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ABSTRACT 

This paper examines the impact of the electricity sector’s market structure on innovation in five 

renewable energy technologies (Wind, Solar, Hydro, Ocean and Geothermal) in order to determine if 

innovations are associated with competitive markets. The analysis builds on the model of Johnstone 

et al. (2010), using a proxy (a scaled electricity deregulation index) for market structure and data on 

patent counts for 20 OECD countries from 1980 to 2005 obtained from the European Patent Office. 

The main finding suggests that after controlling for innovation inducing policies, market forces and 

individual country characteristics, higher innovation levels are associated with deregulated markets  

for wind, solar and renewable sectors overall.  Interaction effects also imply that the association 

between innovation and policies differ by market structure. For renewable sectors overall, investment 

and tax incentive policies are correlated with higher patent activity  under deregulated market 

conditions whereas voluntary programs and quantitative obligations are associated with greater 

innovation in less liberalized markets. 
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I. Introduction 
 

It is widely acknowledged that a cost-effective response to the threat of global climate change lies in 

energy innovation (Weiss and Bonvillian 2009; Newell 2008). Additionally, analysts and 

policymakers alike advance several economic (job creation, new industries) and geopolitical (energy 

independence) arguments for intervening in the energy sector in order to accelerate the transition to a 

green economy (Solow 2000). Recognizing this, President Obama in his 2011 State of the Union 

address set a goal of generating 80% of the nation’s electricity from renewable sources by 2035. To 

put this target in context, renewables were contributing 8% of total electricity production in the 

United States and 17.6% of electricity production in OECD countries as of 2010 (IEA Renewables 

2011).  President Obama has justified his commitment to green energy with arguments about job 

creation, international competitiveness and energy independence, though evidence on green 

industry’s role in spurring employment is still far from definitive (Becker, Shadbegian 2008, and 

U.S. Department of Commerce Report 2010).  

 

Many governments have sought to encourage further development and adoption of renewable energy 

technologies to increase the share of renewables in energy production (IEA 2004). In the United 

States, the American Recovery and Reinvestment Act of 2009 provided $16.8 billion dollars for 

energy efficiency and renewable energy projects.  This support was extended in the form of grants 

for research and development, tax credits, and rebates as well as funding and loan guarantees for 

renewable ventures. 1  Across the Atlantic, European Union leaders agreed to set a binding target in 

2007 for renewable energy use at 20 percent of the EU's total energy needs by 2020. Acting to meet 

this goal, some EU countries have introduced measures such as mandatory production quotas, 

differentiated tariff systems, and tradable certificates (See policy interventions section below).  

                                                        
1 US DOE http://www1.eere.energy.gov/recovery/ 
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All these policy interventions are designed to stimulate innovation through various mechanisms.  

While R&D support policies explicitly encourage innovation, other policies (tax incentives, feed in 

tariffs) provide an indirect form of support by encouraging the consumption of renewables to 

“provide increased returns on the identification of more efficient forms of electricity generation 

using renewable energy sources.” (Johnstone et al. 2010) 

 

In this context, the role of different policy instruments and their effectiveness in stimulating 

innovation has received a lot of interest from policy makers and researchers.  However, the role of 

market structure (whether markets are competitive or monopolistic) and its impact on innovation has 

been relatively neglected. This partial gap in the research for renewable technologies needs attention. 

Empirical study in the renewable sector is especially important considering that innovation theory is 

divided on the relationship between competition and innovation. Schumpeter (1942) argued that the 

process of “creative destruction” (in other words innovation) is most likely to flourish in a 

monopolistic environment and that firms in a competitive environment lacked the profits to pursue 

R&D. On the other hand Arrow (1962) argued that competition forces firms to come out with 

alternative products or alternative modes of production to sustain competitive advantage.  

 

This study examines five renewable sectors -   Wind, Solar, Hydro, Geothermal and Ocean - to 

empirically measure the impact of market structure on innovation and to determine if a greater level 

of innovation truly arises in an environment with greater competition.  At a broader level, the results 

of this study have two main policy implications. First, if the effectiveness of innovation inducing 

policies varies when controlling for market structure, countries may need to adapt or re-orient either 

policies or market structure to get maximum returns. Second, results of the study have direct 

implications for whether governments should encourage competition or atleast be aware of the trade-

offs (if any) involved in encouraging competition. If for example, certain innovation inducing 
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policies are more effective in monopolistic market conditions, governments may have to choose 

between consumer welfare and social welfare. While competition may lower prices for consumers 

decisions on liberalizing measures such as easing entry barriers, anti-trust regulations etc have to be 

taken in the context of larger social costs and benefits through its effects on innovation. 

  

 The next section presents the background of renewable energy policies and the history of 

deregulation in electricity markets. This section is followed by a literature review of studies in the 

fields of renewable energy policies, market structure and innovation. Sections IV and V 

conceptualize and specify the models to be used in this study and also present the data used including 

data on patents, public policy measures, market structure indices and other relevant explanatory 

variables.  Section VI presents and discusses the empirical results while section VII discusses the 

policy implications and limitations of the results. The final section concludes the paper with a 

summary of the main results. 

II. Background 
 

While policy in renewables has been aimed at inducing innovation the main policy objective in 

electricity markets has been to induce competition and lower prices.  That said, my main hypothesis 

is that deregulation of electricity or greater competition in electricity markets has a positive impact 

on innovation in renewable energy technologies. 

 

Inducing Innovation: Policy interventions in Renewable Energy  

Given the scale of environmental threats and the size of economic opportunities, government’s 

interest in renewable innovation seems natural.  Government’s role becomes even more necessary to 

address specific market failures arising from the nature of the renewable technology industry that 

result in positive externalities not fully captured by researchers and thus a less than socially optimal 
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amount of investment in innovation. First, the time taken for innovation to generate returns carries 

costs that private investors are unwilling to pay; pooling and shifting risk through government policy 

can increase investments from the private sector. Second, businesses fail to capture the full benefits 

of their innovations, partly because consumers enjoy a substantial share of the social gain and 

because follow-on innovations may be captured by other firms (Nordhuas 2004). Finally, since 

capital markets are focused on short-term returns and are reluctant to invest in longer-term products, 

technologies that are closer to commercialization have higher chances of obtaining private venture 

capital. Governments therefore, are better off investing in technologies at a more basic stage since 

they may have larger potential spillovers and benefits that the private sector has little incentive to 

provide (Jaffe et al. 2005).  

The fundamental consequence of the above market failures is that government intervention is 

required because market forces alone are incapable of ensuring the pace and breadth of innovations 

needed for overcoming the preferences for existing energy technologies (Stern 2006; IEA 2008). 

Furthermore, as challenges such as climate change can be addressed using current technologies only 

at great costs (Popp et al. 2009a), the need to accelerate the transition to renewables is not only 

urgent but also potentially cost effective in the long term.   

 

Henderson and Newell ‘s (2010) study on innovation across six different industries highlight the 

ways in which effective policy fits into the innovation system and provides a useful framework to 

analyze policies.  This framework has three main elements: demand side interventions, supply side 

interventions, and market structure. 

 

Demand side interventions help expand the demand for renewable energy technologies mainly by 

lowering the relative price for consumers and providing reliable consumers for the technologies over 

a lengthy duration (thus lowering the risk for commercial parties). Policies such as price subsidies, 
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mandatory quotas and Renewable Energy Credits fall in this category2. Supply side interventions in 

the form of research grants and technical assistance for the diffusion of knowledge enable 

acceleration of the supply of new technologies into the market. The policies of many governments 

around the world, including the United States of starting energy innovation hubs3 and providing 

funding for R&D are aimed at improving the supply of renewable energy technology.  Policies 

encouraging innovation began in the 1970s in the aftermath of the oil crisis, when a number of 

countries introduced support for R&D. Policies favoring investment (third-party financing, 

investment guarantees), taxes (exemptions, rebates), and price-support (tariffs, guaranteed prices) 

followed, while more recently, a number of countries have introduced quantity obligations and 

certificates in which the obligations are tradable across generators (IEA 2004).  The dominant 

approach to energy policy today is to subsidize specific technologies, but it remains to be seen if 

such policies are the most effective tool s to stimulate innovation. Competition and market structure 

policies enabling aggressive competition have proven to be important elements in spurring 

innovation in the chemical, information technology and semi-conductor industries where new 

entrants aggressively acquired market share through introducing new products into the market. This 

is the aspect of innovation that this study seeks to examine more closely for the renewable sector by 

looking at the effects of electricity sector deregulation in the sample of countries. The following 

paragraphs elaborate on the history and trends in deregulation trends in some prominent OECD 

countries. 

 

 

 

                                                        
2
 Mandatory quotas are provisions forcing utility boards to purchase a given amount of energy from renewable sources. 

Price subsidies and feed -in tariffs are cost lowering mechanisms designed to encourage renewable energy generators 
through lower production costs/tariffs on their contracts. Renewable energy certificates are designed to provide a 
production subsidy to electricity produced from renewable sources by certifying the amount of electricity generated 
from renewable sources. See IEA Renewable Energy Policies and Measures Database (2007) for further details. 
3 http://science.energy.gov/bes/research/doe-energy-innovation-hubs/ 
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Encouraging competition: Electricity sector liberalization  

Most power companies were vertically integrated public sector monopolies until a “deregulation 

wave” (to enable an environment of greater competition and efficiency) swept across the OECD in 

the 1990s (Al Sunaidy, Green 2005). To make markets more competitive, these liberalization efforts 

focused on i) ease of entry for new firms to compete with incumbents, ii) privatization of utility 

boards on the assumption that private firms with profit motives would be more focused on efficiency 

and better delivery to customers and iii) separating incumbent companies vertically (splitting 

transmission from generation) the view that vertically de-integrating companies limits market power 

and encourages easier entry of new firms (Michaels 2004). 

  

Individual examples of liberalization in OECD countries vary. In the United States, the Public Utility 

Regulatory Policies Act (PURPA) of 1978 liberalized the generation side of the market by requiring 

utilities to purchase from ‘qualifying facilities’ of co-generators and small power plants. The Energy 

Policy Act of 1992 and the subsequent FERC Orders 888 & 889 strengthened competition in 

wholesale and retail markets (Sanyal 2004; Al Sunaidy, Green 2005).  In the UK, the Electricity Pool 

established in 1990 enabled competition among generators, while consumers were able to choose 

their supplier (retailer) by 1998. Similarly in 1991, Norway gave customers a choice between 

suppliers and established its electricity pool, which was extended to Sweden in 1996 to set up the 

world’s first multi-national electricity market. Electricity pools were also set up in the Australian 

states of Victoria in 1994 and New South Wales in 1996, the same year when a Wholesale Electricity 

Market was established in New Zealand. The trend towards competitive electricity markets was 

further established by the European Commission Directives of 1996 and 2003, requiring states 

throughout the union to create competitive electricity markets.   
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However deregulated markets do not always mean competitive markets. As Al Sunaidy and Green 

(2005) point out, “The danger of liberalization without restructuring is that the incumbents may have 

the ability to discriminate against entrants and make competition less effective.”  They point to the 

example of the UK, where despite splitting the Central Electricity Generating Board into three 

separate generation and transmission companies, market power rested with two of those entities, 

which resulted in higher than perfectly competitive prices. Similarly in California, despite divesting 

generation plants to several companies (thus creating a presumably competitive generation sector), 

the market power of these generators enabled them to raise prices tremendously in the summer of 

2000 to the detriment of retailers. The lesson therefore, is that while the intended purpose of 

deregulation is encouraging competition, it does not always happen. The implication for this study is 

that measuring competition with a deregulation index carries the risk that a deregulation index is not 

a perfect measure of the level of competition. 

 

III. Literature Review  
 

Hicks’s (1963) theory of induced innovation posited that innovations could either be induced through 

economic or policy channels (demand pull) or pushed through advances in science and technology 

(technology push). However later studies determined that along with the push and pull factor, 

innovation is also induced by alternate mechanisms, namely market structure, societal norms and 

corporate management (Norberg 1999).   

