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Abstract
Socio-technical transitions are often hindered by the resilience of ex-

isting infrastructures, as policymakers are reluctant to invest in novel
products or services. Using the example of carbon capture and utilisa-
tion (CCU) based fuels, we set up a discrete choice experiment to assess
whether European policymakers have a tendency to avoid investing in
novel, and more disruptive technologies, and rather prefer to invest in
technologies that resemble the incumbent. Results indicate that policy-
makers prefer to allocate funding to dominant technologies. The results
also revealed an overall positive perception of CCU technologies among
policymakers. As the commercialisation of such products and processes
continues, acceptance among this group of stakeholders is key.
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Research Highlights
• We discuss the relevance of lock-in in the context of strategic public funding

decisions.
• European policymakers took part in a discrete choice experiment and were given

hypothetical choice tasks.
• Policymakers were asked to allocate funding to the transport decarbonisation

project of their choice.
• We assess whether policymakers prefer to invest in technologies resembling in-

cumbents, or those that are more disruptive.
• We discuss the implications of policymakers’ funding decisions on technological

change.
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1 Introduction
While consumers ultimately determine which technology will be successful, policymak-
ers influence the rate and direction of technological change. By governing innovative
activity through subsidies, they also generate support for policies that send powerful
signals to investors. Understanding what drives policymakers’ preferences in the as-
sessment of decarbonisation projects - referring to projects that reduce the amount
of gaseous carbon compounds released in the atmosphere - is therefore crucial. De-
spite governmental initiatives to decarbonise energy systems, and action taken to steer
away from current unsustainable technological systems, transition processes are often
hindered by the resilience of existing infrastructures.

This paper addresses one particular system transition: decarbonising transport
within the European Union. Decarbonising transport requires substantive system in-
novation; namely from one socio-technical system to another (Rip and Kemp, 1998;
Geels, 2004). The transition literature refers to these systemic changes as ‘socio-
technical’, as they do not solely involve technological innovation or substitution, but
also require complex and interconnected changes in the overall configuration of trans-
port, energy, and agri-food systems - involving alterations in technology, policy, mar-
kets, consumer practices, infrastructure, culture and scientific knowledge (Geels, 2011;
Elzen et al., 2004; van den Bergh and Bruinsma, 2008; ?). Essentially, what matters is
not merely the technological innovation itself, but also the social and economic systems
in which it is embedded (Upham et al., 2019). This paper seeks to shine a light on
actors that play a complex role amid this social-economic-technological-institutional
system: policymakers. Specifically, we investigate policymakers’ funding preferences
in the early iterative innovation stages, which may serve as input to any consequent
debate on strategic public funding decisions, that may in turn affect the development
of new products and services. The results provide indications as to whether policymak-
ers may indirectly be contributing to technological and cognitive lock-ins that exist
within established socio-technical regimes (Kemp et al., 2007; Avelino et al., 2016).

The research question underlying this paper is as follows: are policymakers more
likely to fund technologies that resemble the incumbent system? In this regard, the pa-
per assesses whether policymakers may be reinforcing dominant, incumbent systems,
and notably whether they have a tendency to invest in technologies and energy systems
resembling incumbents, or rather those that are novel, and more disruptive. In order to
better understand whether this is the case, 129 European policymakers working at Eu-
ropean, national, regional and local level participated in a discrete choice experiment
(DCE) in which they were asked to allocate funding to their preferred decarbonisa-
tion project. The policymakers that were targeted worked with European funding
programmes or advisory bodies related to realising Europe’s transport infrastructure
policy.

To find out whether decision-makers were more likely to favour more established
technologies, and whether they are therefore more likely to invest in the technologi-
cal systems they know best, the choice task in question involved allocating funding
for the R&D of a project that would develop two types of carbon capture and util-
isation (CCU) based fuels: liquid-based, and gas-based CCU. Policymakers also had
the option to fund neither if they preferred to do so. These technologies were cho-
sen as examples as they can either be compatible with current dominant incumbent
engine systems (and these were representative of the conventional transport system),
but CCU fuels can also require more of a change in design, products and processes
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- depending on the type (and these were representative of a more innovative choice).
Before beginning the choice task, the policymakers were primed and told that it was
liquid-based fuel that was compatible with current infrastructure (with attention being
visually drawn to how fueling would occur). In addition, as these technologies have
not reached the market at scale yet, they made for a realistic R&D funding option.

The choice model used in this paper, where policymakers make hypothetical fund-
ing decisions, allows us to predict both average and individual tastes and preferences
in a hypothetical setting. This means we can in turn predict which alternative will
be chosen in a similar scenario. If we assume that political power and choices are
influenced by majoritarian principles, we can in this way reveal whether policymakers
would be open to funding new technologies or not. While CCU powered passenger ve-
hicles have been chosen as examples, this line of reasoning applies to decision-making
on technological transitions where future gains and losses of the technological system
are unknown. DCEs are widely used to study how people make choices and to identify
the elements that drive them. By analysing the trade-offs that European policymakers
face when allocating a limited budget to the decarbonisation of fuels, we can provide
indications as to whether decision-makers are prone to sustaining, and therefore -
locking-in - the incumbent system. We suggest that DCEs have an important role to
play in better understanding and improving policymakers’ (deliberative and intuitive)
decision-making processes in promoting sustainability systems transitions.

The remainder of the paper is structured as follows. In Section 2 we discuss the
conceptual and theoretical frameworks underlying the study. This includes the ex-
amples studied, the concept of lock-in applied to this case, and the role of political
decision-making in socio-technical transition narratives. Section 3 presents the DCE
design and how it is applied to the study in question. The design of the question-
naire is elaborated upon, along with its respective attributes and levels for study and
the distribution of the questionnaire. Section 4 discusses the results, and section 5
concludes with a discussion.

2 Conceptual framework
2.1 Techno-institutional lock-in in public R&D funding

Mitigating climate change, and by extension - decarbonising fuels, requires govern-
ments and institutions to boost innovation - through investment in research and de-
velopment, subsidies, as well as favourable tax or price regimes that can decrease the
time-to-market of environmentally friendly technologies (van der Vooren et al., 2012).
However, institutional set-ups can inhibit the diffusion of carbon-saving technologies
due to systemic relations and interdependencies where transitions result from joint
development of technology and society (Van Bree et al., 2010; Foxon, 2002). This
is often the case for infrastructure-dependent vehicle technologies, where sunk costs
significantly influence their technological development (Klitkou et al., 2015). Invest-
ments in technology, to human resources, skills or physical assets, can bias policy
towards the preservation of the status quo and the alternatives that are most familiar
to decision-makers (Cecere et al., 2014).

Lock-in processes are generally referred to as increasing returns to the adoption of a
technology, where incumbent technologies have a distinct advantage over new entrants
- not because they are necessarily better, but because they are more "widely used and
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diffused" (Arthur, 1989; Unruh, 2002; Klitkou et al., 2015). Our discussion of lock-in
mechanisms takes a broader view than traditional definitions, such as the textbook
QWERTY case (David, 1985). An incumbent regime is the outcome of various lock-in
processes, and such a regime favours incremental, as opposed to radical, innovation
(Sandén and Azar, 2005). We focus on lock-in at the system level, as opposed to
the product level. Our broader discussion of lock-in mechanisms in this regard is
applied to the role of policymakers in transitioning to a decarbonised transport system,
where we argue that the existing socio-technical system has a restrictive influence on
innovation dynamics and technological change. We specifically seek to investigate
whether policymakers may be likely to avoid investing in a highly innovative idea,
not because of any intrinsic flaw in the technology, but because the technology would
require too much change from the incumbent system. This may in turn prevent the
introduction of radically new technological trajectories, in this case on the road to
decarbonising our transport system.

While market forces are the often deemed culprits behind the lock-in of certain
technologies, Unruh (2002) argues that institutions could be perpetuating these barri-
ers from the outset. Through positive feedback mechanisms existing between policy-
makers, suppliers and infrastructure support, dominant technologies can be sustained
in the face of potentially superior substitutes: when a technology is dominant it is
much more likely to receive support. Governments can influence the rate and direc-
tion of technological change through investment in the R&D for developing infrastruc-
ture. This occurs before technologies actually compete - both in the market for goods
and services, but also to gain influence over institutional frameworks (Jacobsson and
Lauber, 2006). This means that decision-makers can affect the success of novel, rad-
ical and disruptive innovations, and therefore reinforce the dominance of incumbent
systems of energy technologies (Bjørnåvold and Van Passel, 2017). When innovation
is mentioned in the remainder of this paper, it is disruptive innovation that is being
referred to.

