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Abstract

The paper appliesan d elaborates environm ental and evolutionar y
theorising inthe context of international research, development and
demonstration (RD&D) cooperation. The theoretical framework of analysis
lays particular emphasis on ide ntifying and overcoming institutional
barriers to international cooperation for the RD&D that contributes t o
radical and environmentally friendly systemic changes. The paper can be
characterised as empirically based theory-building asit elaborates the
conceptual framework and attests its validity with the interview findings
and empirically based literature reviews. The empirical analysis is based on
the HY-CO Era-Net interview results of government officers of national
funding agencies responsible of the coordination of ERA-Net programmes.
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1. Introduction

A transition towards sustainable developmen t depends on drastic chan  ges in production and
consumption patterns. Technological change has a relevant role to play in this transition to redu ce the
impacts from energy production and manufacturing processes. The application of hydrogen (H2) based
energy systems has potential environmental and other benefits. In addition to H2 opportunities related to
the climate change mitigation and to improvements in local air quality, H2 solutions, especially when
combined with the renewable energy sources, may help to improve energy security (reduction of foreign
oil imports) and international competitiveness (Solomon and B anerjee, 2007)'. However, there are
substantial barriers to the deployment of H2 based energy systems, including the absence of a H2
refuelling infrastructure, high costs (of fuel cells and of low-carbon H2 production) and technological
immaturity”. Rapid transitions to H2 are likel y to occur only under conditions of strong governmental
participation combined with, or as a result of, major ‘discontinuities’ such as shifts in soc iety’s
environmental values, ‘game changing’ technological breakthroughs, or rapid increases in the oil price
or speed and intensity of climate change (McDowall and Eames, 2006).

In this setting , international research, development and demonstr ation (RD&D) cooperation offers
relevant opportunities to harmonise ener gy and innovation policies and ex ploit synergies (Haug, 2004)
to foster the deplo yment of H2 based s ystems. Barret (2006) has identified specific cases where formal
international technology co-operation is important: where RD &D can lead to breakthrough technologies
that exhibit increasing returns to scale and =~ where RD&D co-operation might sustain a strong
international response. Examples of technologies where formal international co-operation may offer
significant benefits include the development of t he infrastructure and networks required to suppo rt the
use of H2. Coherent, urgent and broadly based actiontod evelop new s ystemic breakthrough
technologies with si gnificant environmental benefits requires international understanding and co-
operation, embodied in a range of formal multilateral agreements and informal arrangements.

In the context of the European Research Area, already in the Fifth Framework Programme (FP5) the
Commission implemented a strategic shift from the funding of technological development towards a
more comprehensive innovation policy with the emphasis on the open-method of coordination (O MC),
which is an inter- governmental mechanism of vo luntary cooperation of European policies ( Arrowsmith
et al., 2004; Kaiser & Prange, 2004; Schifer, 2006). In the innovation policy field, the OMC has been
implemented by introducing new networks, stakeholder forums and policy processes or, more generally,
coordination tools which encourage stakeholders to co-ordinate and sel f-organize the formation of
common RD&D agendas (Ko6nnold et al., in press). Such coordination tools have been promoted, for
example, within ‘Integrated Projects’, ‘Networks of Ex cellence’, ‘ERA-Nets’, ‘European Technology
Platforms’ and most re cently ‘Technology Initiatives’. In practice, the coordination efforts have had a
chequered history, partly due to the fragmentation of innovation activities and the dispersal of resources.
Indeed, because more than 80% of resea rch in the EU is financed at the national level, European
coordination must account for major variations among national and regional innovation systems which,
in turn, are influenced by various legislative and budgetary powers.

In spite of the many benefits from international RD&D cooperation’, this faces diverse te chno-
institutional barriers, which are explored in this paper in c onnection with the European H2 RD&D
activities. Expectations concerning formation of international rese arch and technology development
(RTD) networks and programs are not necessarily easy to fulfil due to the complexities that are driven
by vertical and horizontal coordination ch allenges of national innovatio n systems (Kénndléd et al, in
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press). The paper constructs and tests a novel fr amework of analysis with the emphasis on identif ying
and overcoming institutional barrie rs to intern ational cooperation for the RD& D that contri butes
especially to the radical systemic changes that are needed for the demonstration and di ffusion of H2
based energy systems. The framework builds on (i) the recent evolutionar y theorising on institutional
and technological change (e.g. Nelson and Winter, 2002), (ii) on the ‘double externality’ problem in the
environmental economics (e.g. Rennings, 2000) and (iii) on the s tudies on internationalisation of
innovation systems (e.g., Kuhlmann and Edler, 2003).

The paper can be characterised as empirically based theory-building as it elaborates the conceptual
framework and attests its validity with the interview findings and empirically based literature reviews
conducted in connection with the HY-CO Co-ordination Action to Establis h a Hydrogen and Fuel Cell
ERA-Net*. Accordingly, the paper is organised as follows. The next section develops the framework for
analysis. Section 3 describes the findings from the empirical stud y, which are discussed in Section 4 i n
view of the framework of analysis. Section 5 concludes the paper.

2. Framework of Analysis on Institutional Barriers to International
H2 RD&D Co-ordination

International RD&D cooperation can take many forms, from “soft” versions entailing only some sort of
coordination of research priorities, discussion of the main issues or sharing of information or knowledge,
to “hard” versions, which involve the creation of common pots o f funds which are contributed by
countries and which are distributed irrespective of the nationalit y of't he beneficiary (cost-sharing).
Furthermore, levels of ambition of international coordination can be categorized as follows: information
exchange and best practices, common strategies issues, joint activities, joint/common calls, common
programs (Konnoléd, 2007). Co-operation can thus go beyond soft-forms of sharing information and co-
ordinating of national priorities to include hard versions of cooperation that require formal arr angements
to spread the risk and ¢ ost of investing in new technolo gies (for example, investing in demonstration
projects). Different forms of cooperation are like ly to entail also different kinds of barriers. W hile the
soft versions are relatively easy to imple ment since they do not r equire major or radical institutional
changes, the hard versions are prone to face considerable barriers to implementation.

