of activities, b) the assessment of 
plans, budgets and offers, c) specifying the requirements, and d) taking 
those decisions necessary for the progress of the project. The main 
contractor had a leading role on the design, realization and costs of 
movable bridges in order to develop the bridge design, budget and 
realization plan. Finally, the developer/producer of the bridge deck had 
a leading role on the design and realization of bio-based composite 
materials and cost assessments in order to develop the bridge design, 
budget and realization plan. 

Further, each of the construction design team members were held 
responsible for their own design activities and any advice they provided 
in their field of expertise. However, financially, the liabilities of the main 
contractor and the developer/producer of the bridge deck were limited 
to a maximum of EUR 1 million per occurrence and EUR 2 million per 
year for any damage or loss that was not deliberately caused or the result 
of serious negligence. As such, the client limited the risks of the 
contractor and the developer/producer of the bridge deck and accepted 
these as its own risks. At the same time, the client had a major influence 
on all large decisions in the project. The team spirit in the project team 
may be characterized as highly motivated and with a strong drive to 
succeed. As one of the construction design team members stated: 

“We all had a strong drive and the feeling that we were working on 
something special”. 

Fig. 5. Staged development procedure for the composite movable bicycle bridge project.  
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4.4.2. Development and testing of the bridge deck 
One of the goals of the project was to use bio-based composite ma-

terials in the bridge wherever possible, and for the movable bridge deck 
to use 100% bio-based composite materials. To meet this goal, a desk 
study was carried out to determine which materials and production 
processes would be the most suitable for the bridge deck. Based on the 
desk study, vacuum injection tests were performed on five types of fibre 
and six types of resin to determine the suitability of the materials for the 
production process. Subsequently, in the second phase of the develop-
ment process, a range of coupon tests were performed on different 
combinations of the selected materials to determine their mechanical 
properties, their behaviour in hot and wet conditions and their resis-
tance to UV. Following these tests, expansion, creep and fatigue tests 
were performed on a full-scale model of the bridge deck to determine the 
life expectancy of the bridge. 

Collaboration with knowledge institutions was an important part of 
the approach to the development, testing and realization of the inno-
vative bicycle bridge. The decision to include the knowledge institutions 
in the project was from a perspective of knowledge dissemination a 
deliberate choice of the province. As one of the stakeholders of the 
province stated: 

“This enables the translation of the developed knowledge into 
teaching material that is taught at the universities of applied sci-
ences. This is also in line with the objectives of the province to 
become the preferred region for knowledge development in the 
Netherlands”. 

To realize this ambition, the province of Friesland closed contracts 
with four knowledge institutions. The constructive and aging properties 
of steel and concrete are well known. However, these properties were 
not yet known for biocomposites. That is why the TH Stenden and 
Windesheim (Zwolle) Universities of Applied Sciences have performed 
thousands of load tests with 36 different types of biocomposites. These 
laboratory tests made it possible to map out mechanical properties such 
as stiffness and strength. In addition, a required service life of at least 50 
years had to be demonstrated. To this end, the Hochschule Osnabrück 
conducted the necessary tensile tests, compression tests, bending tests 
and fatigue tests. Further, the Technical University of Delft simulated 
the opening, turning and closing of the bridge 1 million times, using a 
1:3 scale model of the bridge. This was necessary because the bridge is 
required to remain in operation for at least 50 years. When turning 
away, the movable segment rests on one concrete pillar. The simulation 
tests had to ensure that no significant deformation, creep or fatigue will 
occur during the intended service life. Furthermore, the scale model was 
equipped with an elaborate bridge monitoring system to obtain data on 
the material properties and any changes over time. Finally, the 
contractor was also supported by several specialist engineering com-
panies in the development of the bridge design. 

4.4.3. Development of the design 
In the design phase, a wide range of bridge design alternatives were 

compared by the construction design team based on criteria related to 
integrating costs, the environmental impact, percentage of bio-based 
materials used, maintenance and operation. This was possible because 
the design guidelines and requirements for the bridge that were included 
in the tender documents allowed for different design alternatives. The 
design alternatives explored included:  

a) Bascule bridge with and without a counterweight;  
b) Traditional drawbridge with a counterweight;  
c) Lift bridge; and  
d) Swing bridge. 