Understanding what drives funding decisions when allocating public funds for clean
technologies is critical. While abundant literature exists on ex-post evaluation of R&D
projects and programmes (Verbano and Nosella, 2010), research on what exactly de-
termines strategic public funding decisions ex-ante is limited (Hirzel et al., 2018). This
is an issue, among others, due to the potential impact funding has on the cognitive
development of science (Braun, 1998), and the problem of ’conservatism bias’ in R&D
evaluation - that highly innovative projects run a higher risk of rejection. Brezis sug-
gests focal randomisation can fix this - that the projects that are unanimously ranked
at the top by all reviewers will be adopted (Brezis, 2007). Another study proposes
that a decision support system for decision-makers evaluating R&D projects is needed
(Ashrafi et al., 2012). While these studies do look into ex-ante public funding decision-
making and point to issues, no study - to the best of our knowledge - investigates the
preferences that drive these decisions.

If options that resemble the incumbent are consistently chosen to receive the most
funding, innovation can become path-dependent from a systemic perspective. If tech-
nological change becomes path dependent, superior alternatives can be locked out,
and the dominant, inferior solution locked-in which is difficult to change over time
(Arthur, 1989; Cowan, 1990). Novel and innovative technologies are rarely strong
enough to enforce transitions alone. Incumbent firms, on the other hand, are familiar
to decision-makers and have established and fixed routines, constraining them to re-
spond appropriately to changing environments. Policymakers can thus be faced with
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deeply entrenched, path-dependent systems because of the unwillingness to change
(Ettlie et al., 1984; Henderson, 1993). Consequently, systems can experience inertia
that can prevent adaptation and innovation.

2.2 Reconciling political decision-making processes with
transition narratives

This paper contributes to the recent literature seeking to reconcile sustainability tran-
sitions studies with considerations of policy and political decision-making processes.
Politics and power have been receiving increased attention in recent years, due to
criticism raised that they have been neglected within the field (Meadowcroft, 2011;
Avelino et al., 2016; Kuzemko et al., 2016). After all, policy represents one of the core
dimensions of the socio-technical regime, along with user practices, science, cultural
meaning and infrastructure (Geels, 2014). Further, "transitions are inherently political
processes in the sense that different individuals and groups will disagree about desir-
able directions of transitions, about appropriate ways to steer such processes and in
the sense that transitions potentially lead to winners and losers" (Köhler et al., 2019).

One criticism directed towards transition studies, has been the skewed focus on
green niche-innovations, while less attention has been given to the actions of existing
regimes and incumbent actors behind the scenes that contribute to or prevent their
deployment (Geels, 2014). In order to engender transitions and structural change to
low-carbon systems, many of these regimes and incumbent actors may themselves be
restricting these systems through various lock-in mechanisms. For instance, incum-
bent socio-technical regimes and actors might seek to resist innovation and restrict
existing systems for reasons of institutional commitments, shared beliefs, vested in-
terests, power relations, or convenience, making them resistant to change over time.
New entrants will in turn seek to oppose this resistance in a power struggle of their
own (Köhler et al., 2019; Unruh, 2002).

Against this background, this paper focuses on existing regimes and the actors
involved in political decision-making processes. The specific contribution to the tran-
sitions literature is to consider regime stability, and in turn dependence on dominant
technologies, as being a result of resistance, whether deliberate or not, by incumbent
actors, and in this case: policymakers (Geels, 2014). We have in this regard chosen
to investigate policymakers’ use of power through funding mechanisms to resist tran-
sitions to disruptive and innovative low-carbon transport systems. As van Rijnsoever
et al. (2013) did to estimate the preferences for alternative fuel vehicles by Dutch local
governments, we also make use of a choice model to better understand trade-offs that
policymakers face in the socio-technical transition to sustainability.

Technology does not exist in a vacuum - away from society, social behaviours and
social institutions – it both shapes and is shaped by society (Bijker et al., 1989). For
instance, personal vehicles required infrastructures, supply and service systems, and
norms of behaviour to develop alongside them. In fact, socio-technical transitions do
not just change the structures of existing systems, such as transportation, but they
also affect related societal domains, such as living, housing and working, production,
trade and planning. For reasons such as this, infrastructure systems are often regarded
as inflexible, difficult to change and vulnerable to path dependence and lock-in and
can result in inertia for many transport systems (Markard, 2011).
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We investigate the hypothesis that policymakers contribute to this inertia through
a wish for consistency by investing in and funding technologies that resemble incum-
bent systems. Experimental evidence illustrates that individuals tend to prefer to
purchase familiar goods and make familiar choices, and this has been particularly well
documented in capital markets among investors. Investors have been over-documented
to purchase stocks that are in culturally, geographically and linguistically proximate
markets, while being reluctant to trade away from their existing ownership positions
(Cao et al., 2009; Graham et al., 2009). Further, investors have been shown to be
biased in favour of choice options made salient as default choices; and are prone to
prefer past choices or investments that they currently hold (Cao et al., 2009). This
experimental evidence has largely been applied to investors in capital markets, yet
little attention has been leveled at policymakers’in this regard. This is of concern, as
the choices decision-makers face when deciding how to allocate and invest public finan-
cial resources is complex and can have great significance on society at large (van der
Vooren et al., 2012). Any decision-maker – be it in daily life or a policymaking con-
text – interprets their surroundings through a lens of their own past and experiences;
learning by combining heuristics and cognitive filters and known processes (Witting,
2017).

Samuelson and Zeckhauser (1988) maintain that various theories such as misper-
ceived sunk costs and a wish for consistency can be reasons for a preference to remain
within the current position. Nonetheless, innovation, especially breakthrough inno-
vations, requires steering away from what you already know. Unsurprisingly, regula-
tors as well as consumers generally value stability and predictability (Kiesling, 2008).
Nonetheless, innovation generally brings with it change, and will for this reason often
cause initial resistance. This can be caused by resistance to the behavioural change
that is imposed as opposed to the actual innovation itself (Talke and Heidenreich,
2014). Understanding how decisions are made on a regulatory level is therefore crucial:
decision-making depends on individual preferences and interests, which can contradict,
most likely change over time, and develop based on experience with the issues at hand.
Decision-makers have to consider uncertain outcomes, act in a political system, face
novel and interconnected situations and problems, as well as the need to search for
new ways to handle them (Goldthau, 2013). As a consequence there will always be
uncertainty and risk about the eventual outcome and decisions taken, which therefore
raises the importance of better understanding the trade-offs that policymakers face in
the regulatory sphere.

2.3 Example used: carbon capture and utilisation based
fuels

Transport represents close to a quarter of Europe’s greenhouse gas emissions and is
the foremost cause of urban air pollution. Transport has not shown the same gradual
decline in emissions as other sectors, given that demand for transport only continues
to rise. Road transport is the largest emitter, and accounts for up to 70 per cent
of the sector’s greenhouse gas emissions in the European Union (EU) (Commission,
2018b). Decarbonising transport fuels is therefore a priority, and the Renewable En-
ergy Directive II will become the EU’s binding policy framework for renewable fuels
from 2021 to 2030. Early drafts of the Directive suggest that fuels derived from CCU
will be included within the definition of renewable transport fuels. CCU is a process
that finds end-use opportunities for captured and recycled carbon dioxide (CO2)– from
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industrial outlets (i.e. factories and industry point sources) or the atmosphere – in or-
der to produce commercially viable products such as construction materials, chemicals
and fuels. It is considered a viable option to not only reduce CO2 emissions, but also
to shift some of the costs of decarbonisation onto willing consumers (Perdan et al.,
2017). CCU-based fuels are currently not viable without high policy support, given
their high cost of production. Brynolf and colleagues (Brynolf et al., 2018) suggest
costs for different CCU-based fuels lie in the span of €17.4 – €152 per litre in 2015
and €14.5 – €62 per litre in 2030. However, the costs are still uncertain given that
these fuels have not been demonstrated at scale yet, which in turn makes it difficult
to attract significant investments.

The rate at which CO2 will establish itself as a feedstock depends largely on the
political framework to develop it further (Vreys et al., 2019). It is for this reason
that the motivations behind policymakers’ decisions to fund specific CCU-based al-
ternatives is of interest. CCU-based fuel (also called power-to gas, power-to-liquids or
synthetic fuels) can be used as a ‘drop-in’ fuel that can be used in existing engine types
and infrastructure. This is mainly possible with liquid-based CCU (conversion of CO2
into methanol (MeOH) using H2 produced by electrolysis) – with drop-in meaning
that they are compatible with current engines and vehicular systems (Blanco et al.,
2018). The major hurdles for liquid-based CCU are more regulatory in nature (SETIS,
2016). The compatibility of gas-based CCU systems - which refers to the conversion
of electrical energy into chemical energy in the form of hydrogen gas (H2) or methane
(CH4)) - is not impossible, but less so than with liquid-based CCU. The conversion
pathways for power-to-gas are limited due to the lack of dedicated storage and dis-
tribution infrastructure (Eveloy and Gebreegziabher, 2018; Jarvis and Samsatli, 2018;
CarbonNext, 2018).

