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Abstract 

 

Measuring China’s Success in Developing a Framework for Domestic 

Innovation 

 

Kaye Frances Schultz, M.P.Aff. 

The University of Texas at Austin, 2013 

Supervisor:  Varun Rai 

 

This report attempts to assess the degree to which China is developing a 

framework that supports domestic innovative capacity. This framework is not a 

predefined set of components, but is instead a combination of political, institutional, 

market, and technology factors and linkages that support information flows, interactions 

between entities, and incentives necessary to increase domestic innovation. Literature 

suggests that factors contributing to this framework may be influenced by domestic 

policy, and this report attempts to identify Chinese policies that contribute to the 

development of this framework within the Chinese solar photovoltaic (PV) and 

automotive industries. This report uses patent and export data as proxies for innovation in 

these two industries to measure the presence of this framework. The data suggest that the 

framework supporting domestic innovation in China is further developed for the solar PV 

industry than the automotive industry, but that the solar PV industry is still far from 

leading global innovation. Finally, the report identifies potential factors that have 

contributed to the variations between these two industries, and challenges that both 

industries may face in the near future. 
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1. Introduction 

China’s recent economic growth has piqued the interest of scholars and analysts 

for years. Part of this interest is because China’s economy is growing closer to that of 

many developed countries, without necessarily resembling the political and economic 

structure that developed countries relied on for their economic growth (Lane, 2012; 

Morrison, 2009; Zheng et al., 2009). However, although much research has been 

performed on China’s economy, research on other aspects of China’s development, 

namely its technological capabilities and innovative capacity, is still emerging. It is clear 

that China possesses some key characteristics that allow for economic advantages over 

other countries, such as its large market and low cost of labor and manufacturing (de la 

Tour et al., 2011; Lewis, 2007; Ueno, 2009). But is China’s growth based on merely 

exploiting these characteristics to capture production markets, or are there fundamental 

shifts in how China develops and deploys more advanced technologies that could 

enhance China’s capability to compete with other economies in the long term? In other 

words, as China has grown rapidly over the past two decades, how have its capabilities 

for indigenous innovation changed? 

 Research suggests that technological development, or technological change – a 

change in technology inputs such as labor, capital, information, material, or energy, or a 

change in processes, techniques, or methodology that improves the performance of the 

technology (Christensen, 1992) – is an important factor for economic growth (Grubler et 

al., 1999; Jaffe et al., 2003; Steil et al., 2002). However, technological development may 

be obtained without indigenous innovation, as was largely the case in China during the 

late 20th century. Indigenous innovative capacity, or having the human capital, 

knowledge, and economic capacity to contribute to the global innovative space in a 
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significant way, is not necessarily present in all countries experiencing technological 

development. The development of indigenous innovative capacity generally occurs over 

time and is accompanied by certain institutional and organizational characteristics, such 

as the exchange of information and connections between different people and 

organizations (Antonelli, 2009; Grubler et al., 1999; Steil et al., 2002). Many factors have 

been identified that can help spur these connections and innovation, and research shows 

that many of these factors are within the control of domestic government, suggesting that 

domestic policy may contribute to capacity building for indigenous innovation (Gallagher 

et al., 2012; Steil at al., 2002). For example, workforce knowledge, absorptive capacity, 

intellectual property (IP) regimes, and collaboration between institutions are all 

influenced by policy and can contribute to innovative capacity (Gallagher et al., 2012; He 

and Mu, 2011; Watson and Byrne, 2011). 

 If indeed domestic policy can help spur and support innovative capacity, and 

innovation plays a key role in economic growth, then it would be extremely useful to 

identify these factors that can enhance the effectiveness of innovative capabilities to be 

implemented at the national level. In addition to benefiting countries, many of these 

factors may be implemented at different scales to further increase innovative capacity, 

adding benefits to society as a whole. 

 There is a large body of economic and innovation systems literature on these 

issues (Antonelli, 2009; Grubler et al., 1999; Jaffe et al., 2003; Steil et al., 2002). This 

report contributes to that literature by focusing on specific sectors in China to study the 

role of policy and institutions in facilitating technological change conducive to growth. 

Specifically, this report uses a case-study approach to analyze two industries within 

China, the solar PV sector and the automotive sector, to compare how the different 

technological, market (supply and demand), institutional, and political factors have led to 
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very different outcomes, as measured by innovation and production, in the industries in 

China. The degree of technological development and innovation within each of these 

sectors is compared to other leading developed economies and evaluated using policy 

information, patent data, export data, and production and market data. Through these 

evaluations my analysis attempts to shed some light on the underlying conditions that 

enable production-led building of innovative capacity and the process by which this 

occurs in the context of China. 

 Section 2 of the report briefly outlines China’s recent growth as a global 

economic powerhouse, focusing on its economic growth and related environmental and 

energy concerns that have shaped its current priorities. Section 3 provides a background 

on the theory behind technological development including technology transfer and 

innovation, and factors that contribute to these processes. Section 4 outlines the data and 

methodology used to draw insights into China’s development of the institutional, market, 

technological, and political factors than enable a build-up of innovative capacity. Section 

5 presents two case studies, one on China’s solar PV industry and the other on China’s 

automotive industry, and provides background on the factors that contributed to their 

growth and evaluates the nature of technological development happening in domestic 

firms in each of these industries. Lastly, Section 6 provides a discussion and assessment 

on whether China is developing the multi-dimensional components necessary to build its 

indigenous innovative capacity, and ends with further implications for policy. 
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2. China’s Recent Growth 

Chinese history may be separated into many parts based on dynasties and leaders 

that have had vast influence on China’s political, cultural, economic, and geographic 

structure (Kanbur and Zhang, 2005; Lane, 2012; Morrison, 2009). China’s recent history 

has been shaped by political changes that took place in the late 1970s, when China came 

under the rule of Deng Xiaoping (Morrison, 2009; Zheng et al., 2009). The post-reform 

era under Deng Xiaoping marked the point at which economic growth began to take the 

center stage in China. Reforms began by instituting policies to open up China to 

interactions with the outside world (Morrison, 2009; Worden et al., 1987). These reforms 

did not abandon socialism, but rather sought to combine these values while decreasing 

the role of central government planning and increasing the role of market forces in the 

economy (Jintao, 2007; Lane, 2012; Morrison, 2009).  

These reforms have led to changes in China’s political structure that have 

profoundly affected the operations of China’s development over the past three decades 

(Lawrence and Martin, 2012; Morrison, 2009). Although much of the control of the 

Communist Party still lies in the hands of a few individuals in the Politburo, 

decentralization has helped to extend power to lower levels of government (Lane, 2012; 

Lawrence and Martin, 2012). For example, local government officials have the right to 

pass laws and regulations that are not in conflict with national laws, and also have their 

own revenues and control over a large portion of public spending (Lawrence and Martin, 

2012). Local officials also have incentives to use their decision-making power to promote 

economic growth within their locality in exchange for favors and funding from the state 

(Chu, 2011; Lane, 2012). At the same time, local officials also have the ability to enact 
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comparatively less conservative policies than the central government, which creates the 

potential for the flow of new ideas and practices in China (Breznitz and Murphree, 2011).  

In addition to the changes in political structure, the reforms of the late 1970s also 

led to changes in China’s economic structure and development (Kanbur and Zhang, 2005; 

Morrison, 2009; Zheng et al., 2009). China’s transition toward a decentralized economy 

and support for privatization also included a reduction in trade barriers and government 

encouragement of foreign investment (Lane, 2012; Morrison, 2009). These changes have 

contributed to China’s recent economic growth, leading to economic levels unseen by 

past generations. Between 1979 and 2008, China’s real GDP grew by nearly 10 percent 

annually (Morrison, 2009). The increasing shift to privatization also led to increases in 

efficiency, as increased foreign investment led to the adoption of more efficient foreign 

practices, replacing some of the less efficient state-owned enterprises (Morrison, 2009). 

The political decentralization that gave local governments an incentive to promote local 

growth for the first time also spurred economic growth at the local level (Chu, 2011). 

However, even today in China’s more privatized and market-based economy, there is still 

a wide degree of state control, such as state control of the banking sector and a large 

percentage of state-owned enterprises that are still heavily supported by the state 

(Morrison, 2009). These state-controlled entities are often prioritized over private 

entities, which leads to inefficiencies and can make it more difficult for other domestic 

businesses to succeed (Lane, 2012; Morrison, 2009; Zheng et al., 2009).  

China’s rapid-fire pace and scale of economic growth have also had a profound 

impact on the Chinese and the global energy systems. China’s growing population and 

quickly growing economy leading to increased per capita GDP have also raised total and 

per capita energy consumption. Total energy consumption in China has increased from 

approximately 43 quadrillion Btus in 2001 to over 109 quadrillion Btus in 2011 (EIA, 
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2013). In the early 1990s, China was an exporter of oil, but by 1993 was forced to begin 

imports (Morrison, 2009), and as of 2009 China was the second largest oil importer in the 

world (EIA, 2012). China was also a net exporter of overall energy in 1998, but imported 

over 9 percent of its energy needs in 2009 (The World Bank, 2013b).  

In addition to rising energy needs, environmental pollution and emissions have 

also led to health and economic concerns (Lane, 2012; Lin, 2010b; Zheng et al., 2009). 

Environmental degradation and resource depletion in China over the past decade is 

estimated at almost 10 percent of its GDP, with air pollution accounting for 6.5 percent, 

water pollution accounting for 2.1 percent, and soil degradation accounting for 1.1 

percent (Lane, 2012). This increased consumption has led to energy security and 

environmental concerns in China; these concerns have played a larger role in shaping 

China’s energy and economic policy decisions in the past decade (Lin, 2010b; Tang, 

2012). 
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3. Technological Development and Innovation 

Although China’s political and economic systems have begun evolving over the 

past few decades, China is still lagging behind developed countries in the area of 

technological development and innovation. In order to discuss China’s efforts to build a 

framework to develop its innovative capabilities, it is first useful to understand the 

current literature regarding how technology is advanced, motivations for innovation, and 

factors that play a role in increasing technological development and innovation. This 

section explains how these factors can help induce innovation and is helpful in 

understanding the tools that China is implementing to further the development of key 

institutions and markets to help build its innovative capacity, which are discussed in 

Sections 5 and 6. 

 

3.1 TECHNOLOGICAL DEVELOPMENT AND ITS IMPORTANCE 

Technology has been defined in many ways throughout history. For example, 

Arthur (2009) cites three definitions of technology: “a means to fulfill a human purpose,” 

“an assemblage of practices and components,” and the “collection of devices and 

engineering practices available to a culture.” These definitions all allow for varying 

degrees of flexibility in what is included in the definition of technology. For example, 

some definitions of technology include knowledge or processes as technologies in 

additional to physical technology itself. However, in this report, technology refers to the 

physical tools used to fulfill a human purpose, and refers to knowledge separately. 