Of these design alternatives, the bascule bridge design with a coun-
terweight and the swing bridge design looked the most promising. 

Subsequently, both design variants were openly explored and discussed, 
based on the guidelines and requirements, within the construction 
design team as well as with stakeholders of the project. This open dis-
cussion led to a small modification to the design guidelines and the re-
quirements of the stakeholders. These modifications made it possible to 
develop an asymmetrical swing bridge design. This swing bridge design 
enabled a longer movable bridge deck than possible with the bascule 
bridge design. Moreover, the longer bridge deck in combination with an 
asymmetrical design allowed one of the ship guiding works to be 
replaced by a quay wall, leading to significant cost reductions (D.R.I.V. 
E, 2019). In addition, further cost reductions could be obtained by 
integrating the other ship guiding works with one of the supporting 
points for the bridge deck. 

4.5. Realization phase 

The design and realization of the bridge took longer than initially 
expected. The project delivery was planned for May 2019 but was 
delayed with the actual delivery of the bridge occurring half a year later 
on 18 December 2019. The project was initially extended to October 
2019 because of some setbacks in the engineering phase. After this, a 
second extension was necessary to solve problems with sensors in the 
bridge monitoring system which had been included to obtain more 
knowledge on the behaviour of bio-based composite materials in bridges 
(Atsma, 2019). 

The results of the creep tests on the scale model of the bridge deck 
had important implications for the design of the bridge (Beerda, 2019). 
It appeared that the flexible bio-based composite material for the bridge 
deck could, with the bridge open, sag significantly over time under its 
own weight. This required modifications to the bridge’s moving mech-
anism to lift the bridge deck to match the height of the road when closed. 
Furthermore, the bridge deck contracts more than steel in the winter and 
expands less in summer, due to its thermal expansion characteristics (D. 
R.I.V.E, 2019). 

4.6. Results of the project 

Given the flexibility in the design process and the positive test results 
obtained for the bio-based materials in the bridge deck, the original 
project goal of developing a movable bicycle bridge with a span of 17 m 
was exceeded by 5 m. In addition, several other fixed parts of the bridge 
deck were also made from the same bio-based composite material. It was 
not possible to develop a bridge deck of 100% bio-based composite 
materials since all resins considered in the project included synthetic 
materials. Based on the test results, the expected lifespan of the bridge is 
50 years and the bridge is considered sufficiently safe to be part of the 
public road system. 

In 2019 the biocomposite bicycle bridge project at Ritsumasyl was 
awarded the “National Circular Award Public”. This annual prize goes to 
the most iconic circular project that shows what the circular economy 
can mean for the Netherlands. In the same year, the project also received 
the Dutch “Lighthouse Award”. The jury was positively surprised and 
commented: “It seldom happens that a newly developed material is directly 
applied in a fairly large infrastructure project”. All submissions were 
evaluated on their social relevance, market potential, sustainability, 
creativity and exemplary performance. Decisive was a demonstrable 
relationship with the themes ‘climate (neutral)’ and ‘future proofing’. 

4.7. Outcome of the validation workshop 

During the discussion in the validation workshop that was organized 
to validate our research findings (see also section 3.3.) it became clear 
that the contractor convinced the other tender team partners that the 
client had formulated the assignment in such a way, that the risks for the 
providers were minimal. This with the aim that the team partners would 
focus on their joint challenge, without feeling the burden of bearing the 
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risks and uncertainties inherent in developing radical innovations. 
During the validation workshop, all team members unanimously 
confirmed that the formulated tender assignment in combination with 
the selected team members, ensured that the team operated as an inte-
gral, complementary team. The common conclusion was that this has 
been key to the project success. The market parties reported that they 
did not feel the burden of the risks, but felt a shared responsibility to 
achieve the ‘maximum result’ based on the ambition that was formu-
lated by the public client. A stronger focus by the public client on allo-
cating risks to specific parties, would have put pressure on the 
collaboration process and would not have led to the present result. 