Given that liquid-based fuels can be compatible with current dominant engine sys-
tems, we present these fuels as representative of the conventional transport system,
and in turn incumbent systems. Given that gas-based fuels require more of a change
in design, products and processes, in this paper, these fuels are representative of fuels
that contribute to a transition, and in this sense a more innovative option than the
latter fuel. The study in question uses CCU based fuels as an example to provide the-
oretically driven insights and explanations into why some technologies receive funding
for R&D and others don’t, and whether it is an advantage for new technologies to
display properties that mimic the current state of affairs (or not). If it is the case
that policymakers consistently choose to fund technologies that most resemble the in-
cumbent system, we argue that this could reinforce the lock-out of technologies that
have yet to benefit from reinforcing mechanisms such as scale economies, network and
learning effects, as well as adaptive expectations. In this regard, regimes, incumbent
actors, and in this case, policymakers would have a restrictive influence on innovation
dynamics and technological change, necessary to engender transitions and structural
change to low-carbon systems.

3 Method
3.1 Discrete Choice Experiment

Discrete choice experiments (DCEs) are extensively used to model people’s choices
and to identify people’s preferences (Louviere and Hensher, 1982; Louviere and Wood-
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worth, 1983). Each respondent is presented with several alternatives, or choice sets,
and asked to choose the alternative of their preference. The main goal of a DCE is
to estimate the weight and sign of each attribute level coefficient from the repeated
choices made (Cuervo et al., 2016). These weights can then be used to calculate ratios
describing the trade-offs that respondents are willing to make among the available
attributes (Louviere et al., 2000).

Rational choice theory sees that the respondent chooses, based on the attributes
that describe the choices available, an alternative that maximises utility. According
to Lancaster’s characteristics theory of value (Lancaster, 1966), a good or service can
be defined by a set of characteristics, which means that the value of a good is the
sum of the values of all its characteristics. Apart from the attributes and their levels
no other factors should systematically influence peoples’ choices. Combining this with
McFadden’s random utility theory (McFadden, 1973), as the discrete choice experiment
modeling framework does, individuals make choices according to a deterministic part,
which is visible to the modeller, but there will always be a stochastic element to
people’s choices. An unobservable component to people’s choices should thus be taken
into account: the modeller cannot know what is going on in people’s minds, and the
error term in McFadden’s model captures this. In our discrete choice experiment,
respondents are asked to choose between two alternatives and an opt-out. Including
an opt-out is useful to attain more realistic results. This avoids people being forced
to make choices that they do not wish to make (Lancsar and Louviere, 2006).

There have been few DCEs that focus on policymaker preferences in response to
the sustainability transition, and none, to the best of our knowledge, on how these
choices might create a barrier for innovation through resource allocation of public
funds of the European Union. The reason as to why a DCE is used to test this (based
on coefficients), and not revealed preference data, is due to the need for a hypothetical
market to be presented to the respondent as these technological options do not yet
exist on the market. Further, by varying characteristics and policy options presented
to the respondent, it is possible to estimate the tipping point that leads the decision-
maker to allocate funding to one option over another. How funding is allocated to
transport infrastructure technologies is also unclear, which makes a hypothetical dis-
crete choice experiment such as this even more relevant. For instance, it is known that
€70 billion is invested by the EU in the 2014 – 2020 timeframe on funding research
and development of new transport technologies and services, €800 million on alterna-
tive fuels infrastructure, but not more specific than this (Niestadt and Service, 2019).
This funding is spread across different projects and programmes for sustainable mobil-
ity – from ESIF, JASPERS, Horizon2020, Connecting Europe Facility (CEF)/TEN-T
projects, European Energy Efficiency Fund, LIFE programme, to only name a few:
these programmes do not explicitly state the amount of funding that goes to each
platform, project or technology.

3.2 Study design
The participants faced a policy funding decision in the discrete choice experiment.
Each respondent faced six choice sets, with each choice set consisting of two hypo-
thetical funding options labelled ’Liquid-based CCU’ and ’Gas-based CCU’, as well
as one opt-out option with which they could choose to fund neither. As mentioned
above, these technologies were chosen as examples as they can either be compatible
with current dominant incumbent engine systems (and these were representative of
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the conventional transport system), but CCU fuels can also require more of a change
in design, products and processes - depending on the type. Choosing to opt-out of
the funding decision would imply that the policymaker preferred to spend the avail-
able budget on other decarbonisation projects. Liquid-based fuel was illustrated to
policymakers as the conventional fuel system type, given that engine types, service
stations and compatibility with conventional gasoline remains the same. Rather than
the technology of CCU, this liquid-based CCU seeks to represent a lock-in of a specific
type of hybrid system that resembles the incumbent, while Gas-based CCU sought to
represent a more innovative fuel system.

The first two options were characterised by five different attributes as shown in
Table 1. These five attributes were i) the reduction in CO2 emissions, ii) the required
budget spent from 1 billion of EU Mobility Network funding, iii) the time until market
commercialisation, iv) the market share and v) fuel cost (in 2040) compared to current
(relative) levels. Fuel cost here refers to the amount the consumer will have to pay
to purchase fuel for the given type (of either liquid-based or gas-based fuel). Each of
these attributes could take on three different levels as summarised in Table 1.

The attributes and levels were chosen based on current literature, and fine-tuned
in a pre-test conducted with seven policymakers all working in the European insti-
tutions in the field of energy transition (and familiar with CCU) in September 2018.
The main goal of the pre-test was to further develop the questionnaire and the choice
scenarios that were presented within the questionnaire, mainly to ensure the clarity
and credibility of the information presented. Pre-tests are also helpful to develop a
good design that can avoid respondent fatigue from the provision of unnecessary de-
tails. Specifically, we obtained a better insight into the survey response rate, item
non-response rates, the suitability of the experimental design, and a preliminary in-
vestigations of hypotheses. When given choice between liquid and gas-based CCU fuel
(and the option to opt-out), the overwhelming majority of pre-test participants (6 out
of 7) opted for liquid-based CCU fuel, which confirmed the suggested hypothesis that
policymakers do prefer the option that resembled the incumbent the most.

The authors thus sought to make the choice task as realistic as possible by testing
the design on the target group before the final discrete choice experiment. As clarified
above, modifications were made based on comments received from these individuals.
Moreover, by associating attributes and levels in the design to actual EU policy targets
and expectations, this realism was further embedded into the experiment.

3.2.1 Choice of attributes and levels: discrete choice experiment
design

The budget to be allocated was chosen to be €1 billion for a 10-year timeframe. The
monetary levels for the attribute ’required budget spent from 1 billion of EU Mobility
Network funding’ are in this case €100 million, €200 million and €500 million. These
amounts were set based on EU Connecting Europe Facility (CEF) for Transport fund-
ing: the funding instrument used to realise European transport infrastructure policy.
While other funding mechanisms exist, CEF Transport concentrates on building and
upgrading the trans-European transport and energy networks, and provided a total of
€24 billion for transport between 2014 and 2020. Up to €800 million of these EU in-
vestments support alternative fuels infrastructure (Commission, 2018a, 2019a). Based
on these amounts, and particularly the €800 million spent on alternative fuel infras-
tructure, a similar amount of €1 billion was chosen (while somewhat higher due to
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a higher timeframe of 10 years as opposed to 7 years) with a relative comparison of
levels were chosen of €100, €200 and €500 million.

Table 1: Listing of levels considered for each of five attributes of the two fuels
(liquid-based CCU and gas based CCU)

Attribute Attribute Levels

Reduction in CO2 emissions 20 %; 50 %; 80 %
Required budget spent from 1 billion of EU Mo-
bility Network funding

€100M; €200M; €500M

Time until market commercialisation 2 years; 5 years; 10 years
Market share 15 %; 50 %; 80 %
Fuel cost compared to current (relative) levels Lower; Same; Higher

In this discrete choice experiment we define ’market commercialisation’ as man-
ufacturers’ attempt to profit from innovation by incorporating new technologies into
products, processes, and services and selling them on the marketplace. Specifically,
commercialisation implies the scale-up from prototype to volume manufacturing and
committing greater resources to marketing and sales activities (Howard, 1993). The
attribute ‘Time until market commercialisation’ implies that longer durations for the
technology to reach market commercialisation correspond to higher transition costs.
The levels 2, 5 and 10 years are chosen based on expected timeline of technological
development of the Strategic Energy Technology Plan (SET-P) - the EU’s platform
with the aim to accelerate the development and deployment of low-carbon technolo-
gies. The SET-P’s CCS and CCU implementation plan has been consulted, and years
chosen based on their expected timeline for CCU transport fuels between 2018 and
2030 (Technology Readiness Level (TRL) 9 already expected 2020). As the Renewable
Energy Directive II is the EU’s binding policy framework for renewable fuels from 2021
to 2030, the timeline has been extended to last for 10 years.