Technological development, as defined earlier, refers to changes in technology inputs or 

processes that improves the performance of the technology (Christensen, 1992).  
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Scholars studying technological change find it to be critically important for 

growth (Grubler et al., 1999; Jaffe et al., 2003; Steil et al., 2002). At the country level, 

technological development is important because it largely influences the relative power 

of different countries. Technological development has implications for national security 

in the form of military technologies, as well as trade implications (Taylor, 2004). One of 

the most pervasive ways in which technological development affects countries is through 

its influence on economic growth. Because technological development has positive 

effects on productivity and profitability, these improvements lead to increases in wage 

levels and economic development (Atkinson and Ezell, 2012; Steil et al., 2002). Grubler 

et al. (1999) even suggest that “advancing technological knowledge is the most important 

single factor that contributes to long-term productivity and economic growth.”  

Technological development can also benefit both firms and countries in the form 

of competition. As new technologies emerge, presumably of higher quality, higher 

efficiency, or lower cost compared to incumbent technologies, consumers tend to favor 

these new technologies, switching from the incumbent technologies to new technologies 

(Tripsas, 1997). This follows the theory that technological development is spurred from 

market competition (Antonelli, 2009; Grubler et al., 1999; Steil et al., 2002; The World 

Bank, 2013a). In general, it is important to remain competitive for firms to survive and be 

profitable, and it is important for countries to remain competitive in order to maintain 

economic growth and development (Antonelli, 2009; Tripsas, 1997).  

 

3.2 THE PROCESS OF TECHNOLOGICAL DEVELOPMENT: INNOVATION AND 
TECHNOLOGY TRANSFER 

The OECD defines innovation as “the implementation of a new or significantly improved 

product (that is, a physical good or service), process, a new marketing method, or a new 
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organizational method in business practices, workplace organization, or external 

relations,” (OECD, 2010). Therefore, the “improvement” generally provides some benefit 

either in the form of efficiency, productivity, or profitability (Antonelli, 1999; Grubler et 

al., 1999; Rogers, 1998). At a global level, improvement in current technologies as well 

as the creation and application of new technologies involves invention, i.e. the “first 

development of a scientifically or technically new product or process,” (Jaffe et al., 2003) 

and innovation. The process that then allows these new technologies to commercialize 

and become widely available is diffusion (Grubler et al., 1999). Both innovation and 

diffusion are crucial for technological development, but clearly innovation is needed 

before a technology can diffuse into the marketplace. 

 Although innovation is necessary to continue technological development at a 

global level, technology transfer is another common method for technological growth, 

especially at the country-level (Krugman, 1979; Maskus, 2004; Ockwell et al., 2008). 

Technology transfer refers to the transfer of technology from one entity to another, 

through licensing, partnerships, reverse engineering, movement of individuals, or any 

other means, for economic gain (Ockwell et al., 2008). Historically, much of the 

innovation worldwide has come from developed countries (Fu and Zhang, 2011; 

Krugman, 1979), which suggests that developing countries use other methods to acquire 

the technologies they employ them domestically. Because these developing countries are 

often not at the innovation frontier, the most common method for advancing domestic 

technological development involves some form of technology transfer.  

An important distinction between technological development through innovation 

and technological development through technology transfer is that with innovation, there 

is a necessary and implied understanding of the science and engineering knowledge 

associated with the technology by the innovator, whereas with technology transfer, it is 
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possible for the recipient of the technology to gain little or no knowledge along with the 

transfer of the physical technology. Although more advanced technology can generally 

benefit a society, additionally knowledge, or absorptive capacity – the  ability to 

understand and apply the technology – could potentially lead to far greater societal 

benefits (Ockwell et al., 2008; Shujing, 2012). Additionally, it can be assumed that the 

more understanding the recipient firm or entity has about the technology, the higher the 

likelihood that it will be able to improve and adapt the technology for its domestic needs. 

This factor has the potential to improve the generation of globally available technologies 

as well as the capacity for further improvement in more countries (Cohen and Levinthal, 

1990; Gallagher et al., 2012; Ockwell et al., 2008). Therefore, the degree of knowledge 

transferred in technology transfer has important implications for further technological 

development (Gallagher et al., 2012; Ockwell et al., 2008).  

The degree of knowledge that is transferred along with the physical technology 

often varies by the type of transfer, such as reverse engineering, licensing, or joint 

ventures. With reverse engineering, the recipient entity acquires a technology and 

attempts to recreate the technology by deconstructing the technological components 

(Barton, 2007b; Maskus, 2010). The degree of knowledge attained through reverse 

engineering is typically low and requires a certain degree of previous knowledge on the 

part of the recipient in order to successfully recreate and apply the technology (Barton, 

2007b). Licensing enables the legal transfer of technology as well as the rights for 

another firm to produce that technology (Barton, 2007b; Maskus, 2010). This may 

transfer a higher degree of knowledge because some degree of interaction between the 

transferring firm and the recipient firm takes place simply through the license agreement, 

and because some information regarding process may be transferred with the license 

depending on the license agreement and the nature of the technology. Lastly, it is widely 
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believed that partnerships between firms, such as joint ventures, allow for the greatest 

transfer of knowledge along with the transfer of physical technology (Contractor and 

Lorange, 2002; He and Mu, 2011; Klijn et al., 2010; Kristinsson et al., 2008; Saebi and 

Dong, 2008). The interactions between companies in joint ventures leads to more 

information exchange, which enables a deeper flow of knowledge related to the 

technology and related processes.  

Although all methods of technology transfer increase technological development, 

the flow of both knowledge and technology is preferred to merely technology flows. As 

globalization continues, increased interactions and flows of information should, in theory, 

lead to greater innovation and transfer of technologies and knowledge.  

This report focuses on innovation as a mechanism for technological development 

because I am interested in analyzing the development of China’s capacity for indigenous 

innovation. However, as we will see, technology transfer can in fact lead to innovation, as 

can many other country and firm-level factors. Although external factors may also 

contribute to the level of technological development and innovation (Taylor, 2004), and 

may indeed influence domestic policies and priorities regarding innovation policies, this 

report is interested on the effect of country characteristics and domestic initiatives in 

increasing the capacity for domestic innovation, and thus focuses on these issues. The 

following section outlines important country-level factors that may influence the capacity 

for domestic innovation. 
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3.3 FACTORS THAT CONTRIBUTE TO TECHNOLOGICAL DEVELOPMENT  

3.3.1 Market Size 

The size of the domestic market is positively correlated with the degree of 

innovation and technology transferred to the country (Jaffe et al., 2003; Rai et al., 2013; 

Steil et al., 2002). This factor is particularly relevant when examining China, which has 

the largest population in the world, with over 1.34 billion people in 2010 (The World 

Bank, 2013b). A larger market tends to draw a wider variety of technologies because 

larger markets open up the potential for more sales, and therefore, larger profits 

(Antonelli, 2009; Steil et al., 2002). In addition to a large consumer base, large markets 

also make room for a larger number of firms, because even a small portion of a large 

market may be much larger than the available shares in smaller markets, thereby enabling 

more firms to meet market demand. A greater number of firms in a market allows for the 

introduction of more ideas and greater competition, which is one of the key drivers of 

innovation (Antonelli, 2009; Grubler et al., 1999; Jaffe et al., 2003; Steil et al., 2002). 

 

3.3.2 Intellectual Property Regimes 

The effect of IP regimes on technology transfer has been widely debated 

(Dechezleprêtre et al., 2011; IPCC, 2012; Lee and Mansfield, 1996; Maskus, 2004; 

Maskus, 2010; Rai et al., 2013). Developing countries argue that strong IP regimes tend 

to decrease the level of technology transfer to developing countries (Hall and Helmers, 

2010; Hoekman et al., 2005; Yang and Maskus, 2009), while developed countries and 

innovative firms tend to make the opposite argument, that strong IP regimes do not 

hinder, and can in fact increase, the level of technology transfer (Barton, 2007a; 

Hoekman et al., 2005; Lee and Mansfield, 1996; Maskus, 2010). The effect of IP regimes 
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on innovation, however, is less controversial and much of the literature suggests that 

strong IP regimes help increase the level of investment in innovation and research and 

development (R&D) domestically (Maskus, 2010; Park and Lippoldt, 2008; The World 

Bank, 2010). This is because of the lack of full appropriability, whereby innovators may 

not reap all of the benefits from their innovation because some of the benefits will accrue 

to other parties (Antonelli, 2009; Jaffe et al., 2003; Steil et al., 2002; Tripsas, 1997). With 

decreased appropriability, there is less incentive to invest in R&D and innovation 

(Antonelli, 2009; Gallagher et al., 2012). Although strong IP regimes are not able to 

eliminate the market failure of appropriability, they enable innovative firms to retain 

much more of the benefits of innovation when compared to weak IP regimes. 

 

3.3.3 Absorptive Capacity 

Absorptive capacity has tremendous potential to increase a firm or country’s 

benefit from technology transfer, as well as the ability to innovate. Absorptive capacity is 

defined as a firm or country’s general ability to recognize the significance of a 

technology or of information, assimilate and adapt that technology for use in its own 

setting, and apply the technology for a monetary benefit (Cohen and Levinthal, 1990). 

Whereas technology transfer may occur in levels of low absorptive capacity, increased 

absorptive capacity can significantly increase the gains from technology transfer and 

greatly increases innovate capabilities (Cohen and Levinthal, 1990; de la Tour et al., 

2011; Hoekman et al., 2005; ICTSD, 2008). 

 Some of the major factors that determine the level of absorptive capacity in a firm 

or country are the quality of labor and the experience working in fields related to the 

technology of interest (Cohen and Levinthal, 1990). Quality of labor entails not only the 
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general education of the labor force, but also whether the labor force has been trained 

with the relevant skills and in the relevant fields to apply to the technology of interest 

(Barton, 2007b; Wannier et al., 2009). Similarly, an experienced labor force also 

increases absorptive capacity, but only if the experience is somewhat related to the 

technology field (Cohen and Levinthal, 1990; Doranova, et al., 2011). One way to 

increase experience and learning is through performing research, therefore high levels of 

R&D have also been linked to higher levels of absorptive capacity, although this link is 

not automatic (Clarke et al., 2006; Cohen and Levinthal, 1990; Grubler et al., 1999).  

 

3.3.4 Domestic Policies 

Domestic policies play an important role in increasing a country’s ability to 

innovate, partly because domestic policies affect the aforementioned factors, namely 

strength of IP regime and absorptive capacity (de la Tour et al., 2011; Dechezleprêtre et 

al., 2012; Gallagher et al., 2012; Hoekman et al., 2005). Domestic policy directly impacts 

the strength of a country’s IP regime because the government has the ability to enact 

regulations regarding IP as well as determine the extent to which these policies are 

enforced. Domestic policy also affects the level of absorptive capacity by affecting 

certain factors that increase absorptive capacity (de la Tour et al., 2011; Dechezleprêtre et 

al., 2012; Gallagher et al., 2012; He and Mu, 2011). For example, domestic policies that 

affect funding, quality, and the availability and access to the country’s education system 

can have a dramatic effect in increasing the skill level and quality of the country’s labor 

force, which was identified in the previous section as an important factor for increased 

absorptive capacity (de la Tour et al., 2011; Gallagher et al., 2012; Hoekman et al., 2005; 

Steil et al., 2002).  
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Government may also affect the level of absorptive capacity by setting national 

agendas or targets that specify which industries should be pursued by firms and 

individuals within the country (Atkinson and Ezell, 2012). These targets help to increase 

domestic investment within these industries as well as generate incentives for individuals 

to pursue education related to these industries. Both of these factors increase the number 

of people and firms working in the specified fields, which increases experience and the 

level of absorptive capacity in these technological areas (Cohen and Levinthal, 1990). 

