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Abstract : 

After having shown its ability to become an industrial leader in the field of low-carbon 

technologies, China could also prove to be a technological leader. This article seeks to 
position Chinese innovation in low-carbon techs based on the analysis of patents on low-
carbon inventions of Chinese origin. The article pays particular attention to neutralizing the 
Chinese institutional context suspected of generating a patent surge partly disconnected from 

R&D efforts. It therefore compares the patents granted by EPO to Chinese priorities with 
patents granted to other priorities. The comparison is made in quantitative terms, but also 
and above all in qualitative terms. A renewal choice model is more specifically developed and 
implemented in order to estimate and then compare the value of patents. The originality of 

this model is not only to integrate patent metrics, but also to integrate the option value of 
patents. The article highlights that, of the nine low-carbon technologies studied, China only 
appears to be a potential technological leader in energy storage. 
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1. Introduction 

On September 22
nd

 2020, China's leader, Xi Jinping, announced at the UN General Assembly 

that China would strive for "carbon-neutrality" by 2060 in a scenario where Chinese 

emissions would peak around 2030
1
. This is why, among the major social and economic 

development targets for the 14
th

 Five-Year Plan period (2021-25), innovation and more 

specifically clean technologies have been given a central place
2
. These decisions take place in 

a context where China is today the world’s largest emitter of greenhouse gases. This 

                                                             
1
 See “Climate change: a greener horizon”, The Economist, N°950, September 26

th
 2020; “Beijing's climate 

pledge could pave way to net-zero global economy”, China Daily, October 15
th
 2020. 

2
 See “Plan to propel balanced development”, China Daily, November 10

th
 2020. The main targets of the 14

th
 

Five-Year Plan have been proposed on October 29
th
 as a conclusion to the fifth plenary session of the 19

th
 

Central Committee of the Communist Party of China. 
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commitment made by the highest Chinese authorities could constitute a turning point in the 

fight against global warming. It is also a way for China to gain technological independence 

from competing countries, while opting for a development model that is less harmful to the 

environment. However, a paradox seems to emerge. Academic works on the development of 

clean technologies highlight that if China has certainly become a first class manufacturer in 

this sector, it has not yet built a leadership on innovation even if the Chinese intellectual 

property office is now the leading IP office in terms of patent filings since 2011 (Chen and 

Zhang, 2019; WIPO, 2019)
3
. This lack of leadership in clean techs innovation is particularly 

true for the wind turbine industry and the photovoltaic cells and panels industry, two 

emblematic clean techs sectors. 

In the case of wind power, force is to note the importance of foreign technology transfers, 

notably through the grant of wind farm development permits in China, which are conditional 

on a percentage of locally manufactured content. In addition, Chinese local demand has been 

driven in a first step by the opportunity to sell Clean Development Mechanism (CDM) credits 

from local wind farm projects on the European Union Emission Trading System (EU-ETS) 

and, in a second step by national objectives in terms of installed capacity (not power 

generation) for domestic power companies. According to Gosens and Lu (2013 and 2014), 

these policy objectives had for effect not to encourage the development of high-performance 

turbines in China. Moreover, Lam et alii (2017) show that when equipment manufacturers 

choose to develop an R&D activity, they mainly relied on laboratories located outside China. 

It means that a majority of patents assigned to Chinese manufacturers were invented by their 

subsidiaries or research centres located abroad. In this respect, it is worth noting that Chinese 

wind turbine manufacturers have mainly benefited from learning by doing effects and 

increasing returns to scale that made their production costs decrease, but very few learning by 

searching effects (Hayashi et alii, 2018). 

By contrast, in the case of photovoltaics (PV), it is the export market that has driven the sector 

in China. More specifically, the sector has benefited from the conjunction of three elements. 

First, the introduction of feed-in tariffs in Europe has boosted the demand of PVs equipment 

in European countries. Second, Chinese manufacturers have taken advantage of lower labour 

costs, government subsidies and less restrictive environment protection laws to offer cells and 

                                                             
3
 Since its ratification of the Paris Convention for the Protection of Intellectual Property in 1985, and more 

specifically after its accession to the World Trade Organization (WTO) in July 2001, Chinese patenting has 
grown exponentially. From 1995 to 2000, the annual growth rate of Chinese invention patent applications was 
about 11.7% a year. After 2000, it was 29.3% a year. 
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panels that were significantly cheaper than those of their European competitors. Third, 

exports have been facilitated by the low cost of long-distance transport of photovoltaic cells 

and panels, compared to that of wind turbines. In addition, Huang et alii (2016) stress that on 

the supply side technology transfers from Western countries, more specifically Germany, 

were substantial. This is confirmed by Shubbak (2019) who points out that technology 

transfers mainly took place through Joint Ventures, a necessary step to do business in China. 

On the demand side, Huang et alii (2016) note however that the system of subsidies to 

installed capacity (rather than to power generation) has not favoured the development of high 

quality products, a phenomenon reinforced according to them by the weakness of the links 

between academic research and industry. 

Considering the above mentioned elements, the legitimate question is therefore to assess 

whether Chinese clean techs are lagging behind that of the most advanced countries, at least 

in terms of patent applications. A corollary question to be addressed is whether Chinese clean 

techs patents would not be a “smoke-screen” masking the absence of significant R&D 

activities, or an underperformance of Chinese innovation in this area, rather than a “great wall 

of patents”
4
. The recent and sharp emergence of China in the intellectual property world 

nourishes this question
5
. In this respect, it is worth remembering that for three decades a 

debate has developed on the compatibility of a patent system with the historical and cultural 

heritage of China (Wang, 1993; Allison and Lin, 1999; Liu, 2009; Peng et alii, 2017). Some 

specific features of the Chinese patent system also reinforce this issue. Indeed, two types of IP 

protection coexist in China (Chen and Zhang, 2019). On the one hand, utility models which 

do not require a substantive examination but are of short validity. On the other hand, 

invention patents subject to a substantive examination and have duration of twenty years. 

Likewise, it is worth stressing that the novelty criterion that initially prevailed was based on 

the concept of local novelty, and it was only with the 2008 reform that an absolute novelty 

standard was adopted (Huang, 2017). Institutional biases at the Chinese patent office have 

also been suspected to explain the rise of Chinese patents. Liegsalz and Wagner (2013) show 

for instance that Chinese applicants are able to achieve faster patent grant than their non-

Chinese counterparts. However, the History of patents around the world shows that many 

                                                             
4
 In reference to the title of the article by Hu and Jefferson (2009). 

5
 The Chinese Patent Law was enacted in 1984, prior to China accession to the Paris Convention. Three 

amendments have been made so far, in 1992, 2000 and 2008. The 1992 Amendment expanded patentable subject 
matter and the patent term for invention patents. The 2000 amendment incorporated various new provisions to 

strengthen protection and enforcement of patent rights in China. The 2008 Amendment was enacted in light of 
the China’s new IP strategy. For additional details on China’s patent system recent History, see Liang and 
Xue (2010) and Huang (2017). 
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countries have had in the past questionable patent regulations or practices compared to 

today’s standards. These regulations have often sought to protect domestic industries from 

foreign competition or to foster the emergence of a domestic industry (Kahn, 2008). The 

United Kingdom and France, for example, have in the past imposed an obligation of local 

production for foreign companies to be granted a patent. Galvez Behar (2014) also mentions 

that prior to German unification, Prussia used to grant patents only to its citizens. In the same 

optic, until 1988, the Japanese patent office has applied a single claim per patent rule, which 

was considered to be unfavourable to the filing of patents by foreign companies given the 

legal risks it entailed for them (Ordover, 1991; Sakakibara and Branstetter, 2001). In addition, 

major ideological differences have also helped shape national specificities. As discussed by 

Galvez Behar (2014), the French national office, for ideological reasons surrounding its 

creation just after the French revolution, did not practice a substantive patent examination for 

more than two centuries
6
. By contrast, a stringent substantive patent examination was 

instituted soon after the creation of the German patent office in 1877. 

Taking into account these institutional differences, the objective of this article is to propose 

and implement an approach that makes it possible to assess, in the most reliable possible way, 

based on the information embedded in Chinese patents, whether China can be considered as a 

technological leader in low-carbon technologies. It echoes the literature questioning the 

reality of Chinese technological development, in particular through its title inspired by that of 

the article by Eberhardt et alii (2011), but by focusing more specifically on low-carbon techs 

considered as a technological priority in China. The core of the approach is to neutralize non-

innovation related motives that Chinese entities may have when it comes to patent 

application. It is therefore necessary to move away from the Chinese institutional framework 

by focusing on Chinese patent applications made outside China. This leads us to undertake a 

first quantitative correction on the pace and scale of Chinese low-carbon innovation. To do so, 

nine different low-carbon technological fields are studied. The article then addresses the more 

delicate question of the quality and value of Chinese inventions in these fields. With this aim 

in view, we present a detailed examination of the metrics of the patents filed at the European 

Patent Office (EPO). The choice of EPO is motivated by three reasons: first, as the executive 

arm of the European Patent Organization (an international organization), EPO has an 

administrative and financial autonomy and is therefore a priori fairly neutral as to the origin 

                                                             
6
 It was only with the PACT Act promulgated on May 23

rd
 2019 that such a substantive examination has been 

implemented. According to the French revolution ideas, intellectual property is a natural right of individuals on 
their own creations, so that their relevance should not be challenged by any institution. 
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of the applications; second, the EPO’s Patstat database is a unique basis for performing 

statistical analysis on patents; third, EPO is considered as one of the most demanding offices 

in terms of substantive patent examination, which means that fancy patent applications are 

likely to be rejected. A comparison of these metrics according to the origin of the protected 

inventions is first proposed. In the absence of clear-cut conclusions, the article then proposes 

to aggregate these metrics and derive an indicator of patent value based on the estimation of 

an original model of patent renewal decisions. The statistical comparison of the estimated 

values according to the origin of the inventions then makes it possible to determine the 

relative position of Chinese inventions compared to that of Europe and other countries and to 

detect whether China can be considered as a leader in one or more of the nine technological 

fields studied. 