The attribute ’Reduction in CO2 emissions’ is essential to capture the main mo-
tivation behind decarbonising fuel. This attribute has in previous discrete choice
experiments been shown to have substantial effects on preferences for fuel technologies
(Achtnicht, 2012). In this specific survey, reduction in CO2 emissions is included as
an attribute to represent the environmental component, as it is clearly considered in
EU policy design on decarbonising fuels (Commission, 2018b). The three levels of
20, 50, and 80 per cent below 1990 levels were chosen. The varied levels were pro-
vided to present the respondent with a wide choice. A recent study commissioned
by the European Commission stated that decarbonisation scenarios of 80% to 95%
emissions reductions relying on a technology mix with CCU fuels are possible (Fleiter
et al., 2019). Another study suggests a reduction potential of more than 70% is pos-
sible, making a CO2-based fuel car comparable to an electric vehicle (SETIS, 2016).
On the other hand, Fernández and colleagues argue that a system including power
and CO2-DME production has 2% higher emissions than business-as-usual (electric-
ity plus diesel) (Fernández-Dacosta et al., 2019). Full emissions potential is therefore
contested and uncertain, and the study sought to provide a large span to policymakers
to encompass this variation.

11



The attribute ’Fuel cost’ seeks to represent the extent to which the policymaker
is willing to value the effort and monetary burden for the consumer, given that it is
these costs that will be incurred by the end-user. The levels of lower, same, higher,
and not quantitative levels, were chosen due to difficulty of predicting realistic levels
across the EU as a whole in such a time scale. We could not predict realistic numbers
given that the technologies have not been produced at scale yet. Any price we could
have provided would have been contested by the policymakers that took part. Overall,
however, this attribute sought to represent the amount the consumer will have to pay
to purchase a given fuel relative to current levels.

We seek to highlight the trade-offs that are made in policy funding decisions, and
thus uncertainty costs need to be taken into account. In this experiment uncertainty
costs are represented through the attribute ’Market share’, which expresses the per-
ception of risk associated with the new alternative being accepted on the marketplace.
This attribute can be used to understand preferences of respondents on consumers’
perceived risks and benefits of the respective technologies. While a technology may
have reached market commercialisation, and a high TRL (and thus likelihood of pos-
itive net benefit), this does not necessarily mean that it is accepted by the public and
reaches a high market share. An emerging technology, or any innovation for that mat-
ter, brings with it uncertainty when it comes to public acceptance and will take time
before it reaches wider public acceptance (Huijts et al., 2007). This attribute seeks to
gain some insight into the extent to which a higher uncertainty with respect to market
acceptance, and in turn consumer acceptance, can make decision-makers apprehensive
or not about funding a switch to a new alternative. Market share is a tangible way to
present the degree to which the technology is used by consumers. The levels chosen
for this attribute are also relative on a wide range, from 15 per cent, 50 per cent, up
to 80 per cent were chosen due to the variation of predictions that have been made to
date depending on the type of CCU fuel (Global CO2 initiative, 2016).

3.2.2 Experimental design

The SAS-based software JMP was used to create the experimental choice design for
both the pre-test and the actual study. A Bayesian D-optimal choice design algorithm
has been integrated into the JMP software package (Kessels et al., 2009). Bayesian
D-optimal designs – developed by Sandor and Wedel (Sandor and Wedel, 2001) are
useful as they integrate available knowledge on the choice model’s parameters into
the choice design. They do so by introducing prior knowledge (which was attained
through the pilot study conducted with policymakers working in the same field as the
target group), and associated uncertainty about the parameters into the design - thus
reducing the dependence of the design on unknown parameters (Kessels et al., 2011).
The design created two alternative profiles, with 12 different choice sets, which were
then blocked into two groups of 6 choice sets to which respondents were randomly
assigned. Thus, each participant answered six choice scenarios to limit their cognitive
burden (Hensher et al., 2015).

3.2.3 Questionnaire
The policymakers targeted for the DCE included those involved in financing EU trans-
port infrastructure programmes - at European, national, regional and local levels.
Programmes targeted included ESIF, JASPERS, advisory bodies of the Connecting
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Europe Facility (CEF)/TEN-T, European Energy Efficiency Fund and the LIFE pro-
gramme. Policymakers working on these issues in the European Commission (espe-
cially Directorate General for Mobility and Transport and Energy) as well as Members
of Parliament in the European Parliament in committees related to transport, energy
and budget were also contacted. All contact and questionnaire administration pro-
cedures were done electronically and participants’ anonymity was guaranteed. All
respondents received the exact same information on the purposes of the experiment:
better understanding decision-makers’ preferences in the area of funding decarboni-
sation projects. Our survey instrument included DCE questions and other questions
regarding their work, attitudes, and socio-demographic characteristics of the partici-
pants. Survey distribution took place from mid-November 2018 to mid-January 2019.

In the valuation scenarios all subjects are asked to imagine that they are on the
board of a fictitious transport infrastructure funding board called the ‘European Mo-
bility Network’. This is to avoid any preconceived ideas or opinions about any other
funding platform that might already exist. Further, the fictitious nature of the net-
work made it more likely that respondents followed their personal preferences, and
not the vision of a body they might have already been affiliated with. The following
text was provided to respondents in the online questionnaire developed on the survey
platform Qualtrics:

“Imagine you have been chosen to join the board of the European Mobility Network.
The European Mobility Network brings together European policymakers to promote the
transition to a decarbonised transport sector. The board is a group of elected repre-
sentatives, responsible for contributing to the deployment of innovative solutions and
projects. To achieve this goal, the board is currently assessing the allocation of €1
billion from the R&D budget for the next 10 years. As a member, you are required
to choose your preferred projects for further developing (or improving) per-
sonal transportation infrastructure. The set of questions provided to you on the
next pages are hypothetical. First, you will receive a description of the 3 alternatives
amongst which we ask you to make a choice, before we ask you to make that choice.
One of the decisions you will have to make is to choose the alternative fuel
types for passenger vehicles you would allocate funding to. Two of the fuel
types presented rely on a process called carbon capture and utilisation (CCU).
If you would not consider allocating part of the R&D funding to the alternative fuel
options based on CCU, you also have the option to not do so. If so, the remainder of
the budget would be spent on other options for decarbonising the transportation sector.”

Simplified illustrations and descriptions on the process of producing both liquid-
based and gas-based CCU are presented to the respondents. Respondents are then
told that liquid-based fuels are compatible with existing infrastructures, such as service
stations, while gas-based CCU has a compatibility that is limited to existing infras-
tructures. It is further clarified that the values presented to them are hypothetical,
and only represent possible future technological options. They are asked to take the
information presented to them as a given: features not presented cannot be taken into
consideration when making a choice, and each choice should be made independently
from the previous choice.

Data on background and socio-demographic characteristics of respondents are also
gathered at the beginning of the survey, in addition to which level they represent
as a policymaker (local; regional; national or European), how they would describe
their current role (policy advisor; legal advisor; political (elected)), which topics they
dedicate most of their time to, and where they fall on the political spectrum. Once
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Figure 1: Example of a choice card

the respondents have chosen one option for each of the six choice sets, they are then
asked the choice of which alternative – out of the liquid-based or the gas-based option,
or neither at all – they would choose if they had to.

Finally, we present several statements to participants with the goal to identify
participants’ attitudes and beliefs on the contribution of policy to the decarbonisation
of fuels. All respondents, irrespective of their preference for the decarbonised fuels in
the choice sets, respond to the statements on a five-point scale (from strongly agree
to strongly disagree). The different statements address attitudes towards innovation
and alternative fuels, the decarbonisation of fuel as well as climate change. These
statements are sought to reveal additional information that may not be captured by
the discrete choice experiment, and possibly to investigate a link between participants’
attitudes and the stated choices.