The management of international H2 RD&D coordination must account for (i) the different national and
regional conditions of te chnological infrastructures and social institutions and ii) market imperf ections
and potential free-riding behaviour of companies and national g overnments. These two perspectives are
discussed in more detail in subsequent sections and later on combined towards the common framework
of analysis.

2.1 Techno-Institutional Complex and Barriers to International RD&D
cooperation

Experiences from the vertical coordination between local, regional and (inter-)national levels provide
insights into the challeng es of managing multi-layered innovation systems. Such challenges have been
attributed to the s ystemic nature of innovation (Smits & Kuhlmann, 2004), performance of innovation
systems (Lundvall, 1992; Edquist, 1997), and pr ocesses of re gionalization (Kaiser and Pran ge, 2004)
which have resulted in complex multi-layered policies especially in Europe. In effect, this complexity
differentiates innovation policy from other policy areas — such as social or employment policies — where
the OMC has applied earlier on in Europe. At pr esent, innovation policies are ch allenged by the global
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market conditions where Member States, regions or even industrial or local clusters compete for critical
resources, such as knowledge, human resources, and foreign RTD investments (Kaiser & Prange, 2004).

The implementation of i nnovation policies is typically linked to other polic y fields and thus requires
horizontal coordination between innovation and other policy areas. In case of H2 related RD &D, the
innovation policy actions are stron gly connected with the international a nd national ener gy policies.
Thus, international H2 RD&D cooperation is likely to be conditioned by the diverse set of multi-layered
innovation and energy systems emerged through their path-dependent techno-institutional development
paths.

There is extensive evolutionary literature on the barriers to the d evelopment, adoption and diffusi on of
new technologies and the emer gence of technolo gical lock-in conditions (see, e.g., Dosi et al., 1988;
Arthur, 1994; Nelson and Winter, 2002). Such approaches have been extended recently to cover also
institutional aspects. Tec hnological systems are best understood as being composed of both physical
technologies -in the form of components and in frastructure, and social technologies —in the form of
organizational hierarchies and managing institutions. Nelson and Sampat (2001) as well as North (1 990)
have posited that the co-evolutionary features identified as creating increasing returns for physical
technologies may also be applied to social technologies that have come to be regarded by the relevant
social group as standard in the context.

In line with Nelson and Sampat, we consider th at not all social technologies are institutions, but rather
only those that have become a standard and expected thing to do. Institutions are “the rules of the game”
interpreted as broad constraints, such as re gulatory conditions, or governing structures embodied in
particular organizational forms or cultural beliefs and norms.  In addition to being embodied in and
moulded by particular organizational and governance structures, standardized social technologies are
formed, and held in place, in the context of the broader social system that prevail in a society. Routines,
practices and organizational hierarchies characterize social technologies. A routine involves a collection
of procedures which result in a predictable and specifiable outcome. (Nelson and Sampat, 2001.)

Institutional barriers have been discussed in the o rganizational level for example by Van de Ven (1986)
and Tushman and O’Reilly (1997). Van de Ven ( 1986) discusses three universal limitations that lead to
organizational inertia, including focus on sho rt-term demonstrable progress, inadequate problem
definitions and the tend ency of human behaviour to protect ex isting practices. Tushman and O’Reilly
(1997) extend these ideas by distinguishing between structural and cultural inertia: the former roo ted in
the size, complexity and interdependence in the organization’s physical structures, systems, and
processes while thela tter is embeddedint he organizations social structure includin g shared
expectations, norms, values and social networks. As organizations grow, structural and cultural inertia
intensify, hindering proposed changes andi nnovations, especially if they demand radical or
discontinuous modifications to currently successful activities.

Within such premises, t he barriers for the d evelopment and application of H2 technolo gies can be
understood from the pe rspective of the T echno-Institutional Complex (TIC) framework which sees the
inertia in lar ge technological systems arising from co-ev olutionary interactions among physical
infrastructures and the social institutions that build and perpetuate them ( Unruh, 2000, 2002). Del Rio
and Unruh (2007) have defined the key elements and inter-relations of the TIC (Figure 1). They posit
that the TIC emerges through a path-dependent co-evolutionary process that begins when innovation
creates several technological variants that compete in an environment of technological increasing returns
to scale. Ultimately one variant emerges from the competition as a dominant design, locking-in key
technological architectures. Surviving dominant design-producing firms organizationally lock-in around
standardized decision r outines, core competencies, distribution netw orks and customer—supplier
relationships, which condition their investments in non-dominant design technologies. As the s ystem
scale expands, complementary industry and inte r-industry networks, including financial instituti ons,

3
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emerge and lock-in coordination standards, relationships and capital investment patterns. If the system
becomes socially pervasive, advocacy groups, voluntary associations and the media socialize the system,
adapting preferences and expectations to continued system dominance. Finally, government may
intervene in s ystem growth for policy reasons (national security, universal service, anti-trust/natural
monopoly, etc.) and encourage system expansion through subsidies, incentives or outright ownership.
The intervention by government, which ov errides market for ces, signals the emer gence of a techno-
institutional complex. (del Rio & Unruh, 2007).

Insert figurel

Indeed, several authors have argued that te chno-institutional changes® are difficult to achieve, because
the prevailing system acts as a barrier to the creation of a new system (e.g. Kemp and Soete, 1992;
Jacobsson and Johnson, 2000; Unruh, 2000; Kline, 2001; Geels, 2002; Carlsson and J acobsson, 2004;
Frenken et al., 2004; Foxon, T. J., R. Gross, et al., in press). The need for such a system-level change is
apparent in case of H2 technologies; for components like fuel cells to be useful they will have to be
integrated into a new largeren ergy system that includes H2 production, transportation, stora  ge,
transformation, generation and end uses (Clark and Ritkin, 2006).

