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Overview
With both greenhouse gas emission from fossil fuels and the exhaustion of natural resources, there are growing concerns about the renewable technologies in energy sector. Since renewable technologies are not only able to supply pollution-free energy but become a new growth engine for sustainable economic development, many countries are rushing to develop the renewable technologies. Despite of expectation and interest of many countries, there is still a relatively low percentage of generation form renewable energy in total electricy generation. The whole world generation form renewable energy is only 3% of total generation in 2009(REN21, 2010). This is caused by the two kinds of external effect, i.e. environmental externality and knowledge spillover(Jaffe et.al, 2005). Governments are, therefore, required to intervene in the market with diverse policies for complementing firm’s underinvestment for the technological innovation caused by this market failure. 

Energy and environmental policies have a direct and indirect influence on a system of innovation for renewable technologies. For example, Feed-in-Tariff (FiT) policy and Renewable Portfolio Standard (RPS) policy focus on diffusion of renewable technology but they also influence on both cost reduction innovation and R&D investment. Although many theoretical studies and simulation analysises concentrate policy impacts on energy innovation, there still have been few empirical researches in renewable energy industry. Recently, Popp(2006) were analyzed international diffusion of energy technology using patent data and Johnstone et.al(2010) identified the impacts of policy on R&D activity. A great part of previous studies, however, have researched the policy effect on energy innovation limiting the innovation to only R&D activity rather than considering the whole system of innovation from R&D activity to technological diffusion. In this situation, this research tried to identify influences of the renewable energy-related policies on the overall system of innovation for renewable technology including three stages, i.e. R&D investment, cost reduction innovation and diffusion through empirical analysis on a photovoltaic industry.
Methods
The innovation of renewable technologies was modeled as simultaneous system in which it interacts with R&D activity, cost reduction innovation, and diffusion of renewable technologies based on the study of Söderhom and Klassen(2007). We assessed the influence of four renewable energy-related policies, i.e. FiT policy, RPS policy, equipment investment policy and environmental policy on each innovation stage. Furthermore, we identified the impact of combinations of policies on innovation because they make a different influence according to the property and the aim of policy. 
For the empirical analysis, we measured R&D activity and knowledge stock using the patents from European Patent Office (EPO). The photovoltaic cost was measured by both photovoltaic module price and system balance price and we used cumulative capacity data as diffusion of renewable technologies. We analyzed interactions among innovation stages and the impact of policy through Three Stage Least Square (3SLS) method which over all estimates structural equations. And the empirical analysis was performed with ten countries including Australia, Austria, Switzerland, Germany, United Kingdom, Italy, Japan, Korea, Netherland and United States. 
Results
From estimation result, we find that the technological diffusion do not only drive cost reduction by increasing learning-by-doing but also give firm incentives for R&D activity. Expanded R&D activity leads cost reduction by improved learning-by-searching again and more technologies are diffused by cost reduction. This makes virtuous cycle of renewable technology innovation.
Technology-specific policies such as FIT and equipment investment policy have shown better impacts on the diffusion and R&D activity than non technology-specific policies such as RPS, environment policy. This is caused by a lower competitive price of photovoltaic technology in the market. Furthermore, how the policies combined is makes difference as well. The combination of FiT and equipment investment policy showed to lead lower R&D activity in photovoltaic industry and this may indicate that over incentives for technology make firm’s R&D crowding-out.
Conclusions
In our research, we are able to verify interaction among R&D investment, cost reduction innovation, and diffusion and identify the impact of the four renewable energy-related policy on overall system of innovation. It is significant that we are able to find more accurate and valid results making difference in impact of the policies on cost reduction and diffusion when considering the interaction among each stage. In photovoltaic industry, the appropriate technology-specific policies are better for its innovation. This tells us that both the suitable policies and their stringency must be differentiated according to the kind of renewable technology.    
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