4.8. The Ritsumasyl tender compared to other public infrastructure tender 
projects 

In the last few years, the Dutch Procurement Institute started to 
collect data about the type of public tenders in the field of infrastructure, 
building projects and infra-services. To compare the commonalities and 
differences between the Ritsumasyl tender and other tenders in the field 
of infrastructure projects, we used the available 2019–2020 data on 
public tenders for infrastructure works. In the period mentioned, a total 
of 1019 infrastructure works were put out to tender in the form of a 
European or a National public tender. About 2/3 of these public tenders 
were awarded based on a best price-quality (BPQ) ratio while in 1/3 of 
the tenders a lowest price selection criterion was used. Only 10 percent 
of all infrastructure projects were tendered as two-staged contracts. In 
the period 2019–2020 no single two-staged contract was tendered with 
the specific aim of product development. This makes the Ritsumasyl 
tender quite unique in its kind (see also Table 2). 

5. Analysis and interpretation of the applied approach 

As explained in section 3.2, we identified, during the process of 
coding the interview transcripts, three main factors and seven under-
lying variables that together explain how public clients may successfully 
promote the development and implementation of radical innovations in 
civil engineering projects. Fig. 6 shows the conceptual model which is 
based on the three main factors identified in the case study analysis. 
Further, we were able to deduce seven propositions P1 – P7 that together 
provide instruments through which public clients can actively promote 

the development and implementation of radical innovations in civil 
engineering projects. 

The innovation approach that was followed in the Ritsumasyl bicycle 
bridge project can be characterized by:  

a) A championing role performed by the public client  
b) The use of risk management strategies to actively anticipate, reduce 

and manage the innovation risks  
c) A strong focus on facilitating transdisciplinary cooperation 

5.1. Government championship 

The public client took on a championing role in sourcing the capa-
bilities and coordinating the activities required for the development and 
testing of the radical innovation they desired, as well as in the integra-
tion of this innovation in the system. As such, the client actively 
participated in the innovation process together with the main contractor 
and the developer/producer of the innovation. As one of the stake-
holders of the province stated: “We want to be in the middle of it ourselves, 
because of the great interests it entails. And at the same time, we also had the 
idea that the risk profile was high, so if you already attract a lot of risk, why 
don’t you actively participate? So we then said: well let’s look for construc-
tion team partners, what do we need?” 

The public client was also actively involved in important decisions 
concerning the design of the bridge, the development of the innovation, 
and had a final say as to whether the innovation would be implemented 
after its development. 

Our findings on the critical role of the public client in realizing a 

Table 2 
Characteristics of European and National public tendered infrastructure projects in The Netherlands (2019–2020).  

Contract form Total 
number of 
projects 

Award Quality/price Percentage 
projects 

Award Criteria Responsibility 

Regular contracts 
(Design-Bid- 
Built, Integrated 
Contracts etc.) 

916 Best 
quality 
price ratio 
(BQPR) 

Quality/price ratio or 
target budget (100% award 
on quality) 

65 Price, Design, Plan of Action 
containing f.e. management of the 
surrounding area, Risk 
management, Changes, 
Communication, Limit disruption 
etc. 

Bid by contractor becomes part of the 
contractual agreement between client 
and contractor. Control by client 

Lowest 
Price (LP)  

35 Price According to Contract 

Two staged 
contract 

103 BQPR Cost based or fixed price 
Design phase, Target or 
Maximum budget 
execution (100% award on 
quality) or quality/price 
ratio 

98 See BQPR criteria regular tenders 
design excluded, cooperation 
included (max weight cooperation 
40%) 

Bid by contractor becomes part of the 
contractual agreement between client 
and contractor. Separated 
responsibilities (risk allocation) and 
liability during design phase. Control by 
client 