Institutional barriers create path dependencies that constrain the horizontal and vertical coordination of
international RD&D cooperation. However, the international coop eration may alsoope n up
opportunities for overcoming national-level constrains both in view of physical and social technologies.
Hence, the international RD&D cooperation are also likely to challenge governments to re-evaluate their
role within the national systems. In addition, the TIC framework can be complemented with the

perspectives of ‘double externality’ problem to understand the possible free  -riding behaviour of
companies as well as national governments.

2.2 ‘Double Externality’ Problem and Barriers to International RD&D
Cooperation

Related tothes ystem change constrains, en vironmental economists have identified sub-optimal
investment in environme ntal technologies caused by a ‘double externality’ problem (Rennings, 2000;
Del Rio, 2004): (i) social (or environmental) costs are not typically transferred in parallel to private costs
(and prices) and (ii) spill-over effects often enable copying of innovations, which reduces the incentives
to innovate and to create radical s ystemic changes. The ‘double ex ternality’ problem is useful for
understanding not onl y the barriers for RD&D of environmental technolog ies but also for the
international cooperation of such activities which both are prone to suffer from the free-riding behaviour
of both companies and national governments.

Due to the existence of market failures (with regard to environmental externalities) the increase in social
costs does not directly lead to a parallel increase in private costs (and prices). As a result, firms may not
react to thisinc rease by developing or adopting technologies that reduce the consumptio n of
increasingly scarce natural resources, such as H2 based low-carbon energy systems (del Rio 2004; Jaffe
et al. 2005). However, the government intervention toward the environmental improvements is not likely
in the conditions of the techno-institutional complex emerged through the close cooper ation of the

government and the incumbent industries.

If innovation results dev eloped by one firm spill over to other firms, there is an inc entive for firms to
distort their innovation effort (Carraro 2003). Innovation produces ben efits above and b eyond those
enjoyed by the individual firm (‘knowled ge spillovers’), which fosters rather copying than inno vation
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activities. The positive externality of innovation comes from the public good nature of new knowledge:
Innovating firms cannot keep other firms from also benefiting from their new knowledge and therefore
cannot capture for themselves all the benefits of the innovation. While patents and other institutions are
employed to prote ct firms’ investments in inn ovation, such protectio n may not be suf ficient. A
successful innovator will capture some rewards, but those rewards will always be only a fraction of the
overall benefits to society of the innovation. Hence innovation creates positive externalities in the form
of “knowledge spillovers” for other firms, and spillovers of value or consumer surplus for the users of
the new technology (Jaffe et al 2005, p.167).

This problem is particularly compounded in an international context. Significant cross-border spillovers
and a globalized market for most technologies offer an incentive for countries to free-ride on others who
incur the learning cost and then simply import the technology at a later date. The basic scientific and
technical knowledge created by a public RD &D programme in one country can spill-over to other
countries with the capacity to utilise this progress. While some of the learning by doing will be captured
in local skills and within local firms, this may not be always enough to justify the learning costs incurred
nationally.

International patent arrangements, such as the Trade Related International Property Rights agreement
(TRIPs10), provides some protection, but IPR can be hard to enfo rce internationally. Knowledge is
cheap to copy if not embodied in human capital, ph ysical capital or netw orks, so RD&D spillovers are
potentially large. A country that introduces a dep loyment support mechanism and successfully reduces
the cost of that technology also delivers benefits to other countries. International co-operation can also
help to address this by supporting formal or informal reciprocity between RD&D programmes (Stern
2006, p.351).

Hence, international RD&D collaboration is likely to suffer from fre e-riding behaviour. Cooper ative
action will greatly reduce the costs of investing in RD&D, including the avoidance of the duplication of
efforts. For example, co-operation to accel erate the developmenta nd diffusion of low-ca rbon
technologies is likel y to reduce th e costs andt he benefits of d eveloping cost-effective low-carbon
technologies will be mainly global but most costs will be incur red locally. Therefore, international
RD&D cooperation raises a similar problem to climate change mitigation: the benefits of RD&D
(climate change mitigation) might be global but the costs of investing in RD& D (climate change
mitigation) are local.

International co-operation requires that nations perceive sufficient benefits that they are willing to
participate in RD &D arrangements. They must alsoreco gnise that without their involve ment,
international collective action may fail. National RD&D policy focuses on technologies where there is a
compelling local need or a perceived first-mover advantage, in order to capture national benefits linked
to lower cost ener gy, local health or a gricultural priorities, and the devel opment of new industries. In
other words, the fact that the benefits from RD &D cooperation are global and that the costs are m ostly
local is a major barrier for RD&D cooperation.

2.3 Linkages between the TIC and the ‘Double Externality’ Problem

The approaches ofthe TIC framework and the ‘double ex ternality’ problem are complementary to
explain the barriers to the development of radical systemic changes, e.g. of H2 based ener gy systems.
The incentives to free-ride on the H2 RD&D efforts of others are an obstacle which prevents public and
private parties from investing in H2 RD&D.  Thisr einforces the path-dependent character of
technological change, which makes it difficult for emergent H2 technologies to enter the market.
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The TIC and the publi ¢ good character of int ernational RD&D cooperation reinforce the lack of
international H2 RD&D cooperation. On the one hand, the global benefits and the local (national) costs
of RD&D cooperation reduces the incentive for countries to engage in international RD&D cooperation,
especially if it is not guaranteed that national actors will benefit from it. On the other hand, even if there
are clear benefits from international RD& D cooperation, powerful path-dependent forces lead to
institutional lock-in and can make the costs of RD&D cooperation too high. These aspects are related in
complex ways. However, the influence of international RD&D cooperation can also be of a different
character: it can be a source for escaping the institutional lock-in. In fact, the international RD&D
cooperation arrangements may open up opportunities for overcoming national-level constrains both in
view of developing new physical and social technologies. Hence, the international H2 R D&D
cooperation also challenges the governments to re-evaluate their role within the national system.