3.3 Statistical analysis
As discussed above, the analysis of respondents’ choices is based on random utility
theory, which states that a respondent’s utility function is comprised of a deterministic,
observable component Xij and a random, unobservable component εij (Hanemann,
1994). Thus, the utility U of an individual i choosing alternative j from choice set C
is represented by

Uij = ASC + βiXij + εij (1)

where Xij is the M-dimensional column vector of observed variables for alternative
j and respondent i; βi is the M-dimensional vector of coefficients capturing generic
marginal (dis)utilities of attributes; and εij is the error term. The utility also includes
the alternative-specific constant ASC that represents the opt-out option.
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Eq. 1 can be estimated by different models, depending on assumptions made
about the error terms. In the conditional logit model, the error terms are assumed to
be independently and identically (Gumbel) distributed. Hence, the probability Pj of
choosing alternative j is expressed as a function of a policymaker’s expected utility
from the choice of j relative to the expected utility of all alternatives J in the choice
set:

Pij = eUij/
∑
k∈J

eUik (2)

In this model the preference parameters are fixed for all participants, assuming
preference homogeneity in the sample (Hensher et al., 2015). Further models were
then tested in the next stages of analysis, including the random parameters logit
model (RPL) and a modeling approach combining both Error Component and Ran-
dom Parameters Logit model (EC-RPL). The assumption of homogeneity is relaxed
in mixed logit models as it enables capturing unobserved preference heterogeneity by
allowing the preference parameters to vary across participants. In RPL models one
can also relax the traditional assumption of having no correlation between the ran-
dom parameters (Train and Sonnier, 2003). The probability of participant i choosing
alternative j is then computed as follows (McFadden, 1973):

Pij =
∫

eXijβ∑
k∈J eXikβ

f(β)dβ (3)

EC-RPL models also take correlation across alternatives into account and have
been shown in the literature to produce higher model fit and robustness in contexts
such as these - where choices between the hypothetical alternatives are more similar
than those for the opt-out (Hess and Rose, 2009; Van Loo et al., 2014). We have
introduced the error component by incorporating a zero-mean normally distributed
random parameter, additional to the usual Gumbel-distributed error term in the non-
status quo alternatives (Scarpa et al., 2007; Marre et al., 2015).

4 Results
4.1 Descriptive statistics

129 complete responses were obtained, and with 6 choice sets each, this represents
774 choice observations. With three options per choice set this results in a total of
2322 alternatives for analysis. The response rate was approximately 10%, which is the
average response rate for discrete choice experiments (Johnstone et al., 2017). The
small sample size is a common limitation for groups that are more difficult to reach
as compared to the general public - and in this case policymakers working in a rather
niche field. The duration of the survey was on average 10 minutes, and policymakers
were incentivised to take part in the discrete choice experiment with the assurance
that each completed survey would result in a small donation to the charity of their
choice. With regard to choice shares, 40 % of respondents chose gas-based CCU, and
38 % chose liquid-based CCU. The remaining 22% chose to opt-out and fund different
projects.

The 70.11 % of respondents were male and the average age of respondents was
46. The gender imbalance corresponds to the reported number of women working in
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political positions in the European institutions - especially related to political posi-
tions in areas of transport (Commission, 2019b). The nationality of respondents varied
within the EU but the most represented countries were Belgium, Germany, the Nether-
lands, Greece, Poland and France. The majority of respondents work in the European
Commission, European Parliament, National, Regional and Local Government. Re-
spondents remained anonymous - apart from providing their place of work - but as
specified above, policymakers targeted worked on programmes providing funding for
sustainable mobility – from advisory bodies of the Connecting Europe Facility (CEF),
TEN-T projects, ESIF, JASPERS, Horizon2020, to name a few. Responses show that
people working on these topics and responding to the survey were much more likely to
be left-leaning (39.67 %) on the political spectrum than right-wing (11.89 %). A large
proportion of respondents described themselves as liberal/central (23.80 %), while the
rest preferred not to answer this question. Descriptive statistics of the questionnaire
can be found in the annex.

Once the respondents had completed the choice task, all respondents were asked
to choose, based on a multiple choice task, which of the alternatives from the discrete
choice experiment – out of the liquid-based or the gas-based option, or neither at all –
they would choose if they had to. In this question, it was specifically stated that the
liquid-based fuel was closer to incumbent engine system, while the gas-based fuel was
closer to the innovative engine system. Close to 50 % of respondents chose liquid-based
fuel, 30 % chose gas-based fuel and the remaining 20 % preferred to fund neither at
all.

4.2 Random Parameters Logit Model with an error com-
ponent

The discrete choice experiment was labelled, meaning that all choice sets shown to
policymakers included the option to fund liquid-based CCU, gas-based CCU, with the
third option being none - where the remaining budget would be spent on other op-
tions to decarbonise the transport sector. Even though these three options remained
consistent in each of the six choice scenarios presented to respondent, the levels - or
characteristics - of the two aforementioned fuels varied in each of the six choice scenar-
ios presented to the respondents (as is the case in all DCEs). The labels are represented
as alternative specific constants, of either being liquid-based CCU and gas-based CCU
(ConstantL and ConstantG presented in the results, respectively). We thus included
alternative specific constants γj for each fuel alternative j in the random parameters
logit model. These constants should reveal the general attitude of participants towards
the two fuel types. Both constants were encoded as dummy variables, having a value
of 1 if the respective fuel alternative was chosen and 0 otherwise. All attributes were
treated as continuous variables, except for the attribute fuel costs which was modelled
as a categorical variable (with values lower, same, higher) via a dummy encoding, with
the base level being ’same’. All attributes were assumed to be normally distributed.

Given that it was a labelled discrete choice experiment, we sought to determine
which preference parameters should be modelled as alternative specific (i.e., depending
on the respective alternative j) and which as generic (i.e., independent of the respec-
tive alternative). In other words, we wanted to find out whether respondents chose
fuel options based on the name of the label in the choice sets. We used likelihood ra-
tio (LR) tests to establish this. For each attribute, the log-likelihoods of the model in
which the respective parameter is modelled as alternative specific is compared with the
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generic model (normally used for unlabelled discrete choice experiments), in which all
parameters are assumed to be generic. The model fit of the generic random parameters
logit model with an error component provided a better model fit than the alternative-
specific random parameters logit model with an error component (log-likelihood test;
p < 0.001). The results of a mainly generic specification estimated by the random pa-
rameters logit model with error components (while accounting for correlation between
random parameters) are thus reported in Table 2.

The results were obtained using Nlogit, an econometric software specifically de-
signed for the analysis of discrete choice experiments.

The constants for liquid and gas-based fuels were not significant, indicating that
participants do not attach utility to the alternative-specific label. This finding ap-
pears counter-intuitive in view of the participants’ responses to the post-experimental
multiple choice question on whether they preferred liquid-based fuel (described to re-
spondents as the "incumbent option") - which turned out to be 50 % of the time, as
compared to gas-based fuel (described to respondents as the "innovative option") 30
% of the time. This means that different mechanisms are at play in making a simple
choice or a choice in a discrete choice experiment as commonly found in the discrete
choice literature (Johnstone et al., 2017).

Nonetheless, the attributes characterising each fuel option were significant - barring
budget - which means that attributes selected for the experiment were relevant and
important to the policymakers. Further, almost all associated standard deviations are
significant, indicating preference heterogeneities within the target population. Policy-
makers generally had a strong preference for a larger reduction in emissions, a short
time to market commercialisation, a high market share and significantly disliked a
higher fuel cost. These observations held independent of the fuel type, and are in
line with the hypothesised directions. Policymakers showed a tendency to support
dominant technologies and those that held a higher technology readiness level: thus
potentially supporting and reinforcing techno-institutional lock-in.

Interaction terms show that the preference for budget allocated to the transport
system choice varied slightly between three groups – the older segment of the re-
spondent population, policymakers from central Europe, and those that displayed an
incumbency bias - compared to the group of respondents as a whole. The groups that
had significant differences are presented in the results table. The older the respon-
dent, the less likely they were to devote part of their budget to liquid and gas-based
CCU. Further, gender did not have an impact on the results. Five regions were inter-
acted with the results – Northern, Southern, Central, Western and Eastern Europe.
Policymakers that stated they were from Central Europe – and in this case either
from Germany, Poland, Czech Republic, Austria and Slovenia – preferred to spend
less money on the CCU-fuel options, which was not the case for the other regions.
Attitudinal responses that were collected from the post-experimental questions (see
appendix), including statements on preference for transport systems that are similar
to those already in use were also interacted. This showed, that the higher the re-
spondent’s bias, and preference for incumbent technologies, the lower they wished the
budget be spent on the new systems (presented as "Incumbency Bias" in the results).
This was based on respondents’ level of agreeing to statements such as "It is more
effective to invest and improve existing fuel technologies, than in those that have not
yet entered the market", "If the choice of an alternative fuel choice were up to me,
it would be compatible with current engines and infrastructure", "People are more
likely to prefer vehicle technologies similar to those currently in use." For the remain-
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Table 2: RPL model with correlated error component (RPL-EC) estimates
(n=129) using 1000 Halton draws. Alternative-specific parameters are marked
with subscripts L for liquid-based fuel and G for gas-based fuel.

