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Overview
Addressing increasing environmental and energy concerns needs to accelerate technological change around the world. A technology can have a significant impact on the economy only if it is widely adopted by producers and accepted by consumers. The question remains open – How will a renewable energy technology, once introduced, diffuse at a reasonably rapid pace?  
The wind power sector in China provides a stylized fact. Even though China had virtually no wind power capacity in 2001, the country has led the global wind market with the highest installed capacity since 2010. As one of relatively mature renewable technologies, wind energy technology showed two deployment paths in the past decade. While most countries have failed to accelerate wind technology diffusion, China’s wind energy has been surging. Some questions arise. How could an economy catch up a technology so rapidly? Are there any specifics on the pattern of technological change? What are the quantitative effects of various factors?
To answer these questions, a vast literature provides two key concepts. One is based on the economic rationale. By correcting market failure, policy intervention brings the system to its optimal state, where social costs equal social benefits. The other is derived from the spread of information. The technological change is a result of an interactive process that involves many actors at the micro level. With a more systemic approach, this literature highlights the role of the national innovation system that governs in fact these interactions. It still lacks a concrete theory and empirical framework of investigating these market and nonmarket-based forces in a comprehensive manner. This article aims to fill in this gap and support improved policy decision making in the choice of policy instruments.
The epidemic theory considers technology diffusion as a contagious disease. The more firms are “infected” (those that have adopted the technology), the more likely the others will also be “infected”. Therefore, increasing spread of information between previous and potential adopters leads to rapid adoption of a new technology as showed in typical Bass model (Bass, 2004).

Unlike the epidemic models assuming that potential adopters will use the technology once they learn about it, the probit models suggest that differences between firms may have a potentially important role to play in explaining patterns of diffusion. The net benefits can be ranked across firms. Those with the highest ranks go first. These rank effects reflect an individual choice based mostly on firm size, suppliers, technological expectations, learning and search costs, switching costs and opportunities costs.
The game-theoritical models can be divided into two categories- stock effect and order effect. The stock effect assumes that the benefit to the marginal adopter of new technology decreases as the number of previous adopters increases. This implies that for any given cost of acquisition, there will be a number of adopters beyond which adoption is not profitable. The order effect results from the assumption that the return to a firm from adopting new technology depends upon its position in the order of adoption, with high-order adopters achieving a greater return than low-order adopters. The order effect is usually related to first-mover advantage which can obtain the greatest returns such that there will be a race to be high in the order of adoption.
In this article, we develop a model that incorporates the main theoretical streams in the technology diffusion literature – epidemic, rank, stock and order effects. Then, we validate the model with the historical data of the China’s wind energy sector. Finally, depending on these market and nonmarket factors, we numerically simulate the pathways of optimal subsidy in the form of electricity production subsidy for maximizing the social welfare in the china’s context.
Methods
Our approach is different from the probit model developped by Karshenas and Stoneman (1993) and Stoneman and Kwon (1996) to study simultaneously epidemic, rank, stock and order effects of new process technologies. Relying partially on the framework of Benthem et al. (2008), we specify a logistic demand function on newly installed capacity of renewable energy at continuous time, which explicitly captures two components. One component represents the profitability effect and the other the epidemic effect. Furthermore, we generate a reduced form equation, relating the technology adoption level to time dependence (epidemic effect), Net Present Value (NPV) and  quadratic form of NPV of renewable energy investments (aggregating rank and order effects) and the level of previous adoption (stock effect). Our model fits well to the historical data of wind power diffusion in China.
Results
We find strong evidence in support of the dominant role of the epidemic effect, because the annually installed capacity of renewable energy shows a positive duration dependence.

We also provide new evidence on stock and order effects that generate a reducing marginal effect of profitability in inducing technology adoption. The negative sign of quadric term of NPV provides empirical evidence on the order effect. The stock effect is of expeted sign even though the magnitude is quite small. 

Finally, we numerically demonstrate that to which extent an optimal renewable subsidy will be affected by these market and nonmarket effects. Our numerical simulation demonstrates that such epidemic effect can play a quantitatively important role in the spread of renewable energy technology and markedly enhances the optimal social welfare.  
Conclusions
We find that the epidemic effect may significantly influence the pattern of renewable technology diffusion. In the case of China’s wind power diffusion, the evidence shows that the epidemic effect outweighs the profitability effect. This implies that policy instruments can internalize positive (learning-by-doing) and negative (carbon emissions) externalities to obtain an overall effect on adoption that is greater than their direct effects, since the new adopters induce others to adopt as well. The cumulative impact of subsidies in forms of feed-in-tariff or carbon price will be significantly greater than their immediate impact. 
This finding has important policy implications on choosing two most commonly used instruments to induce technology diffusion - information provision and subsidies. Our study suggests that the epidemic effect is not derived from the traditional market failure-based policy perspective. It may be largely reflected in the absorptive capacity, user-innovator interaction, and institutional cooperation. Understanding the sources of this epidemic effect may change the justification of choosing policy instruments. With a traditional market failure approach, policy intervention always aims to internalize externalities. However, with a systemic approach of a national innovation system, such policies may have a set of different goals, such as facilitating the knowledge creation and exchange, achieving institutional coordination not provided by the market, or increasing the cognitive capacity of firms.
In the context of renewable energy market, we suggest that this information effect is more likely to be formed and conveyed within a technology diffusion system: network of agents interacting in a technology area under a particular institutional infrastructure for the purpose of generating, diffusing and using technology. The policy makers need to strengthen this technology diffusion system together with existing subsidies. 
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