The national TIC creates particularly stable and path dep endent conditions for n ational energy and
innovation policy to str engthen the T IC driven national ener gy system, which is likel y to be less
favourable for alternative energy systems, for example those based on H2. Furthermore, the TIC creates
path dependences in laws, routines and practices that create difficulties for international cooperation,
even when there may exist a strategic interest. Thus, the international RD&D cooperation is challenged
by the diversity of self-perpetuating national systems with different interests and institutional conditions.
The national TICs are strengthened by the conditions that disregard negative externalities produced by
the TIC activities, in particular the impacts of the use of fossil fuel. F urthermore, the public good nature
of R&D activities create incentives to free-ride with the spillovers both at the national level among
companies and R&D organisations and at the international level between the Member States (Figure 2).

Insert figure 2.

3. Empirical analysis of European H2 RD&D Cooperation

The elaboration of the theoretical approaches described in Section 2 was motivated by the research
project conducted in connection with HY-CO ERA-Net (Co-ordination Action to Establish ~aH2 and
Fuel Cell ERA-Net). The objective of the study was to identify legal and other barriers that hinder
international RD&D Cooperation on the program level in H2 a nd fuel-Cells. The study identified the
obstacles and some recent approaches to over come institutional barriers to the development of
international H2 RD&D research programs within the ERA-Net scheme. Hence, the findings focus
particularly on the institutional and reg ulatory barriers in funding, organizational setup and program
management as well as in forming the basis for continued international cooperation. In addition to the
theoretical and empirically based literature, the coordinators of 10 different ERA-Nets® were
interviewed and respective website and online materials were examined for detailed analysis. In the
project, institutional barriers and respective enablers to overcome the barriers are explored in the context
of the formation of common trans-national RD&D program activities in the three specific areas: (i) legal
and institutional restrictions to co-operation; (ii) the format and timescales of calls and (iii) running the
program. The findings of the proje ct are subsequently discussed in these ¢ ategories and discussed
afterwards in connection with the framework of analysis elaborated in Section 2.
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3.1 Legal and institutional restrictions to co-operation

Legal and institutional restrictions to co-operation are related to the different forms of funding, eligible
costs and contributions, required contracts and IPR issues.

* Based onthe interviews of ERA-Net coordinators, it se ems that the ERA-Nets are initiating
common RD&D activities at least in three diffe rent levels of intensit y of common funding: 1)
exchange of information and simultaneous national calls, ii) virtual common pots a nd iii)
common pots based funding. Within the HY-CO activities, the interest in promoting not only
R&D but also demonstration of H2 based energy systems creates challenges related to th e
competitiveness issues such as IPR and possible difficulties in funding foreign industries.
Therefore, it seems that exchange of information, simultaneous national calls and the exploration
of the possibilities for the use of virtual common pot are the most feasible options.

* The preparations of the trans-national RD&D programs face diverse barriers how to a gree upon
the costs and contributions. It is likely that partners have different national policies in view of
costs and contributions. Hence, it is recommendable that joint activities are designed in view of
national differences and providing the possibility for each partner to define its role in accordance
with its national policies.

* The preparations may face barriers how to agree on the needed contracts for the RD&D
cooperation. Typically contracts exist at different levels. It is common that the national ERA-Net
partners sign a contract with the or ganization thatthe y fund. Often they also require or
recommend project consortia to sign a contract. In addition to these two levels, at the ERA-Net
level, the partners sign the memorandum of understanding on the participation to the ERA-Nets.
Some of the ERA-Nets preparing common calls sign also additional agreements on the call. In
case of article 169 application it is necessary to establish a legal entity to manage the program. It
is likely that partners have different national policies in vie w of contracts that need tobe
considered. However, there are no explicit obstacles to develop contract guidelines and explore
the possibilities for synchronization of contract practices.

* IPR issues may create some barriers for trans -national RD&D cooperation especially when
demonstration and commercialization aspects are included inthe s cope of the ERA-Net, for
example in the ACENET and the ERABUILD. Even though when the focus is on the basic
research, the IPR issues need to be dealt with, for instance, in the INNER, the specific guidelines
are developed. Different national IPR policies need to be taken into account. The easiest way to
initiate common activities may be to le ave the IPR issues to be agreed between the project
partners. However, the ERA-Net level support may be required especially when demonstration
projects enclose various stakeholders. Toward this end, in addition to taken into account national
policies it is r elevant to explore how IPR issues have been dealt with for instance within HFP
and H2 light house projects.

3.2 The format and timescales of calls

The funding organizations have diverse routines and practices how to organize the format and timescales
of calls including the form of the call, form of  response to call, evaluat ion of proposals, inform ing
applicants of decision, and different timescales.
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Organizational barriers concerning the organization of the calls can create some obstacles in the
preparations of joint programs. The ERA-Nets seem to overcome barriers, related for instance to
the form and focus of calls and the t ype of further guidance, with different kinds of lea rning
processes. Depending on the chosen approach, the ERA-Nets utilize open or restricted calls for
proposals or specified tenders torec eive applications for the pro grams and improve the
understanding of possible obstacles. B oth the differ ent phases of calls and the use of
intermediaries provide further opportunities for learning and networking that may improve the
quality of joints calls and the formation of common prog ram activities. This also supports the
compilation of explicit guidance of calls for applicants. However, such activities need to be
balanced with the possible time constrains.

The ERA-Nets seem to have diffe rent approaches for the participants to respond to the call, for
instance responding directly to the ERA-Net office, to national funding organizations or in some
cases to both of them. The barriers may emerge partly because of the different national practices
among the funding organizations but also partl y because of different levels of ex pertise among
the participants to wo rk with ( online) application forms. Despite national differences,
opportunities exist to avoid ex tra work by requiring applicants to compile man y applications.
Such opportunities need to be carefully studied before launching the calls. Especially, the use of
electronic solicitation of applications is recommendable when suitable.