The article is organized as follows. Section 2 discusses the apparent mismatch between 

indicators related to the transition to a low-carbon economy of China and statistics on Chinese 

low-carbon patents. Section 3 presents the data used and the patent renewal econometric 

model developed to compare the quality and value of EPO patents on low-carbon inventions 

according to their geographical origin. Section 4 details the results and proposes different tests 

to assess whether EPO patents on Chinese inventions in the nine low-carbon technologies 

studied may be indicative of a Chinese technological leadership. 

 

2. Preliminary insights from basic patent statistics 

Evaluating China's ranking in low-carbon innovation can be done in different ways. It is 

tempting to do so by relying on patent data. Nevertheless, a certain number of precautions 

must be taken with patent data, otherwise an evaluation on the basis of patents only proves to 

be biased compared to some indicators of environmental performance of China. 

 

2.1. A surge in Chinese patented low-carbon inventions? 

In line with the studies using patent data to monitor a country's innovation performance, more 

specifically here low-carbon innovation, it is possible to examine the evolution of the count of 

patents granted by the China National Intellectual Property Administration (CNIPA) over the 

last four decades and to compare it with that of other major patent offices
7
. Figure 1 displays 

                                                             
7
 The former State Intellectual Property Office (SIPO) has been renamed CNIPA on August 2018. The  period 

under study ranges from 1978, when Deng Xiaoping assumed the leadership of China and spurred its major 
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the dynamics of patent counts aggregated for the nine technological fields listed in Table 1 

and granted by the five main IP offices (the so-called IP-5) namely, CNIPA, the United States 

Patent and Trademark Office (USPTO), the Japanese Patent Office (JPO), the South Korean 

Intellectual Property Office (KIPO) and the European Patent Office (EPO). Before going 

deeper into the analysis it is worth stressing that, in the case of Europe, innovation is partly 

under-estimated because only patents granted by EPO are counted, and not those granted at 

the national level by the contracting states to the European Patent Convention (EPC), and this 

to avoid the risk of double counting. The technology classes listed in Table 1 are, for their 

part, representative of key technologies for the transition to a low-carbon economy. They 

mainly concern the energy sector because the challenge of the low-carbon transition is largely 

linked to a transition to decarbonised energies. The technologies at stake cover the production 

of renewable energy, energy storage, the development of clean mobility solutions and energy 

efficiency. Figure 1 highlights that over the period from 1978 to 2018, particularly over the 

end of this period, USPTO has granted the largest number of patents in the nine technological 

fields listed in Table 1. It is followed by JPO and CNIPA which are very close to each other 

and are ahead of EPO and KIPO. At a first glance, China thus appears as one of the leading 

countries in terms of low-carbon innovation, but the reality of this position needs to be 

assessed by examining indicators of China's performance in its transition to a low-carbon 

economy. 

 

Insert Table 1 

Insert Figure 1 

 

In order to assess the extent to which a country is making a transition to a low-carbon 

economy, it is customary to use Kaya's identity (Kaya, 1990). This identity decomposes total 

greenhouse gas emissions (in tons of CO2 equivalent) into the product of four factors: total 

population, level of GDP per capita, energy intensity (in tons of oil equivalent of primary 

energy consumption per unit of GDP) and carbon intensity (in tons of CO2 equivalent emitted 

per ton of oil equivalent of primary energy consumption). Figure 2 shows the evolution of 

each of these four factors from 1978 to 2018 for the People’s Republic of China. The data 

used for Figure 2, as well as for Figures 3 and 4, come from the World Bank for GDP and 

                                                                                                                                                                                              
economic reforms, to 2018. The data in Figure 1, however, stops in 2016, because beyond 2016 the counts of 
patents granted fall artificially due to the time lag between filing and granting. 
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population, and from the British Petroleum Statistical Review of World Energy (2019 version) 

for data on primary energy consumption and greenhouse gas emissions
8
. GDP is expressed in 

constant 2010 US dollars. In order to compare the rate of change of each of these four factors, 

and thus their respective contributions to the increase in emissions, the data has been set at 

base 100 for the year 1978 (see Figure 2). However, in view of the very strong upward 

dynamics of GDP per capita, a different scale (left side of Figure 2) for this factor is used. 

Data shows that two factors have contributed to the increase in China's greenhouse gas 

emissions. The first and most significant factor is GDP per capita. The growth rate of this 

factor accelerated steadily over the study period, with a GDP per capita increase by a factor of 

about twenty-five due to China's rapid economic development over the last four decades. The 

second factor is total population, but with an increase slower over time. Conversely, energy 

intensity and carbon intensity have contributed to lowering China's greenhouse gas emissions. 

This reflects an improvement in technologies used by China. However, this decrease by 80% 

was much more pronounced than the improvement in carbon intensity, which decreased by 

only 20%. Therefore, in order to assess the extent to which there is a Chinese specificity in 

this respect, it is necessary to compare these two intensities with those observed over the same 

period for a number of developed countries. 

 

Insert Figure 2 

 

Figures 3 and 4 position China in relation to the United States, Germany, France, the United 

Kingdom, Japan and South Korea in terms of energy and carbon intensity levels, and their 

dynamics. It is striking to see that China started in a much worse position than these above-

mentioned countries in terms of energy intensity in 1978 and remained less efficient than 

them in 2018, in spite of a significant catching up process (Figure 3). By 2018, China has 

reached a level close to that of South Korea, but this country has not seen any improvement in 

its energy intensity over the period. All the other countries saw an improvement in their 

energy intensity, although the United States performed less well over the entire period than 

the three mentioned European countries and Japan, all four of which appear to be very close 

in terms of energy intensity. China's lag is therefore still marked, with its energy intensity in 

2018 barely reaching the level of the United States in 1978, which was the worst of all the 

                                                             
8
 See https://databank.worldbank.org/home.aspx and https://www.bp.com/en/global/corporate/energy-

economics/statistical-review-of-world-energy.html . 

https://databank.worldbank.org/home.aspx
https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
https://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy.html
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countries covered in Figure 3. On the other hand, China's carbon intensity in 2018 was better 

than that of several other countries in 1978 (South Korea, Germany, United Kingdom). Its 

rate of improvement is comparable to that of the other countries used as a benchmark, 

resulting in a constant gap with these countries. An exception is Japan, whose carbon 

efficiency has deteriorated following the abandonment of nuclear power after the Fukushima 

Daiichi nuclear disaster in 2011. Conversely, the outperformance observed for France from 

the end of the 1980s onwards is largely attributable to the place taken by nuclear power in 

electricity generation. 

 

Insert Figure 3 

Insert Figure 4 

 

Figures 1 to 4 highlight a certain contrast as regards China's actual position in low-carbon 

innovation. While the country stands out as one of the leading countries in terms of low-

carbon patents granted, macroeconomic indicators relative to its performance both in energy 

use and greenhouse gas emissions rather suggest that it is still largely in a catch-up process 

with the most advanced economies. Part of this puzzle can be fixed by making better use of 

patent data and by adopting a more cautious attitude towards the comparability of national 

patent systems. 

 

2.2. Behind the wave of low-carbon patents 

In recent decades, Asian countries have emerged on the IP international scene
9
. In this 

process, China appears to be in a league of its own. Indeed, at the world level, Chinese patent 

filings have been multiplied by a factor of more than 50 over the course of 20 years
10

. In the 

same vein, from 1995 to 2016, Chinese patenting at EPO has increased more than 25-fold. 

Some scepticism is in order, however. Indeed, the explosion of patent filings in the last two 

decades seems to be a response to some institutional changes and pro-IP policies that took 

place in China (Motohashi, 2008)
11

. One driver for the explosion of patent applications seems 

to be the pledge by the Chinese government to better protect IPRs. It has translated into 

                                                             
9
 Japan emerged in the early ‘60s, followed by the Republic of Korea in the 1980s, and China in the ‘2000s. 

Godinho and Ferreira (2012) also consider that India could experience a trajectory similar to that of China. 
10

 See WIPO IP Statistics Data Center https://www3.wipo.int/ipstats/keysearch.htm?keyId=201 . 
11

 Domestic patenting began to surge in the year 2000. 

https://www3.wipo.int/ipstats/keysearch.htm?keyId=201
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amendments to the patent laws that have strengthened the IP enforcement mechanism
12

. 