Lowest 
Price  

2 Price According to contract 

Ritsumasyl  BQPR Cost based Design phase, 
Target Budget execution 
phase  

Contractor: Cooperation (50%), Risk 
management (33%), Tariffes design 
phase (17%) 
Producer/supplier bio based bridge 
deck: knowledge and competences 
(60%), cooperation (23%), and 
Tariffs (17%) 

Bid contractor, producer and 
cooperation approach by client merged 
and aligned into one document with 
shared responsibility. No risk allocation, 
client responsible for risk in the design 
phase. Limited liability contractor/ 
producer  

Fig. 6. Conceptual model for the realization of a radical innovation in a civil 
engineering project. 
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radical innovation are supported by the studies of Yue (2017), Gattiker 
and Carter (2010), Kulatunga et al. (2011), Caerteling et al. (2008); and 
Caerteling et al. (2009). Kulatunga et al. (2011) found that public clients 
can, through championing, stimulate team dynamics and team action, 
which in turn can strengthen the innovation process that leads to an 
innovative product. Being a team player, promoting respect for people 
and disseminating knowledge and information were identified as 
championing characteristics of public clients that successfully promote 
innovation in construction projects. The empirical findings of Caerteling 
et al. (2009); and Caerteling et al. (2013) emphasize the value of gov-
ernment’s championing behaviour as an important contributing factor 
to technology success. As such, public client leadership is expected to 
positively affect the development and realization of radical innovations 
in civil engineering projects: 

P1: Public clients that adopt a strong championing role increase the 
likelihood of developing and realizing radical innovations in civil 
engineering projects. 

5.2. Innovation risk strategies 

The public client took account of the capability of the contractor and 
the developer/producer of the innovation to bear the associated risks by 
limiting their liability to a maximum of EUR 1 million euro per occur-
rence and EUR 2 million per year. As the representative from the 
province commented: 

“What really happened in this case, is that the Province of Friesland 
did something really special, since they did not only express their 
ambition, but they also put their wallet next to it to make that 
possible’’. 

The policy that was followed in the Ritsumasyl bicycle bridge project 
to limit the financial liability of the successful tenderer for the risks 
associated with the intended innovation had previously been applied 
elsewhere in at least nine major technology projects (Morris and Hough, 
1987). Also Caerteling et al. (2008) concluded in their study that gov-
ernments can create favourable market conditions by absorbing some of 
the financial risks. Together, these findings lead to our second propo-
sition. In case of innovation projects characterized by a low technology 
readiness level: 

P2: Limiting the financial risks of the contracted parties will reduce 
their risk aversion and increase the likelihood of developing and 
realizing radical innovations in civil engineering projects. 

A risk management strategy adopted by the public client was to 
contractually split the development phase and the realization phase of 
the bridge project. This contractual split reduced the innovation risks for 
the project client, since it gave the possibility to fall back on a traditional 
bridge deck design in the project. This creation of a fall-back option as an 
effective innovation risk management strategy should the intended 
innovation prove impractical has also been reported in literature (e.g., 
Baldwin et al. (2006); Gassmann et al. (2010); Halman (1994, 2008) and 
leads to our next proposition: 

P3: Having an existing solution as a fall-back option is a necessary 
requirement to reduce the risk aversion of public clients and con-
tracted parties to realizing radical innovations in civil engineering 
projects. 

Splitting the contract between development and realization provided 
an opportunity to investigate the feasibility of an innovative bio-based 
composite solution within a pre-agreed period. The agreement was 
made in this way so that if the development phase did not result in a 
satisfactorily performing bio-based composite solution, or that it would 
be difficult to adequately integrate the bio-based composite solution, the 
contractor and the developer were not bound to this solution. As such, it 

also reduced the associated risks for the contractor and the developer/ 
producer of the innovation. Consequently, one may conclude that the 
contractual split between development and realization phases reduced 
the contractor’s and the developer’s risk-based aversion to engaging in 
this project tender (Taofeeq and Adeleke, 2019; Wilden et al., 2013). 