The practices of how the proposals are ev aluated vary among the ERA- Nets. Sometimes the
evaluation starts within the ERA-Net level and after that the recommended projects are evaluated
at the national level (e.g. the ERASME); other times the national level evaluation is followed by
the ERA-Net level evalu ation (e.g. the MATER A). The evaluation appr oaches vary depending
on the ERA-Net, there seems to be tendenc y toward further coordination and the creation of

ERA-Net level expert groups for the evaluation of proposals. This needs to be evaluated also
within HY-CO activities. The evaluation work and the criteria for evaluation will be however
difficult to agree upon, especially because of the interests also in demonstration activities that are
complicated to evaluate with objective criteria, for instance, expected societal impacts related to
different national interests.

In forming the applicants of the decision h as not created any major discussions among the
interviewed ERA-Nets, the applicants are informed either directly by the ERA-Net office or the
national funding organization. Among the interviewed ERA-N ets it seemed to be common that

the applicants are info rmed also informally to provide the news in a g ood time. There seems to
be no barriers to c oordinate informing of applicants at the ERA-Net level. However, still the
partners may find it attempting to inform their national researchers also informally.

The preparations of ERA-Nets face considerable barriers with regard to timing. The ERA-Net
partners seem to have three major difficulties related to timescales. First, they need to agree on
the timing for joint calls in line with the natio  nal schedules. Second, t he preparations of the
proposals among the p articipants from man y countries may require extra time. Third, the
evaluation processes of the proposals are often dependent on the dif ferent national evaluation
practices that may require considerable time. Timing of different national activities is likely to be
complicated. Therefore, feasible approach may be organizing several phases of cal Is that create
required flexibility. In the timing of responses a nd evaluations it is recommendable to include
some lag time in different actions.
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3.3 Running the program

Furthermore, funding organizations need to balance also the differences in the practice of running the
programs, such as moni toring of projects, dissemination of project results and project and prog ram
evaluation.

* There is little ex perience how to monitor the E RA-Net project activities, because most of the
ERA-Nets have not yet the projects running. It seems that ERA-Nets are s till largely discussing
on the issue and the agreements on how the monitoring will be organized will be discussed after
dealing with the calls. However, ther e appears to be a common view that the national funding
organizations monitor the proje cts that they are funding. Furthermore, there are different forms
how the ERA-Nets tend to or ganize the monitoring at the ERA-Net level. Among ERA-Nets,
there exists little experience on the monitoring of projects at the moment. However, some plans
exist already, as discussed above, that may provide further guidance for planning also HY-CO
monitoring activities.

* In view of the dissemination of project results, some barriers may emerge because of the possible
IPR issues. However, most of the ERA-Nets have not discussed these issues. The expectations
are mainly positive trusting on the usual national level dissemination and additional ERA-Net
level dissemination activities. For example, in the ERABUILD, there seems to be no ma jor
problems related to publication and di ssemination ofresul ts, because the participants are
primarily public research institutions in the fields of construction. IPR issues are not expected to
create major barriers for the dissemination. However, b ecause of the HY-CO focus al so on
demonstration activities, this needs to be discussed thoroughly to avoid conflicts later on during
the project implementation and reporting.

Within the ERA-Nets, there exist different kinds of general expectations on the purpose, results and
collaboration that make the initial collaboration challenging and it may take considerable time to create
a common working agenda, for instance:

* In the management and preparations of common ERA-Net activities, the partners need to deal
with the possible language differences. Especially among the new member states the level of
English creates further barriers in the communication. However, the language skill is considered
rather as a prerequisite for the participation rather than a barrier.

* Funding organizations have also diffe rent kinds of institut ional cultures, routines and
expectations how the processes are implemented. Such differences create difficulties among the
ERA-Net coordination if particular attentioni s notg iven tothe co mmunication of the
expectations of all the partners.

* To initiate trans-national RD& D programs, it is not necessary to harmonize a lot of reg ulations,
even though some of the ERA-Nets have worked intensively with the adjustment of regulations,
especially the SAFEFOOD-ERANET. Much of the national differences can be overcome with
the novel interpretations of the existing regulations and with the changes in national procedures
and practices.

* In several ERA-Nets it is recognized that different procedures and practices create contradictions
leading to excessive extra work and time.
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* The ERA-Net scheme is considered as a Eur opean politically sensitive instrument of whic h
continuity may notbe as certain as of national activities. For a successful ERA-Net it is
considered relevant that the European Commission ensures financial support for the secretariat
functions and also secures an acceptable standard of quality within the ERA-Nets.

4. Discussion

The empirical results confirm that the aforementioned institutional barriers make it more feasible to
implement the “soft” versions rather than the “hard” ones. This may be largely due to the considerable
risks of investing in emerging technologies when there are strong path-dependent forces (TIC argument)
and due to the risk of free-riding from other countries (RD&D as a global public good argument).

This seems to be confirmed also by the other existing international collaboration in H2 RD&D. The first
initiatives that are taking place follow the soft model. This is f or example the case with the G8 and
OECD Action Plan on Science and T echnology for Sustainable Development, which laun ched an
international partnership on hydrogen’. Another example is the IEA’s Hydrogen Agreement. Projects
within this programme have focused on collaborative research support among member nations on cost-
effective H2 production, transportation, distribution, end use and storage based on r enewable energy
sources (Elam et al, 2003). Finally, the International Partnership for the Hydrogen Economy (IPHE)*
also seems to a me chanism to organise and implement cooperative RD&D and deplo yment activities
(Solomon and Banerjee, 2007).

In the European context, there ar e examples of countries pooling significant funds for RD &D and
investment in innovative new technologies, including the EU’s RD& D framework programme and the
arrangements for public -private co-operation that have unde rpinned the Galileo satellite navi gation
system. The European Commission is proposing that the model for European collaboration used in the
Galileo project should now be rolled out as a new Communit y Instrument - the J oint Technology
Initiative. These initiatives, mainl y resulting from the work of Europ ean Technology Platforms and
covering one or a small number of selected aspects of research in their field, will combine private sector
investment and national and Europ ean public f unding, including grant funding from th e Research
Framework Programme and loan finance from the European Investment Bank (Stern, 2006, p.525).