Other potential methods for increasing technology transfer and innovation include 

various demand-pull and technology-push policies (Clarke et al., 2006; Gallagher et al., 

2012). Demand-pull policies are policies that create market demand for a technology, 

such as fuel economy regulations that create a demand for fuel-efficiency vehicles. 

Technology-push policies are policies that incentivize growth in a technology or industry, 

such as funding for R&D (Clarke et al., 2006; Gallagher et al., 2012). Evidence suggests 

that both of these types of policies are effective methods to induce technology 

development, and that both can be used simultaneously to increase the rate of 

development (Clarke et al., 2006; Gallagher et al., 2012). Environmental regulations are 

an example of a demand-pull policy because they can force the relevant industry to 

innovate to improve technologies to meet environmental standards. In general, 

environmental regulations can be a very useful method to incentivize innovation and 

tackle larger environmental problems (Clarke et al., 2006; Dekker et al., 2012; Jaffe et al., 

2003). 

Policies may also be distinguished between market-based policies and command 

and control policies. Market-based policies seek to use market signals to alter behavior, 

whereas command and control policies set regulations independent of the market, such as 

a performance-based standard that sets a specific emissions reduction level for firms or a 
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technology-based standard that requires firms to use a specific emissions-reduction 

technology (Jaffe et al., 2003). Although both market-based and command and control 

policies may induce innovation, market-based policies and command and control 

performance-based standards may result in higher levels of innovation as technology-

based standards tend to decrease incentives for further technological advancement (Jaffe 

et al., 2003).  

 

3.3.5 Partnerships and Spillovers 

The creation of partnerships between more than one firm also allows for increased 

technological development and innovation (Contractor and Lorange, 2002; He and Mu, 

2011; Klijn et al., 2010; Kristinsson et al., 2008; Saebi and Dong, 2008). Many 

partnership agreements explicitly call for technology sharing or joint technological 

development. This is the most obvious example in which technology and information is 

transferred and knowledge from more than one firm is combined to innovate (Contractor 

and Lorange, 2002; Klijn et al., 2010). However, even when agreements do not explicitly 

transfer or create new technologies, partnerships increase the level of communication 

between firms, which allows for information transfer and may also increase learning 

between firms. Being exposed to new information and new technologies also has the 

ability to increase the absorptive capacity of both firms because firms are gaining 

knowledge and experience (Cohen and Levinthal, 1990; Contractor and Lorange, 2002; 

He and Mu, 2011; Klijn et al., 2010; Kristinsson et al., 2008; Saebi and Dong, 2008).  

 This information flow and exposure to new knowledge and ideas can also be 

generated through spillovers that do not necessarily occur between partner firms (Clarke 

et al., 2006). These spillovers can occur within the same industry, for example when 



 17 

Samsung adapted its smartphone screen display to resemble the popular iPhone design, 

but they can also happen across different industries, such as when global positioning 

technology (GPS) was adopted from space-based security technology and applied to 

automobiles. These spillovers are generally unintended transfers of knowledge that 

benefit other parties in addition to the innovator (this is the concept behind 

appropriability discussed previously) (Clarke et al., 2006; Jaffe et al., 2003). However, 

one way to facilitate spillovers across institutions, markets, and various other dimensions 

is through the creation of clusters (Gallagher et al., 2012; Mills et al., 2008; Porter, 2007). 

Clusters are geographically focused groups of industries or firms with similar interests 

that benefit from exchanging information sharing resources (Grubler et al., 1999; Mills et 

al., 2008; Porter, 2007). Clusters proactively facilitate sharing of information, thus 

increasing knowledge, leading to increased absorptive capacity, which increases 

innovative potential (Gallagher et al., 2012; Mills et al., 2008; Porter, 2007). All of the 

factors discussed in this Section may be beneficial for generating a framework for 

domestic innovation and innovative capabilities; however, these factors do not 

automatically guarantee innovation.  

Sections 2 provided a brief background on China’s political and economic 

changes within the past few decades that have led to its new focus on developing 

domestic innovative capacity. Section 3 then provided a general background explaining 

the processes of technological development and innovation and the potential factors that 

contribute to these processes. Next, I will take a closer look at China’s current efforts to 

use these factors to develop the political, institutional, technological, and market 

framework needed to encourage indigenous innovation. Section 4 describes the data and 

methodology used to test the degree to which China has used these factors in the solar PV 

and automotive industries.  
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4. Data and Methodology 

As discussed above, many factors can contribute to the level of technological 

development that can occur in a country through either technology transfer or innovation. 

The type of technological development can also vary on a wide spectrum from 

technological advancement based on acquiring technologies from foreign innovators with 

relatively little assimilation of transferred knowledge on one end of the spectrum, to 

indigenous innovation on the other end of the spectrum. As discussed in Section 1, in this 

report I focus on assessing the degree to which technological development is occurring in 

China, and the type of technological development occurring. However, it is important to 

note that the type of technological development in China and China’s capacity for 

domestic innovation may vary widely by industrial sector. This variation is not unique to 

China, in that most countries tend to have competitive advantages in certain industries 

relative to others, which may be generated by the country’s innovative capabilities in 

these sectors. Therefore, in order to test the development of the framework needed to 

build China’s domestic innovative capacity, I have selected two specific industries to 

examine, solar PV and automotives.  

These two industries were selected because they are examples of industries in 

which there has been tremendous investment and activity since the early 2000s. China 

has dramatically increased production output in both of these industries, becoming the 

largest global producer in each, and has accomplished this dramatic increase in 

production in a very short period of time, within approximately the past decade. This 

recent growth is important because unlike China’s earlier economic growth, China has 

only recently targeted development in science, technology, and indigenous innovation, 

citing these sectors in its past two Five Year Plans, which apply to years 2006 through 
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2015. Although China has also been successful in other industries, particularly the 

information technology industry, the solar PV and automotive industries experienced 

their growth over a shorter period of time. Additionally, information technology is a very 

broad and complex sector containing multiple unique and advanced technological 

systems. Although the solar PV and automotive industries still contain multiple unique 

technologies, the smaller number of technologies in each industry allows for more 

targeted analysis of the nature of China’s innovative capacity in each industry. Similarly, 

the report identified the solar PV sector as opposed to the clean energy sector as a whole 

because there are vast differences in China’s involvement in global clean energy markets, 

not to mention its capacity for indigenous innovation in these sectors. Within the clean 

energy sector, I chose to focus on the solar PV industry because solar is emerging as the 

leading clean energy sector for investment globally. In 2011 and 2012, solar received the 

most funding out of all clean energy technologies worldwide, with $126 billion attributed 

to solar technology in 2012. China attracted about 25 percent of this amount, receiving 

$31.2 billion, while Germany received the next highest level of investment at $17.2 

billion and the U.S. came in third receiving $16.5 billion (Pew Charitable Trusts, 2012). 

Therefore, funds are being targeted toward the solar sector, indicating that this industry 

may have a high potential for technological advancement. 

 Although the presence of innovative capacity in these two industries would not 

necessarily suggest the presence of innovative capacity in all industries in China, the 

report focuses on these two industries to assess the development of the institutional, 

political, market, and technology factors necessary to build the capacity for indigenous 

innovation in China, at least in certain sectors. However, although the solar PV and 

automotive industries have both been successful in increasing China’s market share in 

these sectors, there are important differences between these two industries that make 
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comparisons particularly interesting. For example, clean energy (including solar PV) was 

identified as a strategic emerging industry in China and support for technological 

development in the solar industry began far before domestic demand. On the other hand, 

support for the automotive industry in China came subsequent to the initial spike in 

domestic production, which was spurred largely because of increased domestic demand 

and foreign interest in the Chinese market. Additional variations between the industries 

include the type of government support and the level of domestic experience relative to 

that of the global market, which will be discussed in greater detail in the case studies. 

However, these variations allow for a richer analysis of the innovation policies China is 

implementing and their potential level of effectiveness.  

Overall, this study attempts to assess the degree to which China is building 

domestic innovative capacity. Therefore, the dependent variable for this study is China's 

domestic innovative capacity. Because my interest is in China’s ability to innovate, the 

ideal measure for this framework would be China’s level of innovation. However, 

because innovation is inherently difficult to measure (Gallagher et al., 2012; Jaffe et al., 

2003; Steil et al., 2002), this report uses two proxy measures to assess the level of 

innovation in the solar PV and automotive industries in China. The first measure uses 

information on patents filed in China by both domestic and foreign firms, and the second 

measure uses data on the level of exports from China to both developed and developing 

countries. The independent variables in this study are the institutional, political, market, 

and technological aspects that enable the linkages needed to support innovative capacity, 

including the domestic policies China has implemented at national and local levels in the 

two industries of interest, and the level of relative experience China has in each industry 

compared to the rest of the world.  
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The first proxy measure for innovation used in this report is patent data. Patents 

are a useful measure of innovation in that patents are inherently records of new 

technology. However, there are also many limitations associated with using patents as a 

measure of innovation. First, not all patents are of equal value (and some may be of very 

little value, for example if the technologies are never commercialized) (Metteauer, 2012; 

Taylor, 2004). Second, some firms or individuals may choose not to patent their 

innovations, for example if they do not want to pay for the patent, if they do not want to 

make the details of their innovations public, or if the innovation is protected through 

some other means, such as trademarks or copyrights (Steil et al., 2002; Taylor, 2004). 

Third, it is difficult to assign patents to a certain industry because patents may be 

applicable for multiple industries, and because technologies may draw information from 

patents that were originally designed or intended for other purposes in other industries 

(Metteauer, 2012: Taylor, 2004). This point is particularly concerning when working with 

secondary data because the system of classification is not always published along with 

the patent data. Because of these limitations, patent data may not be appropriate for 

micro-level data, such as comparing annual data at the firm or industry-level. However, 

as more data is aggregated, (e.g. at the country level, or over longer time periods) patent 

data is deemed a better measure for innovation (Taylor, 2004). Overall, although patents 

are a commonly used indicator of the development of new technologies, this measure is 

far from perfect (Metteauer, 2012; Steil et al., 2002; Taylor, 2004).  

The second measure used in this report is the level of exports from China in the 

solar PV and automotive industries, both total exports and exports to developed countries. 