Indeed, until recently, it was viewed as useless and a waste of money to apply for a patent in 

China as it implied disclosure of the invention, while protection was rather weak in case of 

counterfeiting. Changes in IP enforcement have led to a rush in patenting. However, the 

quality of many of these patents is in doubt, with a fear that these so-called patents are not 

covering legitimate inventions and have been filed in recent years for opportunistic reasons, 

just to obtain government subsidies. Lei et alii (2012), for instance, provide evidence that 

some of the domestic patents filings in China are policy-driven, rather than a reflection of 

genuine innovation and commercial activity
13

. In the same vein, Li (2012) argues that patent 

subsidy programs implemented by each provincial region have played an important role in the 

growth of Chinese patenting. Dang and Motohashi (2015) also emphasize various subsidies 

and financial incentives, both at the local and national level, behind the patenting surge in 

China
14

. Such patent subsidy programs aim at encouraging patenting through deductions and 

reimbursements of application fees and represent one of the driving forces behind the 

patenting explosion in China, together with R&D intensification and a pro-patent legal 

change. However, this type of subsidy is contrary to the precepts developed by the economic 

theory. Cornelli and Schankerman (1999) have, for example, shown that in the presence of 

asymmetry of information on the performance of innovative firms, it is desirable to apply 

patent fees that increase more than proportionally to the duration of the patents. By reducing 

the patent fees actually paid, the subsidy mechanism put in place in China is therefore 

expected to lead to a misallocation of the R&D effort. This point does not seem to be 

confirmed by Li (2012) who stresses that a large fraction of applications were granted by 

SIPO, and that the grant ratio has increased since the implementation of the patent subsidy 

programs. This author concludes that the subsidy programs therefore did not induce an 

increase in low-quality patent applications, unless the standards for patent examination have 

                                                             
12

 In terms of the patent right index listed in Park (2008), China ranked 69
th
 among 123 countries in 1995 and 

34
th
 by 2005. By 2017, according to the U.S. Chamber of Commerce (2018), China has moved up to 19

th
 

position. 
13

 Lei et alii (2012) show a peak of patent applications by Chinese companies in December every year, under 
political pressure to meet yearly quotas set by the local governments. This suggests that some of these patents 
may be worthless. 
14

 The costs and fees normally incurred during patent application, examination, and maintenance are subsidized. 
These patent subsidy programs started in 1999 and were adopted by all provinces in mainland China by the end 

of 2007. In its 12
th
 Five-year plan (2011-2015), the Chinese central government has aimed at increasing per-

capital patent filings from 1.7 to 3.3 per 10,000 citizens. If the monetary incentives provided by these programs 
differ across provinces, they all encourage inventors to patent abroad as the amount of subsidy is usually larger 

than for domestic filings. Besides subsidies for patent applications or grants, the Chinese central government has 
also adopted significant tax reductions for patenting companies, and a ban on companies that do not patent from 
participating in Chinese public markets. 
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been significantly lowered in response to the increase in patent applications. Conversely, 

more recent studies by Dang and Motohashi (2015) and Long and Wang (2019) conclude that 

patent promotion policies have had negative effects on average patent quality, as proxied for 

instance by patent withdrawal rate and patent renewal rate at CNIPA. The debate on the 

quality of Chinese patents therefore remains open. 

The question whether the upswing in patenting represents a change in the Chinese inventors’ 

innovation behaviour has been examined in a few studies. Using a dataset covering the period 

1995 to 2001 for large and medium enterprises, Hu and Jefferson (2009) found that the 

intensification of R&D, the inflow of foreign direct investment (FDI), a shift in industrial 

structures toward industries with higher patent propensities, a stronger legal system and 

ownership reforms have all contributed to the dramatic increase of patent applications in 

China during the 2000s, but that these driving forces vary from industry to industry, and are 

found to be unevenly distributed geographically
15

. Although insightful, these findings cannot 

convincingly explain this dramatic increase, as the data analysed covers only the period from 

1995 to 2001, is limited to large and medium enterprises (LMEs) and does not distinguish 

between inventions and utility models. Sun and Du (2010), but also Hu et alii (2011) consider 

for their part that technological and innovation capacity have become a more important 

driving factor for patenting over time. Sun and Du (2010), for instance, show that in-house 

R&D has recently become the most important source of technological innovation for 

industrial enterprises in China. They also show that neither technologies transferred from 

foreign companies, nor those from the domestic technology market are playing significant 

roles in China’s industrial innovation. The spillover effect of foreign investment on patent 

grants is strong and significant, though its impact on new product sales is insignificant. These 

cross-sectors results contrast with those, focused on wind turbines and PV sectors, detailed in 

the introduction. Based on a large data set for China’s large and medium-size enterprises, Hu 

et alii (2011) show that in-house R&D significantly complements technology transfers. They 

conclude from their estimation of an innovation production function using data on LMEs that 

the correlation between the R&D effort and the number of patents has decreased over the 

                                                             
15

 Zhang and Roger (2009) show that the factors that determine patenting activity by Chinese companies are both 
their own R&D expenditures and the spillovers from academic and other publicly funded research in the 
different provinces. Regarding this last aspect, they show that Chinese regions have different patenting patterns 

with knowledge spillovers being significant in the first tier provinces and that patenting is concentrated in three 
main sectors. Their findings also stress that FDI plays a complicated role with estimation results indicating a 
negative impact on the number of patents by Chinese firms. 
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period spanning from 2007 to 2011. However, it is an open question to know whether similar 

issues prevail in small enterprises, which form the vast majority of China’s private sector.  

While the existing literature listed above is devoted to the study of the domestic Chinese 

patenting increase and to the assessment of its main drivers, only a handful of studies have 

focused on Chinese patenting abroad. One of these studies, by Kroll (2011), shows that the 

level of patent filings by Chinese residents abroad is low and in line with a lower innovative 

capacity. More particularly, Kroll (2011) shows that the level of foreign patenting remains 

biased towards a few major firms that can compete at the world level. This finding is 

confirmed by Eberhardt et alii (2011). Matching USPTO and SIPO data on patents with 

manufacturing census data for about 20,000 firms registered in China in 1985-2006, they 

show that the patent explosion is accounted for by a handful of companies in the Information 

& Communication Technology (ICT) equipment industry and that this handful of ICT 

companies accounts for nearly all Chinese USPTO patent filings, as well as the vast majority 

of domestic SIPO patents, despite there being a larger number of Chinese companies 

distributed across a wider range of industries that seeks patent protection domestically. Their 

study also stresses that Chinese companies patenting in both the US and China are 

considerably younger, larger and substantially more export-oriented than firms patenting 

exclusively in China. The findings that large and younger patentees concentrate in a few 

industries are confirmed by Thoma (2013) who also provides support for the “strategic 

patenting” hypothesis and the lower value and quality of Chinese patents compared to other 

patents on average. Le Bas et alii (2013) go even further by stressing that the increase in 

inventive activity is being driven by a small group of inventors in China. 

A recent study by SIPO (2014), based on patent surveys in China from 2008 to 2012, shows 

that Chinese firms continue to focus on patent implementation and industrialization, but have 

begun to develop other strategic motives for patenting. The rationales for the increasing 

importance of international filings rely on the fact that the sales and investments of Chinese 

companies are increasingly taking place in foreign countries, and a desire to protect 

inventions, avoiding technical imitation. Other motives include a desire to avoid litigation and 

to improve the prospects of collaboration with other firms. It is also part of a willingness of 

some Chinese companies to give an image of innovative business internationally. In other 

words, the traditional motives, such as protection of commercialized inventions are 

increasingly supplemented with strategic motives, such as a willingness to block a 

technological trajectory. In the same vein, Huang and Jacob (2014) show, based on an 
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industry-level analysis for China, that “quadic” patenting is driven by the need to access 

markets, respond to imitative threats, and compete in product markets. 

 

Insert Figure 5 

Insert Figure 6 

 

In order to substantiate these elements in the more specific case of patents relating to the low-

carbon technologies listed in Table 1, we use the data in Figure 1, but with two 

complementary reading keys to better identify the origin of protected innovations and their 

quality or importance. The first reading key is that of priorities, i.e. the office at which the 

first patent for the invention in question was applied for. Priority is generally a good indicator 

of the "nationality" of the patented invention, as the applicant often seeks protection in the 

country where the invention was made in the first place. By selecting among the patents 

granted by a patent office only those with a domestic priority, it is therefore possible to 

distinguish inventions generated within the geographical area covered by that office from 

those originating from a different geographical area. In the particular case of EPO, a priority 

is defined as domestic if either the office of first filling is EPO or the patent is claiming 

priority from one of the contracting states of the European Patent Convention. The second 

reading key is that of families, i.e. all the patents protecting the same invention, and therefore 

in particular all the different offices from which protection has been requested. As the 

multiplication of procedures at different offices is costly, the geographical extent of the 

protection sought is considered as a good indicator of the value accorded by applicants to 

their patents. The concept of family used here is the DOCDB family as defined in the Patstat 

database. The analysis proposed infra mixes these two reading keys by retaining for each 

patent office only those patents having a domestic priority and whose family includes at least 

one patent applied for, and granted, outside the office in question. Figure 5 gives the 

proportion of these patents among the total number of patents listed in Figure 1. To facilitate 

comparison, and in particular to smooth out the sometimes large annual variations in this 

proportion, the five-year moving averages are shown in Figure 5. The striking result shown in 

Figure 5 is that CNIPA is by far the patent office with the lowest proportion of local patents 

with foreign extension. A decomposition between the two reading keys, not provided by 

Figure 5, highlights that this is due both to the relatively low proportion of domestic priorities 

and to the relatively low extension of patents with Chinese priority outside China. In other 
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words, not only does a large share of the low-carbon patents granted by CNIPA consists in 

patents on inventions generated outside China, but moreover, when they concern domestic 

inventions, these seem to be of a lower value than for other offices. This result is consistent 

with the idea, already outlined in Figures 3 and 4, that China is still catching up on low-

carbon technologies. Figure 6 mixes Figures 1 and 5, focusing on the counts of granted 

patents with local priority and whose family includes at least one patent outside the office 

considered. The hierarchy of offices is clearly modified, CNIPA positioning itself at a level 

comparable to that of KIPO but being clearly distanced by EPO, and especially JPO and 

USPTO. Quantitatively, therefore, it does not seem that China has reached a stage of 

leadership in low-carbon technologies. However, qualitatively, a more substantiated diagnosis 

about the value of Chinese inventions in the field of low-carbon technologies needs to be 

done. Indeed, the geographical scope is only one indicator among others to assess patent 

value. 