 

Policies inducing innovation 

Countries have introduced various measures to achieve renewable energy goals (IEA 2007), 

including “front-end” policies such as research and production tax credits, and “back-end” policies 
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such as mandatory production quotas, tariff systems, and tradable energy certificates. The link 

between environmental regulation and innovative activities was established relatively recently (Jaffe 

and Palmer 1997). Since then there have been few studies that have examined the effects of 

individual policy instruments. Using patent data, Popp (2003) examined the effects of the 

introduction of the tradable permit system for sulphur dioxide emissions and found evidence of 

higher patent activity through improved removal efficiency of scrubbers.  De Vries and Withagen 

(2005) conducted a cross country examination on the relationship between sulphur dioxide 

regulations and patent applications. Accounting for differences in policy stringency, they found some 

evidence that strict environmental policies lead to more innovation. Klaassen et al. (2005) and 

Johnstone et al. (2010) have studied the impact of different demand inducing policies in the 

renewable energy sector including feed-in tariffs, subsidies and renewable energy credits and 

observed that each of these policies work differently across sectors with varying degrees of 

effectiveness in terms of stimulating innovation. Johnstone et al. (2010) examined the effects of 

individual policy instruments on patent counts in renewable energy and found that overall, taxes, 

quantitative obligations and tradable certificates were significant policy instruments. Their study also 

observed that the effectiveness of instruments varied across renewable sectors. For example while 

investment incentives were correlated with higher patent activity in solar and waste-to-energy 

technologies, tariff structures were more effective in inducing innovation for biomass and quantity 

instruments such as obligations supported innovations in wind technologies.  In the wind energy 

sector specifically, Rübbelke and Weiss (2011) found that controlling for energy sector 

liberalization, price based policy instruments were most effective in stimulating innovation. Cory et 

al. (2009) at the National Renewable Energy Laboratory found that feed-in-tariffs are a cost effective 

mechanism to encourage innovations in the renewable energy sector. Thus while studies differ on the 

degree of innovation inducing effectiveness of different policy instruments, literature does support 

the theory that government policy has a strong role to play in inducing innovation. 
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Market forces (Prices and Demand) and innovation 

With respect to market forces (energy prices and demand growth), evidence suggests that higher 

energy prices does induce innovation in renewable energy technologies. Newell et al. (1999) used a 

two step model to distinguish between autonomous and induced innovation in energy efficiencies in 

air conditioners and found that energy price changes induced innovation in the form of new product 

introductions as well as the lowering of prices for older models. Popp (2002) used patent data to 

correlate energy prices and innovation across several sectors (coal, gas, renewable) controlling for 

R&D expenditures as well as pre-existing knowledge stock and observed that the effect of lagged 

energy prices on patent applications faded quickly and the strongest correlations with patent activity 

were with current prices.  An OECD study by Hascic et al. [The Determinants of Innovation in 

Electricity Generation Technologies] also found that above certain fossil-fuel price levels, there is 

switching from fossil-fuel based technologies to renewable technologies. More recently Pillu and 

Koleda (2009) found that while high energy prices induce innovation their effect is dependent upon 

other market and policy factors as well. There is also some evidence for the contrarian view: 

Wangler (2009) found that electricity prices are not a driving force for innovative activity within the 

green technology sector in Germany. 

R&D spending and innovation 

Empirical work has also attempted to identify the effect of R&D expenditures on technological 

innovation and come to mixed conclusions. In studying wind and solar sectors, Braun et al. (2010) 

found that public R&D stimulates innovation, particularly in solar technologies. Similarly, Popp and 

Newell (2009a) found that climate change related R&D results in an increase in alternative energy 

patents. Popp and Newell (2009b) link patent data and financial data by firm, to determine whether 

R&D expenditures on renewable energy are new or come at the expense of research in other fields 

and conclude that an increase in alternative energy patents is associated with a decrease in other 
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types of patenting activity i.e. investments in R&D come at the expense of other R&D and do not 

necessarily represent new R&D spending.  

 

However there are some studies that have painted a less positive role of R&D spending. Schneider 

and Goulder (1997) note that, while R&D subsidies correct market failures that pertain to innovation, 

they do not encourage the adoption of newly discovered technologies.  Building on the study, 

Kverndokk et al. (2004) determined that R&D subsidies increased usage of existing alternative 

energy technologies, but as a result delayed the introduction of newer (and possibly better), 

technologies.  In terms of R&D policy effectiveness, Fischer and Newell (2004) compared R&D 

subsidies and other policies designed to reduce carbon emissions from the U.S. electricity sector and 

ranked R&D subsidies as the least effective for reducing emissions.  Klaassen et al. (2005) also point 

to structural differences in the R&D support mechanisms to conclude that R&D policies in Denmark 

were more conducive to innovation than the UK or even Germany. 

 

Studies have also pointed to different sectoral impacts of R&D spending. Ragwitz and Miola (2005) 

studied 15 EU member states and observed that while R&D constituted a major share in all the 

country budgets the effect on patenting activity was different due to the variations in technology 

focus among these countries. Countries such as Germany and France which focused on R&D 

intensive photovoltaic sector saw a greater rise in associated patenting activity than in 

technologically mature sectors.  
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Market Structure and Innovation 

The association between market structure and technical progress has been studied across a wide 

variety of industries (Kamien & Schwartz, 1975). As mentioned previously, there are two divergent 

strains of thought: the Schumpeterian view that competition leads to less than socially optimal 

investments in R&D and Arrow’s argument that a monopolist has less incentive to innovate. Cohen  

& Levinthal (1989) study 151 lines of business to show that in industries with higher market 

concentration,  knowledge spillovers increase leading to higher R&D investments, a conclusion 

further supported by Austin (2000) in biotechnology.  Other sector-specific studies have produced 

more ambiguous results.  Jadlow (1981) empirically tested the relationship between innovation and 

market concentration in the pharmaceutical industry across nearly 20 drug markets and found that 

innovation occurred more in competitive market conditions. Bhattacharya et al. (2007) observed that 

in the food industry, increased market concentration was associated with increased new product 

introductions which subsequently spurred more mergers and led to more concentrated markets.  

 

In the renewable sector, research on the relation between market structure and innovation has been 

much scarcer. Rübbelke and Weiss (2011) study the influence of individual policy instruments on 

innovation in nine countries and control for the effects of market liberalization in the wind turbine 

manufacturing industry. Using a binary measure of liberalization, they conclude that price based 

policy instruments are associated with greater innovation in competitive/liberalized markets while 

the effectiveness of non-price based policy instruments is not dependent on market structure. 

 

 Like Rübbelke and Weiss (2011), the present study builds on the model from Johnstone et al (2010) 

to study the effects of market structure on innovation. Similar to Johnstone et al. (2010) this study 

uses patent information from 20 OECD countries and controls for energy prices, consumption and 
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propensity to patent, as well as inter-country fixed effects.  As the literature review has shown, 

market structure has had a diverse impact on innovation in different sectors. While studies in 

renewable energy have focused on the impact of policy instruments and market forces on innovation 

very few have examined the relationship of innovation with market structure. When this relationship 

has been considered (Rübbelke and Weiss 2011), it has been used as a binary variable and a control 

to measure the effects of policy instruments. This paper focuses more directly on the market structure 

relationship by including a scaled index measuring the degree of market structure and  by adding 

market structure elements (e.g. ease of entry and vertical integration measures) to the analysis in 

order to isolate the effects of competition on innovation. 

 

IV Conceptual Framework 
 

The principal hypothesis in this study is that competition in the electricity market is good for 

innovation in renewable technologies. This hypothesis is based on Arrow’s (1962) arguments which 

were corroborated by studies on the pharmaceutical and chemical industries (Jadlow 1981, 

Henderson & Newell 2010). In order to isolate the effect of market structure on innovation, other 

factors that induce innovation factors that have been identified earlier in the literature review section 

need to be controlled. 

As Figure 1 shows, innovation is influenced not only by market structure but also by market forces 

as well as government policy. The figure identifies six different policy types: R&D; investment 

incentives (e.g. risk guarantees, grants, low-interest loans); tax incentives (e.g. accelerated 

depreciation); tariff incentives (e.g. feed-in tariffs); voluntary  programs; obligations (e.g. guaranteed 

markets and production quotas); and, tradable certificates.  Differences in costs as well as 

technological maturity impact the need and effectiveness of these policies. For example, while 
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investment grants might be effective for renewable sources with high fixed costs per kWh, sources at 

a technological stage further from market may need more basic R&D funding policies in order to 

shift risk and encourage inventors.  Total public R&D expenditure has a more direct and positive 

relationship with innovation (Braun 2010). 

 

Figure 1: Factors that induce energy innovation 

 
 

  

Technological maturity also has an impact on the relative effectiveness of price based and quantity 

based instruments. Production quotas which guarantee a market might be more effective in inducing 

innovation for renewable energy sources in which technologies are less mature while price-based 

policies (such as feed-in tariffs) may be more effective for sources where technologies have reached 

or are approaching competitiveness with fossil  fuel sources (e.g. wind ) (Johnstone et. al 2010) 

 

Additionally, since renewable energy sources compete with fossil fuels for the production of 

electricity, changes in the relative price of energy clearly affect the incentives to innovate; with rising 

Market Forces 

Energy Innovation Energy Prices

Energy 

Consumption Market 

Structure 

Policy Variables 

Market oriented  

 Feed in tariffs 
 RECs 
 Guaranteed Price 

 
R&D oriented 

 R&D expenses 

 Investment 
incentives 

 Tax incentives 
 

Others 



15 
 

prices of fossil fuels, the relative market demand for renewable technologies increase leading to 

greater innovation (Popp 2002).  R&D is also likely to be responsive to profit-making opportunities 

and with growing markets; the potential to recoup investments will increase. Therefore, the 

relationship between consumption and innovation is likely to be positive (Schmookler 1966). 

However, it is important to recognize that there could be important country-specific differences as 

well as differences in propensity to patent across countries and across time which need to be 

controlled for in the empirical model. 

 

Operationalizing the conceptual model 

Reliable measures of innovation are limited (Johnstone et al. 2010; Rübbelke and Weiss 2011).  

While most studies rely either on private R&D expenditures or on patent counts, (Griliches 1990) 

patents have emerged as a valuable source of information, reflecting the innovative performance of a 

firm or an economy.  The ease of use as well as the quality of data available on this indicator is an 

additional reason for adopting it as the dependent variable in my model. 

 

Country policies to encourage renewable energy innovation have been diverse, ranging from market 

oriented policy instruments such as feed-in tariffs and Renewable Energy Certificates to R&D 

oriented instruments such as investment subsidies and quantity obligations (IEA 2004). As Johnstone 

et al. (2010) notes each of these policies has worked with varying degrees of effectiveness across 

renewable energy sectors. As a set of binary variables across time and across countries, these policies 

serve as an important control variable. 
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Scientific capabilities (e.g. scientific personnel and resources) as well as differences in propensity to 

innovate are factors on the supply side that are likely to affect the level of innovation. In addition, 

differences in legal conditions as well as patent regimes may differ across countries and change 

through time causing variances in propensity to innovate (Jaumotte and Pain 2005). In my model, 

these two factors are controlled for with a measure of public R&D expenditures as well as a measure 

of the total patent counts across all sectors in each of these countries across time.    

Proxy for Market Structure 

Ideally, the level of competition would be measured with indicators of market concentration or 

market power (e.g. Herfindahl index, market concentration ratios or the Lerner index) among power 

generators in each sector over time. However, since this information is not easily available for all the 

countries in the study the level of deregulation in the electricity sector is used as a proxy. The OECD 

Stat database measures electricity market structure using a composite index comprising three equally 

weighted factors- ease of entry, level of public ownership and the level of vertical integration4. As 

noted previously, these factors capture the degree of competition in the sector imperfectly because 

even with greater ease of entry and less vertical integration, existing market players can take other 

measures to restrict competition (Schmalensee and Golub 1984). However in many countries 

(especially in Europe) greater liberalization is associated positively with competition (Pollitt and 

Jamasb 2005). 