There is currently a proposal for a Joint Technology Initiative for hydrogen and fuel cells. EU research
priorities are aligned using European Technology Platforms. These provide a framework for
stakeholders, led by industry, to define research and development priorities, timeframes and action plans
on a number of strategically important issues where achieving Europe's future growth, competitiveness
and sustainability objectives are dependent upon major r esearch and technological advances in the
medium to long term (op.cit.). In this contex t, a major report and ac tion planissued b y the UE
(European Commission) in 2003, outlining the H2 vision (EC 2003) recommends the cre  ation of a
European Hydrogen and Fuel Cell Technolo gy Partnership. It also suggests drafting of a Strat egic
Research Agenda and a Roadmap to define research priorities, for planning, to set technical targets and
to outline pathwa ys for the development o f European H2 and fuel-cell technologies (Solomon and
Banerjee, 2007)°. This means that a combination of “soft” and “hard” elements is being adopted. The
following section provides an em pirical investigation of t he issue. Thereat, the empirical findings
provide support for the thesisthatas a result ofthe different barriers, international RD&D H2
cooperation will initially take the form of the “soft” model mentioned above'’. Indeed, this “soft” model
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has been the startin g point for the application of the European coo rdination tools of innovation p olicy.
This seems to be the case also within the European H2 RD&D cooperation.

Empirical results provide further evid ence ont he institutional barriers with regard to the tec ~ hno-
institutional complex as well as the ‘double externality’ problem, which are discussed subsequently.

4.1 Institutional Path Dependencies as Barriers to International H2 RD&D
Cooperation

Understanding the te chno-institutional conditions of diffe rent national innovation systems creates the
starting point for ex plaining the barriers to inte rnational RD&D cooperation. The empirical finding s
provide support for the thesis that institutional path dependencies at the national level lead to barriers in
the form of routines, practices and organizational hierarchies which constrain the horizontal and vertical
coordination of international RD&D cooperation. This is shown in s everal aspects of EU H2 RD&D
cooperation.

The funding organizations have diverse routine s and practices on how to org anize the format and
timescales of calls, including the form of the call, form of response to the call, evaluation of proposals,
informing the applicants of the decision and different timescales. Within the ERA-NETsS, there exist
different kinds of general expectations on the purpose and results of cooperation that make the initial
collaboration challenging. This may lead to considerable time being taken to create a common working
agenda. These can create obstacles in the preparation ofj oint programmes. Furthermore, funding
organizations need to balance also the diffe rences in the pra ctice of running the pro grams, such as
monitoring of projects, d issemination of project results and project and pr ogram evaluation. In several
ERA-Nets itisreco gnized that different p rocedures and pr actices create contradictions leading to
excessive extra work and time, increasing the transaction and adm inistrative costs of i nternational
RD&D cooperation. The preparation of transnati onal RD&D programs may face barriers regarding an
agreement on the neede d contracts for RD &D cooperation. It is likel y that partners have diff erent
national policies concerning contracts. Funding organizations have also different kinds of instituti onal
cultures, routines and expectations on how cooperation proc esses are implemented. Such diffe rences
create difficulties among the ERA-Net coordination if particular attention isnot given to the

communication of the expectations of all the partners.

The funding organizations participating in ERA-Net activities have a truly challenging task to de velop
European cooperation that responds also to natio nal interests. Participating funding organizations have
evolved through path-dependent processes that r eflect the char acteristics of their respective national
innovation systems, thus they are intent on advancing their national interests (ERA-Net TRANSPORT,
2005). The funding organizations have different priorities for resea rch themes and resource allocation;
they also operate subject to different regulatory and institutional constraints that limit what kinds of
organizations and activities the y can fund (e. g., availability of funding to forei gn researchers).
Furthermore, they have different management practices th at concern the launching, monitoring and
evaluation of RTD projects. This means that ERA-Nets must operate in the presence of a multitude of
governance cultures.

4.2 Free-riding and TIC related national interests as Barriers to International
H2 RD&D Cooperation

The results provide evidence that, in some cases, the national re gulations inhibit funding of fo reign
activities. Such constraints are related both to the TIC argument but al so to public good arguments

11



IE Working Paper EC8-114-1 09-10-2007

(“national interests”) embedded in or ganizational practices or routines. In the most severe c ases, this
means that foreign RD&D activities can not be funded. National funding org anizations need to ensure
the national benefits. In most ERA-Nets examined, overcoming these constrains seems to depend on the
efforts done to communicate the dif ferences and to search for common ground. Still, the national
resources for the international RD&D cooperation can be difficult to obtain nationally, because they are
seen to be taken away from some national uses. According to those interviewed this seemed to be the
case both in some smaller countries, e.g. Denmark, and larger countries, e.g. Germany”.

It is also found out that the preparations of the international RD& D programs face diverse barriers
concerning an agreement on the costs and contributions. It is likely that partners have different national
policies in view o f costs and contributions. For example, it was found tha t the interest in promote not
only RD&D but also demonstration of H2 based ener gy systems creates challenges related to
competitiveness issues such as IPR and possible difficulties in funding foreign industries. Furthermore,
especially demonstration activities are complicated to e valuate with obj ective criteria, for instance,
expected societal impacts related to different national interests.

In the HY-CO activities, the interest to promote not only R&D but also demonstration of H2 based
energy systems has created additional challenges related to the competitiveness issues such as IPR and
possible difficulties in funding foreign industries. For example, in common pots based funding, national
partners can not assure that their contributions w ill necessarily benefit national RD&D activities (the
international RD&D cooperation as a public good arg ument). In the o ther alternatives, the national
authorities keep the control at the national level. Therefore, these barriers point out that the exchange of
information, simultaneous national calls and the exploration of the possibilities for the use of virtual
common pot are the most feasible options.

5. Concluding remarks

The paper deals with an emerging relevant topic: institutional change as a result of necessary
international RD&D coordination in the field of H2 technologies and, particularly, institutional barriers
to the EU coordination of H2 RD&D activities. Despite the benefits of international RD&D cooperation,
several barriers stand in the way of undertaking the “harder” versions of RD&D cooperation.