P4: A contractual split between the development and the realization 
phase in civil engineering projects will reduce the risk aversion of 
tenderers to developing and implementing a radical innovation. 

The public client decided to implement a staged development pro-
cess with feedback loops for the development and testing of the inno-
vation in parallel with the development of the bridge design. This risk 
management strategy provided a structure for coordinating the devel-
opment process and supported the development of alternative design 
solutions based on the outcomes of the initial testing of the innovation. 
The development process also included explicit points for assessing the 
development and implementation of the innovation after each 
completed development stage. Based on these assessments, the innova-
tion and/or the development and implementation process could be 
adjusted if necessary. Furthermore, they included the possibility to fully 
terminate the implementation of the innovation if it would become clear 
that the developed innovation would be unable to meet the predefined 
design requirements. 

Turner (2005) had concluded that to deal with risks with a medium 
to high likelihood of occurrence, and a medium to high impact if they 
do, allowing a contingency may be the best option. The high uncertainty 
inherent in product development projects requires managers to develop 
proactive strategies to reduce risks (Amram and Kulatilaka, 1999; 
Courtney et al., 1997). The product development (PD) literature 
strongly supports generating multiple alternative solutions to develop-
ment problems as an essential component of an effective PD process. In 
the process of managing uncertainty, development teams can utilize 
various strategies involving appropriate contract terms, procurement 
methods and alternative technologies (Ford and Sobek, 2005). 

P5: The availability of a staged development procedure will create 
flexibility to cope with technological uncertainties and consequently 
increase the likelihood of developing and realizing radical in-
novations in civil engineering projects. 

5.3. Facilitating transdisciplinary cooperation 

In the adopted project approach, there was a strong focus on maxi-
mizing the potential contributions of all parties to the development and 
implementation of the bio-based composite bridge project. This focus 
was for example evident in the decision to contract the developer/pro-
ducer of the composite bridge deck separately from the contractor. This 
improved their contractual position and allowed them to have a more 
central role in the development and implementation of the innovation. 
The developer/producer of the composite bridge deck commented on 
this issue during his interview: 

“We are not looking for a role as subcontractor who has to do 
everything for the lowest price. And if something deviates that you 
send the thickest bill to the client to make up for it, which was all 
pinched off before the actual price negotiation. This is not what we 
want. Our role as a company is changing, with respect to knowledge 
development and engineering we want an equal position instead of 
the role of subcontractor’’. 

Interorganizational cooperation is considered an essential aspect in 
realizing innovation in Complex Product Systems (CoPS) (Rutten et al., 
2009) where physical and human resources are dispersed among various 
organizations (Barlow, 2000; Gann and Salter, 2000). Khalfan et al. 
(2008) and Caldwell et al. (2009) concluded that, through public clients’ 
initiatives, there is a great potential to utilize the expertise and 
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knowledge of suppliers and manufacturers in construction projects. This 
conclusion is important, given the findings of Pries and Doree (2005) 
that suppliers produce over sixty percent of all innovations in the con-
struction industry. Unfortunately, the knowledge of manufacturers of 
components and materials, is still insufficiently used when it comes to 
construction innovation (Sariola, 2018). However, Khalfan et al. (2008), 
also concluded that a public client can act as a catalyst to promote 
innovative thinking through supporting public 
client-supplier-manufacturer collaboration. Hence, a separate tender to 
include the knowledge and expertise of a key subcontractor in the 
project team, can be considered as an important stimulus for realizing 
innovation in civil engineering projects. 

P6: An equal position for the innovation developer/producer in the 
project team will positively affect the ability of the project team to 
cooperatively develop and implement a radical innovation in civil 
engineering projects. 

One of the award criteria in both of the tendering procedures was the 
possession of collaborative skills. In both tendering procedures, ten-
derers were therefore required to submit a plan of action for the design 
and development phase of the project as part of their tender offer. This 
plan of action had to include the tenderer’s vision on their role in the 
collaboration process. 