 

In addition it is important to note that this proxy measures the degree of competition among utility 

companies that purchase renewable power not the market structure of generators of renewable 

power. An implicit assumption here is that greater competition among utilities places greater 

                                                        
4 These scores are based on grading the level of regulation on specific questions in each area. For more information 
please see http://www.oecd.org/document/1/0,3746,en_2649_37443_2367297_1_1_1_37443,00.html 
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demands on generators for innovation. So while the channels through which innovation is induced 

might differ, the basic relationship between market structure and innovation remains the same. 

 

V. Empirical Model and data description 
 

The model being tested is (subscript i= country, t=time): 

�������	�, � =

	�� + �� + ��	������	�, � + ��	�&�	�, � + ��	�����	�, � + ��	�����������	�, � +

	��	���	����������	�, � + 	��	����	��	�����	�, � + ��	��������	�����������	�, � + �  

The dependent variable, patenting activity (Patents it) is measured by the number of patent 

applications in each of the technological areas of renewable energy (wind, solar, geothermal, ocean 

and hydro). The explanatory variables include all the binary policy variables discussed previously 

(policy it) while R&D expenditures are captured by the variable (R&D it). Market forces in the form 

of electricity consumption (consumption it) and electricity price (price it) are included, while total 

European Patent Office (EPO) filings for a country (used to measure patent propensity) are captured 

in the variable (pat propensity i,t). The effects of market structure are captured by two variables: ease 

of entry to market as well as the degree of vertical integration5. Finally, unobservable country-

specific differences are captured in the fixed effect α and the residual variation is captured by the 

error term (ε i,t).   

 

As Cameron and Trivedi (1986) observe, Poisson and Negative Binomial are the most common 

forms of estimating “count” data models.  Their study also notes that the Poisson model provides 

                                                        
5 As described in the background on electricity liberalization, these two measures have been important aspects of the 
liberalization efforts of government in order to make the industry more competitive. 
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unbiased estimates when two conditions are met: i) the independence of events between times and 

across units and ii) the equality of the conditional mean and variance of Y given X. These 

assumptions are restrictive and often violated which is why this paper will use a Negative Binomial 

Estimation technique which overcomes these restrictions. 

 

 

Data description 

As mentioned previously, data for this model have been gathered from multiple sources for 20 

OECD countries for the duration 1980-2005.  By considering OECD countries, the study is 

comparing economies with similar levels of industrialization and economies that have been the main 

drivers in energy innovation. Geographically these countries are spread across four regions- North 

America (Canada, United States), Asia (Japan), Oceania (Australia, New Zealand) and Europe. The 

list includes very large economies such as the United States, Japan, France and Germany and 

relatively tiny economies such as Austria, Belgium and Netherlands. While this group is not 

representative of the developing world, this sample captures the variety observed within the 

developed world quite comprehensively. (A complete list of the 20 countries is included in Table 2) 

 

Patent count, the dependent variable was obtained for each of the five renewable energy sectors 

using the OECD Stat database that identifies the relevant IPC classifications for conventional and 

renewable energy technologies. Johnstone et al. (2010) used patent applications deposited at the 

European Patent Office (EPO) for two reasons. First, most of the OECD countries in the sample are 

from Europe, and second, there is a qualitative difference between national patent office data and the 

EPO data. Higher application costs for EPO patents provide a quality hurdle which eliminates 

applications for low-value inventions.  Also, since the sample of countries in this study matches 
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roughly with Johnstone et al. (2010), this study avoided exploring alternative sources of patent data 

in order to compare results with Johnstone et al. (2010). For all these reasons the present study uses 

EPO data.  

 

Patent count, as a measure of innovation has certain limitations (Oltra et al. 2009; Johnstone et al. 

2010). First, it is difficult to differentiate between the social and commercial “value” of patents.  

Thus counts may capture patents that have no commercial applications. Secondly, there are 

significant differences in the propensity to patent across countries and sectors.  As Oltra et al. (2009) 

note, “propensity to patent is highest in pharmaceuticals, chemicals and motor vehicles” 

Furthermore, smaller firms have a lower probability to patent because of the significant costs 

involved. Thirdly, differences in patent regimes (in terms of ease of patent applications, strengths of 

patent enforcement, etc.) across countries also make it more challenging to compare differences in 

patents across countries.  

 

However patents are still the best available measure that we have of innovation and the model here 

attempts to control for some of the limitations to successfully compare across countries. Differences 

in propensity to patent are captured through data on EPO applications across all technologies 

obtained from OECD Stat database. 

 

 The present study uses International Energy Agency’s (IEA) Energy Technology RD&D dataset as a 

source of information on individual country’s government expenditures in US dollar terms at 2010 

prices and adjusted for PPP. The electricity price variable is constructed by weighting household and 

industrial prices indices by consumption levels6. An IEA database of public policies that aimed to 

                                                        
6 These data are available from the IEA Energy Prices and Taxes dataset. However since our university does not 
subscribe to this dataset, I obtained this information from Dr. David Popp 
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develop renewable energy sources was used to construct alternative policy indicators (IEA 2004)7. 

As indicated above, innovations are also induced when market forces in the form of existing demand 

for innovations are present. This demand is represented in the model by the electricity consumption 

variable the data for which was obtained from the EIA international statistics database. The market 

structure variables consist of scaled indices (0 to 6) determined by a survey measuring three 

attributes: ease of entry, public ownership of utilities and vertical integration. The overall index 

which is an average of the three equally weighted components gives a useful single measure of 

competition, while the individual components provide a useful comparative measure to assess 

structural differences among countries.  In each of these indices, lower numbers are associated with 

greater liberalization/ competition. Therefore the signs on market structure variables in the regression 

are expected to be negative to correspond to the hypothesis that innovation is associated with greater 

competition. 

Descriptive statistics 

A preliminary look at the data reveals some very interesting patterns. Table 1 presents descriptive 

statistics for policy variables, R&D expenditures and market forces. These summary statistics are 

shown across the entire span of 1980-2005 and separated at interim durations (1980-1995 and 1995-

2005) to observe trends and changes in these variables across time periods. On the policy side, R&D 

support and investment incentives seem to be the most popular forms of policy support for renewable 

technologies over the entire timeframe between 1980 and 2005. The table also depicts that the 

proportion of countries adopting all policies has increased in the 1995-2005 period with all countries 

adopting R&D policies and about 85% of the sample adopting investment incentive policies. R&D 

expenditures seem to indicate that solar technologies and geothermal get higher shares of R&D 

support however this pattern is not consistent across all countries or across time as evidenced by the 

large variances seen among them.  When compared across time, the table also shows that average 

                                                        
7 These variables on individual policy instruments were coded as a set of binary variables and this coded information 
was obtained from Dr. David Popp who co authored Johnstone et al. (2010). 
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public R&D expenditures for the sample have decreased for all sectors except hydro during the 

1995-2005 period compared to 1980-1995. However this result must be analyzed in conjunction with 

the result that standard deviation for the period is also relatively lower which means that all countries 

may not have necessarily reduced their expenditures. The fall in R&D expenditures in the solar 

sector is observed in Figure 2 illustrating that R&D expenditures are significantly lower today than 

in the early 1980s. The shift to instruments such as investment incentives as well as price and tariff 

incentives could perhaps be explained by the government’s preference to subsidizing entry or 

investment relative to providing direct funding to enterprises for R&D.  

 

Table 2 indicates the total number of EPO patent applications in renewable energy technologies by 

country during the period of 1980-2005. The figure shows that Germany, France, England, Japan, 

and the United States are the predominant players in patent activity across all renewable 

technologies.  In every country we see that the number of solar patents is higher in comparison to 

other technologies, which is surprising when considering the fact that technologies such as wind and 

hydro are much more mature commercially. The last column indicates overall patent activity across 

all technologies in the sample countries and again the larger economies like Germany, the United 

States and Japan dominate. When the result in Table 2 is standardized (each sector divided by total 

patents) as shown in Table 3, among the largest economies the proportion of renewable energy 

patents is highest in Germany, followed closely by Japan. Patenting activity in Finland, on the other 

hand, is quite low which is surprising since Finland is associated with various global climate change 

forums and strong environmental actions. This could perhaps be explained by the fact that in Finland 

there is relatively little incentive to innovate because of small markets or because of poor scientific 

capabilities within the country. France and the United States have large numbers of patent 

applications but when standardized these numbers become far less impressive.  
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Figure 1 reports national patenting activity for the five largest economies over time. The figure 

indicates that solar and wind technologies have seen a rapid rise in patenting activity compared to 

other sectors especially since the 1990s. Looking at Figure 1 in conjunction with Figure 2 and Figure 

3 which illustrate the public R&D expenditure trends in these sectors, we could conclude that over 

time patenting activity is actually driven by the private sector which is anticipating economic 

benefits and growing opportunities in these sectors.  Table 4 seems to tell the same story, with 

numbers showing that while activity in geothermal and ocean has been steady/moderately growing, 

wind and solar technologies have seen a dramatic growth especially since the mid-1990s.  

 

Table 5 shows the average degree of liberalization in the electricity market (based on OECD Stat 

data) on a scale of 0 (more liberal) to 6 (extremely regulated). The table depicts considerable 

variation among the countries in the sample. Overall the French, Canadian and Swiss markets are 

much more tightly regulated than the British, German or American markets. Analyzing this overall 

index by their individual components,   we observe that the British and Norwegian markets are 

extremely easy to enter while Switzerland and France are relatively closed - i.e. less competitive. 

Japanese and American electricity markets are extremely integrated vertically -i.e. the same firm 

operates in the generation, transmission and distribution markets, unlike the British, Norwegian and 

New Zealand firms which are more segmented by their scope and therefore more competitive. Figure 

5 illustrates the variation among the top five economies. The figure confirms the trends discussed in 

the earlier section on electricity deregulation and depicts dramatic liberalization in the UK in the 

1990s while Germany and France are more gradual in the degree of liberalization over the period. 

The liberalization efforts in the United States can also be observed in the figure. The Energy Policy 

Act of 1992 and a number of rules from the Federal Energy Regulatory Commission have required 
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utilities to open their transmission systems to third parties and thus led to freer electricity markets 

though differences between states remain (since some states have not chosen to deregulate). 

 

Dividing the sample into two distinct groups of very active patenting countries and low patenting 

countries reveals some interesting differences8. As observed in Table 8, low patenting countries have 

used policy instruments to a much lesser degree than the more active countries.  While R&D 

expenditure is also much lower, this finding is uncertain since many low patenting countries do not 

have R&D expenditure information available. Interestingly on market structure variables, the 

differences are less pronounced and by some measures contrary to the hypothesis of the paper. While 

overall, the numbers do indicate that countries with greater patenting activity have more competitive 

markets, the numbers depict that countries with higher patenting activity have lesser ease of entry (4. 

40 vs. 4.19) and higher degrees of vertical integration (4.56 vs. 4.14) However, given the wide 

variation around the mean across countries, we cannot conclude that greater innovation is correlated 

with less liberalized markets on such a cursory examination.. Finally, while larger consumption 

markets do reflect countries with higher patenting activity, the inducement effect of energy prices is 

weak with high patent countries having lower energy prices than low patent countries. 

VI. Empirical Results 
 

Different specifications of the model were estimated to determine whether the degree of deregulation 

in the electricity market (i.e. greater competition) has an impact on technological innovation in 

renewables. Table 9 presents the results for the renewable sector overall while subsequent tables 

                                                        
8 There was a distinct break in total patents after 150 patents during the period. Coincidentally this break also divided 
the sample nearly into half with 10 countries in each group 
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break down the results by wind (Table 10), solar (Table 11), hydro (Table 12), ocean (Table 13) and 

geothermal sectors (Table 14). Each table presents the results of five model specifications. 9 

The base model (Model 1) replicates the Johnstone et al. (2010) specification in each of the tables.  