The paper contributes t o the conc eptualization of the co -evolution of large and complex techno-
institutional systems. The application and elaboration of the TIC framework provides systematic
approach to examine the European context of the RD&D cooperation of H2 based energy systems. The
inclusion of the ‘double externality’ problem to complement the T IC framework offers some promising
directions for the conceptualisation of international RD&D coordination challenges. The preliminary
findings of the empirical study provide some evidence on the us efulness of the elaborated framework.
Therefore, it can provid e relevant support fo r further conceptual and practical work especially in the
fields related to the co-evolution of large techno-institutional systems such as energy, transport and
agricultural systems.

While this paper has identified existing institutional barriers to inte rnational H2 RD&D ¢ ooperation,
especially to the form ation of common progra ms within other ERA-Nets, there w as only limited
information how to run, monitor and evaluate suc h programs. Therefore, in view of the mana gement of
European coordination tools, in particular of ER A-Nets, it is recommendable to communicate actively
between different initiatives for further learning and development of the coordination tools and common
RD&D activities in the future.

12



IE Working Paper EC8-114-1 09-10-2007

Acknowledgements

The authors wish to thank Anne Nygaard Madsen and Per Dannemand Andersen at Risg Laboratories
for conducting part of the interviews and p roviding relevant feedback during the H Y-CO Barriers
project. We are also thankful for the comments and supporting materials provided by Lise Jorstad at
Nordic Energy Research and by Annele Eerola at VIT Techni cal Research Centre of Finland. A
previous version of this paper was p resented at EMAEE 2007. Manchester Metropolitan University
Manchester, UK

References

Arrowsmith J., Sisson K. and Marginson P., 2004, What can ‘benchmarking’ offer the open method of co-ordination?,
Journal of European Public Policy, 11(2): 311-328

Arthur, B., 1994, Increasing Returns and Path Dependence in the Economy. University of Michigan Press: Ann Arbor.

Barrett, S.,2006), Climate treaties and ‘breakthrough’ technologies', American Economic Review, 96(2): 22-25.

Carlsson, B. and Jacobsson, S., 2004, Dynamics of Innovation Systems: Policy-making in a Complex and Non-deterministic
World. International Workshop on Functions of Innovation Systems, Utrecht University.

Carraro, C.,2003, ‘Environmental technological innovation and diffusion’. In Folmer, H.; Gabel, L.; Gerking, S and Rose, A.
(eds.). Frontiersin Environmental Economics. Edward Elgar. Cheltenham, U.K., pp.342-370.

Clark, W.W. and Rifkin, J., 2006, A Green Hydrogen Economy, Energy Policy, 34(17): 2630-2639.

Del Rio, P.2004. Public policy and clean technology promotion. The synergy between environmental economics and
evolutionary economics of technological change, International Journal of Sustainable Development, 7(2): 200-216.

Del Rio, P. and Unruh, G.C., 2007, Overcoming the lock-out of renewable energy technologies in Spain: The cases of wind
and solar electricity, Renewable and Sustainable Energy Reviews, 11(7), pp.1498-1513.

Dosi, G., Freeman, C., Nelson, R., Silverberg, G. and Soete, L. (eds.), 1988, Technical Change and Economic Theory, Pinter:
London.

EC 2003. Hydrogen energy and fuel cells: a vision of our future (summary report). EC High Level Working Group on
Hydrogen and Fuel Cells, Brussels.

Edgqvist, C. (ed.)., 1997, Systems Innovation: Technologies, Institutions and Organisations, Pinter Publishers: London.

Elam, C.C., Padro, C.E.G., Sandrock, G., Luzzi, A., Lindblad, P. Hagem, E.F.. 2003, Realizing the hydrogen future: the
IEA’s efforts to advance hydrogen energy technologies, International Journal of Hydrogen Energy 28(6): 601-607.

ERA-Net TRANSPORT, 2005, Benchmark of practices of transnational cooperation in transport research programs and
policy. Deliverable 1.3.

Foxon, T. J., R. Gross, et al., in press, UK innovation systems for new and renewable energy technologies: drivers, barriers
and systems failures, Energy Policy.

Frenken, K., Hekkert, M. and Godfroij, P., 2004, RD&D Portfolios in Environmental Friendly Automotive Propulsion:
Variety, Competition and Policy Implications, Technological Forecasting and Social Change, 71(5): 485-507.

Geels, F. W., 2002, Technological transitions as evolutionary reconfiguration processes: a multi-level perspective and a case-
study, Research Policy 31(8-9): 1257-1274.

Haug, M., 2004, Public Support to Hydrogen and Fuel Cells: An International Perspective. Montreux Energy Hydrogen
Infrastructure Investment, Roundtable 111 “ Building the Hydrogen Economy: Overcoming Challenges and Complexity,
Chantilly, Virginia March 17-19, 2004.

Jacobsson, S. and Johnson, A., 2000, The diffusion of renewable energy technology: an analytical framework and key issues
for research, Energy Policy, 28(9): 625-640.

Jaffe, A., Newell, R. and Stavins, R., 2005), A tale of two market failures: Technology and environmental policy, Ecological
Economics 54: 164-174.

Kaiser R. and Prange H., 2004, Managing diversity in a system of multi-level governance: the open method of co-ordination
in innovation policy, Journal of European Public Policy, 11(2): 249-266.

Kemp, R. and L. Soete, 1992, The Greening of Technological-Progress - an Evolutionary Perspective, Futures, 24(5): 437-
457.

Kline, D., 2001, Positive Feedback, Lock-in, and Environmental Policy, Policy Sciences, 34: 95-107.

Kuhlmann, S. and Edler, J., 2003, Scenarios of Technology and Innovation Policies in Europe: Investigating Future
Governance, Technological Forecasting and Social Change, 70: 619-637.