 

3. Data and the patent renewal econometric model 

The evaluation of the quality and/or the value of patents is conventionally approached in the 

economic literature by exploiting the data contained in patent registers. These registers make 

it possible to collect a number of metrics which constitute as many different and 

complementary facets of approaching patent quality and/or value. These different metrics can 

be linked, and a bridge can be established between the concepts of quality and value, through 

the estimation of a patent renewal model. This is what this section details, while also 

proposing a renewal model that is more general than those commonly encountered in the 

literature and which offers the advantage of being able to take into account the option value of 

patents. 

 

3.1. Patent metrics and renewal data for EPO patents 

The quality of a patent is an important but delicate concept to grasp in a tangible way. It can 

be approached from a legal, technological and economic point of view. To each of these 

points of view can be associated patent metrics, i.e. elements appearing in patent documents 

which can be codified in numerical form in a relatively objective manner. 

Legal quality is tightly linked to patent validity and to the expected outcome of a patent 

prosecution. Studies on legal quality show that patent validity partly rely on an effort made by 
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the applicant and its patent attorneys (Yelderman, 2014). It refers to the idea that, to have a 

legal quality, a patent document has to be well drafted, in the sense that it fulfils the criteria 

for patentability and is difficult to challenge, either in an opposition procedure at the patent 

office or in front of a court for validity or infringement issues. Harhoff and Reitzig (2004), for 

instance, show that having a high number of claims positively impact the probability of 

opposition. In another study, Mann and Underweiser (2012) examine the extent to which the 

alignment between the claims and the patent specification affects the outcome of patent 

prosecution. The legal quality of a firm's patents is important to a firm, but it does not 

necessarily reflect a firm's leadership in a technology or its market. It is therefore of little 

relevance to the problem addressed in this section. 

The technological quality of a patent is easier to assess. If the invention protected by a patent 

is technologically important, its breakthrough character made it rely on relatively few 

previous patents but, conversely, it may generate many incremental patents. This phenomenon 

is commonly detected by looking respectively at the citations made (backward citations) and 

received (forward citations) by a patent. In this respect, Hall et alii (2005) make a distinction 

between self-citations and non-self-citations. Self-citations are citations made by (in the case 

of backward citations) or received from (in the case of forward citations) patents held by the 

same owner as the patent whose metrics are calculated. They therefore rather reflect the 

intensity of research conducted by this owner around the patented technology than the 

position of the patent in question in relation to the sequence of patents applied by 

technological competitors. With regards to backward citations, it is also relevant to treat 

separately those that can be considered as blocking. A backward citation is said to be blocking 

if it indicates the existence of a previous patent in the state of the art which already contains 

claims close to all or part of the claims of the patent under consideration. This type of citation 

corresponds, at EPO, to backward citations classified as X and Y, and are often citations 

added by the examiners (Criscuolo and Verspagen, 2008). The presence of blocking citations 

signals a patent which, at least partly, does not fully meet the criterion of inventive step and 

therefore has a relatively low technological quality. Note however that the presence of a 

blocking citation does not necessarily prevent the patent from being granted, for example if 

the blocking citation relates only to certain claims. The diversity of technological fields 

mentioned by a patent, also called technological scope and basically measured by the number 

of technological fields listed in a patent, is also an indicator of its technological quality 

(Lerner, 1994). The two types of metrics aforementioned can be cross-referenced by looking 
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at the diversity of technological fields in the patents cited by the patent of interest or, 

conversely, the patents citing this patent. This is how the so-called originality and generality 

indices of a patent are calculated (Trajtenberg et alii, 1997). The importance, at least 

quantitatively, of the academic literature on which a patent is based can also be an indicator of 

its technological quality. This aspect has been studied by Branstetter (2005) using the Non 

Patent Literature (NPL) elements in the references cited by a patent. 

The economic quality of patents results for its part from the magnitude of the profits that it 

can generate for its holder. It can be expressed in monetary units and is thus generally referred 

to as the private economic value of patents. Thus, the diversity of applications envisaged for 

the patented invention, as approximated by the number of claims, has a positive impact on the 

expected gains. The same applies to the geographical scope of protection sought for a given 

invention, which is determined by the size of the patent family (Lanjouw et alii, 1998; Van 

Zeebroeck and van Pottelsberghe de la Potterie, 2011). It has also been found that patent 

citations, more specifically forward citations, are significantly and positively linked with the 

economic value of patents (Harhoff et alii, 1999; Harhoff et alii, 2003; Hall et alii, 2005). 

Last but not least, since the seminal articles by Schankerman and Pakes (1985 and 1986) and 

Pakes (1986), the value of patents is also known to be tightly and positively linked to patents 

renewals. This aspect has been treated and validated by Svensson (2012) who shows that 

patents associated to commercialized inventions and patents that received at least one forward 

citation have a higher probability to be renewed. 

The distinction between the three types of quality described above is not always clear-cut, 

which is why the same metric can often be used as a determinant of several types of quality in 

empirical studies. For example, claims and citations are used by Allison and Lemley (1998) to 

understand the factors influencing litigation, but also by Harhoff et alii (2005) to analyse the 

determinants of patent value. Similarly, whereas blocking citations are assumed to signal the 

low inventive step of a patent, their presence also increases the risk of opposition (Harhoff 

and Reitzig, 2004) and may affect the economic value of patents (Czarnitzki et alii, 2011). 

Moreover, these different types of quality are also closely intertwined. Legal quality increases 

the expected value of a patent by reducing the risk of invalidation following an invalidity 

procedure or of amendment following an opposition. Similarly, technological quality 

increases a patent holder's ability to generate revenue from licensing, thus positively affecting 

the economic value of the patent. In view of these elements, the economic value of a patent 

can be considered to be a broader concept than its legal or technological quality, which 
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justifies focusing on it in this article. Before presenting some descriptive statistics based on 

patent metrics to give a first glimpse at the value of Chinese low-carbon patents compared to 

low-carbon patents from other origins, a few precautions have to be taken. 

Comparing the value of patents internationally is complicated by the heterogeneity of patent 

office practices. The research strategy adopted by Boeing and Muller (2019) in the specific 

case of Chinese inventions is to rely on citation data from international search reports (ISR) 

made by the World Intellectual Property Office (WIPO) for PCT applications. The key idea 

here is to compare the processing of patent applications of various geographical origins by the 

same office. Therefore, this article adopts a comparable strategy but compares applications at 

EPO. Contrary to WIPO, one could suspect EPO to be subject to a home bias effect, which 

consists for a patent office to be less demanding in its examination of patents applied by 

domestic applicant than it is for patents applied by foreigners. However, there are two 

elements that mitigate such a potential problem. Firstly, EPO is a supranational office which, 

as a result, may be intrinsically less subject to a home bias effect. Secondly, if there is a home 

bias effect, it plays in favour of a better quality of patents on Chinese (and more generally 

non-European) inventions compared to patents on European inventions granted by EPO. 

Therefore, if a value comparison test does not lead to rejecting the hypothesis that patents on 

Chinese inventions are of a lower value, this test would not be invalidated but reinforced by a 

home bias effect. In addition to its supranational character likely to limit the home bias effect, 

EPO is also chosen because it has the reputation of being one of the patent offices with the 

most demanding patent examination process. Quantitative studies conducted by de Saint 

Georges and van Pottelsberghe de la Potterie (2013) or Useche (2014) contribute to support 

this argument. Last but not least for the econometric model used infra, patents filed at EPO 

are subject to annual renewal decisions at each of the national offices of the contracting states 

designated by the patent. The number of renewal decisions observed for a same patent is 

therefore substantially high. 

The comparison over time of patent metrics also calls for some precautions. This is 

particularly true for patents in technological fields which, as illustrated in Figures 1 and 6, 

have seen a sharp increase in the number of grants over the period studied. The number of 

citations, for example, can be strongly affected by the number of patents granted; a marked 

increase in the latter leading a priori to an increase in citations of previous patents. More 

generally, the practices prevailing in the drafting of a patent application are likely to change 

over time. In order to avoid a bias inherent to such an evolution, it is therefore necessary to 
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relate each patent metric to the average of this metric over all the patents of the same cohort 

and the same technological field. 