Specifically, it regresses the dependent variable (patent counts) on three categories of independent 

variables- policies, market forces and inter-country differences.  

First, the following policy variables are specified: i) R&D spending, which captures the total public 

sector R&D spending in a particular renewable sector, ii)price based instruments such as investment  

tax and tariff incentives that provide forms of monetary subsidies to renewable energy iii) quantity 

based instruments such as quantitative obligations or tradable certificates that mandate specific 

quantities of electricity be supplied through renewable sources and iv)voluntary programs that 

individual countries may have instituted to encourage renewables.  

Second, the impact of market forces is measured by including electricity prices and size of the 

consumption market (measured by total electricity consumption) in the model. Finally the total 

patent filings variable is included to control for differences in the propensity to patent among 

countries.  All of the regressions also include ‘year dummies’ to control for any changes over time 

not captured by the other independent variables. 

Subsequent models build on the base model by adding market structure variables. Model 2 adds the 

composite electricity sector index while Model 3 analyzes the market structure effect on innovation 

by adding the ease of entry and degree of vertical integration components.  Models 4 and 5 also 

include interaction terms between the composite electricity index and individual policy instruments 

                                                        
9
 Alternate model specifications (not shown here) assessed the impact of energy intensity (primary energy 

consumption/ GDP) on the level of patenting activity and found that the coefficient on the variable did not have 
statistical significance and controlling for it also had no impact on other policy variables or on market structure. Other 
specifications included lagged electricity price variables (1 year lag and 5 year lag) and did not find the coefficients on 
them to be statistically significant This result supports the conclusion of Popp (2002) that current prices have the 
predominant impact on inducing innovation 
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to assess whether particular policy instruments are more effective under specific market structure 

conditions. 

 

The estimates for Model 1 in Table 9 align broadly with the results from Johnstone et al. (2010) and 

likewise suggest that policy variables play a significant role in inducing innovation. The coefficients 

on R&D expenditures, tax measures and obligations for renewable sectors overall are positive and 

statistically significant at the 1% level. The unsurprising positive sign on R&D expenditure indicates 

that higher public sector R&D expenditure is associated with higher patenting activity and the 

coefficients on tax policy and quantitative obligations also indicate that countries with these specific 

incentives are associated with greater innovation. Coefficients on the other policy instruments 

namely investment incentives, voluntary programs and tradable certificates are not statistically 

significant which supports the results of Johnstone et al. (2010). However an aspect in which the 

estimate differs from other studies is the tariff policy coefficient which is negative and statistically 

significant at the 10% level. The sign on the coefficient is especially surprising since it indicates that 

tariff policies that provide preferential tariffs for renewable power sectors are associated with a 

negative impact on innovation. While country specific studies such as Frondel et al. (2009) 

concluded that tariff policies were producing disincentives for innovation in renewables for 

Germany, most studies have produced either statistically insignificant (Johnstone et al. 2010, 

Rübbelke and Weiss 2011) or positive (Soderholm & Klaassen 2007) coefficients. It is an interesting 

anomaly and raises questions on the effectiveness of tariffs as a policy instrument for inducing 

innovation.  

 

The coefficient on electricity price has a positive sign and is statistically significant at the 5% level 

suggesting that higher electricity prices provide an incentive for increased patenting activity. This 
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result reinforces the “induced innovation” conclusions of studies such as Popp (2002) and Newell et 

al. (1999). However, the coefficient on electricity consumption for renewables overall is not 

statistically significant and indicates that the size of markets does not have an impact on the incentive 

to innovate. The coefficient of total patent filings (reflecting differences in scientific capacity and 

general propensity to patent) is positive and statistically significant at the 1% level.  

 

Model 2 in Table 9, adds the composite electricity index to the equation to control for market 

structure. Table 9 shows that the coefficient on this variable is negative and statistically significant at 

the 1% level. This suggests that patenting activity increases with greater market liberalization and 

therefore greater competition. Controlling for market structure raises the statistical significance of 

tariff policies, but does not change the significance or sign of any of the other policy coefficients 

from Model 1 though magnitudes are slightly lower.  

 

Model 3 breaks the composite index down into two components- ease of entry and degree of vertical 

integration.  The results illustrate that the underlying relationship between the electricity index and 

patenting activity is driven by ease of entry, the coefficient of which is negative and statistically 

significant at the 1% level. The vertical integration coefficient though negative is not significant. 

These results imply that greater ease of entry for firms into the electricity market is associated with 

higher patenting activity.  

 

Models 4 and 5 add interaction terms to explore whether particular policies are associated with 

greater patenting activity under liberalized market conditions. With the addition of interaction 

variables, Model 4 shows that the coefficient on investment policies becomes significant at the 1% 
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level and the negative coefficient on the interaction of investment policies with the electricity index 

indicates that the policy is correlated with higher patenting activity under liberal/ competitive market 

conditions. Similarly the interaction coefficients of the electricity index with tax policy and tariff 

policies are negative and statistically significant at the 5% and 10% levels respectively and suggest 

that competitive market conditions are more conducive to fostering innovation using these policies. 

On the other hand, the interaction of the index with voluntary programs and quantitative obligation 

policies are statistically significant at the 5% level but have a positive sign which suggests that the 

policies are correlated with higher patenting activity under less liberal market conditions. This 

presents an interesting contrast with other policies and suggests that market structure not only has a 

direct impact on innovation but also an indirect impact by altering the effectiveness of policies.  

In summary, table 9 suggests that for renewable sectors overall, liberalized electricity markets are 

associated with greater innovation. The ease of entry component of market structure especially, has 

an important impact on fostering innovation both directly and indirectly by altering the impact of 

government policies.  

 

Differences between Renewable Sectors 

When the renewable sectors are broken out separately (Tables 10-14), the results illustrate and 

confirm the observations of Johnstone et al. (2010) that the effectiveness of policy instruments vary 

by sector.  The impact of market structure also varies by sector. 

 

R&D expenditures have a positive, statistically significant relationship for all sectors except hydro 

though the statistical significance levels on the R&D coefficient vary.  R&D expenditures are 

positive and statistically significant at the 1 % significance level for wind, solar and geothermal 

sectors and at the lower threshold of 10% for the ocean sector.  The coefficients on R&D 
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expenditures for the hydro sector is never significant for any of the model specifications, which may 

point to the limited effect of  R&D spending on innovative activity in “mature” sectors as compared 

to newer sectors like wind and solar.   

The coefficient on investment incentives is positive and statistically significant at 1% level for 

patenting activity in solar power but is not particularly robust for other sectors.  Given that solar 

power is a riskier field, this suggests that more direct incentives for riskier investments make 

research in this field attractive (Johnstone et al. 2010).  

Tax policies are positive and statistically significant at the 5% level for the wind sector while it is not 

statistically significant for other sectors. The coefficients for quantitative obligations on the other 

hand, are positive and statistically significant at the 1% level for both the wind and solar sectors.  

The estimates on tradable certificates show that while they are statistically insignificant for wind, 

solar and hydro sectors, the coefficients are positive and statistically significant at the 5% level for 

the ocean and geothermal sectors.  

The correlation between tariff policies and innovation also varies significantly across sectors. The 

coefficient on tariffs is statistically significant at the 5% level for only the wind and solar sectors. 

However, while tariff policy is negatively correlated with patent activity in the wind sector, it has a 

conventional and expected positive relationship with innovation in the solar sector. This result thus 

raises the question on whether the structure of tariff policies somehow create disincentives for 

innovating in technologically mature sectors like wind as compared to solar.  

Model 2, which includes the composite market structure variable illustrates that the coefficient on the 

index is negative and statistically significant at the 5% level only for the solar sector implying that 

higher patenting activity in the solar sector is associated with a liberalized electricity market.  The 

Arrow (1962) hypothesis seems to apply only to an individual sector among all renewables.  

However, breaking down the index into its components (Model 3) again paints an interesting contrast 
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between wind and solar sectors. In wind, the ease of entry index has a statistically significant (at 1%) 

and negative impact on technological innovation i.e. easier entry is associated with higher patenting 

activity, while this index is not statistically significant for the solar sector. On the other hand, the 

degree of vertical integration (i.e. less vertical integration implies greater competition) proves to be 

statistically significant at the 5% level for innovation in solar technologies. This result is quite 

surprising considering that it is the only specification where vertical integration variable has any real 

impact10. In the solar and the geothermal sectors, the interaction with tax policy is negative and 

statistically significant at the 1% level suggesting that tax policies are correlated with higher patent 

activity under liberalized market conditions. However, the coefficients on the interaction terms for 

other renewable sectors are not statistically significant.  

There are significant differences in the influence of market forces on innovation across sectors. 

While electricity prices are positively correlated and statistically significant at 1% for solar and 10% 

for hydro sectors, these prices have no statistically significant impact on patenting in wind, ocean or 

geothermal technologies.  However size of the market has an impact on patenting activity only for 

wind and hydro sectors. Contrary to the expectations of Schmookler (1966), data suggests that higher 

patenting activity is correlated with markets with lower levels of electricity consumption.  

An important concern that may affect the robustness of the results is multi-collinearity. A correlation 

analysis (Table 6) between all the policy instruments in the dataset indicates that there are significant 

correlations between tax policies investment policies and tariffs and between obligations and tradable 

certificates.(R >.35) This is not surprising since  in efforts to encourage investments, governments 

use a package of measures which include low interest loans and special tax deductions. To 

compensate for this, I used a clustering of variables around latent components method (Vigneau and 

                                                        
10

 The implication of this result is tougher to determine, Mormann (2011) suggests that the degree of vertical 
integration matters for renewable players to get access to the electricity grid and sell to consumers. A liberal market 
provides generators more opportunities to tap the grid. I could speculate that since solar power players are smaller 
compared to the more technologically mature and established wind firms, bargaining power and access to firms 
matters more to them compared to wind. 
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Qannari 2003). Through this method, which is based on hierarchical cluster analysis (also used by 

Johnstone et al. 2010), highly correlated policy variables were combined. Investment policies, tax 

policies and tariff policies were combined into a price based instrument cluster and quantity 

obligations and tradable certificate policies were combined into a quantity based instrument cluster 11 

Broadly the results of this method correspond with the results from the simple negative binomial 

results. However there are some interesting observations especially when contrasting individual 

sectors. Table 15 shows that for wind technologies quantity based instruments are more conducive to 

innovation. At the same time, as illustrated in model 4 and model 5, price based instruments are 

correlated with higher patent activity in liberal market conditions than quantity based instruments 

which favor more regulated markets. This result corresponds to results obtained by Rübbelke and 

Weiss (2011) who found that price based instruments are more effective in liberal market conditions. 

Table 16 illustrates the results in the solar sector, and shows that unlike wind, price based 

instruments and quantity based instruments are statistically significant at 5% level and positively 

associated with innovation in the solar sector. However in the solar sector, price based instruments 

are robust across different specifications while quantity based instruments lose statistical significance 

in the interaction models (Model 4 and Model 5) 

VII Policy Implications and Limitations 
 

The results of this study have implications for two policy questions.  First, what is the effect of 

market structure on innovation in renewables (i.e. the direct market structure effect)? On this, results 

clearly suggest that liberalized market structures are associated with higher levels of innovation for 

renewables overall and for the wind and solar sectors in particular. The underlying drivers 

/mechanisms of the impact on innovation differ by sector. While liberal ease of entry regulations are 

                                                        
11 Hierarchical cluster analysis has also been used in Johnstone et al. (2010). However, a limitation of this method is that 
it has to be cautiously used for binary variables. In this context, a presentation by Hardouin (2006) determined that 
when correlation of latent components <0.3, the results are robust. The correlation in this study was 0.28 
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associated with greater innovation for renewables overall and the wind sector, less vertical 

integration structures are more conducive to innovation in the solar sector.  