Although total exports may not indicate a level of quality or competitive technology, 

exports to developed countries may indicate a certain degree of quality at least somewhat 

comparable to the level commercially available in the importing country. Similar to using 



 22 

patent data, drawing conclusions on innovative capacity using export data also has 

limitations. Large amounts of exports indicate high levels of foreign demand, which 

could indicate high quality technology or innovation because other countries are willing 

to purchase these goods instead of producing them domestically. However, large amounts 

of exports could also indicate other scenarios, such as export subsidies or comparative 

advantages in the form of manufacturing, labor, and other input costs, which allow 

foreign countries to purchase technologies at a lower rate than they could produce them 

domestically (Cao and Groba, 2013). Therefore, export data, like patent data, must be 

analyzed with caution. 

Although these two measures are not perfect, they are some of the more widely 

available and used measures to assess innovation (Metteauer, 2012; Steil et al., 2002; 

Taylor, 2004). Data on solar PV and automotive patents in China and Chinese exports for 

the solar PV and automotive industries were gathered using an extensive search of recent 

academic literature and publicly available reports from public and private organizations. I 

utilized data from organizations such as the Earth Policy Institute, the Pew Charitable 

Trusts, the International Energy Agency Co-operative Programme on Photovoltaic Power 

Systems, the Congressional Research Service, Reuters, APCO Worldwide, and the 

German Institute for Economic Research. For exports, I gathered data indicating not only 

the total amount of exports from China to other countries, but also the types of 

technologies exported within these industries and the countries that imported these 

technologies. These specifications are important because exports of different types of 

technologies within the industry may indicate different levels of technological 

development. For example, various parts of solar PV technologies require more advanced 

knowledge or technical abilities, therefore the extent to which more versus less complex 

parts of the technology are exported may indicate the country’s relative technical 



 23 

capabilities in these areas. Additionally, as suggested above, high levels of exports to 

developed countries verses developing countries may indicate differences in the quality 

of the products being produced, in that a high level of exports to developed countries 

most likely indicates higher quality products than a high level of exports to only 

developing countries.  

It is important to note that there are some limitations in the data availability for 

these measures that complicates the analysis. First of all, because the report seeks to 

examine industries that have seen economic growth very recently, beginning within the 

past decade and reaching astounding growth levels in the past few years, I am most 

interested in very recent data. Most organizations that provide publically available data 

release these data on a lagged schedule, limiting the amount of data available on these 

topics, which are likely still evolving today. Another issue regarding data availability for 

this study is that patent and export data in China are simply not as easily accessible as 

data for these measures in developed countries. Although China has begun taking steps to 

make data more transparent and publicly available, accessibility is still limited. For 

example, the Chinese Patent Office website does not easily enable patent searches by 

industry or technology type, and although the website does provide some aggregate 

statistics, many of these aggregate tables only report data through 2006 and do not 

provide the level of detail necessary for country and technology-specific analysis. 

Additionally, although data on imports from China for many sectors are generally 

available from developed importing countries, aggregate data on Chinese exports is much 

less readily available.  

These data limitations added to the already existing complexities in obtaining and 

measuring innovation data described above. Therefore, the data analyzed in the following 

case studies was limited to aggregate data from secondary sources that included relatively 
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recent information relevant to the target industries. The following section provides 

information on growth and domestic policies in China’s solar PV and automotive 

industries and analyzes the patent and export data for each industry to draw insights about 

the evolution of China’s innovative capabilities in these sectors. 
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5. Analyzing Innovation in China’s Solar Photovoltaic and Automotive 
Industries 

5.1 TECHNOLOGICAL DEVELOPMENT IN CHINA 

Although China has emphasized economic development for many years, it has 

also begun emphasizing technological development and innovation in many sectors, 

largely as an effort to maintain this economic growth (Breznitz and Murphree, 2011; The 

World Bank, 2013a). In 2007, President Jintao specifically indicated the importance of 

indigenous innovation in promoting the development of China’s economy (Jintao, 2007). 

China also began stressing the importance of building science, technology, and 

innovation capabilities in its 11th Five Year Plan, and has further referenced the need and 

support for indigenous innovation throughout its 12th Five Year Plan, indicating a plan to 

transition from a “Made in China” mentality to a “Designed in China” mentality (APCO, 

2010a; Stembridge, 2012).  

China has used multiple policies to incentivize the level of high-tech development 

and innovation domestically, such as increasing investment in R&D, enhancing its IP 

rights system, and emphasizing the commercialization of key research (APCO, 2010a). 

The government has also set targets to incentivize growth in science and technology 

industries, including increasing science and technology R&D expenditures from 1.75 

percent of GDP in 2010 to 2.2 percent of GDP in 2015; improving China’s rank in the 

number of citations in international science papers from eighth to fifth; and increasing 

invention patent ownership from 1.7 to 3.3 per 10,000 people (Stembridge, 2012). In 

addition to these targets, China has also set targets for its level of R&D intensity, 

expanding higher education investments, expanding investment in research labs, and 

encouraging (and in many cases requiring) foreign cooperation and technology transfer in 

exchange for market access (Atkinson and Ezell, 2012).  
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Although China is making bold goals toward technological development and 

innovation in many sectors, the following sections focus on China’s efforts specifically in 

the solar PV and automotive industries and analyze the degree to which China’s 

aspirations for innovation and building innovative capacity have been met in these 

industries. The experiences and policies implemented in each of these industries provides 

interesting comparisons that can be analyzed to draw conclusions regarding China’s 

effectiveness in fostering indigenous capacity to innovate.  

 

5.2 SOLAR PV INDUSTRY 

5.2.1 Growth 

China has had great success in developing its solar PV industry within the past 

decade. The amount of solar PV production in China has increased dramatically from 3 

MW in 2001 to almost 11,000 MW in 2010 (Earth Policy Institute, 2011). By 2008, 

China produced more solar PV than any other country at over 2,000 MW, and by 2010 

China accounted for over 45 percent of total global production (see Figure 1) (Earth 

Policy Institute, 2011). Although China’s initial focus was on the export market, 

domestic demand for solar has also begun increasing, with annual PV installations 

increasing from about 8 MW in 2005 to 2,500 MW in 2011, an over 30,000 percent 

increase in just six years (Honghua et al., 2012) (see Figure 2). As China’s production 

and domestic installation figures have increased, so have the technological capabilities of 

Chinese producers (Fu and Zhang, 2011; Shuiying et al., 2011). 
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Figure 1. Annual Solar PV Production in China, the U.S., Taiwan, Japan, and Germany. 
Source: Earth Policy Institute, 2011. 

 

 

Figure 2. Annual and Cumulative Installed PV Capacity in China. 
Source: Honghua et al., 2012. 
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Because of China’s rapid growth, it is also facing growing pollution levels leading 

to environmental and health risks and rising energy security issues because of increased 

demand (Morrison, 2009). These issues have caused China to incorporate energy policy 

and sustainability into its portfolio of national priorities, while also maintaining a focus 

on economic growth (Cao and Groba, 2013; Pew Charitable Trusts, 2013). Not only do 

these issues imply a need for support of renewable and alternative energy sources, they 

also hinge on a desire and need to target technological development. China has set many 

specific targets relating to clean energy that are designed to increase both domestic 

technological growth and domestic demand for more advanced technologies. Some of 

these targets include setting a 16 percent reduction target on energy intensity per GDP; 

setting a 17 percent reduction target for carbon emissions per unit of GDP; setting a 15 

percent target for non-fossil fuel energy sources; developing a pilot carbon emissions 

trading program; developing the Top-1,000 Enterprises Program, which requires the top 

1,000 energy-consuming companies in China to reduce their energy intensity; instituting 

tax breaks, subsidies, and the mandatory purchase of renewable electricity by power 

companies; requiring energy efficiency standards and labeling for electric appliances; and 

increasing educational attainment goals (APCO, 2010a; Casey and Koleski, 2011; Ni, 

2012; Ueno, 2009). China has a record of setting ambitious goals relative to other 

countries, and more importantly, has a record of meeting and even exceeding these goals 

(Pew Charitable Trusts, 2013). 

In addition to these general renewable energy targets, China has recognized the 

current success and future potential of its solar PV industry and has incorporated specific 

goals for further development of the solar industry in its most recent Five-Year Plan. 

Some of these goals include increasing production, increasing global market success, and 

reducing costs, but many of these goals also focus specifically on advancing the 
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capabilities of domestic firms to achieve international efficiency and quality standards 

and lead the way for the development of new innovations in the solar PV industry 

(Coalition for American Solar Manufacturing, 2012). These broader goals relating to 

advancing domestic technology development and innovation help set the stage for some 

of the specific innovation policies that can help spur this development.  

Other policies China has employed to spur innovation include investment in 

R&D, investment in higher education, and expansion of university and industry research 

initiatives and cooperation. China’s large amount of available capital resulting from high 

savings rates has provided China with the ability to provide funding for these policies. In 

an attempt to increase solar PV production and bolster indigenous innovation, China has 

invested in both public and private R&D, funding for companies to develop solar PV 

installation projects, and subsidies for PV technology.  

Between 1995 and 2008, China increased its R&D expenditures by 19 percent 

annually, and R&D intensity increased from 0.6 percent in 1995 to 1.7 percent in 2009 

(Fu and Zhang, 2011). As Chinese investment in overall R&D has increased, so has 

investment in clean energy technologies. Central government funding for renewable 

energy increased from $2.5 billion in 1996 to $15.2 billion in 2008. Similarly, local and 

regional government spending increased from just below $1 billion in 1996 to $15.4 

billion in 2008 (Cao and Groba, 2013) (see Figure 3). However, although R&D in solar 

PV technologies is increasing, it should be noted that R&D does not automatically lead to 

innovation (Grubler et al., 1999). There must be a sufficiently knowledgeable labor force 

and effective processes for commercializing new ideas for this investment in R&D to 

lead to innovation (The World Bank, 2013a).  
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Figure 3. Funding for R&D in Science and Technology Sectors by China’s Central and 
Provincial Governments. 

Source: Cao and Groba, 2013. 

 

In 2009, China also instituted multiple nationwide programs that provide funding 

for PV systems installed domestically, including the Solar PV Building Project and the 

Golden Sun Program. In 2011, China also enacted a nation-wide feed-in tariff policy for 

solar PV, which provides a subsidy for solar energy generation using solar PV 

technologies (Honghua et al., 2012). The logic behind providing subsidies for 

technologies that are not currently cost-competitive is that artificially lowering the costs 

of these technologies will incentivize more players to invest, thereby increasing the 

number of individuals working with the technology. The increased number of players in 

the technology market has the potential to increase learning leading to increased 

efficiencies or reduced costs, and also increases the domestic experience of the workforce 

in this sector, thereby increasing knowledge and absorptive capacity for future 

innovation. 
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In addition to the many policies set at the national level that support renewable 

energy and solar PV, the decentralized government allows room for local governments to 

enact their own policies to spur solar development. Many local governments now offer 

their own loans for solar projects, tax incentives for solar development, and partial 

refunds for electricity costs using solar technology (Huo and Zhang, 2012). These local 

policies can be especially effective in incentivizing development because local 

governments deal directly with issues related to development such as land transfers and 

corporate income tax (Huo and Zhang, 2012). These local policies account for a sizeable 

portion of the funding supplied to Chinese solar firms, and have no doubt helped spur the 

growth of the Chinese industry in China (Xia, 2013). However, there are doubts about 

whether local governments will maintain this high level of funding in the future, which 

may have negative impacts for many of the solar firms that rely on government funding 

to stay in business (Driscoll, 2013; Mehta, 2013; Xia, 2013).  