As stated supra, the aim here is to compare patents according to their origin, which we refer 

to for the sake of simplicity as the "nationality" of patents. To do so, the preferred approach 

has been to identify to which office the priority of each patent corresponds, the idea being that 

a patent is primarily filed in those countries where the invention was developed. An 

alternative approach is to look at the nationality of the inventors, or more exactly in the case 

of the Patstat database used here, the country of residence of the inventors. However, unlike 

priority which is unique, a patent may have several inventors of different nationalities and 

countries of residence. Table 2 shows that, in the case of the patents granted by EPO and 

analysed in this article, the two approaches do not differ significantly. Following the idea 

introduced with Figures 1, 5 and 6, the nationalities considered in Table 2 focus on four 

specific origins (China, United States, Japan and Korea) among the non-European priorities, 

in addition to European priorities. Once again, it should be remembered that, in the European 

case, the scope retained is that of the contracting states of the European Patent Convention 

(also known as the Munich Convention). For each technological field identified in Table 1, 

Table 2 reports in the first row the count of patents granted by EPO for which at least one of 

the inventors has the same nationality as the priority indicated in the column and, in the 

second row, the count of patents for which no inventor has the same nationality as the priority 

indicated in the column. For each technological field, the number of patents on the second 

line is much lower than the one on the first line. There is therefore a strong consistency 

between the two possible approaches to identifying the "nationality" of a patent. 

 

Insert Table 2 

 

Table 3.a and 3.b complete Table 2 by detailing, for each technological field, the distribution 

of patents granted by EPO according to the date (2006 versus 2016), and by distinguishing 

between those with respectively a European, a Chinese or another priority (the decomposition 

among all these other priorities between US, Japanese or Korean priorities is detailed in the 

three columns on the right). Unsurprisingly, European priorities often account for a significant 

proportion of EPO's patented inventions, although they are not the main source in many 

technological fields. European priorities were predominant in the technological fields 

Buildings Energy Efficiency, Fuels from Waste, Sea Energy and Wind Power in 2006, while 
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they only remain so for the last two in 2016. Conversely, European priorities accounted for 

only about a quarter of the patents granted by EPO in the Energy Storage and Fuel Cells 

fields in 2006. Although they were ahead of American, Korean or Chinese priorities, 

European priorities were lagging behind Japanese priorities at this date. However, this share 

has tended to increase between 2006 and 2016 in a context of an overall increase in patent 

grants. This suggests that in these two fields innovation is distributed across a wide range of 

geographical origins, and beyond the five origins considered in the study. Moreover, it is also 

in these two fields that Japanese priorities dominate US priorities in both 2006 and 2016, 

while the reverse is clearly true for the other technological fields with the exception of the 

Photo Voltaic field in 2006. However, the hierarchy between Japanese and American 

priorities is reversed for this field in 2016. Finally, and in line with Figures 5 and 6, it can be 

seen that grants with Chinese priority are generally much lower, both for 2006 and 2016, than 

grants with European, American or Japanese priority, but also than grants with Korean 

priority. Only rarely do they compare with patents of Korean origin, but at low levels. A 

noticeable exception is the Wind Power field where Korean priorities are three times less 

numerous than Chinese ones, but the latter remain far below the other ones. According to 

Tables 3.a and 3.b, the different technological fields are quite heterogeneous in terms of the 

count of granted patents. This partly reflects the degree of maturity of the different 

technologies. Thus, not surprisingly, the technological fields Buildings Energy Efficiency, 

Wind Power and Photo Voltaic were those for which, in 2006, the number of patents with a 

European priority was the highest. The same is true in 2016, but the Wind Power 

technological field is now ahead of the Building Energy Efficiency field. Conversely, the Sea 

Energy and Fuel Cells technological fields had the lowest number of patents granted in 2006 

and 2016. However, these differences in patent counts may also reflect differences in the 

importance of patents to protect inventions. It is conceivable, for example, that in 

technological fields where the process control is a key element, patents may play a less central 

role in protecting and exploiting inventions. This is likely to explain, in part, the lower 

number of patents in technological fields such as Bio Fuels and Fuels from Waste. 

Interestingly, all the technological fields studied have experienced an increase in the count of 

patents granted, whatever the priority considered, except Chinese priorities in the Hydrogen 

technological field, which have remained, in fact, almost non-existent. The growth in patent 

grants having non-European priorities is generally more pronounced than those having 

European priorities. Two technological fields are noticeable exceptions: Hydrogen and Fuel 

Cells. In the latter case, only grants with Chinese priority have seen a higher growth rate, but 
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the corresponding number of patents remains very low compared to the number of patents 

with a European priority. In addition to Fuel Cells, it is for the Energy Storage, Wind Power, 

and Buildings Energy Efficiency technological fields that grants with Chinese priority have 

seen the highest growth rates. 

 

Insert Table 3.a 

Insert Table 3.b 

 

To take the analysis of patent demographics a step further, Tables 4.a and 4.b provide a 

summary view of renewals by technological field, age, priority and patent office. For this last 

dimension, the Tables as well as the rest of the paper are restricted to renewal decisions for 

patents granted by EPO at the three main national offices generally targeted by these patents. 

These are the Deutsches Patent MarkenAmt (DPMA) for Germany, the Institut National de la 

Propriété Intellectuelle (INPI) for France and the Intellectual Property Office (IPO) for the 

United Kingdom. The information displayed in Tables 4.a and 4.b is grouped, in blocks of 

rows associated to the different technological fields. The left-hand side gives information on 

renewals at age 5, while the right-hand side gives the same information on renewals at age 10. 

For each of these ages, the three columns correspond respectively to renewals at the DPMA, 

INPI and IPO. Within each row group, the first row relates to patents with a European 

priority, the second to patents with a Chinese priority and the third to patents with “other” 

priorities. In each case the survival rate at the relevant age and the count of renewed patents 

are provided. As discussed infra, renewal decisions are indicative of the economic value of 

patents as anticipated by their holders. They also depend on the level of renewal fees to be 

paid to the patent office. In this respect, it is striking to note that, while renewal fees are 

significantly higher at DMPA than at INPI and IPO (see Figure 7.a infra), it is at DMPA that 

patents with European and non-European priorities are most systematically and for the longest 

time renewed. This reflects Germany's central role in the development of clean technologies, 

both as a country of invention and as a market for these technologies. Patents with a European 

priority then tend to be renewed slightly more often and for a longer period at INPI than at 

IPO. Two technological fields constitute exceptions: the Sea Energy and the Wind Power 

technological fields. Although the natural potentials for these technologies are of comparable 

size in the two countries, the United Kingdom is reputed to have had a much more proactive 

policy than France for their development. From this point of view, aggregate data on patent 
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renewals seem to reflect fairly well the perceived importance of the different markets. 

Somewhat surprisingly, patents with an extra-European priority tend, unlike patents with a 

European priority, to be renewed less systematically and for a longer period at INPI than at 

IPO. If we focus on renewals at DMPA, some technological fields depart from the others. 

Renewals at age 5 (but not at age 10) are markedly higher in the technological field Fuel Cells 

whereas they are much lower, both at age 5 and at age 10, in the technological field Sea 

Energy. Last but not least, it is unclear whether patents with a Chinese priority are more easily 

renewed compared to patents with non-European and non-Chinese priorities. It seems to 

depend simultaneously on the technological field, the patent office and the age considered. No 

simple empirical evidence can therefore be drawn from the aggregate renewals data as regards 

a supposedly lower value of patents of Chinese origin. The same is true when comparing 

patents with a Chinese priority to other patents on the basis of the aggregate metrics data 

provided in Tables 5.a to 5.c. 

 

Insert Table 4.a 

Insert Table 4.b 

 

In addition to the average of the metrics obtained for the various priorities and for the 

different technological fields, Tables 5.a to 5.c also provide the Z-statistic allowing to test 

whether the average for non-European and non-Chinese or Chinese priorities is significantly 

different from that obtained for European priorities. Tables 5.a to 5.c show that patents with a 

non-European but a non-Chinese priority outperform more systematically patents with a 

European priority, in terms of patent metrics, than do patents with a Chinese priority. This 

result appears from two angles. First, the number of metrics for which the Z-test is significant 

is higher when the test is performed on non-European and non-Chinese priority patents 

compared to when it is performed on Chinese priority patents. Second, when it is significant, 

the Z-test signals deviations which are more systematically of the same sign for the different 

technological fields in the case of non-European and non-Chinese priority patents than in the 

case of Chinese priority patents. The metrics for which non-European and non-Chinese 

priority patents are most often significantly better than European priority patents are claims, 

family size (except for Wind Power), technological scope (except for Energy Storage), 

backward self-citations, forward self-citations and forward non-self-citations (except Fuels 

from Waste), and the generality index. Among these metrics, it is only for claims that a 



21 
 

similar result is obtained for those patents with a Chinese priority. For the other metrics, the 

outcome of comparing Chinese priority patents with European priority patents depends on the 

technological field considered. The size of the family is for instance significantly smaller for 

Chinese priority patents in the Hydrogen and Sea Energy technological fields, as is the 

technological scope in the Energy Storage, Fuel Cells and Sea Energy technological fields, or 

the number of self-forward citations in the Sea Energy, Hydrogen, Fuel from Waste, Fuel 

Cells and Energy Storage technological fields, or the number of non-self forward citations in 

the Energy Storage and Fuel from Waste fields. For some metrics, whether the difference 

between the mean value obtained for non-European and non-Chinese patents and the mean 

value obtained for European patents is significant depends on the technological field 

considered. For each of these metrics, the significance of the difference between the mean 

values obtained for Chinese patents and European patents also depends on the technological 

field considered, but the sign of the deviation is not necessarily the same. This is what is 

observed, for instance, for metrics such as non-self-backward citations or blocking citations. 