Second, what effect does controlling for market structure have on the effectiveness of policies (an 

indirect market structure effect)?  Including market structure variables in the regression, (as shown in 

Models 2 and 3) generally does not impact the robustness of individual policy instruments in any of 

the sectors but has implications for the relative interactive association of policies under specific 

market conditions as illustrated by Models 4 and 5. Thus for renewables overall, investment policies 

and tax policies are associated positively with innovation under liberalized electricity market 

conditions while quantitative obligations and voluntary programs are associated with greater 

innovation in more regulated conditions. Tax policies in solar sector are also more effective under a 

liberalized electricity market structure. Market structure thus has implications on the choices that 

policy makers face to encourage innovation. 

The results however have their limitations.  As mentioned previously, liberalized markets do not 

necessarily mean competitive markets. Due to difficulties in acquiring data on market power and 

structure among electricity generators, a liberalization index had to be used as a proxy. So while it 

may be true on average that liberal markets are competitive the liberalization measure used here does 

not capture the exact mechanism that could be driving innovation. An additional drawback of this 

index is that it measures the structure of the market at a national level and ignores heterogeneity 

within countries. For example, in a large country such as the United States the electricity market is 

not uniform. One cannot claim that the structure of the market in California (which is more 

liberalized) is the same as that of Ohio.  
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VIII Conclusion 
 

This paper examines the effects of the level of electricity market liberalization on innovation in 

renewable energy technologies across 20 OECD countries over the period 1980-2005. It uses patent 

counts are used as the most suitable proxy for innovation and measures the degree of market 

liberalization using a scaled index developed by the OECD. 

Its key conclusion is that liberalized markets are conducive to innovation in renewable technologies. 

For renewables overall, tax policy and quantitative obligations are positive and statistically 

significant (at the 1% level) instruments driving patent activity. However significant differences exist 

between sectors as well. At the policy level, quantity based instruments are more robust for the wind 

sector than the solar sector where both quantity and price based policy instruments have an impact. 

With respect to market structure, while ease of entry for firms is the key component of liberalized 

markets important for innovation, the lesser degree of vertical integration is more important for 

innovation in the solar sector. This difference between sectors is an area worth further research. 

Policy results for other sectors such as hydro, ocean and geothermal are not statistically significant.  
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APPENDIX 
Table 1: Descriptive statistics of explanatory variables (1980-2005) 

      

            

 

1980-2005 

 

1980-1995 

 

1995-2005 

Policy dummies Obs Mean Std. Dev. Obs Mean Std. Dev. Obs Mean 
Std. 
Dev. 

R&D support 520 0.962 0.192 320 0.938 0.242 200 1.000 0.000 

Investment incentives 520 0.523 0.500 320 0.316 0.465 200 0.855 0.353 

Tax measures 520 0.373 0.484 320 0.181 0.386 200 0.680 0.468 

Tariffs 520 0.417 0.494 
 

320 0.222 0.416 
 

200 0.730 0.445 

Voluntary programs 520 0.144 0.352 
 

320 0.025 0.156 
 

200 0.335 0.473 

Obligations 520 0.323 0.468 
 

320 0.056 0.231 
 

200 0.750 0.434 

Tradeable Certificates 520 0.100 0.300 
 

320 0.000 0.000 
 

200 0.260 0.440 

R&D Expenditures (in USD Millions 2010 prices PPP) 

Sector Obs Mean Std. Dev. Obs Mean Std. Dev. Obs Mean 
Std. 
Dev. 

Wind 434 8.28 15.41 
 

260 9.04 17.60 
 

174 7.15 11.31 

Solar 422 30.62 69.28 
 

249 35.28 85.35 
 

173 23.91 34.19 

Hydro 155 1.67 2.18 
 

48 1.51 2.26 
 

107 1.75 2.15 

Geothermal 306 11.65 32.06 
 

207 13.97 38.05 
 

99 6.79 10.92 

Ocean 171 3.50 10.77 116 4.58 12.89 55 1.23 2.00 

Total Renewable 451 46.43 111.02 270 54.19 137.09 181 34.85 50.00 

Market factors 
           

Variable Obs Mean Std. Dev. 
 

Obs Mean Std. Dev. 
 

Obs Mean 
Std. 
Dev. 

Weighted electricity price 485 0.124 0.044 

 

311 0.128 0.048 

 

174 0.115 0.036 

Electricity Consumption 520 0.322 0.647 

 

320 0.285 0.560 

 

200 0.382 0.763 

Notes:  

Electricity prices equally weighted between household and industry (2010 PPP) 

Electricity consumption in terms of billion Kwhr 
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Table 2: Number of EPO Patents for Renewable technologies by country (1980-2005) 

Country Wind Solar Hydro Ocean Geothermal 
All 

renewables 
 

 Total patents  
 Australia 19.08 62.90 23.08 13.08 0.00 163  

 
15,055  

 Austria 21.33 41.01 26.33 1.00 8.25 138  
 

20,677  
 Belgium 32.17 6.00 4.00 1.00 3.67 117  

 
20,937  

 Canada 23.98 5.50 6.67 2.00 5.50 81  24,850  

Denmark 168.92 0.00 5.50 13.50 1.00 212  13,791  

Finland 14.00 0.00 0.00 4.00 0.00 38  17,854  

France 67.70 29.42 30.50 6.00 7.50 374  138,039  

Germany 578.66 816.44 68.50 10.00 46.00 1,794  
 

371,162  
 Hungary 2.00 0.00 4.00 1.00 4.75 19  

 
2,472  

 Ireland 3.25 0.00 3.25 5.25 0.00 17  
 

2,960  
 Italy 44.17 37.94 11.00 13.00 6.50 179  

 
66,964  

 Japan 92.00 670.75 20.00 10.00 14.00 1,614  335,741  

Netherlands 59.87 81.50 9.00 4.50 9.00 261  52,568  

New Zealand 1.00 0.00 0.00 1.00 1.00 5  2,211  

Norway 23.50 3.00 30.00 18.00 8.86 85  5,837  

Spain 66.50 12.50 7.00 11.00 1.00 125  
 

11,762  
 Sweden 44.17 6.00 11.00 17.00 8.00 141  

 
36,613  

 Switzerland 29.50 48.70 4.50 0.50 13.00 230  
 

50,888  
 United Kingdom 79.92 76.63 52.50 45.00 7.81 391  

 
106,349  

 United States 216.35 697.91 117.69 58.67 44.83 1,557  532,257  
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Table 3: Standardized EPO Patents by country (1980-2005) 

Country Wind Solar Hydro Ocean Geothermal All renewables 

Australia 0.127 0.418 0.153 0.087 0.000 1.084 

Austria 0.103 0.198 0.127 0.005 0.040 0.670 

Belgium 0.154 0.029 0.019 0.005 0.018 0.559 

Canada 0.096 0.022 0.027 0.008 0.022 0.326 

Denmark 1.225 0.000 0.040 0.098 0.007 1.538 

Finland 0.078 0.000 0.000 0.022 0.000 0.211 

France 0.049 0.021 0.022 0.004 0.005 0.271 

Germany 0.156 0.220 0.018 0.003 0.012 0.483 

Hungary 0.081 0.000 0.162 0.040 0.192 0.759 

Ireland 0.110 0.000 0.110 0.177 0.000 0.583 

Italy 0.066 0.057 0.016 0.019 0.010 0.268 

Japan 0.027 0.200 0.006 0.003 0.004 0.481 

Netherlands 0.114 0.155 0.017 0.009 0.017 0.497 

New Zealand 0.045 0.000 0.000 0.045 0.045 0.216 

Norway 0.403 0.051 0.514 0.308 0.152 1.449 

Spain 0.565 0.106 0.060 0.094 0.009 1.064 

Sweden 0.121 0.016 0.030 0.046 0.022 0.385 

Switzerland 0.058 0.096 0.009 0.001 0.026 0.451 

United Kingdom 0.075 0.072 0.049 0.042 0.007 0.368 

United States 0.041 0.131 0.022 0.011 0.008 0.292 

Standardized patent count= No. of patent applications by sector/ total patent applications 
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Table 4: Patent Activity by technology over time 
for 20 OECD countries (1980-2005) 

       Year Wind Solar Hydro Ocean Geothermal All Renew 

1980 25.67 184.00 24.00 12.00 20.00 251.67 

1981 33.00 134.00 26.00 12.00 6.00 193.00 

1982 27.00 138.00 17.00 6.00 0.00 176.00 

1983 21.00 111.00 21.50 4.00 5.00 152.50 

1984 16.00 114.00 15.00 5.00 5.00 151.00 

1985 14.00 114.00 18.00 4.00 6.00 147.00 

1986 16.00 73.00 11.00 5.00 2.00 99.00 

1987 12.00 88.00 10.00 3.00 5.00 114.00 

1988 22.00 87.00 16.00 5.00 4.00 125.00 

1989 11.00 86.00 18.00 3.00 4.00 111.00 

1990 17.50 102.00 11.00 0.00 2.00 126.50 

1991 19.00 134.00 29.00 6.00 7.00 182.00 

1992 11.00 121.75 14.00 2.50 3.00 138.25 

1993 18.00 121.67 14.00 3.00 5.00 148.67 

1994 23.00 119.00 20.00 4.00 4.00 148.00 

1995 19.00 137.67 14.00 4.00 5.00 164.67 

1996 30.00 163.33 24.00 7.00 5.00 210.33 

1997 36.00 211.25 24.00 5.00 2.00 247.25 

1998 45.00 270.55 31.00 11.00 5.00 335.55 

1999 95.00 326.00 40.00 11.00 7.00 435.00 

2000 99.00 315.30 26.00 13.00 5.00 424.05 

2001 170.00 362.00 53.00 10.00 8.00 547.00 

2002 148.50 376.66 45.50 14.00 12.00 556.66 

2003 204.83 444.32 64.00 23.00 11.67 686.49 

2004 221.67 477.17 82.00 34.00 27.00 775.83 

2005 232.88 639.25 77.20 29.00 25.00 895.13 
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Table 5: Average of electricity market structure measure by country 
(1980-2005) 

     

Country Overall Electricity Entry reg. 
Public 

Ownership 
Vertical 

Integration 

Australia 4.02 4.09 4.5 3.46 

Austria 4.72 4.77 4.5 4.9 

Belgium 3.65 4.38 1.5 5.08 

Canada 5.1 4.96 4.5 5.83 

Denmark 4.53 4.19 4.5 4.9 

Finland 3.68 3.59 4.1 3.35 

France 5.4 4.78 6 5.42 

Germany 3.4 4.31 2.08 3.81 

Hungary 5.06 5.21 4.85 5.13 

Ireland 5.27 5.14 6 4.67 

Italy 5.12 4.92 5.6 4.85 

Japan 3.51 4.64 0 5.88 

Netherlands 4.67 4.42 6 3.58 

New Zealand 3.96 3.64 5.6 2.65 

Norway 3.27 2.54 4.5 2.77 

Spain 3.37 4.17 2.48 3.46 

Sweden 4.36 3.5 6 3.58 

Switzerland 5.47 5.92 4.5 6 

United Kingdom 2.47 2.51 2.6 2.31 

United States 3.71 4.22 1.5 5.42 

0- indicates greater liberalization (competition) in the electricity markets 

6- indicates no liberalization (monopoly) in the electricity markets 
 

Table 6: Policy Variable Correlations 

Policy R&D Investment Tax Obligations Trading Tariffs 

R&D 1.000           

Investment 0.186 1.000         

Tax 0.182 0.585 1.000       

Obligations 0.174 0.462 0.347 1.000     

Trading 0.095 0.251 0.272 0.354 1.000   

Tariffs 0.207 0.454 0.413 0.375 0.082 1.000 
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Table 7: Market variable correlations 

 
Overall US Japan Germany France UK 

Correlation 
Coeff 

(Pearson's R) 

-0.180 -0.938 -0.961 -0.363 -0.951 -0.974 

 

Table 8: Comparison between High patenting and low patenting groups 

Low Patenting Activity High Patenting Activity 

Category Variable Obs Mean Std. Dev. Obs Mean Std. Dev. 