Having a genuine intent to collaborate and support each other where 
possible, combined with a formal assignment of tasks and re-
sponsibilities based on the specific role and expertise of each party in the 
project, reduced the uncertainty in the development and implementa-
tion process and created favourable conditions for joint development 
and implementation of the intended innovation. As the contractor 
commented: 

“We looked at the competencies of all team members, and we simply 
divided the different tasks. But we also looked at a good match with 
the people in the team to be sure that everyone felt comfortable and 
could be optimally productive and creative when necessary”. 

Stokols et al. (2008) have previously stressed the importance of 
preparation and practice in ensuring successful collaboration between 
members of transdisciplinary teams. Members need to be aware of the 
collaborative constraints, disagreements and conflicts that are likely to 
surface over the course of a project and be prepared to dedicate 
considerable time and effort towards establishing common ground, both 
intellectually and socially. Stokols et al. (2008) concluded that trans-
disciplinary collaboration, to be effective, requires radical preparation, 
practice and sustained effort. And Mouzas (2016) stresses in this respect 
that this is a complex process for which enough time needs to be 
reserved. 

The importance of there being well-defined roles and responsibilities 
has been shown in the study by Gratton and Erickson (2007) into 
possible ways to build collaborative teams. These authors concluded 
that cooperation increases when the roles of individual team members 
are sharply defined, while the team is also given latitude in how to 
achieve their respective tasks. Unrealistic expectations for complete 
cooperation and harmony, along with ambiguous goals and intended 
outcomes, can impede a team’s collaborative efforts. 

P7: A jointly drawn up cooperation plan with clear agreements about 
the division of roles, and the conditions, expectations and principles 
for transdisciplinary cooperation, will increase the likelihood of 
developing and realizing radical innovations in civil engineering 
projects. 

6. Contributions, implications, limitations and 
recommendations for future research 

6.1. Contributions 

This in-depth case study is among the first to study the mechanisms 
that affect the development and implementation of a radical green 
innovation in a civil engineering project. The study addresses an 
important gap in literature concerning the lack of empirical evidence on 
factors that enable or hinder the development and implementation of 
radical innovations in the construction and civil engineering sector. Our 
study was guided by two research questions:  

1) What determining factors and mechanisms influence the successful 
development and implementation of a radical innovation in civil 
engineering projects?  

2) To what extent can the theory on innovation risk management, 
government championship and coopetition in client-contractor re-
lationships help to explain the successful development and imple-
mentation of radical innovations in civil engineering projects? 

In addressing these research questions, this paper contributes in 
three ways. First, we have empirically investigated the application of an 
alternative procurement and project delivery method that we show fa-
cilitates and encourages the development and implementation of a 
radical green innovation in a civil engineering project. Given the bar-
riers identified in realizing radical innovations in design-bid-build de-
livery methods as well as in integrated contracts, the investigated 
procurement method offers a way forward for governments to realize 
their policy goals on themes such as sustainability and circularity. Sec-
ond, the results of this study show that in this approach, (1) government 
championship, through a proactive participation of the public client in 
the initiation, development and implementation of the project and the 
willingness of the public client to bear innovation risks; (2) the appli-
cation of innovation risk management strategies and the availability of a 
fall back option; and (3) the establishing of favourable organizational 
and relational conditions were determinative factors to realize the 
intended radical green innovation project. As explained in section 5, the 
relevance of the three identified factors were also confirmed in other 
studies. However, it is the well-considered conjoint application of these 
three factors by the public client, that explains the unique realization of 
a radical innovation in the field of civil engineering. This finding may be 
considered as an important contribution to literature and deserves 
further study in the near future. Third, a closer analysis of the three 
identified factors, also helped to develop seven propositions that 
together provide an integrated view on the potential successful devel-
opment and implementation of radical innovations in civil engineering 
projects. 