In addition to added funding from local governments, successful local policies can 

also be used as examples for potential national policy initiatives that can be used at a 

larger scale to incentivize growth. For example, the top-down system used by the state 

does not always allow for the level of efficiency and the implementation of new ideas 

that can occur under local policies, therefore the process of allowing and even 

encouraging local policy experimentation is quite common in China (Breznitz and 

Murphree, 2011). These benefits provide potential for increased efficiency in the funding 

and development of solar technology. However, the presence of local policies may also 

complicate investment decisions because many of these local policies are not coordinated 

with national policies and it may be difficult for firms that work in multiple localities to 

navigate varying policy regulations. It is also possible that local incentives for immediate 

economic gains may lead to a reliance on short-term investments at the local level, 
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opposed to the long-term investments needed to increase innovative capacity (Breznitz 

and Murphree, 2011). 

China has also invested in higher education, specifically targeting advanced 

degrees in fields such as science and engineering. The increase in skilled labor is already 

being realized, as the number of higher education graduates in science, engineering, 

agriculture, and medicine increased by a factor of 8 between 1995 and 2009. These 

policies have potential benefits for the solar industry, as the largest number of Chinese 

youths today are being drawn towards careers in research and science (Fu and Zhang, 

2011). And the size of the workforce is only expected to increase, reaching an estimated 

200 million college graduates in China by 2030, which is larger than the entire current 

workforce in the United States (The World Bank, 2013a). In addition to the sheer number 

of graduates, the quality of education in China also appears to be improving, with 22 of 

China’s universities ranking in the top 200 universities in the world in 2010, up from only 

nine in 2003. As of 2010, China had more universities on this list than all but four other 

countries in the world (The World Bank, 2013a). 

China has also made a priority of expanding the number and type of research 

institutions contributing to knowledge and capacity building in China, with the number of 

R&D centers established by foreign firms reaching 1,200 in 2008 (Fu and Zhang, 2011). 

Many research centers in China, both foreign and domestic, focus on solar PV research. 

Currently, there are a number of research organizations (such as the Beijing Solar Energy 

Research Institute and multiple branches of the China Academy of Science), universities 

(such as Nankai University, Beijing University, Tsinghua University, Shanghai 

University, and Sichuan University), and domestic private firms (such as SunTech, 

Yingli, and JA Solar) developing research labs and performing research dedicated to 

solar PV technologies (Honghua et al., 2012). By 2009, over 500 solar PV firms and 
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R&D labs in China were performing research related to solar PV in all parts of the value 

chain, including more advanced parts such as silicon materials (Fu and Zhang, 2011). The 

large concentration of research centers in China has further incentivized foreign players 

in the solar PV field to enter the Chinese market (Fu and Zhang, 2011), which creates the 

potential for even more collaboration and knowledge spillovers. The effects of this 

research and China’s policies are already having positive effects on improving domestic 

technology and innovation, as the number of patents granted has grown by a factor of 13, 

and the level of high-technology exports has grown by a factor of 28 between 1995 and 

2009 (Fu and Zhang, 2011). 

 

5.2.2 Level of Technological Development 

Although significant licensing and technology transfer from international 

partnerships formed the base of China’s solar PV industry and enabled China’s entry into 

the international solar market, favorable domestic policies have significantly spurred the 

rapid growth of China’s solar PV industry. These policies have allowed domestic firms to 

increase their contribution to the global market by providing financial support and human 

capital, and by prioritizing growth and innovation from domestic firms. This combination 

of technology transfer and domestic innovation may be an appropriate approach for the 

development of clean energy technologies in less developed countries (Fu and Zhang, 

2011). 

However, there is still some debate about the quality of China’s solar PV 

technology in comparison to that of the international market. Some believe China’s 

technology has reached international standards in terms of quality and competitiveness 

(Cao and Groba, 2013; Shuiying et al., 2011), and may even exceed these standards by 
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leading the way in the development of new technologies, while others argue that China is 

merely replicating technologies from developed countries and using its manufacturing 

and large-scale production capabilities to gain a large share of the global market (Pew 

Charitable Trusts, 2013).  

 One indicator of the level of innovation occurring in China with regard to solar 

PV is the number of patents for this technology in China. I examine the number of 

patents filed in China by both Chinese and foreign entities to determine the level of 

perceived competition and innovation occurring in China. The number of patents for 

solar PV technology in China begins to rise in 2002 and rises dramatically in 2006, when 

China’s Renewable Energy Law came into effect (see Figure 4). Out of the patents filed 

in China, 88 percent were filed by foreign entities in 1996, 48 percent in 2000, and 31 

percent in 2008, with the remainder filed by Chinese entities (Cao and Groba, 2013). This 

large increase in Chinese patents suggests that China’s innovative capabilities are 

increasing. Additionally, the increase in foreign patents suggests that China’s capabilities 

are improving because foreign companies are interested in investing or selling their 

products in China and are concerned about China’s absorptive capacity and potential to 

create competitive technologies. China’s share of PV technology patents globally is also 

increasing, rising from 2.9 percent of solar PV patents worldwide in 2007 to 17.6 percent 

in 2010 (Xia, 2013). Not only are the number of Chinese patents in this field increasing, 

the number of Chinese patents in some of the more technical areas of solar PV 

technologies (silicon, ingots, and wafers) are also increasing, rising from 4 percent of the 

global share of patents in these areas in 2007 to 36 percent in 2010 (Xia, 2013). 
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Figure 4. Solar PV Patent Applications and Knowledge Stock in China from Chinese and 
Foreign Entities. 

Source: Cao and Groba, 2013. 

 

Another indicator of the quality of technology and innovation occurring in the 

Chinese solar PV industry is the level of exports of solar PV from China. When focusing 

on the global solar PV industry, China has become a dominant force in worldwide 

exports. Chinese exports of solar PV increased by a factor of 26 between 2006 and 2010, 

reaching $32 billion in 2010 (Cao and Groba, 2013). Chinese exports accounted for 39 

percent of total global solar PV exports in 2010, higher than any other country (Cao and 

Groba, 2013). Solar PV technology also accounted for 3 percent of China’s large export 

total in 2010 (Cao and Groba, 2013). Furthermore, there is an increasing gap between 

exports and imports for solar PV in China (see Figure 5), indicating that China is better 

able to enter foreign markets than vice versa (Cao and Groba, 2013). 
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Figure 5. Imports and Exports of Solar PV in China, Compared to the Rest of the World. 
Source: Cao and Groba, 2013. 

 

Not only has China been able to make vast strides in increasing its exports and 

entering new markets, China has also entered important markets, namely markets in 

OECD countries. 80 percent of solar PV exports from China go to OECD countries, with 

exports to the U.S., Germany, and Italy rapidly increasing (Cao and Groba, 2013). 

China’s high level of exports to countries producing globally competitive solar PV 

technologies indicates that China’s solar PV technologies must have relative advantages 

or at least comparable attributes in either price or quality to the technologies available in 

these countries. However, although exports from China to developed countries are high, 

there is still some debate about the specific types of solar PV technologies being exported 

and whether these are indicative of advanced innovative capabilities.  

There are many complex processes that are required to form solar PV cells, and 

the process from start to finish can be broken down in to multiple steps, some requiring 
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more advanced knowledge than others. For example, the development of the solar 

materials requires advanced chemical knowledge, is often relatively complex, and can 

have important impacts on the efficiency and performance of the final solar cell (Cao and 

Groba, 2013). In comparison, some processes such as assembling solar modules from 

individual materials, do not require as much technical knowledge (assuming the 

individual materials are not also made in-house). Therefore, the fact that China exports 

mainly solar modules and cells to the U.S., while the U.S. exports mainly capital 

equipment, solar materials, polysilicon, and wafers to China, may indicate that China has 

less ability to produce capital equipment, solar materials, polysilicon, and wafers at a 

competitive cost or comparable quality to that of the U.S. (see Figure 6).  

 

 

Figure 6. Solar Energy Trade Flows Between the U.S. and China in 2011. 

Source: Pew Charitable Trusts, 2013. 

  

 Although the evidence from the exports of specific solar PV technologies is 

somewhat inconclusive, the fact that China is exporting to developed countries indicates 
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some level of quality and comparability in the products being exported from China. This 

evidence combined with the high number of patent increases in China from both foreign 

and domestic firms indicate that domestic solar PV firms in China are indeed producing 

technologies at a high-level relative to other global players. Although China is not 

leading the world’s innovations in the solar PV industry, its capabilities are improving 

and it is on the path toward increased innovation. 

 

5.2.3 Challenges 

Although China has implemented many tools that have helped spur domestic 

innovation, and innovation has begun to take hold in the Chinese solar PV industry, there 

is still room for improvement to increase domestic innovation. Improving policy 

coordination between different levels of government, emphasizing institutional 

coordination and collaboration, and strengthening IP protection and enforcement will 

help decrease uncertainties in the Chinese market, improve information flows, and 

increase incentives for technology transfer and reduce appropriability concerns 

(Gallagher et al., 2012). All of these factors will help increase the level of innovation in 

China.  

Policy coordination between national and local governments will help reduce the 

risk of uncertainty for investors (Gallagher et al., 2012). Because the national and local 

government policies often vary, and the incentives for national and local officials often 

vary, additional coordination between these institutions would benefit communication for 

effective policymaking, enabling the national government to learn from lessons at the 

local level. Coordinated policy efforts will also reduce uncertainty for investors in an 
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already complex political and institutional environment, allowing for increased 

investment.  

Additionally, although many entities are performing research and developing 

solar PV technology in China, China would benefit from strengthening the ties and 

communication between these entities because the linkages and interactions between 

these entities have supportive effects for developing the capacity for domestic innovation 

(Fu and Zhang, 2011; Gallagher et al., 2012). For example, increased collaboration 

between universities and private firms has the potential to increase innovation by using 

universities as research laboratories for industry development (The World Bank, 2013a). 

Increased industry coordination also has other benefits, forming the basis behind the 

rationale for clusters (discussed in Section 3). Some have argued that regions in China are 

already becoming clusters for solar PV, in which firms within these clusters benefit from 

resource-sharing and information flows from other firms in close proximity. The benefits 

of these linkages should be emphasized to induce both domestic and foreign firms to 

locate in these regions and spread more knowledge (The World Bank, 2013a). 