Policy 
Variables 

R&D 260 0.942 0.234 260 0.981 0.138 

Investment 260 0.362 0.481 260 0.685 0.466 

Tax 260 0.354 0.479 260 0.392 0.489 

Tariffs 260 0.358 0.480 260 0.477 0.500 

Voluntary Prog 260 0.031 0.173 260 0.258 0.438 

Obligations 260 0.342 0.475 260 0.304 0.461 

RECs 260 0.085 0.279 260 0.115 0.320 

R&D 
expenses 

Wind 197 2.574 4.081 237 13.031 19.283 

Solar 194 6.835 10.778 228 50.856 88.930 

Hydro 83 1.648 2.206 72 1.703 2.167 

Geothermal 131 1.510 2.587 175 19.239 40.757 

Ocean 71 1.258 2.983 100 5.097 13.668 

All renewables 212 10.645 15.249 239 78.169 144.721 

Market 
Structure 

Overall 260 4.245 1.584 260 4.231 1.755 

Entry 260 4.190 2.441 260 4.401 2.358 

Public Own 260 4.402 1.503 260 3.727 2.207 

Vertical Int. 260 4.142 2.083 260 4.563 2.106 

Market 
forces 

Price_2010 231 0.117 0.052 254 0.130 0.035 

Consump. 260 0.106 0.122 260 0.539 0.854 

* Patenting Activity cut-off at 150 patents between 1980-2005 
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Table 9 - Estimated coefficients of negative binomial fixed effects models (for all renewable 
sectors) 
Patents Model 1 Model 2 Model 3 Model 4 Model 5 

R&D expenditures 0.0012*** 0.0010*** 0.0009*** 0.0012*** 0.0012*** 

  (0.000) (0.000) (0.000) (0.000) (0.000) 

Investment policy 0.0221 0.1708* 0.165 0.9841*** 0.8261*** 

  (0.100) (0.102) (0.104) (0.287) (0.292) 

Tax policy 0.2924*** 0.2356*** 0.2714*** 0.4415** 0.5131*** 

  (0.090) (0.088) (0.089) (0.182) (0.181) 

Tariff policy -0.1877* -0.2302** -0.1713* 0.1498 0.1712 

  (0.10) (0.10) (0.10) (0.28) (0.24) 

Voluntary program -0.0921 -0.0779 -0.089 -0.6163** -0.6157** 

  (0.12) (0.12) (0.13) (0.27) (0.27) 

Obligations 0.5704*** 0.4708*** 0.4585*** -0.0571 -0.0813 

  (0.11) (0.11) (0.11) (0.22) (0.23) 

Tradable certificates 0.0441 -0.0206 -0.0402 -0.0263 -0.0469 

  (0.102) (0.098) (0.099) (0.160) (0.158) 

Elec. Price 5.1391*** 4.8022*** 4.4534*** 5.4824*** 5.5016*** 

  (1.65) (1.59) (1.62) (1.52) (1.56) 

Elec. Consumption -0.0539 -0.0558 -0.0571 -0.3232** -0.3065** 

  (0.14) (0.13) (0.14) (0.15) (0.16) 

Total patent filings 0.0403*** 0.0337*** 0.0318** 0.0524*** 0.0428** 

  (0.01) (0.01) (0.01) (0.02) (0.02) 

electricity   -0.1390***   0.0038   

    (0.03)   (0.06)   

entry     -0.0897***   -0.0585** 

      (0.03)   (0.03) 

vertical_integration     -0.0364   0.0418 

      (0.03)   (0.04) 

Electricity *inv       -0.1877*** -0.1519** 

        (0.06) (0.06) 

Electricity *tax       -0.0865* -0.1045** 

        (0.05) (0.05) 

Electricity *tar       -0.0979 -0.0989* 

        (0.06) (0.05) 

Electricity *prog       0.1411** 0.1328** 

        (0.07) (0.07) 

Electricity *oblig       0.1431** 0.1332** 

        (0.06) (0.06) 

Electricity *trad       0.0476 0.0466 

        (0.07) (0.07) 

Constant -109.0150*** -73.0441*** -55.3342** -72.6448*** -73.3374*** 

  (20.173) (21.050) (22.492) (21.287) (23.329) 

year 0.0550*** 0.0373*** 0.0285** 0.0369*** 0.0374*** 

  (0.01) (0.01) (0.01) (0.01) (0.01) 

Wald Chi square 768.48 849.57 849.83 993.48 1011.10 

Prob>chi2 (0.00) (0.00) (0.00) (0.00) (0.00) 

N 427 427 427 427 427 

Log likelihood -1028.45 -1018.57 -1014.52 -1000.15 -997.48 

* p<0.10, ** p<0.05, *** p<0.01 

Dependent variable is patent count for all five renewable sectors combined 

Intercept represents the average value of the country-specific fixed effects 
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Table 10 - Estimated coefficients of negative binomial fixed effects models-Wind sector 
Patents_wind Model 1 Model 2 Model 3 Model 4 Model 5 

R&D expenditures 0.0143*** 0.0137*** 0.0134*** 0.0142*** 0.0139*** 

  (0.003) (0.003) (0.003) (0.003) (0.003) 

Investment policy -0.0848 -0.0162 -0.0332 0.9810* 0.458 

  (0.182) (0.189) (0.190) (0.534) (0.512) 

Tax policy 0.3470** 0.3164* 0.3164** 0.2843 0.3773 

  (0.162) (0.163) (0.160) (0.320) (0.320) 

Tariff policy -5.9232*** -5.1761** -5.3307*** -4.7722 -4.6521 

  (1.98) (2.06) (2.04) (4.41) (4.27) 

Voluntary program 0.0846 0.0931 -0.0303 -0.5273 -0.6622 

  (0.21) (0.21) (0.22) (0.47) (0.46) 

Obligations 0.7881*** 0.7282*** 0.6028*** 0.6184 0.6202 

  (0.18) (0.19) (0.19) (0.38) (0.40) 

Tradable certificates 0.2182 0.2171 0.1533 0.1055 0.0357 

  (0.189) (0.187) (0.180) (0.290) (0.295) 

Elec. Price -0.5675 -0.4373 0.8499 0.2533 1.5981 

  (2.67) (2.64) (2.73) (2.65) (2.75) 

Elec. Consumption -0.9594*** -0.9587*** -0.9608*** -1.0835*** -1.0526*** 

  (0.21) (0.21) (0.22) (0.25) (0.26) 

total_patents 0.1078*** 0.1049*** 0.0942*** 0.1174*** 0.1001*** 

  (0.02) (0.02) (0.02) (0.03) (0.03) 

electricity   -0.0703   0.0626   

    (0.06)   (0.09)   

entry     -0.1736***   -0.1530*** 

      (0.04)   (0.05) 

vertical_integration     0.069   0.1219** 

      (0.05)   (0.06) 

Electricity *inv       -0.2540** -0.1451 

        (0.12) (0.11) 

Electricity *tax       0.0008 -0.036 

        (0.08) (0.09) 

Electricity *tar       -0.1035 -0.2107 

        (1.16) (1.13) 

Electricity *prog       0.1672 0.1802 

        (0.11) (0.11) 

Electricity *oblig       0.0294 -0.0158 

        (0.10) (0.11) 

Electricity *trad       0.0214 0.0373 

        (0.12) (0.13) 

Constant -92.5319*** -69.9696* -63.1429 -69.5781* -75.8146* 

  (31.779) (36.755) (38.661) (39.769) (43.752) 

year 0.0466*** 0.0354* 0.0321* 0.0349* 0.0384* 

  (0.02) (0.02) (0.02) (0.02) (0.02) 

Wald Chi square 500.49 511.84 531.72 548.61 576.96 

Prob>chi2 (0.00) (0.00) (0.00) (0.00) (0.00) 

N 405 405 405 405 405 

Log likelihood -583.36 -582.66 -575.48 -577.81 -571.87 

* p<0.10, ** p<0.05, *** p<0.01 

Dependent variable is patent count for wind sector 
  Intercept represents the average value of the country-specific fixed effects 
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Table 11 - Estimated coefficients of negative binomial fixed effects models-Solar sector 

Patents_solar Model 1 Model 2 Model 3 Model 4 Model 5 

R&D expenditures 0.0015*** 0.0013*** 0.0013*** 0.0015*** 0.0015*** 

  (0.000) (0.000) (0.000) (0.000) (0.000) 

Investment policy 0.2127* 0.3453*** 0.3523*** 0.9018*** 0.9105*** 

  (0.115) (0.120) (0.121) (0.342) (0.351) 

Tax policy 0.0152 -0.0293 -0.0058 0.4950** 0.5001** 

  (0.104) (0.102) (0.103) (0.205) (0.209) 

Tariff policy 1.0562*** 0.8616*** 0.7850** 0.6291 0.6065 

  (0.33) (0.33) (0.33) (0.55) (0.55) 

Voluntary program 0.0048 -0.0041 0.0308 -0.1627 -0.1443 

  (0.14) (0.14) (0.14) (0.35) (0.34) 

Obligations 0.3913*** 0.2918** 0.3361*** -0.2571 -0.2362 

  (0.13) (0.13) (0.13) (0.26) (0.26) 

Tradable 
certificates 

0.1794 0.1334 0.1366 -0.0861 -0.0853 

  (0.114) (0.111) (0.115) (0.192) (0.194) 

Elec. Price 5.7313*** 5.2905*** 4.7996** 4.7649** 4.6376** 

  (2.00) (1.94) (1.98) (1.96) (1.99) 

Elec. Consumption 0.0439 0.0436 0.0182 -0.0995 -0.1069 

  (0.14) (0.14) (0.14) (0.16) (0.16) 

total_patents 0.0310** 0.0288** 0.0348** 0.0299 0.0319 

  (0.01) (0.01) (0.01) (0.02) (0.02) 

electricity   -0.1207***   -0.0498   

    (0.04)   (0.05)   

entry     -0.0245   -0.0079 

      (0.03)   (0.03) 

vertical_integration     -0.0805**   -0.0294 

      (0.04)   (0.04) 

Electricity *inv       -0.1142 -0.1164 

        (0.08) (0.08) 

Electricity *tax       -0.1684*** -0.1664*** 

        (0.06) (0.06) 

Electricity *tar       0.1188 0.1175 

        (0.41) (0.41) 

Electricity *prog       0.0284 0.0269 

        (0.08) (0.08) 

Electricity *oblig       0.1349* 0.1326* 

        (0.07) (0.07) 

Electricity *trad       0.1563* 0.1551* 

        (0.08) (0.08) 

Constant -84.1935*** -52.0227** -37.8825 -51.2501** -48.3215* 

  (22.624) (24.473) (26.229) (25.732) (27.956) 

year 0.0425*** 0.0266** 0.0195 0.0263** 0.0248* 

  (0.01) (0.01) (0.01) (0.01) (0.01) 

Wald Chi square 546.15 572.96 561.88 646.33 641.83 

Prob>chi2 (0.00) (0.00) (0.00) (0.00) (0.00) 

N 398 398 398 398 398 

Log likelihood -850.10 -845.06 -844.27 -832.73 -832.81 

* p<0.10, ** p<0.05, *** p<0.01 
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Table 12 - Estimated coefficients of negative binomial fixed effects models-Hydro 
sector 

Patents_hydro Model 1 Model 2 Model 3 Model 4 Model 5 

R&D expenditures 0.0139 0.014 -0.0006 0.0036 -0.0099 

  (0.049) 0.049 (0.051) (0.051) (0.054) 

Investment policy 0.8314* 0.8316* 0.752 -0.3316 -0.7013 

  (0.477) 0.479 (0.495) (1.646) (1.719) 

Tax policy 0.465 0.4655 0.4543 1.6433* 1.7280* 

  (0.414) (0.42) (0.428) (0.970) (0.984) 

Tariff policy 0.3565 0.3539 1.0014 -19.868 -19.8763 

  (10.78) (10.79) (10.78) (36.08) (35.53) 