Coefficients Standard Errors p-Values

Main effects
Non-random parameters
ConstantL 0.649 .717 0.364
ConstantG -0.027 .849 0.974
Standard deviation of Err. Comp. 2.63155∗∗∗ .508 <0.01
Random parameters
Reduction in CO2 emissions Mean 1.016∗∗∗ 0.259 <0.01

St. dev. 0.904∗∗∗ 0.227 <0.01
Cholesky Diag. Val.a 0.904∗∗∗ 0.227 <0.01

Market share Mean 0.591∗∗∗ 0.161 <0.01
St. dev. 0.646∗∗∗ 0.166 <0.01
Cholesky Diag. Val. 0.504∗∗∗ 0.152 <0.01

Time to market commercialisation Mean -.399∗∗∗ 0.100 <0.01
St. dev. 0.379∗∗∗ 0.086 <0.01
Cholesky Diag. Val. 0.227∗∗∗ 0.083 0.006

Budget Mean -0.219 0.153 0.152
St. dev. 0.707∗∗∗ 0.186 <0.01
Cholesky Diag. Val. 0.007 0.363 0.982

Lower fuel cost Mean -0.171 0.578 0.767
St. dev. 2.568∗∗∗ 0.959 <0.01
Cholesky Diag. Val. 0.709 1.607 0.658

Higher fuel cost Mean -1.766∗∗ 0.826 0.032
St. dev. 2.538∗∗ 0.999 0.011
Cholesky Diag. Val. 1.314 1.873 0.483

Subject effects
Budget*Age Mean -0.00517∗∗ 0.00235 0.0275

St. dev. 0.00439 0.00332 0.1861
Budget*Incumbency Bias Mean -0.09672∗∗ 0.04497 0.0315

St. dev. 0.00079 0.184 0.996
Budget*Central Europe Mean -0.392∗ 0.200 0.050

St. dev. 0.34968∗ 0.184 0.058

N 774
Log likelihood -525.39722
AIC 1110.8
AIC/N 1.435

Asterisks denote statistical significance at the ∗∗∗ p < 0.01, ∗∗ p < 0.05, ∗ p < 0.1 level. a These
values are the diagonal elements of the random parameter model’s Cholesky matrix.

ing statements, no significant difference in results were found. Results for remaining
groups also stayed the same regardless of the group the respondent might have fitted
into, which points to the respondents being part of a rather homogeneous group, which
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is indeed the case and the point of the survey.
Correlation across alternatives was also verified given that the standard deviation

of the error component was statistically significant. In addition to this, values of
the Cholesky matrix were statistically significant which means that some of the ran-
dom parameters were correlated (correlation matrix can be found in the appendix).
This is evidence for the appropriateness of using a random parameters logit model
with correlated parameters (RPL-EC) and the estimates illustrate that respondents
perceived the experimentally designed alternatives to be different from that of the
opt-out. Upon further analysis of the results, certain policymakers that chose the
opt-out verified this by clarifying their choice by anonymously stating comments such
as the following: "producing fuels from CO2 is too energy intensive. There are bet-
ter and more sustainable options to reduce CO2 emissions from transport"; "There is
already too much attention to the decarbonization of fuel: budget must be used on
research in particular how to manage the demand of transport and to improve the
energy efficiency of the whole transport system";"The market share in 2040 was not
satisfying in combination with the CO2 savings. I would prefer to allocate budget to
alternatives transport modes instead of car fuels"; similarly another respondent stated
that "I would not invest 1bn in any "technical fix" but instead in a radical change of
(urban) infrastructure (esp. removing car lanes, boosting bike lanes) and supporting
the systematic regionalisation of economic relationships".

5 Discussion and conclusions
This paper has analysed the trade-offs that European policymakers face when allocat-
ing a limited budget to foster the decarbonisation of transport fuels. The respondents
represented a homogeneous target group working in the domain of EU funding pro-
grammes for transport and energy infrastructure. An example of this homogeneity is
illustrated by the fact that a large majority of the respondents described themselves
as left-leaning on the political spectrum, with a minority of respondents describing
themselves as right-leaning. All respondents claimed to be rather well-informed on
the topic in question and further held strong beliefs in the importance of policy in the
sustainability transition. With this in mind, our main findings can be summarised as
follows.

Firstly, the results illustrate that the participants showed to consistently opt for
whichever transport decarbonisation fuel system provided the quickest fix to emissions
reductions, regardless of whether the system chosen (as represented by the labels) was
closer to the incumbent or not. This was illustrated through the specific attributes
investigated in the discrete choice experiment: policymakers preferred to fund tech-
nologies with the lowest time to market commercialisation, and the highest emissions
reductions potential. In addition, the desire for dominant technologies was shown to
prevail when choosing a fuel system for decarbonising transport. Technologies with
a higher predicted market share and market penetration were much more likely to
receive funding than those that had not; thus potentially showing how the lock-in of
more dominant technological systems is reinforced. In a worst case scenario, this can
reinforce the lock-out of the development of new technologies that have yet to benefit
from feedback mechanisms such as economies of scale, learning effects, and network
effects.

Secondly, what can generally be concluded is that policymakers display a healthy
scepticism when funding innovative technologies that require significant modifications.
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This was especially indicated in respondents’ direct responses with regard to stating a
preference for incumbent as opposed to innovative fuels, which was further documented
in their attitude towards innovate fuel in the post-experimental questions. For the
direct question, policymakers were not presented with exact information on the extent
to which each fuel would reduce emissions, nor any information on the transition or
uncertainty costs expected (as had been the case in the discrete choice experiment).
Policymakers were only told that liquid-based fuel most resembled incumbent fuel
types, while gas-based fuel was representative of the more innovative option requiring
significant modifications. The policymakers were thus unable to make a fully informed
choice, and it was in this case that they were instinctively less likely to allocate their
budget to a more innovative and unfamiliar option, and thereby more risky option.
As discussed above, when they were provided with the associated information to each
fuel, however, policymakers did not show a preference for the incumbent or innovative
option and fully made their choice based on the attributes and characteristics presented
to them.

Thirdly, policymakers chose the alternatives based on the characteristics presented
to them, while indicating that there was not always one dominant alternative in each
choice set. Given that policymakers fully made their choice based on the attributes,
it suggests that respondents either disregarded or did not care about the fact that
the source of the fuel came from CCU. Nor did it matter whether the fuel came in a
gaseous or liquid state. Additionally, the percentage of opt-out choices was fairly low,
and only a few respondents chose to opt-out consistently, thereby clearly accepting
CCU-based fuels. This illustrates that CCU does not have negative connotations and
perception as a fuel source among policymakers. While ample research exists on the
development and feasibility of CCU, there has been limited research into the social
acceptance of CCU technologies (Jones et al., 2017; Arning et al., 2019). This paper
thus contributes to this literature and points to the fact that the acceptance appears
to be high among the policymakers that took part in this study.

The interpretation of these results should be done carefully within the boundaries
of the study’s limitations. As discussed above, the relatively small sample size po-
tentially limits the generalisability of the findings. We selected a rather homogeneous
sample and the results cannot necessarily be applied to policymakers in general, but
are rather restricted to those working in the area of funding transport infrastructure
projects. Further research on policymakers should take this into account, and attempt
to reach a wider and more representative group of respondents. Moreover, a com-
mon limitation of discrete choice experiments is its hypothetical nature (Johnstone
et al., 2017), and we cannot conclude whether the respondents would have chosen the
same alternatives in real circumstances. However, hypothetical choices can be mean-
ingful for improving real-world choices. Previous studies show that it is possible to
elicit real world choices with fair precision when field or real-world data is unavail-
able (de Bekker-Grob et al., 2019; Haghani et al., 2016). Therefore, it is reasonable
to assume that our conclusions will also ring true in real-world settings and not only
hypothetical ones.

Overall, the results provide insights into the trade-offs of policymakers when al-
locating funding to clean technologies – they seek options that can ensure a quick
solution to emissions reductions and stated an initial preference for the familiar and
incumbent option. These findings have important implications for policy design and il-
lustrates the importance of taking institutional actors’ decisions into account in studies
of transition. The experiment itself allows us to gain some evidence as to why incum-
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bent technologies prevail in the market: even when the policymakers were provided
with a hypothetical choice to allocate funding, they still chose the option that required
the least amount of change and least amount of time to market. Thus, policymakers
may be likely to avoid investing in a more innovative idea, not because of any intrin-
sic flaw in the technological system, but because it would require too much change.
These insights should at the very least be made available to and communicated among
policymakers overseeing innovation funding programmes.

Acknowledgements
The authors would like to express their thanks to the participants that took part
in this study. Financial support from the Flemish University Research Fund (BOF)
(for Amalie Bjørnåvold) and the Research Foundation - Flanders (FWO) Postdoctoral
Grant 12G5418N (for Sebastien Lizin) is gratefully acknowledged. The authors have
no competing interests to declare.