Finally, we observe that for certain metrics (self-backward citations and non-patent literature 

citations), Chinese priority patents systematically underperform European priority patents, 

whereas this is not the case for non-European and non-Chinese priority patents. Tables 5.a to 

5.c therefore suggest that the quality signals, relative to patents with a European priority, sent 

by the average values of metrics are less systematically favourable to patents with a Chinese 

priority than they are to patents with non-European and non-Chinese priorities. This does not 

mean, however, that patents with a Chinese priority cannot be of better quality than patents 

with a European priority for certain specific technological fields. Likewise, the comparison 

made on the basis of the statistics in Tables 5.a to 5.c relates only to averages for patent 

populations. However, the absence of a statistically significant difference for an average can 

hide a strong heterogeneity within one of the two patent populations. It cannot be ruled out, 

for example, that certain patents with a Chinese priority, but not all, are of significantly higher 

quality than those with a European priority. It is therefore advisable to continue the analysis in 

more details by seeking to isolate those patents having, individually, a significantly higher 

value than the other patents. This is the aim of the econometric model described in what 

follows. 

 

Insert Table 5.a 

Insert Table 5.b 
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Insert Table 5.c 

 

3.2. The econometric model 

So far, the quality of patents has been approached on average and through multiple patents 

metrics and indicators that constitute as many different facets of quality. We now turn to an 

econometric approach that circumvents these two limitations. First, it synthesizes the different 

metrics and indicators in a way that is consistent with the economic rationality of patent 

holders. Second, it enables us to assess the expected value of patents at the micro level and 

thus to test whether a patent has a significantly higher value than the bulk of patents that have 

been granted in a given technological field. 

The corner stone of the econometric model are patent renewal decisions. Prior to detailing the 

model, recall that an innovator faces different options to value an invention. The economic 

literature considers that the trade-off is typically between either relying on secrecy or applying 

for a patent. A rational innovator chooses patenting, if and only if, the excess value from 

patenting exceeds the cost of applying for a patent. This cost encompasses patent office fees 

during application phase, fees for patent attorneys, but also the cost of disclosing the 

invention in exchange for the exclusivity right conferred by the patent on industrial and 

commercial exploitation of the invention. The trade-off between secrecy and a patent right 

partly depends on the ability of the innovator to optimise the excess value raised in case of 

patenting. This excess value, referred to as the value of patent protection, may result, among 

others, from the direct exploitation of the patent by the patent holder, from licensing or from 

blocking competitors. Nevertheless, the rent that accrues from these different strategies has to 

be balanced with the cost of renewing the patent. Indeed, renewal or maintenance fees have to 

be paid to the patent office to keep the patent in force. They are due each subsequent year in 

Europe, whereas they are due at years three and half, seven and half and eleven and half at 

USPTO. The economic literature on patent renewal decisions has stressed that the decision to 

renew or withdraw a patent indirectly reveals the private value granted by a patent holder to 

the patent protection. The optimal renewal decision of a patent holder maximising the private 

value of a patent 𝑖 at age 𝑎 (𝑎 ∈ {1, … , 𝑇}  where 𝑎 = 0 is the date of application and 𝑎 = 𝑇 is 

the statutory life limit of patents) may be described by the following optimisation problem 

 𝑉𝑎
𝑖 = max {𝜋𝑎

𝑖 − 𝑐𝑎 + 𝜃𝑎
𝐸𝑎[𝑉𝑎+1

𝑖 ]

1+𝑟

0
 where 𝜃𝑎 = {

1  if 𝑎 < 𝑇
0 if 𝑎 = 𝑇

 (1) 
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𝑉𝑎
𝑖  is the private value of patent 𝑖 at age 𝑎, 𝜋𝑎

𝑖  is the annual rent that accrues from the patent at 

age 𝑎, 𝑐𝑎 is the annual renewal fee to be paid at age 𝑎, 𝑟 is the discount rate and 𝐸𝑎 denotes 

the mathematical expectation conditional on information available at age 𝑎. Withdrawal of the 

patent occurs when the upper term in the right hand side of (1) is negative. Two strands of 

models have been derived from the fairly general expression (1). They are distinguished on 

the basis of assumptions made about the dynamics of the rent 𝜋𝑎
𝑖 . 

A first strand of models, initiated by Schankerman and Pakes (1985 and 1986) assumes that 

the gap 𝜋𝑎
𝑖 − 𝑐𝑎 between the rent and the renewal fee decreases as the patent ages. This 

assumption implies that, once a patent becomes unprofitable, it will stay unprofitable in the 

future. It produces a rather simple renewal decision that states that a patent should be renewed 

as long as its current rent 𝜋𝑎
𝑖  exceeds the current renewal fee 𝑐𝑎 and should be withdrawn 

otherwise. As a consequence, no expectation of the future values of the rent and the future 

amounts of fees has to be used. This substantially reduces the complexity of econometric 

models that attempt to explain renewal decisions. The key assumption of a decreasing 

difference 𝜋𝑎
𝑖 − 𝑐𝑎 is often re-expressed in a more restrictive form, stating that the rent 𝜋𝑎

𝑖  

decreases whereas the renewal fee 𝑐𝑎 increases as the patent ages. The assumption of an 

increasing renewal fee is supported by the observation made for most patent offices
16

. 

Cornelli and Schankerman (1999) provide an explanation for this increase. They extend the 

model of optimal patent length developed by Nordhaus (1969 and 1972) to the case of 

imperfect information of the patent office about the performance of firms in their R&D 

process. In the context of their model, it is optimal to propose to inventors a menu of different 

patent length associated with fees expressed as an increasing and convex function of the 

length. The assumption of a decreasing rent 𝜋𝑎
𝑖  follows on from the objective of the seminal 

papers of Schankerman and Pakes (1985 and 1986). They were intended to assess the relevant 

rate of decay to be applied to knowledge stocks approximated by stocks of patents. Whereas 

data on patent renewals aggregated at the cohort level were used in these seminal papers, 

some authors (see e.g. Barney, 2002; Bessen, 2008; Baudry and Dumont, 2012) have adapted 

the model to micro level data on patent renewals. By doing so, they are able to test whether 

some patent metrics can be used as proxy variables of the private value of patents. Gupeng 

and Xiangdong (2012) have applied this kind of modelling to patent renewal decisions at 

CNIPA. They find that patents with Chinese owners have a significantly lower value than 

patents with foreign owners. However, the assumption of a decreasing rent on which relies 
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 See for instance Figures 7.a and 7.b. 
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this strand of literature is questionable. In pharmaceuticals, for instance, the rent that accrues 

from a patent stays low until a marketing authorisation is granted for the new drug and then 

jumps upwards. In low-carbon technologies, the rent may be positively affected by more 

stringent climate policies. More generally, the assumption of a decreasing rent seems 

somewhat inconsistent with the commonly alleged idea that patents are a bet on future 

opportunities and revenues that are not yet exploited. 

The second strand of models dates back to the work of Pakes (1986). This author assumes that 

the rent 𝜋𝑎
𝑖  follows a stochastic process and analyses the optimal withdrawal rule in a 

dynamic setting. Baudry and Dumont (2006) propose an alternative formulation of the model 

that explicitly links the analysis to real option theory. Accordingly, the renewal decisions of a 

patent at each age may be thought of as a succession of European Call like options with 

annual maturity and exercise prices corresponding to the successive renewal fees. In real 

option terminology, the continuation value 𝐹𝑎
𝑖 of the option to renew a patent 𝑖 at age 𝑎 < 𝑇 in 

counterpart of the payment of the renewal fee 𝑐𝑎 is the sum of the current rent and the 

expected and discounted value of future rents: 

 𝐹𝑎
𝑖 = 𝜋𝑎

𝑖 +
𝐸𝑎[𝑉𝑎+1

𝑖 ]

1+𝑟
 (2) 

The model formulation in both Pakes (1986) and Baudry and Dumont (2006) is essentially 

structural, which makes it difficult to estimate. Moreover, the resulting models are not 

suitable for the introduction of patent metrics to control for observed heterogeneity in patents. 

Yet, empirical studies based on surveys stress that some patent metrics, more specifically 

forward citations, are key determinants of the value of patents (Harhoff et alii, 1999; Harhoff 

et alii, 2003; Gambardella et alii, 2008). 