Voluntary program -0.1749 -0.1751 -0.3547 -1.3558 -1.9744* 

  (0.40) (0.40) (0.43) (1.01) (1.19) 

Obligations 0.3164 0.3159 0.266 -0.3794 -0.0465 

  (0.37) (0.38) (0.38) (1.33) (1.39) 

Tradable certificates 0.2758 0.2747 0.3693 0.8071 0.8161 

  (0.347) (0.388) (0.400) (0.595) (0.596) 

Elec. Price 17.3831* 17.3855* 17.3016* 20.6243** 20.0598** 

  (8.93) (8.94) (8.85) (9.86) (9.79) 

Elec. Consumption -2.0963** -2.0967** -2.0748** -2.6008** -2.5724** 

  (0.90) (0.90) (0.91) (1.28) (1.26) 

total_patents 0.2160*** 0.2159*** 0.1981** 0.2439** 0.2494** 

  (0.08) (0.08) (0.08) (0.11) (0.11) 

electricity   -0.0009   -0.4308   

    (0.14)   (0.29)   

entry     -0.1468   -0.2702 

      (0.13)   (0.17) 

vertical_integration     0.1882   0.0237 

      (0.16)   (0.20) 

Electricity *inv       0.3877 0.4412 

        (0.44) (0.45) 

Electricity *tax       -0.2777 -0.2978 

        (0.24) (0.25) 

Electricity *tar       2.616 2.895 

        (8.75) (8.69) 

Electricity *prog       0.1708 0.2882 

        (0.23) (0.26) 

Electricity *oblig       0.272 0.1758 

        (0.28) (0.30) 

Electricity *trad       -0.5091 -0.5148 

        (0.50) (0.51) 

Constant -47.2555 -47.1059 -42.6293 -44.3192 -34.8851 

  (76.261) (79.621) (78.843) (81.342) (81.109) 

year 0.0236 0.0235 0.0213 0.0232 0.0183 

  (0.04) (0.04) (0.04) (0.04) (0.04) 

Wald Chi square 47.06 47.05 48.53 56.37 56.61 

Prob>chi2 (0.00) (0.00) (0.00) (0.00) (0.00) 

N 132 132 132 132 132 

Log likelihood -159.17 -159.17 -158.36 -153.63 -153.29 

* p<0.10, ** p<0.05, *** p<0.01 
    Dependent variable is patent count for hydro sector 

  Intercept represents the average value of the country-specific fixed effects 
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Table 13 - Estimated coefficients of negative binomial fixed effects models-Ocean 
sector 

Patents_ocean Model 1 Model 2 Model 3 Model 4 Model 5 

R&D expenditures 0.0155* 0.0158* 0.0155* 

 

  

  (0.008) (0.009) (0.009)     

Investment policy 0.2834 0.1995 0.0438   

  (0.738) (0.741) (0.759)     

Tax policy 0.7246 0.8591 0.9584     

  (0.798) (0.864) (0.921)     

Tariff policy 4.5252 1.8829 -4.8394     

  (14.20) (14.48) (16.66) DOES DOES 

Voluntary program -0.0269 0.0018 -0.1134 NOT NOT 

  (0.77) (0.79) (0.83) CONVERGE CONVERGE 

Obligations 0.6652 0.6815 0.543     

  (0.83) (0.85) (0.86)     

Tradable certificates 1.1432** 1.1419** 1.0945*     

  (0.567) (0.581) (0.593)     

Elec. Price 6.1584 4.7139 3.4727     

  (7.96) (8.53) (8.84)     

Elec. Consumption 0.5102 0.3913 0.4336     

  (1.08) (1.10) (1.10)     

total_patents 0.0116 -0.0115 -0.0324     

  (0.11) (0.11) (0.12)     

electricity   0.1543       

    (0.14)       

entry     -0.0184     

      (0.15)     

vertical_integration     0.1833     

      (0.15)     

Electricity *inv           

            

Electricity *tax           

            

Electricity *tar           

            

Electricity *prog           

            

Electricity *oblig           

            

Electricity *trad           

            

Constant 30.1757 -38.0458 -67.3423     

  (87.255) (105.801) (109.465)     

year -0.0153 0.019 0.0338     

  (0.04) (0.05) (0.06)     

Wald Chi square 55.96 57.81 58.29     

Prob>chi2 (0.00) (0.00) (0.00)     

N 139 139 139     

Log likelihood -113.61 -112.95 -112.40     

* p<0.10, ** p<0.05, *** p<0.01 
    Dependent variable is patent count for ocean  sector 

  Intercept represents the average value of the country-specific fixed effects 
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Table 14 - Estimated coefficients of negative binomial fixed effects models-Geothermal 
sector 

Patents_geotherm Model 1 Model 2 Model 3 Model 4 Model 5 

R&D expenditures 0.0073*** 0.0070*** 0.0069*** 0.0037 0.004 

  (0.002) (0.002) (0.002) (0.003) (0.003) 

Investment policy -0.2128 -0.1557 -0.0973 2.9782 2.235 

  (0.432) (0.463) (0.476) (2.287) (2.086) 

Tax policy 0.1865 0.1412 0.0948 2.2413 1.8849 

  (0.449) (0.467) (0.469) (1.424) (1.357) 

Tariff policy 8.5152 8.6711 7.9531 13.3101 14.389 

  (6.01) (6.00) (6.14) (9.99) (9.94) 

Voluntary program 0.2023 0.2202 0.2676 2.6104 2.1292 

  (0.46) (0.46) (0.47) (2.02) (2.05) 

Obligations 0.5423 0.5098 0.5788 -1.4665 -1.3488 

  (0.53) (0.54) (0.57) (1.27) (1.23) 

Tradable certificates 1.4443** 1.3770** 1.3542** 0.7388 0.4598 

  (0.591) (0.624) (0.668) (1.637) (1.631) 

Elec. Price 6.6882 6.2121 5.2675 3.6949 3.833 

  (7.82) (7.90) (7.90) (9.29) (9.57) 

Elec. Consumption 0.6384 0.6594 0.6644 1.2810** 1.2120** 

  (0.47) (0.48) (0.48) (0.59) (0.61) 

total_patents 0.0291 0.0236 0.0283 -0.1872** -0.159 

  (0.04) (0.05) (0.05) (0.09) (0.10) 

electricity   -0.0544   0.5284   

    (0.16)   (0.34)   

entry     0.0202   0.1122 

      (0.15)   (0.17) 

vertical_integration     -0.096   0.1109 

      (0.15)   (0.19) 

Electricity*Inves.       -0.5303 -0.3737 

        (0.50) (0.47) 

Electricity*Tax       -0.6261* -0.5730* 

        (0.36) (0.35) 

Electricity*Tariff       -3.6841 -3.8634 

        (4.05) (4.09) 

Electricity* Prog       -0.4963 -0.3812 

        (0.47) (0.47) 

Electricity* Oblig       0.4017 0.377 

        (0.33) (0.32) 

Electricity* Cert.       0.2966 0.4065 

        (0.53) (0.53) 

Constant -3.6069 7.8113 22.7607 -87.621 -58.9779 

  (80.434) (86.768) (90.124) (100.000) (104.950) 

year 0.0009 -0.0047 -0.0121 0.0429 0.029 

  (0.04) (0.04) (0.05) (0.05) (0.05) 

Wald Chi square 50.33 50.34 50.15 59.32 58.28 

Prob>chi2 (0.00) (0.00) (0.00) (0.00) (0.00) 

N 274 274 274 274 274 

Log likelihood -179.54 -179.48 -179.30 -173.48 -174.48 

* p<0.10, ** p<0.05, *** p<0.01 

Dependent variable is patent count for solar sector 
  Intercept represents the average value of the country-specific fixed effects 
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Table 15 - Estimated coefficients of factor analyzed negative binomial fixed 
effects models-Wind sector 

Patents_wind Model 1 Model 2 Model 3 Model 4 Model 5 

R&D expenditures 0.0130*** 0.0129*** 0.0130*** 0.0146*** 0.0147*** 

 

(0.004) (0.003) (0.004) (0.003) (0.003) 

Price Instruments 0.0381 0.0372 0.0414 0.7650*** 0.7662*** 

(0.131) (0.128) (0.130) (0.243) (0.223) 

Qty Instruments 0.4534*** 0.3984*** 0.3247*** 0.2338* 0.1696 

 

(0.079) (0.080) (0.081) (0.122) (0.119) 

Voluntary Prog -0.0006 0.0032 -0.0348 -0.0355 -0.0954 

  (0.07) (0.07) (0.07) (0.14) (0.14) 

Elec. Price -1.0597 -0.935 0.4784 0.0925 2.1433 

 

(2.59) (2.55) (2.66) (2.52) (2.63) 

Elec. Consumption -0.8999*** -0.9058*** -0.9117*** -0.8252*** -0.8380*** 

  (0.21) (0.20) (0.21) (0.23) (0.23) 

total_patents 0.1234*** 0.1138*** 0.1056*** 0.0897*** 0.0733** 

  (0.02) (0.02) (0.02) (0.03) (0.03) 

electricity   -0.1414***   -0.0621   

 

  (0.05)   (0.07)   

entry     -0.1965***   -0.2017*** 

    (0.04)   (0.04) 

vertical_integration     0.0445   0.1072** 

      (0.04)   (0.05) 

Electricity*Price ins       -0.2038*** -0.2196*** 

      (0.06) (0.05) 

Electricity* Qty ins.       0.0496 0.0373 

 

      (0.04) (0.04) 

Electricity * Prog.       0.0549 0.0739 

        (0.09) (0.09) 

Constant 0.0437** 0.0271 0.022 0.0400** 0.0415** 

  (0.02) (0.02) (0.02) (0.02) (0.02) 

year -86.7621** -53.0701 -42.8059 -79.0795** -81.9027** 

  (33.781) (35.177) (36.723) (37.825) (39.371) 

Wald Chi square 421.01 461.94 473.37 506.47 551.50 

Prob>chi2 (0.00) (0.00) (0.00) (0.00) (0.00) 

N 405 405 405 405 405 

Log likelihood -594.42 -591.00 -583.51 -583.77 -574.28 

* p<0.10, ** p<0.05, *** p<0.01 
    Dependent variable is patent count for wind sector 

  Intercept represents the average value of the country-specific fixed effects 
 
 
 
 
 
 
 
 
 
 
 
 
 



46 
 

Table 16 - Estimated coefficients of factor analyzed negative binomial fixed 

effects models-Solar sector 

Patents_solar Model 1 Model 2 Model 3 Model 4 Model 5 

R&D expenditures 0.0015*** 0.0014*** 0.0014*** 0.0019*** 0.0019*** 

(0.000) (0.000) (0.000) (0.000) (0.000) 

Price Instruments 0.1992** 0.1920** 0.2233*** 0.6202*** 0.6386*** 

 

(0.081) (0.080) (0.081) (0.132) (0.131) 

Qty Instruments 0.2066*** 0.1722*** 0.1812*** 0.0378 0.0367 

(0.050) (0.050) (0.054) (0.069) (0.072) 

Voluntary Prog 0.0022 -0.0096 0.0008 -0.2400** -0.2318** 

  (0.05) (0.05) (0.05) (0.11) (0.10) 

Elec. Price 5.2221** 4.6500** 4.1923** 5.6310*** 5.3535*** 

(2.05) (1.97) (2.00) (1.91) (1.95) 

Elec. Consumption -0.0648 -0.0224 -0.0456 -0.1982 -0.2039 

  (0.14) (0.13) (0.14) (0.16) (0.16) 

total_patents 0.0361*** 0.0318** 0.0366** 0.0506*** 0.0514** 

  (0.01) (0.01) (0.02) (0.02) (0.02) 

electricity   -0.1092***   -0.0748*   

  (0.04)   (0.04)   

entry     -0.033   -0.0334 

 

    (0.03)   (0.03) 

vertical_integratio
n 

    -0.0688**   -0.0388 

      (0.03)   (0.04) 