The investigated procurement and project delivery method combines 
features from existing methods with a few method-specific features that 
make it suitable for realizing radical innovations in civil engineering 
projects. A key feature taken from integrated contracts is the early 
involvement of the main contractor in the project, allowing it to play a 
major role in the design of the work. Nevertheless, there are also several 
important aspects of the investigated method that are not part of inte-
grated contracts: 1) the contractual split between the design and reali-
zation phases; 2) the active roles of the public client and of the 
developer/producer of the innovation in the design process, and; 3) the 
timing of the design process which starts only after the tender phase. The 
method also shares features of relational project delivery arrangements 
(e.g. Halttula et al. (2015); Lahdenperä (2012)) such as the early 
involvement of all key parties, commitment to a single shared objective, 
joint decision-making and an integrated project team. However, the 
main differences between these relational project delivery arrangements 
and the investigated client-led method are the latter’s explicit focus on 
realizing a radical green innovation, the championing role of the client, 
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the application of several innovation-risk strategies and the creation of 
suitable organizational conditions to enable this. 

6.2. Policy and management implications 

Most policy efforts to realize innovation, so far, have been directed at 
providing capital, facilitating technology transfer and supporting uni-
versities and public research institutes (Feldman and Kelley, 2006; 
Klette et al., 2000; Martin and Scott, 2000). Unfortunately, these policy 
efforts have not resulted in substantial and radical innovations in the 
field of civil engineering. One might assert that incremental innovations 
in infrastructure projects are more likely to succeed under competitive 
bidding than significant innovations will. Public clients have difficulties 
in appraising the added value of significant improvements, because of 
cost-based selection criteria (Caerteling et al., 2009). However, to meet 
the great challenges such as climate change and future energy and water 
supply, we need entrepreneurial governments that take a leading role in 
the development and adoption of radical green innovations. 

The findings of this study also have some specific policy and man-
agement implications. First, since the public client, taking on the role of 
champion was found to have a significant and positive influence on the 
development and implementation of a radical green innovation, gov-
ernments could profitably extend the implementation of their innova-
tion ambitions by adopting this role to encourage firms to develop and 
realize substantial and radical innovations. Second, as also concluded by 
Caerteling et al. (2008), governments can create favourable market 
conditions by limiting the financial risks of contracted parties and which 
distributes risk and opportunity fairly and openly (Loosemore and 
Richard, 2015). This will reduce their risk aversion and increase the 
likelihood of developing and realizing radical green innovations. Third, 
public clients can act as a catalyst to promote innovative thinking 
through supporting public client – supplier – manufacturer collaboration 
(Khalfan et al., 2008). This study showed how a separate tender to 
include the knowledge and expertise of a key subcontractor on an equal 
position in the project team, served as an important stimulus to coop-
eratively develop and implement a radical innovation in a civil engi-
neering project. To ensure a high level of integration and cooperation 
among the members in the project team, the public client additionally 
included the possession of collaborative skills as one of the award 
criteria. 

6.3. Limitations and research recommendations 

Naturally, this paper is not without its limitations. The proposed 
alternative procurement and project delivery method has been devel-
oped, applied and evaluated within a single project in the civil engi-
neering domain. Further evaluation of this alternative procurement and 
project delivery method, the conceptual framework and the seven 
propositions is needed to establish the validity of the findings. Since the 
alternative procurement method has been applied in a single bridge 
project, we would recommend not only evaluating its application in 
other innovative bridge projects but also its applicability in other types 
of civil engineering projects, such as viaducts, sluice constructions or 
new road projects. Further, with some modifications, the method may 
also be applicable in other domains, such as in the tendering process for 
utility building projects. 

6.4. Conclusion 

Procurement and contracting strategies based on both design-bid- 
build and on integrated contracting delivery methods have limitations 
when it comes to stimulating the development and implementation of 
radical innovations in civil engineering projects. In this paper, the 
development and application of a public-client-led method is investi-
gated that enabled the development and implementation of a radical 
green innovation in a civil engineering project. Addressing the 

implications and research opportunities of the findings of this study in 
future research, could make important contributions to the under-
standing of the determining factors and mechanisms that influence the 
successful development and implementation of radical innovations in 
civil engineering projects. This will also open up opportunities to find 
solutions for the grand challenges our physical environment is facing. 
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