21



References
Martin Achtnicht. German car buyers’ willingness to pay to reduce co2 emissions.

Climatic change, 113(3-4):679–697, 2012.

Katrin Arning, J Offermann-van Heek, A Linzenich, A Kaetelhoen, A Sternberg,
A Bardow, and M Ziefle. Same or different? insights on public perception and
acceptance of carbon capture and storage or utilization in germany. Energy policy,
125:235–249, 2019.

W Brian Arthur. Competing technologies, increasing returns, and lock-in by historical
events. The Economic Journal, 99:116–31, 1989.

Maryam Ashrafi, Hamid Davoudpour, and Mohammad Abbassi. Developing a decision
support system for r&d project portfolio selection with interdependencies. In AIP
Conference Proceedings, volume 1499, pages 370–378, 2012.

Flor Avelino, John Grin, Bonno Pel, and Shivant Jhagroe. The politics of sustainability
transitions. Journal of Environmental Policy & Planning, 18(5):557–567, 2016.

Wiebe E Bijker, Thomas Parke Hughes, and Trevor J Pinch. The social construction
of technological systems: New directions in the sociology and history of technology.
MIT press, 1989.

Amalie Bjørnåvold and Steven Van Passel. The lock-in effect and the greening of
automotive cooling systems in the european union. Journal of Environmental Man-
agement, 203:1199–1207, 2017.

Herib Blanco, Wouter Nijs, Johannes Ruf, and André Faaij. Potential for hydrogen and
power-to-liquid in a low-carbon eu energy system using cost optimization. Applied
energy, 232:617–639, 2018.

Dietmar Braun. The role of funding agencies in the cognitive development of science.
Research policy, 27(8):807–821, 1998.

Elise S Brezis. Focal randomisation: An optimal mechanism for the evaluation of r&d
projects. Science and Public Policy, 34(10):691–698, 2007.

Selma Brynolf, Maria Taljegard, Maria Grahn, and Julia Hansson. Electrofuels for the
transport sector: A review of production costs. Renewable and Sustainable Energy
Reviews, 81:1887–1905, 2018.

H Henry Cao, Bing Han, David Hirshleifer, and Harold H Zhang. Fear of the unknown:
Familiarity and economic decisions. Review of Finance, 15(1):173–206, 2009.

CarbonNext. Economic and environmental impacts of most promising ccu pathways,
2018.

Grazia Cecere, Nicoletta Corrocher, Cédric Gossart, and Muge Ozman. Lock-in and
path dependence: an evolutionary approach to eco-innovations. Journal of Evolu-
tionary Economics, 24:1037–1065, 2014.

European Commission. The eu at work to bridge the investment gap in transport and
stimulate the european economy, 2018a.

22



European Commission. Transport emissions, 2018b.

European Commission. Eu funding for alternative fuel deployment, 2019a.

European Commission. Gender statistics database, 2019b.

Robin Cowan. Nuclear power reactors: A study in technological lock-in. The Journal
of Economic History, 50:541–567, 1990.

Daniel Palhazi Cuervo, Roselinde Kessels, Peter Goos, and Kenneth Sörensen. An
integrated algorithm for the optimal design of stated choice experiments with partial
profiles. Transportation Research Part B: Methodological, 93:648–669, 2016.

Paul A David. Clio and the economics of qwerty. The American economic review, 75
(2):332–337, 1985.

Esther W de Bekker-Grob, Joffre D Swait, Habtamu Tilahun Kassahun, Michiel CJ
Bliemer, Marcel F Jonker, Jorien Veldwijk, Karen Cong, John M Rose, and Bas
Donkers. Are healthcare choices predictable? the impact of discrete choice experi-
ment designs and models. Value in Health, 2019.

Boelie Elzen, Frank W Geels, and Kenneth Green. System innovation and the transi-
tion to sustainability: theory, evidence and policy. Edward Elgar Publishing, 2004.

John E. Ettlie, William P. Bridges, and Robert D. O'Keefe. Organization strategy
and structural differences for radical versus incremental innovation. Management
Science, 30(6):682–695, 1984.

Valerie Eveloy and Tesfaldet Gebreegziabher. A review of projected power-to-gas
deployment scenarios. Energies, 11(7):1824, 2018.

Cora Fernández-Dacosta, Li Shen, Wouter Schakel, Andrea Ramirez, and Gert Jan
Kramer. Potential and challenges of low-carbon energy options: Comparative as-
sessment of alternative fuels for the transport sector. Applied energy, 236:590–606,
2019.

Tobias Fleiter, Andrea Herbst, Matthias Rehfeldt, and Marlene Arens. Industrial
innovation | part 2: Scenario analysis and pathways to deep decarbonisation, 2019.

Timothy J Foxon. Technological and institutional ‘lock-in’as a barrier to sustainable
innovation. Imperial College Centre for Energy Policy and Technology (ICCEPT),
2002.

Frank W Geels. From sectoral systems of innovation to socio-technical systems: In-
sights about dynamics and change from sociology and institutional theory. Research
policy, 33(6-7):897–920, 2004.

Frank W Geels. The multi-level perspective on sustainability transitions: Responses
to seven criticisms. Environmental innovation and societal transitions, 1(1):24–40,
2011.

Frank W Geels. Regime resistance against low-carbon transitions: introducing politics
and power into the multi-level perspective. Theory, Culture & Society, 31(5):21–40,
2014.

23



The Global CO2 initiative. Global roadmap for implementing co2 utilization, 2016.

Andreas Goldthau. Introduction: Key dimensions of global energy policy. In The
Handbook of Global Energy Policy, pages 1–12. John Wiley & Sons Ltd, 2013.

John R Graham, Campbell R Harvey, and Hai Huang. Investor competence, trading
frequency, and home bias. Management Science, 55(7):1094–1106, 2009.

Milad Haghani, Majid Sarvi, Zahra Shahhoseini, and Maik Boltes. How simple
hypothetical-choice experiments can be utilized to learn humans’ navigational es-
cape decisions in emergencies. PloS one, 11(11):e0166908, 2016.

WMichael Hanemann. Valuing the environment through contingent valuation. Journal
of economic perspectives, 8(4):19–43, 1994.

Rebecca Henderson. Underinvestment and incompetence as responses to radical in-
novation: Evidence from the photolithographic alignment equipment industry. The
RAND Journal of Economics, 24(2):248, 1993.

David A. Hensher, John M. Rose, and William H. Greene. Applied Choice Analysis.
Cambridge University Press, 2015.

Stephane Hess and John M Rose. Allowing for intra-respondent variations in coeffi-
cients estimated on repeated choice data. Transportation Research Part B: Method-
ological, 43(6):708–719, 2009.

Simon Hirzel, Tim Hettesheimer, Peter Viebahn, and Manfred Fischedick. A decision
support system for public funding of experimental development in energy research.
Energies, 11(6):1357, 2018.

William G. Howard. Innovation and intelligence: Matching commercialization needs
and information tasks. Competitive Intelligence Review, 4(1):4–12, 1993.

Nicole M.A. Huijts, Cees J.H. Midden, and Anneloes L. Meijnders. Social acceptance
of carbon dioxide storage. Energy Policy, 35(5):2780–2789, 2007.

Staffan Jacobsson and Volkmar Lauber. The politics and policy of energy system
transformation—explaining the german diffusion of renewable energy technology.
Energy policy, 34(3):256–276, 2006.

Sean M Jarvis and Sheila Samsatli. Technologies and infrastructures underpinning fu-
ture co2 value chains: A comprehensive review and comparative analysis. Renewable
and Sustainable Energy Reviews, 85:46–68, 2018.

Phil Johnstone, Andy Stirling, and Benjamin Sovacool. Policy mixes for incumbency:
Exploring the destructive recreation of renewable energy, shale gas ‘fracking, ’ and
nuclear power in the united kingdom. Energy Research & Social Science, 33:147–162,
2017.

Christopher R Jones, Barbara Olfe-Kräutlein, Henriette Naims, and Katy Armstrong.
The social acceptance of carbon dioxide utilisation: a review and research agenda.
Frontiers in Energy Research, 5:11, 2017.

24



René Kemp, Derk Loorbach, and Jan Rotmans. Transition management as a model
for managing processes of co-evolution towards sustainable development. The Inter-
national Journal of Sustainable Development & World Ecology, 14(1):78–91, 2007.

Roselinde Kessels, Bradley Jones, Peter Goos, and Martina Vandebroek. An efficient
algorithm for constructing bayesian optimal choice designs. Journal of Business and
Economic Statistics, 27:279–291, 2009.