Elect. * Price inst.       -0.1314*** -0.1292*** 

 

      (0.03) (0.03) 

Elect.* Qty inst.       0.0710*** 0.0698*** 

      (0.03) (0.03) 

Elect. *Prog inst.       0.1587** 0.1555** 

        (0.07) (0.07) 

Constant 0.0458*** 0.0333*** 0.0243* 0.0396*** 0.0338** 

  (0.01) (0.01) (0.01) (0.01) (0.01) 

year 
-

90.5883**
* 

-
64.9748*** 

-47.0039* 
-

77.8569*** 
-66.1151** 

  (23.977) (24.861) (26.637) (25.814) (28.230) 

Wald Chi square 492.40 521.76 517.85 582.63 582.75 

Prob>chi2 (0.00) (0.00) (0.00) (0.00) (0.00) 

N 398 398 398 398 398 

Log likelihood -856.97 -851.98 -850.64 -841.48 -840.79 

* p<0.10, ** p<0.05, *** p<0.01 
    Dependent variable is patent count for solar sector 

Intercept represents the average value of the country-specific fixed effects 
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Figure 1: Patent Trends across sectors (1980-2005) 

 

Source: OECD stat 

 

Figure 2: Solar R&D Expenses (2010 USD Millions) in five largest economies 

 

Source: IEA 
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Figure 3: Wind R&D Expenses (USD 2010 Millions) in five largest economies 

 

Source: IEA 

 

Figure 4: Electricity Price trends in five largest economies (1980-2005) 

 

Source: IEA 
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Figure 5: Electricity liberalization index trends in five largest economies 

 

Source: OECD stat 

 

 

 

 

 

 

 

 

 

 
 

 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00
O

ve
ra

ll 
In

d
ex

US Germany France UK Japan



50 
 

References 
 

Al-Sunaidy, A., R. Green, (2006) Electricity deregulation in OECD countries, Energy, vol. 31, pp. 769-787. 

Arrow, KJ (1962) Economic Welfare and the Allocation of Resources for Inventions, in R. Nelson (ed.), The Rate and 
Direction on Inventive Activity, Princeton: Princeton University Press, pp 609-626. 

Austin, D.H, (2000) Patents, Spillovers, and Competition in Biotechnology, Discussion Paper No. 00-53, Resources for the 
Future, November 2000. 

Bhattacharya, H & Innes, R (2007) Does Market Concentration Promote or Reduce New Product Introductions?  
Evidence from US Food Industry,  Agricultural and Applied Economics Association) in its series 2007 Annual Meeting, 
July 29-August 1, 2007, Portland, Oregon TN with number 9352. Available at 
http://ageconsearch.umn.edu/bitstream/9352/1/sp07bh01.pdf 

Becker, R & Shadbegian, R (2008) The Green Industry: An Examination of Environmental Products Manufacturing, NCEE 
Working Paper Series 200810, National Center for Environmental Economics, U.S. Environmental Protection Agency, 
revised Oct 2008. 

Braun, F. G, Schmidt-Ehmcke, J and Zloczysti, P (2010), Innovative Activity in Wind and Solar Technology: Empirical 
Evidence on Knowledge Spillovers Using Patent Data (May 1, 2010) DIW Berlin Discussion Paper No. 993. Available at 
SSRN: http://ssrn.com/abstract=1633875 

Cameron, C. A & Trivedi, P.K (1986), Econometric Models Based on Count Data: Comparisons and Applications of Some 
Estimators and Tests, Journal of Applied Econometrics, January 1986, Vol. 1, pp. 29-54. 

Cohen, W. M & Levinthal, D. A (1989) Innovation and Learning: The Two Faces of R&D, The Economic Journal, Vol. 99, 
pp. 569-596. 

Cory et al. (2009), Feed-in Tariff Policy: Design Implementation, and RPS Policy Interactions. Washington, DC: National 
Renewable Energy Laboratory. 

De Vries FP, Withagen C (2005) Innovation and environmental stringency: the case of sulfur dioxide abatement, Center 
Discussion Paper #2005-18, Tilburg University, The Netherlands. 

Fischer, C & Newell, R (2004), “Environmental and Technology Policies for Climate Change and Renewable Energy”, 
Resources for the Future Discussion Paper 04-05. 

Griliches, Z (1990). Patent statistics as economic indicators. Journal of Economic Literature 28 (4), 1661–1707. 

Hardouin JB (2006) Clustering of Quality of Life Items around Latent Variables, Perugia, September 8, 2006 Available at 
http://www.stat.unipg.it/forcina/shlav/Friday%208/hardouin.pdf 

Hascic et al. (2009) The Determinants of Innovation in Electricity Generation Technologies, Organization for Economic 
Co-operation and Development, Paper presented at EAERE Amsterdam 6/2009 and IEW Venice 6/2009. 

Henderson, R & Newell, R, Accelerating Innovation in Energy: Insights from Multiple Sectors, National Bureau of 
Economic Research Working Paper 16529, (Nov 2010). 
 
Hicks JR (1963), Theory of Wages, 2nd ed. London: Macmillan. 

International Energy Agency (2004) Renewable energy - market and policy trends in IEA countries, IEA, Paris, France. 

International Energy Agency (2007) Global Renewable Energy Policies and Measures Database, Paris, France: IEA. 

International Energy Agency (2008) Energy Technology Perspectives 2008 Scenarios and Strategies to 2050, Paris, 
France: IEA. 

International Energy Agency (2011), Renewables Information Database, Paris, France: IEA. 

Jadlow J (1981) New Evidence on Innovation and Market Structure, Managerial and Decision Economics, Vol. 2, No. 2 
(Jun., 1981), pp. 91-96. 



51 
 

Jaffe et al. (2005), A Tale of Two Market Failures: Technology and Environmental Policy, Ecological  
Economics 54, pp 164-174. 
 
Jaffe, A. B & Palmer, K (1997) Environmental regulation and innovation: a panel data study. Review of  
Economics and Statistics 79(4): 610-619. 
 
Jaumotte, F & Pain, N (2005) From ideas to development: the determinants of R&D and patenting, 
OECD Economics Department Working Paper #457, ECO/WKP (2005)44 
 
Johnstone, N, Hascic, I, & Popp, D (2010) Renewable energy policies and technological innovation: evidence based on 
patent counts, Environmental and Resource Economics, Volume 45, Number 1, pp. 133-155 
 
Johnstone, N, Hascic, I et al. (2008) Invention and Transfer of Climate Change Mitigation Technologies on a Global Scale: 
A Study Drawing on Patent Data, OECD Environmental Directorate Final Report 
 
Kamien, M. I & Schwartz, N. L (1975) Market Structure and Innovation: A Survey, Journal of Economic  
Literature, 1975, Vol. 13, no. 1, pp. 1-37. 
 
Klaassen, G. A, Miketa, K and Sundqvist, L.T (2005), The impact of R&D on innovation for wind energy in Denmark, 
Germany and the United Kingdom, Ecological Economics 54, pp 227-240. 
 
Kverndokk, S, Rosendahl, K.E, and Rutherford, T.F (2004), Climate Policies and Induced Technological Change: Which to 
Choose, the Carrot or the Stick?  Environmental and Resource Economics, 27(1), 21-41. 
 
Mormann, F. (2011), Requirements for a Renewables Revolution (May 2, 2011), 38 Ecology Law Quarterly 903 (2011), 
Available at SSRN: http://ssrn.com/abstract=1829521 
 
Newell et al. (1999), The Induced Innovation Hypothesis and Energy-Saving Technological Change, The Quarterly Journal 
of Economics Issue 114, pp 941-975. 
 
Newell, R (2008), A U.S. Innovation strategy for Climate Change Mitigation, The Brookings Institution, Discussion Paper 
2008, 15 December 2008. Available at: http://www.brookings.edu/papers/2008/12_climate_change_newell.aspx 

 
Norberg-Bohm V (1999) Stimulating 'Green' Technological Innovation: An Analysis of Alternative Policy Mechanisms, 
Policy Sciences, Vol. 32, No. 1 (1999), pp. 13-38. 
 
Nordhuas, W.D (2004), Schumpeterian Profits in the American Economy: Theory and Measurement, National Bureau of 
Economic Research, NBER working paper No. 10433. 

Oltra V. & Saint Jean, M. (2009), Variety of technological trajectories in low emission vehicles 
(LEVs): a patent data analysis, Journal of Cleaner Production, Vol.17, Issue 2, January 2009, 
pp. 201-213. 
 
Pillu, H & Koleda, G. (2009) Induced Innovation and International Technological Opportunity in the Field of Energy: 
Evidence from World Patent Citations, ERASME. Paris, France: Ecole Centrale Paris. 
 
Popp, D (2002) Induced Innovation and Energy Prices, The American Economic Review, Vol. 92, No. 1 (Mar., 2002), pp. 
160-180. 
 
Popp, D (2003) Pollution control innovations and the Clean Air Act of 1990, Journal of Policy Analysis and Management 
22(4): 641-660. 
 
Popp, D, Newell, R, et al. (2009a), “Energy, the Environment, and Technological Change”, National Bureau of Economic 
Research, NBER Working Paper No. 14832. 
 
Popp, D, Newell, R, (2009b) Where does energy R&D come from?  Examining crowding out from environmentally-
friendly R&D, National Bureau of Economic Research Working Paper 15423, (Oct 2009). 
 



52 
 

Pollitt, M & Jamasb, T (2005) Electricity market reform in the European Union: review of progress toward liberalization 
and integration, The Energy Journal, 26(Special Issue), pp 11-41. 
 
Ragwitz, M & Miola, A. (2005) Evidence from RD&D spending for renewable energy sources in the EU, Renewable 
Energy, Volume 30, Issue 11, September 2005. 
 
Rübbelke, D & Weiss, P (2011) Environmental Regulations, Market Structure and Technological Progress in Renewable 
Energy Technology — A Panel Data Study on Wind Turbines Fondazione Eni Enrico Mattei Working Papers. Working 
Paper 581 (April 20, 2011). 

Sanyal, P (2004) Powering a Green Progress: The Effect of Electricity Deregulation on Environmental Research, Brandeis 
University, (November 2004), Available at http://129.3.20.41/eps/io/papers/0504/0504015.pdf 

Schmalensee, R. & Golub, B.W (1984), Estimating Effective Concentration in Deregulated Wholesale Electricity Markets, 
RAND Journal of Economics, Vol. 15, 1 

Schmookler, J (1966) Invention and Economic Growth, Harvard University Press, Cambridge. 

Schneider, S. H & Goulder, L.H (1997), Achieving low-cost emissions targets, Nature, 389, 13-14. 

Schumpeter J.A (1942), Capitalism, Socialism and Democracy, New York: Harper & Row. 

Solow, R.M (2000) Growth Theory: An Exposition, 2nd ed. New York, NY: Oxford University Press. 

Soderholm, P & Klaassen, G (2007) Wind Power in Europe: A Simultaneous Innovation–Diffusion Model, Environmental 
and Resource Economics, Volume 36, Number 2, 163-190. 

Stern (2006), Stern Review on the Economics of Climate Change, London: H.M. Treasury. 

United States Department of Commerce, Economics and Statistics Administration (2010) Measuring the Green 
Economy, April 2010. 

United States Department of Energy, Energy Efficiency and Renewable Energy, American Recovery & Reinvestment Act, 
Available at http://www1.eere.energy.gov/recovery/ 

Vigneau, E & Qannari, E.M (2003), Clustering of Variables around Latent Components, Communications in Statistics, Vol. 
32, No. 4, pp. 1131–1150 

Wangler, L. (2009) Renewables and Innovation: Did Policy-Induced Structural Change in the Energy Sector Effect 
Innovation in Green Technologies?” Dynamics of Institutions and Markets in Europe, Jena, Germany: Friedrich-Schiller 
University. 

Weiss, C & Bonvillian, W (2009) Structuring an Energy Technology Revolution, The MIT Press, 2009 

 


