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Overview

Invention in renewable power generation technologies (RPGT) is an important prerequisite for a successful transition
towards the use of renewable energy sources, like the “Energiewende” in Germany. Cooperation and the resulting
networks of knowledge transfer and learning constitute one important element of inventive activity (Dosi 1988,
Powell et al. 1996, Ahuja 2000). To encourage cooperation, R&D subsidies by the German government increasingly
often include the requirement for different partners to cooperate. However, little is known if these subsidies actually
lead to cooperative research and if yes, how long the cooperation persists and if it can be observed in research
networks constructed from other data sources. The network of public R&D-projects can be seen as an input to the
inventive process and is compared with a cooperation network based on patent data, which is seen as an output of the
inventive process. In this study, we focus on photovoltaic technology, which received extensive R&D-funding in
Germany.

Methodology

We use data from the German “Forderkatalog”, which includes detailed information about R&D-projects financed by
the German federal government. Social network analysis is used to construct a network of beneficiaries of R&D
subsidies. The network is derived from 1441 individual state supported R&D-projects with an average funding of
over 1 Mio. €. The network is constructed using 5-year moving windows, as it is assumed that linkages from
cooperation have a finite duration (Fleming et al., 2007; Schilling and Phelps, 2007). We compare the actor
composition and structure of the network with a network based on patent data, which represents R&D-output. The
patent data is obtained from the EPO Worldwide Patent Statistical Database (PATSTAT), from which we selected
3436 patents which have at least one German applicant. Also, using the patent’s forward citation, it is possible to
identify if public funding leads to more valuable patents than unfunded research.

Research questions and hypotheses
We analyze if cooperation patterns of inventive actors in the R&D-subsidy network can also be observed in the
patent network and if both networks share the same central actors. In a second step, using propensity score matching
(Rosenberg and Rubin 1983), we analyze to which extend the number of funded joint R&D projects, the received
funding, the type of actor and the position inside the R&D-beneficiary network determines the position of actors
inside the patent network. Of special interest is if the changing comprehensiveness of the policy instrument mix
(Rogge and Reichardt, 2013) regarding the PV-industry in Germany over time can be used to explain emerging
differences among the two networks. From this, we derive several hypotheses:
Funding of R&D-projects increases the input into the inventive process, while patents represent a share of inventive
outcome. Therefore, we would expect to find a cooperation which appears in both networks first in the network of
joint R&D-funding. Also, the structure of the network of joint R&D-funding should appear after a certain period as a
part of the patent network.
Hla: Cooperation patterns in the network of joint R&D-funding appear after a number of periods also in the
patent network.
H1b: If a single cooperation between specific actors appears in both networks, it appears first in the network
of joint R&D-funding.



Since the German federal government started to fund R&D-projects of the photovoltaic industry already in an early
stage of the technological life cycle and later added other policy instruments to promote further development of this
technology, we expect that the network of R&D-subsidy beneficiaries and patents diverge over time. Also, over time
research becomes more applied, which should increase the importance of private firms.

H2a: In the early stage of technological development, networks of R&D-subsidy beneficiaries and patent

holders are more similar than in later stages of the technological life cycle.

H2b: The share of private firms increase over time in both networks.
Over time, we assume that early or highly funded actors have been able to build up a meaningful knowledge stock,
which should result in an above average stock of patents. In addition, we expect these actors to be, due to their larger
stock of knowledge, more likely to be preferred partners for joint R&D-projects with other actors. Furthermore,
private firms, who compete with each other on the same market, face the risk of outflowing knowledge through joint
R&D projects, possible leading to a stronger incentive to cooperate in public institutions. Therefore, we expect:

H3a: Actors that received funding for R&D-projects early on are more central inside the patent network than

unfunded actors.

H3b: Actors that received above average funding for R&D-projects are more central inside the patent

network than actors with below average funding.

H3c: Public actors and research institutes are on average more central than private firms.

Conclusion

With this paper we want to investigate to which extend the policy mix influences cooperation patterns among
inventive actors by focusing on the development of the public funding of R&D projects over time. Using the
photovoltaic industry in Germany as research case, we expect a strong influence of public R&D funding at the early
stage of the technological lifecycle on the development of the corresponding patent network. In later stages, other
instruments in the policy instrument mix gain influence, which reduces the effect of publicly funded R&D-projects
on inventive outcome. In addition, we are offering a possibility to evaluate if funded actors perform different from
those not funded, especially if they are more central to the network of inventors.
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