Konnola, T, 2007, ‘A study on Identification of Legal and Other Barriers that Hinder Transnational RD&D Cooperation on
the Program level in Hydrogen and Fuel-Cells’, HY-CO Co-ordination Action to Establish a Hydrogen and Fuel Cell
ERA-Net, Deliverable 3.2. online: http://www.hy-co-era.net/datapool/page/19/D3_2 Barriers_Report.pdf (visited, 12-04-
2007)

Konnola, T., Unruh, G.C. and Carrillo-Hermosilla, J., 2007, Toward prospective voluntary agreements: reflections from a
hydrogen foresight project, Journal of Cleaner Production, 15(3): 259-265.

13



IE Working Paper EC8-114-1 09-10-2007

Konnola, T., Salo, A. and Brummer, V., in press, Foresight for European Coordination: Developing National Priorities for the
Forest Based Sector Technology Platform, International Journal of Technology Management, special issue on technology
foresight.

Lundvall, B.-A., (ed.), 1992, National systems of innovation : towards a theory of innovation and interactive learning.
London, Pinter.

McDowall, W. and Eames, M., 2006, F orecasts, scenarios, visions, backcasts and roadmaps to the hydrogen economy: A
review of the hydrogen futures literature, Energy Policy 34, 1236-1250.

Nelson, R. & Sampat, B., 2001, Mak ing Sense of Institutions as a Factor Shaping Economic Performance, Journal of
Economic Behaviour and Organization, 44:31-54.

Nelson, R.R. and Winter, S.G., 2002, Evolutionary Theorizing in Economics, Journal of Economic Perspectives: 16(2), 23-
46.

North, D., 1990, Institutions, Institutional Change and Economic Performance, Cambridge Univ. Press: Cambridge, UK.

Rennings, K., 2000, R edefining innovation—eco-innovation research and the contribution from ecological economics,
Ecological Economics 32, pp.319-332.

Rotmans, J., Kemp, R., et al., 2001, More evolution than revolution: transition management in public policy, Foresight: the
journal of futures studies, strategic thinking and policy, 3(1): 15-32.

Schifer, A., 2006, A new form of governance? comparing the open method of co-ordination to multilateral surveillance by
the IMF and the OECD, Journal of European Public Policy, 13 (1): 70-88.

Smits, R. and Kuhlmann, S., 2004, The Rise of Systemic Instruments in Innovation Policy, International Journal of
Foresight and Innovation Policy. 1(1): 4-32.

Solomon, B.D and Abhijit Banerjee, A., 2006, A global survey of hydrogen energy research, development and policy, Energy
Policy, 34(7): 781-792.

Stern, N., 2006, The Economics of Climate Change: The Stern Review, Cabinet Office - HM Treasury: Cambridge, UK.

Tushman, M.L. and O’Reilly, C.A., 1997, Winning Through Innovation, Boston: Harward Business School Press.

Unruh, G.C., 2000, Understanding Carbon Lock-in, Energy Policy, 28: 817-830.

Unruh, G.C., 2002, Escaping Carbon Lock-in, Energy Policy, 30: 317-325.

Unruh, G.C. and Carrillo-Hermosilla, J., 2006, Globalizing carbon lock-in, Energy Policy 34: 1185-1197.

Van de Ven, A., 1986, Central problems in the management of innovation, Management science 32: 590-607.

Footnotes

! This encompasses a range of concerns over the finite nature of oil and gas reserves, their geopolitical instability, sensitivity
and location, energy prices (threats of price shocks), and vulnerability of centralised energy systems to attack.

2 Other frequently cited barriers include safety, public acceptability and the absence of codes and standards.

? International R&D cooperation makes special sense when the benefits from R&D are large and above its costs. International
co-operation can complement national support strategies in enhancing investors’ confidence for future markets, and thus
encouraging innovative investments.

* hitp://www.hy-co-era.net/
5 Also terms ‘socio-technological transformation’ (Geels, 2002), ‘system innovation’ (Edqvist, 1997) and ‘transition’ (Rotmans et al., 2001) have been used

to describe similar kind of fundamental transformation processes of the co-evolution of technological and institutional systems.

6 The institutional barriers for international H2 RD&D cooperation were explored with regard to the following ten ERA-NETs: ACENET Applied Catalysis
European NETwork, ERA-NET Bioenergy, BONUS for the Baltic Sea science - network of funding agencies, ERABUILD Strategic cooperation between
national programs promoting sustainable construction and operation of buildings, ERASME ERA-NET on National and Regional Programs to Promote
Innovation Networking and Co-operation between SMEs and Research Organizations, INNER Innovative Energy Research, MATERA MATERA - ERA-
NET Materials, NORFACE New Opportunities for Research Funding Co-operation in Europe, VISION A collaborative network of nationally leading

innovation policy agencies, WoodWisdom-Net Networking and integration of national programs in the area of wood material science and engineering.

7 According to Stern (2006, p.522), “The OECD Roundtable on Sustainable Development brought together scientists, heads
of research councils and policymakers to undertake a full assessment of th e current portfolio of research in energy
technologies. The report, discussed by science and energy ministries from OECD and developing countries in June 2006,
recommended that more attention should be given to funding research in solar, battery technologies and carbon capture and
storage. These international assessments build on and complement existing national processes to allocate res earch funding
and offer a model for further efforts at co-ordination of energy and transport priorities™.

¥ http://www.iphe.net/

? The driving forces behind these recommendations are both to secure a sustainable energy future and to not contribute to
climate change. In addition, the initiative is designed to secure diverse energy sources and to avoid over-reliance on Middle
East oil imports (op.cit.).

' Recall that levels of ambition of international coordination can be categorized according to softer/harder degrees, including
information exchange and best practices, common strategies issues, joint activities, joint/common calls, common programs
(Konnola, 2007).

""'In the INNER, the big countries, especially Germany, have had difficulties to participate in international RD&D programs
because of the organizational challenges how to get the funding approvals from the higher levels of the administration.
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Figure 1. Elements of Techno-Institutional Complex (del Rio & Unruh, 2007).
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Figure 2: Inter-relations of key barriersto international H2 RD& D cooper ation.
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