The model proposed in this paper aims at conciliating the advantages of the two strands of 

literature while avoiding their drawbacks. For this purpose, the withdrawal of a patent is 

interpreted as the “death” event of a discrete time duration model, the hazard rate of which is 

defined by the probability 

 𝑃𝑟𝑎[𝐹𝑎
𝑖 < 𝑐𝑎] (3.a) 

where 𝐹𝑎
𝑖 is the continuation payoff of the real option problem (1) defined in (2) and 𝑃𝑟𝑎 

stands for the probability conditional on information available at age 𝑎 of the patent. Instead 

of a structural modelling of this termination payoff, we use a reduced form and express it as 

 𝐹𝑎
𝑖 = 𝑉𝑎

𝑖(𝑎, 𝑟𝑎 , 𝑋𝑖 , 𝑍𝑎
𝑖 ) + 𝜀𝑎

𝑖 + 𝑢𝑖  (3.b) 
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with 

 𝑉𝑎
𝑖(𝑎, 𝑟𝑎 , 𝑋𝑖 , 𝑍𝑎

𝑖 ) = 𝜋𝑎
𝑖 (𝑋𝑖 , 𝑍𝑎

𝑖 ) +
𝑣(𝑎,𝑋𝑖,𝑍𝑎

𝑖 )

1+𝑟𝑎
 (3.c) 

In (3.c), 𝜋𝑎
𝑖 (𝑋𝑖 , 𝑍𝑎

𝑖 ) defines the rent that accrues from patent 𝑖 at age 𝑎 as a function of two 

types of observed variables. The first type of variables corresponds to static variables 𝑋𝑖  that 

affect the value of the initial rent but do not change as the patent ages. Patent metrics 

determined at the application of the patent, once for all, typically belongs to this set of 

variables (e.g. claims, self-backward citations, non-self-backward citations, family size, 

technological scope). The second type of variables corresponding to the vector 𝑍𝑎
𝑖  gathers 

dynamic variables that affect the value of the rent but change as the patent ages. These 

observed dynamic variables are used in place of the stochastic process introduced by 

Pakes (1986) and Baudry and Dumont (2006) in their models to describe the evolution of the 

rent. Good candidates for this second set of variables are forward (self and non-self) citations 

received by the patent as it ages as well as patent metrics that depend on forward citations 

(e.g. the generality index defined by Trajtenberg et alii 1997 and also used by Hall et alii, 

2005). The function 𝑣(𝑎, 𝑋𝑖 , 𝑍𝑎
𝑖 ) is the expected value of the patent at age 𝑎 + 1 in case of 

renewal at age 𝑎. It depends on the same static and dynamic variables than the rent, because it 

is an expected sum of future rents conditional on information available at age 𝑎, except that it 

is also explicitly assumed to depend on the age of the patent. Indeed, according to a standard 

result in option valuation, as the statutory life limit becomes closer, ceteris paribus the 

continuation value decreases and reaches zero once the maturity of the option is reached. 

Accordingly, we must have 𝑣(𝑎, 𝑋𝑖 , 𝑍𝑎
𝑖 ) = 0 when the patent reaches age 𝑎 = 𝑇. Once 

discounted, 𝑣(𝑎, 𝑋𝑖 , 𝑍𝑎
𝑖 ) is referred to as the option value of the patent. Note that the discount 

rate 𝑟𝑎 in (3.c) is indexed by the age 𝑎 in order to reflect that even the risk neutral discount 

rate changes with time. An important consequence of the variability in the discount rate is that 

the distinct effects of static variables and dynamic variables on the current rent, on the one 

hand, and on the option value on the other hand, are identifiable. In the econometric model 

estimated in this paper, a linear expression of both 𝜋𝑎
𝑖 (𝑋𝑖 , 𝑍𝑎

𝑖 ) and 𝑣(𝑎, 𝑋𝑖 , 𝑍𝑎
𝑖 ) is used. 

Accordingly, (3.b) may be written as 

 𝐹𝑎
𝑖 = 𝛼0 + ∑ 𝛼𝑘𝑥𝑘

𝑖𝐾
𝑘=1 + ∑ 𝛼ℎ𝑧ℎ 𝑎

𝑖𝐻
ℎ=1  

  +𝛽0𝑞𝑎 + ∑ 𝛽𝑘𝑞𝑎𝑥𝑘
𝑖𝐾

𝑘=1 + ∑ 𝛽ℎ𝑞𝑎𝑧ℎ 𝑎
𝑖𝐻

ℎ=1 + 𝜀𝑎
𝑖 + 𝑢𝑖  (4.a) 
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where the first line corresponds to the current rent and the second line is associated to the 

option value, plus the unobserved components of the continuation value. 𝛼𝑘 and 𝛽𝑘 (𝑘 ∈

{0, ⋯ , 𝐾}) are parameters to be estimated and 

  𝑞𝑎 =
1

1+𝑟𝑎

𝑇−𝑎

𝑎
 (4.b) 

is a composite variable that captures the variability in the discount factor (first term) and the 

fact that the option value decreases and tends to zero as the patent age 𝑎 reaches the statutory 

life limit 𝑇 (second term). 

In (3.b) and (4.a) 𝑢𝑖  is a random i.i.d term specific to patent 𝑖 but invariant across the different 

ages whereas 𝜀𝑎
𝑖  is a random i.i.d term specific to patent 𝑖 and age 𝑎. These two random terms 

represent unobserved heterogeneity in patents but have different interpretations. 𝑢𝑖  captures 

the influence of unobserved but time invariant characteristics of the patent, for instance the 

intrinsic quality of the patent both from a legal point of view (“quality” in the drafting of 

claims) and from a technological point of view (efficiency of the patented invention to 

address a technological problem). 𝜀𝑎
𝑖  captures unobserved shocks affecting the dynamics of 

the rent. The underlying assumption of the model is that the dynamic variables are proxy 

variables of the dynamics of the rent. Based, for instance, on the results of surveys analysed 

by Harhoff et alii (1999), Harhoff et alii (2003), Gambardella et alii (2008), the rent and the 

option value are expected to increase ceteris paribus with the cumulated count of citations 

received. However, the link between the rent and cumulated citations is imperfect. This 

imperfection is reflected by the presence of the i.i.d random shocks 𝜀𝑎
𝑖 . Whether the sequence 

of renewal fees that remain to be paid at future ages has to be introduced as a known set of 

dynamic variables or has to be treated as a stochastic variable like the rent is discussed by 

Pakes and Simpson (1989). They argue that patent offices publish the profile of renewal fees 

to be paid at the different ages of a patent and that changes made to this profile are 

sufficiently marginal to consider that it is known with certainty to the patent holder. 

If 𝜑(. ) and Φ(. ) denote respectively the probability density function and the cumulative 

density function of 𝜀𝑎
𝑖  while 𝜗(. ) stands for the density probability function of 𝑢𝑖  (which 

takes value on Ω𝑢), then the hazard rate defined in (3.a) may be rewritten as 

 𝑃𝑟[𝜀𝑎
𝑖 < 𝑐𝑎 − 𝑉𝑎

𝑖(𝑎, 𝑟𝑎 , 𝑋𝑖 , 𝑍𝑎
𝑖 ) − 𝑢𝑖] 

  = ∫ (∫ 𝜑(𝜀)𝑑𝜀
𝑐𝑎−𝑉𝑎

𝑖(𝑎,𝑟𝑎,𝑋𝑖,𝑍𝑎
𝑖 )−𝑢𝑖

−∞ ) 𝜗(𝑢)𝑑𝑢Ω𝑢
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  = ∫ ℎ𝑎
𝑖 (𝑎, 𝑟𝑎 , 𝑋𝑖 , 𝑍𝑎

𝑖 , 𝑢𝑖)𝜗(𝑢)𝑑𝑢Ω𝑢
 (5.a) 

where 𝑉𝑎
𝑖(𝑎, 𝑟𝑎 , 𝑋𝑖 , 𝑍𝑎

𝑖 ) is given by (3.c) and 

 ℎ𝑎
𝑖 (𝑎, 𝑟𝑎 , 𝑋𝑖 , 𝑍𝑎

𝑖 , 𝑢𝑖) = Φ(𝑐𝑎 − 𝑉𝑎
𝑖(𝑎, 𝑟𝑎 , 𝑋𝑖 , 𝑍𝑎

𝑖 ) − 𝑢𝑖) (5.b) 

Following Jenkins (1995), the likelihood of patent 𝑖 being renewed up to age 𝐴 and withdrawn 

at this age may then be written 

 ∫ ∏ ℎ𝑎
𝑖 (𝑎, 𝑟𝑎 ,𝑋𝑖 , 𝑍𝑎

𝑖 , 𝑢𝑖)
1−𝑦𝑎

𝑖

(1 − ℎ𝑎
𝑖 (𝑎, 𝑟𝑎 ,𝑋𝑖 , 𝑍𝑎

𝑖 , 𝑢𝑖))
𝑦𝑎

𝑖

𝐴
𝑎=1 𝜗(𝑢)𝑑𝑢Ω𝑢

 (6) 

where 𝑦𝑎
𝑖  takes value one as long as the patent is renewed (i.e. for 𝑎 < 𝐴) and value zero at 

the age 𝐴 of withdrawal. The discrete time duration model thus reduces to a binary choice 

panel data model and can be estimated by maximum simulated likelihood (Greene, 2002, 

Chapter 21). The econometric model implemented in this paper assumes a 𝑁(0, 𝜎𝜀 ) 

distribution for 𝜀𝑎
𝑖  and a 𝑁(0, 𝜎𝑢) distribution for 𝑢𝑖 . Note that 𝜎𝜀 is not normalized to unity 

like in standard Probit models. The reason is that an alternative normalization in the model is 

used. It consists in imposing that the coefficient of renewal fees 𝑐𝑎 in (3.a) (5.a) and (5.b) is 

equal to unity. Thus, the standard deviation 𝜎𝜀 is identifiable. Another important consequence 

of this normalization is that because the renewal fees 𝑐𝑎 are expressed in monetary terms, the 

rent and the option value of patents are also estimated in monetary terms. This reveals to be 

very useful to compare the value of patents thereafter. 