Lastly, strengthening IP regimes, instilling more confidence in the enforcement of 

these IP laws, and increasing punishments for breaking these laws will help to attract the 

transfer of more advanced technologies from developed countries and help spread 

technologies from innovative firms to the rest of the industry. Although the transfer of 

technologies itself does not imply increased innovation, it may increase the level of 

knowledge of domestic firms as they learn about the technologies through production and 

interactions with the transferring firms. Strengthening the IP regime will also increase 

incentives for domestic innovation by reducing the market failure of appropriability, thus 

increasing the level of investment private entities are willing to allocate to R&D for 

innovation.  
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In addition to these policy challenges, current challenges facing the global solar 

PV market may also affect China moving forward. As the number of solar firms and 

global solar production climbs, many firms have been forced to greatly reduce their profit 

margins to remain competitive (Mehta, 2013). This massive increase in production has 

also led to overcapacity, in which the global supply of solar PV technology is much 

greater than global demand (Driscoll et al., 2013; Mehta, 2013; Xia, 2013). Although 

China’s government policies supporting solar PV production have contributed to the 

development and success of the industry, these policies combined with decreased profit 

margins and overcapacity have led to the reliance of many domestic firms on government 

loans, funding, and support policies (Driscoll et al., 2013). Therefore, although China’s 

policies have helped increase production, leading to learning and absorptive capacity, it 

remains to be seen whether China will continue these policies in the future and whether 

the Chinese solar PV industry will continue to be successful if these policies are 

discontinued. 

 

5.3 AUTOMOTIVE INDUSTRY 

5.3.1 Growth 

Just as increased population and economic growth has led to an increase in energy 

demand and consumption, it has also led to an increase in disposable income and the 

number of people in China who are able to afford automobiles (APCO, 2010b; Lin, 

2010a; Prasso, 2011; Wang, 2011). The Chinese automotive market increased from about 

2 million vehicles in 2000 to nearly 14 million vehicles in 2009 (APCO, 2010b) (see 

Figure 7). In a matter of 10 years, China has moved from a society in which cars were 

seen as a luxury to an “automobile community” (Lin, 2010b). The development of the 
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automotive industry has further fed the economic growth of the nation, increasing 

employment and tax revenues (Lin, 2010b). Annual gross output from automotive 

revenue was approximately $440 billion in 2009, and over 3.7 million workers were 

employed in automotive production in 2009 (Tang, 2012). However, even after the 

dramatic increase in the number of automobiles on the road in China over the past 

decade, the level of per capita automobile ownership in China in 2009 was still far lower 

than that of most developed countries, at less than 5 percent compared to 70 to 80 percent 

in the United States, 40 percent in developing countries on average, and 12 percent 

worldwide (APCO, 2010b; Tang, 2012). Even if China falls short of the average per 

capita ownership in most developed countries, there is no indication that the number of 

sales will cease to increase in the near future. One estimate claims that the Chinese 

automotive industry will produce over 31 million vehicles by 2015 (Wang, 2011). 

 

 

Figure 7. Domestic Market for Automobiles in the U.S., China, and Japan (10,000 
Vehicles). 

Source: Lin, 2010b. 
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In addition to the increase in domestic demand and market size, China’s 

production numbers are even more impressive. China’s automotive production has 

increased from less than 2 million vehicles in the late 1990s to over 18 million in 2010 

and 2011 (Tang, 2012). China has gradually surpassed global leaders in automotive 

production within the past decade, passing South Korea in 2002, France in 2003, 

Germany (Europe’s largest producer) in 2006, the U.S. in 2008, and Japan in 2009 (Tang, 

2012) (see Figure 8).  

 

 

Figure 8. Total Annual Motor Vehicle Production by Country. 
Source: Tang, 2012. 

 

Rapid growth in the automotive sector has also affected other sectors such as 

growth in roads and infrastructure to support more vehicles (Lin, 2010b). China’s large 

investments in transportation infrastructure in the past two decades have led to a roadway 

system that is one of the largest in the world, with approximately 74,000 kilometers of 

high-speed roads (Tang, 2012). This is yet another way in which the automotive industry 

has contributed to China’s economic and job growth in recent years. 
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However, with increased domestic demand for cars and increased vehicle miles 

traveled, the already high levels of pollution and emissions in China become even more 

concerning (Lin, 2010b; Prasso, 2011; Wang, 2011). Less than 1 percent of the 500 

largest cities in China meet the World Health Organization’s recommended air quality 

standards (Zhang and Crooks, 2012), and 16 of the 20 worst polluted cities in the world 

are located in China (Wang, 2011). In recent years, China has begun tackling these 

pollution issues, and to deal with pollution from increased vehicles, China implemented 

automobile emission standards for the first time in 1999 and fuel economy standards for 

the first time in 2004 (Lin, 2010b). China has already increased these standards to levels 

more similar to that of those in effect in developed countries (APCO, 2010b), although 

different municipalities have implemented standards at different times (Lin, 2010a).  

However, as recently as 2010, Chinese cars still consumed 20 to 30 percent more 

fuel when compared to average fuel consumption in developed countries (Lin, 2010b). 

This is likely because of the use of low quality fuels combined with the fact that in the 

beginning of the automotive industry in China, many foreign companies transferred 

second tier technologies that were less efficient than those being produced in their own 

countries because of the lack of regulations in China at the time (Lin, 2010a). China also 

implemented a fuels tax in 2008, which charged one Yuan per liter of gasoline. Although 

this tax is higher than the U.S. gasoline tax, it is lower than many of the fuels taxes in 

Europe and also replaced other prior taxes such as tolls for road maintenance and the 

commodity tax on fuels, so it is difficult to determine its overall effectiveness (Wang, 

2011). Another policy to reduce pollution and emissions was a reduced consumption tax 

for small vehicles and an increased consumption tax on large vehicles. This policy was 

enacted in 2008 and became effective in 2009 (Wang, 2011). 
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In addition to increased pollution and emissions from the increased presence of 

automobiles, the increase in driving has also contributed to China’s increased energy 

demand. Oil consumption alone has increased from less than 5 million barrels per day in 

2001 to almost 10 million barrels per day in 2011 (EIA, 2013). Cars play a significant 

role in this energy demand, with about one-third of China’s total oil demand attributed to 

motor vehicles (Tang, 2012). As energy demand continues to increase with a growing 

population and growing incomes leading to increased energy consumption, China has 

also grown more concerned about energy security. In 2008, over 50 percent of China’s oil 

consumption came from imports (Liu et al., 2010). These factors have all affected the 

way in which China has implemented policies toward the automotive industry in recent 

years. 

Although a portion of the growth in this sector is due to China’s growing 

economy and the growing ability of more and more Chinese consumers to purchase 

vehicles, and these factors led to the initial emergence of the booming automotive 

industry in China, some of the success is also due to a concentrated effort by China’s 

government to spur the automotive industry. Once the 2008/2009 economic recession hit 

global markets, China quickly took policy action to mitigate the potential negative effects 

on China’s economy that could stunt its previously stellar record of economic growth. 

Recognizing that the automotive industry was already well-positioned for growth and 

was having great success economically, China chose to focus part of its efforts on this 

industry to maintain economic growth and stability (Lin, 2010b). Additionally, the 

automotive industry’s growth declined during the recession for the first time since its 

enormous growth began in the early 2000s, which was a trend China wanted to reverse. 

In November 2008, China instituted a number of policies to stimulate growth in 

the automotive industry, worth approximately $586 billion (Tang, 2012). The package 
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consisted of three major policies, which focused on increasing vehicle purchases and 

reducing the number of outdated, heavily-polluting cars on the roads. The first involved 

reducing vehicle-purchasing taxes from 10 to 5 percent on vehicles with 1.6 liter engines 

or smaller (the tax was subsequently raised to 7.5 percent in 2010) (Wang, 2011). The 

second policy was targeted toward rural populations, providing subsidies for the purchase 

of both automobiles and motorcycles in certain rural areas. The third policy was similar 

to the cash for clunkers policy in the U.S., and offered subsidies to consumers that 

replaced old vehicles with new models. The amount differed by vehicle category and 

engine size, but the incentives were increased even further in 2010 (Lin, 2010b; Tang, 

2012). These policies helped catapult automotive sales in China, allowing sales to 

increase from 9.38 million in 2008 to 13.64 million in 2009, which is especially 

impressive considering global automotive sales dropped from 70 to 60 million during that 

time (Lin, 2010b). 

 

5.3.2 Level of Technological Development 

The rapid expansion of the automotive industry in China is very recent, occurring 

after the turn of the century. Like much of the rapid growth in China, people often find 

themselves asking how such rapid expansion was possible. In the case of the Chinese 

automotive industry, China got its start through foreign direct investment (FDI) from 

international corporations (Tang, 2012). In many circumstances, these investments took 

the form of international partnerships, such as joint ventures and alliances between 

foreign firms and Chinese domestic firms. Many of these partnerships were “forced” due 

to Chinese policies requiring foreign companies to enter into partnerships with local 

companies in order to gain access to the Chinese market (Wagner, 2012). Another 
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stipulation of these partnerships was that the foreign company was not allowed to own 

the majority of the joint venture, limiting ownership to 50 percent (although some 

exceptions have been made) (Tang, 2012). Many times, these partnerships were made 

with China’s state-owned enterprises, which were granted additional advantages by the 

Chinese government (Tang, 2012). 

These policies were largely effective in spurring much of the growth in China’s 

automotive industry through technology transfer and the transfer of knowledge that 

occurred because of these partnerships (Zhao and Anand, 2007). As explained in Section 

3, partnerships and joint ventures increase the potential for exchanging and spreading 

new information from the innovative firm to its partner firm. Depending on the 

absorptive capacity of the recipient firm, this could lead to invaluable learning that could 

launch the company into new territory, innovatively. However, some evidence suggests 

that China’s domestic automotive companies have yet to bear the fruit of these 

partnerships because they have been unable to break into the global markets on their own, 

for the most part (Tang, 2012).  

Although China’s policies require foreign companies to partner with domestic 

firms to gain market access, many foreign companies are willing to do so because access 

to the Chinese market is so valuable. In fact, nearly all major international automotive 

manufacturers have established joint ventures with Chinese firms in order to gain that 

access (APCO, 2010b). This market access is so valuable because of some of the factors 

discussed earlier in the report such as China’s large market, as well as favorable labor and 

manufacturing costs. These low labor and manufacturing costs become even more 

important as increasingly global markets cause more and more competition, and many 

companies seek opportunities to reduce costs.  
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Additionally, not only are foreign companies forced to partner with Chinese 

companies, Chinese companies often prefer partnering with foreign companies. Because 

many Chinese companies lack the designs and engineering capabilities needed to develop 

competitive cars on their own (APCO, 2010b; Prasso, 2011; Tang, 2012), many choose to 

partner with international companies to gain access to technologies and knowhow 

(APCO, 2010b). However, although the intent of these forced joint ventures was to 

facilitate knowledge and learning from foreign companies, it appears that the domestic 

partners in many of these joint ventures failed to assimilate the information or use the 

information effectively (Tang, 2012; Wagner, 2012). 