Roselinde Kessels, Bradley Jones, Peter Goos, and Martina Vandebroek. The useful-
ness of bayesian optimal designs for discrete choice experiments. Applied Stochastic
Models in Business and Industry, 27(3):173–188, 2011.

L Lynne Kiesling. Deregulation, innovation and market liberalization: electricity reg-
ulation in a continually evolving environment. Routledge, 2008.

Antje Klitkou, Simon Bolwig, Teis Hansen, and Nina Wessberg. The role of lock-in
mechanisms in transition processes: The case of energy for road transport. Envi-
ronmental Innovations and Societal Transitions, 16:22–37, 2015.

Jonathan Köhler, FrankWGeels, Florian Kern, Jochen Markard, Elsie Onsongo, Anna
Wieczorek, Floortje Alkemade, Flor Avelino, Anna Bergek, Frank Boons, et al. An
agenda for sustainability transitions research: State of the art and future directions.
Environmental Innovation and Societal Transitions, 2019.

Caroline Kuzemko, Matthew Lockwood, Catherine Mitchell, and Richard Hoggett.
Governing for sustainable energy system change: Politics, contexts and contingency.
Energy Research & Social Science, 12:96–105, 2016.

Kelvin J. Lancaster. A new approach to consumer theory. Journal of Political Econ-
omy, 74, 1966.

Emily Lancsar and Jordan Louviere. Deleting ‘irrational’responses from discrete choice
experiments: a case of investigating or imposing preferences? Health economics, 15
(8):797–811, 2006.

Jordan J Louviere and David A Hensher. On the design and analysis of simulated
choice or allocation experiments in travel choice modelling. Transportation research
record, 890(1):11–17, 1982.

Jordan J Louviere and George Woodworth. Design and analysis of simulated consumer
choice or allocation experiments: an approach based on aggregate data. Journal of
marketing research, 20(4):350–367, 1983.

Jordan J Louviere, David A Hensher, and Joffre D Swait. Stated choice methods:
analysis and applications. Cambridge university press, 2000.

Jochen Markard. Transformation of infrastructures: sector characteristics and impli-
cations for fundamental change. Journal of Infrastructure Systems, 17(3):107–117,
2011.

Jean-Baptiste Marre, Luke Brander, Olivier Thebaud, Jean Boncoeur, Sean Pascoe,
Louisa Coglan, and Nicolas Pascal. Non-market use and non-use values for pre-
serving ecosystem services over time: A choice experiment application to coral reef
ecosystems in new caledonia. Ocean & Coastal Management, 105:1–14, 2015.

25



Daniel McFadden. Conditional logit analysis of qualitative choice behaviour. In
P. Zarembka, editor, Frontiers in Econometrics, pages 105–142. Academic Press,
New York, NY, USA, 1973.

James Meadowcroft. Engaging with the politics of sustainability transitions. Environ-
mental Innovation and Societal Transitions, 1(1):70–75, 2011.

Maria Niestadt and Amalie Bjørnåvold European Parliamentary Research Service.
Electric road vehicles in the european union: Trends, impacts and policies, 2019.

Slobodan Perdan, Christopher R Jones, and Adisa Azapagic. Public awareness and
acceptance of carbon capture and utilisation in the uk. Sustainable Production and
Consumption, 10:74–84, 2017.

Arie Rip and René Kemp. Technological change. Human choice and climate change,
2(2):327–399, 1998.

William Samuelson and Richard Zeckhauser. Status quo bias in decision making.
Journal of risk and uncertainty, 1(1):7–59, 1988.

Björn A Sandén and Christian Azar. Near-term technology policies for long-term
climate targets—economy wide versus technology specific approaches. Energy policy,
33(12):1557–1576, 2005.

Zsolt Sandor and Michel Wedel. Designing conjoint choice experiments using managers’
prior beliefs. Journal of Marketing Research, 38(4):430–444, 2001.

Riccardo Scarpa, Kenneth G Willis, and Melinda Acutt. Valuing externalities from
water supply: Status quo, choice complexity and individual random effects in panel
kernel logit analysis of choice experiments. Journal of Environmental Planning and
Management, 50(4):449–466, 2007.

SETIS. Carbon capture utilisation and storage. Technical report, SETIS, 2016.

Katrin Talke and Sven Heidenreich. How to overcome pro-change bias: incorporating
passive and active innovation resistance in innovation decision models. Journal of
Product Innovation Management, 31(5):894–907, 2014.

Kenneth Train and Garrett Sonnier. Mixed logit with bounded distributions of corre-
lated partworths. In A. Alberini and R. Scarpa, editors, Applications of Simulations
Methods in Environmental Resource Economics, chapter 7. Kluwer Academics Pub-
lisher, Dordrecht, The Netherlands, 2003.

Gregory C Unruh. Escaping carbon lock-in. Energy policy, 30(4):317–325, 2002.

Paul Upham, Paula Bögel, and Katinka Johansen. Energy Transitions and Social
Psychology: A Sociotechnical Perspective. Routledge, 2019.

Bas Van Bree, Geert PJ Verbong, and Gert Jan Kramer. A multi-level perspective on
the introduction of hydrogen and battery-electric vehicles. Technological Forecasting
and Social Change, 77(4):529–540, 2010.

Jeroen CJM van den Bergh and Frank Reinier Bruinsma. Managing the transition to
renewable energy: theory and practice from local, regional and macro perspectives.
Edward Elgar Publishing, 2008.

26



Alexander van der Vooren, Floortje Alkemade, and Marko P Hekkert. Effective public
resource allocation to escape lock-in: the case of infrastructure-dependent vehicle
technologies. Environmental Innovation and Societal Transitions, 2:98–117, 2012.

Ellen J Van Loo, Vincenzina Caputo, Rodolfo M Nayga Jr, and Wim Verbeke. Con-
sumers’ valuation of sustainability labels on meat. Food Policy, 49:137–150, 2014.

Frank J van Rijnsoever, Paul Hagen, and Mandy Willems. Preferences for alternative
fuel vehicles by dutch local governments. Transportation Research Part D: Transport
and Environment, 20:15–20, 2013.

Chiara Verbano and Anna Nosella. Addressing r&d investment decisions: a cross anal-
ysis of r&d project selection methods. European Journal of Innovation Management,
13(3):355–379, 2010.

Kim Vreys, Sebastien Lizin, Miet Van Dael, Joe Tharakan, and Robert Malina. Ex-
ploring the future of carbon capture and utilisation by combining an international
delphi study with local scenario development. Resources, Conservation and Recy-
cling, 146:484–501, 2019.

Antje Witting. Insights from ‘policy learning’on how to enhance the use of evidence
by policymakers. Palgrave Communications, 3(1):49, 2017.

27



A Appendix
A.1 Descriptive statistics
Variable % Mean SD

Age 46 11.226
Gender (% male) 70.11
Place of work
European Commission 26.98
European Parliament 26.19
National Government 18.25
Regional Government 10.31
Local Government 5.55
European Investment Bank 3.17
Other 9.51
Main topic of focus
Transport 43.65
Energy and environment 20.62
Regional policy 8.73
Research and innovation 6.34
Development and cooperation 6.34
Other 14.28
Political spectrum
Left-wing 17.45
Centre-left 22.22
Liberal/centre 23.80
Centre-right 10.31
Right-wing 1.58
Prefer not to say/other 24.6
Overall fuel preference
Liquid-based fuel 48.46
Gas-based fuel 30.76
Prefer not to fund either 20.78
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A.2 Post-experimental questions

Attitudes statements
1) It was easy to compare the different fuel alternatives with each
other
2) New fuel technologies cause more problems than they solve
3) It is more effective to invest and improve existing fuel technolo-
gies, than in those that have not yet entered the market
4) Compared to other policy measures, decarbonising fuel is not
a high priority.
5) If the choice of an alternative fuel choice were up to me, it
would be compatible with current engines and infrastructure.
6) Policy plays an important role in ensuring clean technologies
enter the market.
7) I consider myself well informed about sustainable technologies.
8) People are more likely to prefer vehicle technologies similar to
those currently in use.
9) I would rather buy a car running on an alternative fuel such as
CCU (that uses recycled CO2)

A.3 Correlation matrix
Emissions Market share Time to market Budget Low fuel cost High fuel cost

Emissions 1.00 0.625 -0.401 0.543 0.253 -0.571
Market share 0.625 1.00 0.288 -0.043 -0.450 -0.727
Time to market -0.401 0.288 1.00 -0.966 -0.933 -0.084
Budget 0.543 -0.043 -0.966 1.00 0.853 -0.097
Low fuel cost 0.253 -0.450 -0.933 0.853 1.00 0.853
High fuel cost -0.571 -0.727 -0.084 -0.097 0.100 1.00
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