This lack of knowledge transfer or the domestic partner’s inability to use this 

knowledge to their advantage is evidenced through the relative lack of domestic 

innovation by Chinese companies, displayed through their role in the Chinese and global 

markets, and in their level of patenting. Domestic companies fail to capture a dominant 

role even in their own domestic market, which is dominated by foreign companies. Only 

five of the top 12 producers that sell to China are domestic companies, accounting for 

25.8 out of the 68.8 percent of total Chinese market share these companies hold (see 

Figure 9). These numbers are even more compelling when taking into account the fact 

that the top two Chinese companies, Chana and FAW, are both state-owned, and 

therefore receive benefits and special treatment from the state that result in competitive 

advantages over privately-owned companies. Additionally, Chinese companies only held 

about 30 to 35 percent of the Chinese market in 2011 (Prasso, 2011; Wagner, 2012). This 

disparity is even more striking when the automotive market is broken down by type of 

vehicle. Passenger vehicles are the fastest growing sector in the Chinese automotive 

market, due to increased consumer demand for vehicles for everyday use. However, 

foreign companies produce about two-thirds of the new passenger cars sold in China, 
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whereas domestic companies tend to produce more trucks and buses than passenger 

vehicles (Tang, 2012). 

 

 

Figure 9. Market Share of Vehicles Sold in China in 2010, by Company and Country. 
Source: Ward’s Auto InfoBank (Tang, 2012). 

 

Not only do international firms make up a larger portion of the market share in 

China, they also tend to dominate the higher-end of the Chinese market, with domestic 

producers filling demand in the lower-end of the market (APCO, 2010b; Tang, 2012). 

Many of the auto producers in China are small companies that make up very small 

portions of the market share, limiting their ability to invest in higher quality products to 

reach the higher-end of the Chinese market (APCO, 2010b). However, even the larger 

domestic companies in China still struggle to compete with international firms (Wagner, 

2012). 

For example, when we look at China’s exports to the U.S., Figure 10 shows that a 

very small number of vehicles are exported from China to the United States, in fact there 

have been relatively low levels of exports from China to other countries in general, and 
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most of the existing exports are to developing countries (Tang, 2012). Even as China’s 

export levels have begun increasing over the past few years, increasing 50 percent from 

2010 to 2011 (Dawson and Terlep, 2012), the main target markets for exports are 

developing countries. In the first three quarters of 2012, China’s largest auto exports were 

to Algeria, Iraq, Iran, Russia, and Chile (Waldmeir, 2012). Additionally, many have 

attributed the need for increased exports to decreased domestic demand growth in China 

(Dawson and Terlep, 2012; Waldmeir, 2012). 

 

 

Figure 10. Motor Vehicle Trade Between the U.S. and China (in Millions of Dollars). 
Source: Tang, 2012. 

 

When we turn to patent data for the automotive industry in China, we find that 

only three of the top 10 companies to apply for patents in China are Chinese, whereas the 

rest are foreign (See Figure 11). Out of these companies, Chinese companies applied for 

less than 30 percent of the total applications filed by these top 10 countries, with their top 

firm, Chery Automobile Co., accounting for about 50 percent of China’s share. This 
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indicates that although there is some level of innovation happening in China, it appears to 

be concentrated in a small number of firms, and the number of domestic innovators in 

China is still significantly lower than the number of innovative international firms 

operating in China. For example, the top two U.S. innovative firms alone account for 

almost 40 percent of the patent applications in China. However, China’s patent 

applications should not be discounted considering many of these companies are relatively 

new, all having been formed in 1997, with Lifan Ind Group only beginning auto 

production in 2006 (Stembridge, 2012), indicating potential for large patent increases in 

coming years. 

 

 

Figure 11. Automotive Companies with the Most Patent Applications in China in 2010. 
Source: Stembridge, 2012. 

 

Chinese companies’ lack of presence in their domestic and global markets, low 

exports to developed countries, and low to moderate patent activity point to the 

conclusion that the technologies used by Chinese automotive companies are still lagging 



 51 

behind the standards of global competitors. Chinese manufacturers still face many 

problems in areas of quality and safety when compared to foreign companies (APCO, 

2010b; Tang, 2012), which will need to be remedied before they are able to compete at a 

global scale.  

Although China’s domestic companies are not currently competing with 

international companies in terms of global market share, quality, or safety, China’s 

government has realized this lag in performance and has attempted to make policy 

change to address these issues. An interesting change is the discouragement of FDI in 

China’s automotive sector. Whereas inward FDI was what originally spurred the Chinese 

market, allowing domestic companies to gain the technologies and expertise to produce 

vehicles, China has turned this policy on its head by discouraging further FDI. In 2011, 

China removed foreign investment in automobile manufacturing from the list of 

“encouraged” foreign investments in the National Development and Reform Commission 

(NRDC)’s “Foreign Investment Catalog” (Tang, 2012) in an attempt to reduce 

competition from foreign companies. However, foreign investment in alternative energy 

vehicles was moved up the list to the “encouraged” category in the same report (Tang, 

2012; Wagner, 2012). This policy change not only signaled significant changes in the 

automotive industry with regard to the practices of domestic firms being permitted to 

engage in new partnerships, it also ended the incentives that had been offered to foreign 

auto companies for the past seven years to invest in China. This policy could also have 

negative effects on foreign companies currently partnering with domestic firms in China, 

such as increased costs and decreased authority in the international partnerships (Tang, 

2012).  

Although China has directed some policies toward the development of 

conventional vehicles to support the automotive industry as a whole, particularly the 
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development of smaller cars with smaller carbon footprints and lower pollutions levels, 

China still lacks some vitals policies to help improve technological growth and 

performance in conventional vehicles. Namely, the absence of R&D coupled with the 

apparent general failure of domestic companies to learn from foreign multinational firms 

in joint venture agreements indicates much needed policy changes to improve these 

technologies to achieve international standards, much less innovate.  

One potential factor for the low level of innovation in domestic companies, is that 

although the government’s financial resources are being spent on the automotive 

industry, the level of R&D allocated towards improving current automotive technologies 

is relatively low. The government is providing funds for vehicles, but these funds are 

mainly being pumped into research for alternative fuel vehicles, not conventional 

vehicles. However, China is investing heavily in the development of alternative fuel and 

new energy vehicles and has identified this area as one of the priorities for development 

in China. In addition to identifying clean and alternative fuel vehicles as one of the top 

strategic industries in China, in 2012, China announced a plan to have half a million 

electric cars and plug-in hybrids on the road by 2015 (Tang, 2012). Some of the other 

policies targeting alternative fuel vehicles include subsidies for vehicle manufacturers to 

invest in the development of new clean energy vehicles, subsidies for consumers for the 

purchase of clean energy vehicles, encouraging the purchase of clean energy vehicles for 

public transportation and government vehicles, and providing funding for R&D to further 

China’s knowledge and development of these technologies (Lin, 2010). In addition to the 

national policies, there are a number of similar local policies that also incentivize the 

production and demand for clean and alternative energy vehicles, including funding for 

R&D and demonstration projects, subsidies for clean vehicle purchases, and fee 

exemptions for clean energy vehicles (such as tolls) (Lin, 2010). Although the 
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technologies targeted for alternative fuel vehicles is not exactly the same as that of 

conventional vehicles, it is possible that these policies will lead to improvements in 

conventional vehicles because the two are still closely related. As mentioned in Section 3, 

experience, learning, and knowledge gained in related industries and related subjects is 

one of the tools that helps increase absorptive capacity, which can lead to technological 

development and innovation (Cohen and Levinthal, 1990). 

Additionally, China’s investment in alternative energy vehicles may indicate that 

China has not abandoned its automotive market, but is instead prioritizing growth in 

alternative vehicles over conventional vehicles as a method for diffusing more efficient 

vehicles throughout the market. In other words, China may be consciously taking 

resources from the conventional vehicles market and putting those resources towards the 

new energy vehicles markets, thereby attempting to bypass the phase through which all 

developing countries have gone in which almost all vehicle growth occurred in 

conventional vehicles prior to the recent pushes for alternative vehicles within the past 

decade. In this respect, China has an advantage that developed countries did not have – a 

growing domestic market at a time in which alternative vehicles are already 

technologically available, albeit not widely commercially available. 

Because even developed countries have yet to perfect alternative energy vehicles 

in a reliable and affordable way to commercialize these products at a large scale, I argue 

that China may have a better chance at competing in alternative fuel vehicle markets than 

it does in conventional vehicle markets. Although China has seen dramatic growth in the 

conventional vehicle industry in the past decade, domestic firms are still playing catch up 

firms in developed countries that generally have many decades of experience. Because 

experience and learning related to experience tends to build on itself to form greater 

absorptive capacity (Antonelli, 2009; Cohen and Levinthal, 1990; Grubler et al., 1999), it 
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is not surprising that China has not yet caught up with foreign firms that have acquired 

many times more experience than Chinese firms in this industry, and this disparity in 

experience level makes China’s growth all that more impressive. In comparison, 

alternative vehicle technologies are still in the relatively early stages of development, 

especially with regard to battery technologies with the increased efficiency and cost 

reductions needed to diffuse commercially. With targeted innovation policies, these 

alternative fuels vehicle markets could be an opportunity for China to play at the same 

level as international firms and to even add innovative capacity to the market.  

This strategy is somewhat similar to China’s success in innovating in the solar 

market because China quickly recognized the potential for solar PV technology and 

heavily invested in R&D and other innovation policies to increase its market share as 

well as its technological capabilities in this space before solar technology took off. China 

entered the industry early enough that it was not starting from behind with decades less 

experience, and was able to successfully compete and take control of a large portion of 

the market. Only time will tell if a similar story is possible for clean and alternative 

energy vehicles, but China seems to be focusing its efforts in this domain instead of 

conventional vehicles, despite the recent growth in this industry. 

 

5.3.3 Challenges 

The biggest barrier to the Chinese automotive market in terms of serving domestic 

demand, breaking into the international market, and exporting to developed countries, is 

improving the safety and quality of their vehicles to meet international standards. As 

discussed in the previous section, this has a lot to do with the domestic firms’ abilities to 

absorb information and knowledge from their international partners. There does not seem 
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to be a lack of access to more advanced technology because the international firms are 

providing technology to these firms in exchange for market entry in China. (However, it 

should be noted that international firms may have incentives to make this process more 

difficult for Chinese firms to reduce their future competition). Therefore, the underlying 

barriers to these issues of quality seem to be related to absorptive capacity. If we recall, 

many factors lead to increased absorptive capacity, such as the skills and knowledge of 

the labor force, the experience working in related fields, and the level of R&D in related 

fields. The evidence presented in this case study has shown that the level of R&D for 

conventional vehicles is relatively low and that the experience working with vehicles is 

considerably lower when compared to that of international firms and firms in developed 

countries. Although China has increased its investment in higher education and has 

produced increased numbers of individuals with high-level degrees, these individuals 

may not be earning degrees relevant to the automotive sector, or may choose to pursue 

careers in clean and alternative energy vehicles over conventional vehicles because there 

is much more of a focus on R&D and more targeted government spending in alternative 

vehicle sectors. However, as noted above, there is potential for absorptive capacity in the 

alternative energy field to increase the level of absorptive capacity in conventional 

vehicle development because parts of the technologies are related to one another. 

Another issue acting as a barrier to the automotive industry in China is the 

inconsistency of automotive industry policies. Although the industry in China is very 

young, there have already been a number of policy changes within the past decade, such 

as frequent upgrades to emissions standards and changing policies incentivizing demand 

for certain sized vehicles over others. These policies make it difficult for automobile 

firms to design cars to keep up with both consumer demand and to meet the national 

standards. Not only are national policies frequently changing, creating uncertainty within 



 56 

the market, many policies are also made at a regional level, and there are vast differences 

in regional policies, including emissions standards. These differences add to the 

uncertainty in producing automotive designs and complicate transactions between 

different regions of the country.  

Another looming question in the minds of automobile producers is the extent to 

which the Chinese government will push the development of alternative energy vehicles 

in the future. Many domestic companies may be hesitant to invest resources and effort 

into upgrading conventional automotive technologies if the Chinese government intends 

to phase out these types of vehicles to be replaced by alternative energy vehicles in the 

near future. The uncertainty from all of these issues could have drastic impacts on the 

level of investment from domestic producers in conventional vehicles.  

Similar to the discussion in the challenges section of the solar industry, the 

automotive industry would also benefit from increased interaction between firms. The 

automotive industry in China is extremely fragmented, with many small firms forming a 

small portion of the market share (Prasso, 2011; Tang, 2012). These firms would benefit 

from combining knowledge and experience to improve the quality of their products and 

would also benefit from increased resource sharing (Grubler et al., 1999). Dazong Wang, 

CEO of the state-owned Beijing Automotive Industry Holding Company, agrees that the 

Chinese automotive industry really needs new business model innovation, one that 

focuses on openness, collaboration, and sharing of resources to reduce costs between 

Chinese automakers (Prasso, 2011).  
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6. Discussion, Conclusions, and Implications 

The case studies have explored two major industries in China that have seen 

tremendous investment and growth in the past decade, and this report has attempted to 

explain the factors behind the nature and level of innovative capacity in these industries. 

However, although both of these industries have grown at an astounding rate in a short 

period of time, gained profits, and contributed to China’s economic growth, there are vast 

differences in the level of global market share and technological development in domestic 

firms within these two industries. The solar PV industry has taken a large share of the 

global PV market and the government has indicated an increased focus on research and 

innovation in this sector (Coalition for American Solar Manufacturing, 2012; Earth 

Policy Institute, 2011), whereas the automotive industry has grown within China but 

domestic firms fail to gain the majority of even China’s own domestic market or break 

into competitive global markets (Prasso, 2011; Tang, 2012; Wagner, 2012), largely 

because their technologies fail to meet international standards of quality (APCO, 2010b; 

Tang, 2012). In this section, I will take a closer look at the differences between these two 

industries, what these differences say about China’s development of the institutions, 

markets, and technologies necessary for innovation in these industries, and implications 

for policy. 

When we compare the solar PV and automotive industry in China, we see that 

Chinese production of both technologies has grown tremendously in the past decade, both 

have contributed to China’s overall growing economy, and both have been targeted by 

the federal government with funding to stimulate growth (APCO, 2010a; Lin, 2010b; 

Pew Charitable Trusts, 2013). However, key differences in the technological 

development indicators discussed in Section 5 (i.e. the level of exports and patents) still 
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remain. This report poses two crucial differences between the two cases which may 

contribute to the variation in technological development in the two industries: (i) the 

relative experience of developed countries in each industry; and (ii) the type of 

government support received for each industry. 

The first factor is the relative experience of developed countries in the solar PV 

industry compared to the automotive industry. When we look at the global solar PV 

industry, although companies have championed efforts in R&D for solar technologies for 

decades, solar PV technology was not widely prevalent at a commercial scale until the 

past decade (see Figure 12). In comparison, automotive production has been thriving for 

many decades in developed countries (see Figure 13). Because China has just begun 

heavily pursuing both of these industries within the past decade—solar PV during 

relatively the same time period that many countries began actively pursuing commercial 

development of solar PV, and automotives many decades after developed countries had 

been producing automotives at international standards—there is little doubt to which 

industry China would find themselves further behind in terms of international standards. 

Naturally, because many countries have decades of experience producing automobiles, 

China would have a much longer road to catch-up to their level of development. Even 

with transferred technologies from international firms, Chinese firms would still lack the 

know-how and experience gained through years of successful business that firms in 

developed countries have gained. This knowledge not only benefits developed countries 

to better understand their current technology, but their knowledge combined with 

experience also increases their ability to innovate to create better technologies (Antonelli, 

2009; Cohen and Levinthal, 1990; Grubler et al., 1999). Chinese firms lack this 

understanding and experience, and this also hurts their absorptive capacity, making them 
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less able to accumulate this knowledge to improve upon their own technologies, 

nonetheless engineer superior technologies. 

 

 

Figure 12. Global Production of Solar PV. 
Source: Roney, 2011. 

 

 

Figure 13. Global Production of Automotives by Country. 
Source: Freyssenet, 2011. 
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 The second major factor affecting the level of technological development in the 

solar PV and automotive industries in China is the type of government support provided 

for each industry. Both the central and local governments in China have invested large 

amounts of capital into the solar PV industry, providing funding for public and private 

R&D, funding for investment in new solar power plants, and subsidies and tax incentives 

for solar energy (Cao and Groba, 2013; Honghua et al., 2012; Huo and Zhang, 2012). 

China has also identified solar energy (and renewable energy in general) as one of the 

nation’s top priorities for growth and has set targets for solar development and innovation 

in the solar industry (APCO, 2010a; Coalition for American Solar Manufacturing, 2012). 

These policies contribute to both domestic demand for solar energy and enable domestic 

supply of solar energy, but most importantly these policies build absorptive capacity in 

the solar PV industry. Production alone is not enough to spur innovation, but this 

production experience combined with policies that increase knowledge, such as R&D, 

allow the industry to use its access to technology and experience to help create new 

knowledge (Cohen and Levinthal, 1990; Gallagher et al., 2012).  

 The government policies for the automotive industry, on the other hand, have an 

absence of the knowledge-building piece that is necessary to innovate. Although the 

government provided funding in the form of tax incentives and subsidies directed at 

consumers to stimulate demand, government has put relatively little funding towards 

production and R&D, which is often crucial for building absorptive capacity. 

Government policies requiring foreign firms to partner with domestic firms in exchange 

for market access should have had the intended effect of knowledge spillovers to 

domestic firms, but without this crucial piece of absorptive capacity, China has found 

most domestic firms unable to use most of this knowledge to their advantage (Tang, 

2012). Additionally, even the messaging in China’s national policies is indicative of its 
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level of support for each industry. With regard to solar PV, many of China’s goals 

surround China’s place in the global market and leading the technology frontier, whereas 

the goals for the automotive industry tend to be simply to meet international standards, as 

opposed to exceeding these standards or innovating (APCO, 2010b; Coalition for 

American Solar Manufacturing, 2012). 

After analyzing these factors, it is clearer why the solar PV industry has been able 

not only to thrive in the Chinese market, but also compete at a global level, whereas the 

automotive industry has had little success in the global market. What do these findings 

say about China’s policies toward building the institutional, political, market, and 

technological factors necessary for building innovative capacity? Although most would 

agree that China’s solar PV technology is not the most advanced in the world, the fact 

that China’s solar PV market has proven successful on a global scale and China’s policies 

toward innovation in this sector have seemingly proven effective asserts the conclusion 

that China is capable of developing key technologies for the international solar PV 

industry (Fu and Zhang, 2012; Shuiying et al., 2011). Therefore, China has proven the 

ability of generating a framework to support domestic production as well as innovative 

processes, at least in certain circumstances.  

Developing domestic innovative capabilities necessitates the collaboration and 

coordination of many institutions and policies, and these linkages, as well as the 

experience and absorptive capacity required to successfully utilize these linkages, take 

time to build (Grubler et al., 1999). These contrasting case studies demonstrate that 

although China has not fully developed these linkages in many industries (such as the 

conventional automotive industry), it is building these linkages in other industries (such 

as the solar PV industry). As the framework grows, increasing the number of educated 

workers with relevant skills, increasing relevant experience in key sectors, and increasing 
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the absorptive capacity of the labor force as a whole, China’s indigenous innovative 

capabilities will continue to develop, increasing its innovative capacity in many sectors of 

technology. 

To ensure the continued development of domestic innovation capabilities, China 

will need to continue its focus on higher education in targeted fields related to its priority 

industries; increase investment in R&D as this is the platform for new knowledge and 

increased absorptive capacity; and continue incentivizing joint ventures, international 

cooperation, and increased openness and cooperation within China among and across 

various institutions. These open collaborations and partnerships are all tools to increase 

technology and knowledge flows and have benefits for all parties involved (Gallagher et 

al., 2012; Mills et al., 2008; Porter, 2007). China should also attempt to improve its IP 

system, thereby encouraging greater technology transfer from foreign countries as well as 

incentivizing more innovation domestically (Antonelli, 2009; Jaffe et al., 2003; Maskus, 

2010; Steil et al., 2002; Tripsas, 1997). And lastly, policy coordination and enforcement 

is necessary to ensure certainty in the market. Constantly changing policies and policies 

that vary widely between localities make investment decisions more risky and complex, 

thereby reducing the numbers of players willing to enter the market and the pool of 

potential innovators (Gallagher et al., 2012). 

These policy recommendations also apply to other developing and emerging 

countries as they attempt to increase their growth and technological capabilities. 

Although China has advantages in terms of its large market, large population, relatively 

low cost of labor and manufacturing, and large amounts of available capital, the policy 

guidelines still apply. Encouraging development from the bottom-up, through improved 

education and skills, and combining technology transfer and partnerships with indigenous 

R&D are key to not only increasing technical performance but also domestic technical 
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capabilities. Encouraging technology transfer without the complementary absorptive 

capacity building policies may result in stagnant growth because of inabilities to 

effectively apply foreign technologies to the domestic market and inabilities to 

understand or reproduce the technologies as desired. Investing in technology transfer 

alone also requires constant investment in technology as new technologies replace 

existing technologies, whereas investing in absorptive capacity and domestic capabilities 

can help avoid this constant cycle of catching up. Instead of constant investment in 

technology transfer, investment in many of the policies necessary to build domestic 

innovative capabilities, such as policies aimed at building absorptive capacity, benefit 

many sectors of business, and this bottom-up approach is beneficial to improving 

innovative capabilities of the country as a whole. 
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