Finally, it is worth noting that the model presented supra is easily adapted to the analysis of 

the renewals of patents applied at different patent offices for a same invention. It is more 

specifically consistent with the panel approach if one reinterprets the random specific term 𝑢𝑖  

as a term capturing unobserved “quality” of the invention, not just the patent. When the 

patents belong to a same family, the static and dynamic variables do not necessarily have the 

same realizations. Typically, claims count and citations count (backwards and forwards) for a 

USPTO patent and a JPO patent in the same family may differ even if they protect the same 

invention. Estimating simultaneously the renewals, at different offices, for patents of a same 

family with the panel model described above helps increasing the number of observations for 

an unchanged number of parameters (except if national specific context variables affecting the 

rent are introduced). 

In the specific context of patents applied at EPO, the static and dynamic patent metrics are 

identical for the different national offices targeted by the EP patent within the set of patent 
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offices that are contracting states of the European Patent Convention. Nevertheless, renewal 

fees to be paid are specific to each national patent office. Figures 7.a displays the average 

renewal fees, in constant 2010 € and over the period ranging from 1978 to 2016, to be paid at 

each age respectively at DMPA, INPI and IPO
17

. In average, and more specifically after age 

7, renewal fees at DMPA are much higher than those at INPI and at IPO. In addition to the 

heterogeneity of renewal fees across patent offices, there is also heterogeneity across cohorts. 

Figure 7.b highlights, for instance, that renewal fees to be paid at DMPA at ages 5, 10, and 15, 

have decreased once expressed in constant 2010 Euros. 

 

Insert Figure 7.a 

Insert Figure 7.b 

 

The similar profiles observed for renewal fees to be paid at the French patent office and at the 

UK patent office on Figure 7.a suggest that renewal decisions may be quite similar for a same 

patent at these two offices. Yet, there are still important sources of heterogeneity. At least two 

of them are considered and taken into account for estimating the model in this article. The 

first one is the discount rate that affects the variable 𝑞𝑎 defined in (4.b). Figure 8 illustrates 

that, at least at the beginning of the period studied, there were significant differences in terms 

of real interest rates between France, Germany and the United Kingdom
18

. 

 

Insert Figure 8 

 

The second source of heterogeneity is the potential market targeted by the patent. When 

working on patents protecting low-carbon inventions, the potential market crucially depends 

on public policies. There is no direct measure of this potential market but we may use a proxy 

for it. More specifically, we can extend the vector 𝑍𝑎
𝑖  of dynamic variables affecting the rent 

of patents with variables capturing to what extent the technology is used in the country. 

Typically, for Wind Power, Photo Voltaic and Bio Fuels, we can use as a proxy for the market 

                                                             
17

 Renewal fees have been collected on the EPO official journal website. They have been deflated with OECD 
data on consumer price index and converted in Euros using real exchange rates from the USDA (for English 

Pound) and using the official conversion rate at the date of adoption of the Euro (for French Francs and 
Deutschmark before 2002). 
18

 Real interest rates have been computed from data on nominal interest rates and price index from the OECD. 
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size the national consumption of renewable energy originated from these three different 

sources. Regarding the other technological fields, we suggest to use the overall consumption 

of renewable energy as a proxy of the market size. Indeed, the common purpose of low-

carbon technologies is to foster the energy transition, which is tightly linked in terms of public 

policies to the promotion of renewable energy. Beyond a strong growth during the period 

studied, Figure 9.a to 9.d show significant differences in the dynamics of these four market 

indicators, both between countries and between markets. The size of the market is 

systematically larger in Germany. This reflects both the fact that Germany is the leading 

economic power in Europe, but also the fact that this country has historically been at the 

forefront of the development of renewable energies through a set of public policies referred to 

as the Energiewende. Consequently, it appears economically rational that patent holders 

should be prepared to renew their patents for longer at DMPA, despite higher renewal fees, 

than at INPI or IPO, as shown by Tables 4.a and 4.b. By contrast, the hierarchy between 

France and United Kingdom depends on the market considered, and/or the sub-period. France 

and United Kingdom represent markets of similar size for solar energy, with an inversion of 

their relative importance in 2015. The United Kingdom represents a larger market for wind 

power compared to France but a smaller one for biofuels. Nevertheless, the total consumption 

of renewable energy in the United Kingdom is larger than in France, which is at least partly a 

consequence of the key role played by nuclear power in power generation in France. Overall, 

the markets to which patents provide access for each technological field appear to be quite 

heterogeneous from one country to another. 

 

Insert Figure 9.a 

Insert Figure 9.b 

Insert Figure 9.c 

Insert Figure 9.d 

 

4. Results 

The estimation of the renewal model presented in the previous section makes it possible to 

highlight which metrics are most able to discriminate between high-value and low-value 

patents within the various low-carbon technological fields. It is then possible to compare the 

patents protecting inventions of Chinese origin with those from other origins, either by 
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comparing the distributions of the estimated values of the patents according to their priorities, 

or by selecting those patents having a significantly higher value compared to other patents and 

by examining the share of patents with a Chinese priority among these. 

 

4.1. Estimation results 

The patent renewal model has been estimated with the maximum likelihood method, using 

expression (6) for the likelihood and the functional form described in (4.a) and (4.b) for the 

continuation payoff. The renewal decisions at DMPA, INPI and IPO of EP patents granted 

between 1978 and 2016 have been analysed simultaneously. For each patent, the renewal fees, 

interest rates and market size prevailing at the corresponding age of the cohort have been 

plugged in the model, in addition to the static and dynamic metrics detailed in Table 5. The 

values of both static and dynamic metrics are normalized to the average value within the same 

technological field. The values of dynamic metrics are reassessed at each age of the patent. 

The estimation has been conducted separately for each technological field reported in Table 1. 

The market size is not introduced as a covariate for the technological field Fuel from Waste 

because it induced convergence problems during the maximization of the log-likelihood 

function. Estimation results are reported in Tables 6.a and 6.b. The upper part of the two 

Tables displays the coefficient of each variable in the first line of the functional form 

described in 4.a, i.e. in the value of the current rent of patents. The lower part of the two 

Tables displays the coefficient of each variable in the second line of the functional form 

described in 4.a, i.e. in the option value of patents. The coefficient labelled “Trend” in the 

option value corresponds to the coefficient 𝛽0 in (4.a) and is actually associated to the 

variable 𝑞𝑎 defined in (4.b). It thus captures the decrease, ceteris paribus, in the option value 

of patents, as the statutory life limit of the patent becomes closer. Thus, it is not a linear trend. 

 

Insert Table 6.a 

Insert Table 6.b 

 

As indicated by the LR statistic for the log-likelihood ratio test, the overall contribution of 

variables to the explanation of renewal decisions is low, and even statistically insignificant for 

reasonable risks of error. Nevertheless, there are metrics that help to significantly discriminate 

between patents. These metrics are not sufficient to predict the renewal of patents, but they 
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nonetheless make it possible to discriminate between patents in terms of their chances of 

being renewed, much like gender for the size of individuals
19

. In their review of patent value 

forecasting methods, of which models based on renewal decisions are just one variation, 

Fisher and Leidinger (2014) note that empirical works explain 12% at best of the observed 

variance. This is true both for methods based on surveys (Harhoff et alii, 1999; Harhoff et 

alii, 2003; Giuri et alii, 2007; Gambardella et alii, 2008) and for those based on renewal 

decisions processed at the microeconomic level (Barney, 2002; Bessen, 2008; Baudry and 

Dumont, 2012), or even for their own method using transaction data on dedicated platforms. 

In order to make a comparison with these studies, Tables 6.a. and 6.b also display in their last 

line the percentage of variance of the value of the patents which is explained by the model. To 

obtain this percentage, it is necessary to use expression (4) of the value of a patent which 

constitutes the latent variable of the renewal model. The percentage is obtained as the ratio 

between the variance of the values estimated on all patents and the total variance of their 

value. The difference between the two variances comes from the two error terms, the total 

variance of which corresponds to the unexplained variance. The magnitude of the ratio of 

explained variance reported in Tables 6.a and 6.b is in line with previous studies. This is 

noticeable given that, unlike the aforementioned studies, our estimates relate to narrow 

technological fields. Indeed, both metrics and renewal behaviours are more homogeneous 

within a specific technological field than between different technological fields
20

. 

Among the variables used in the model, only two (“market size” and “Trend”) are not patent 

metrics. The market size turns out to have a statistically significant impact in about one in two 

cases. Interestingly, wherever it is significant, this impact is positive on the current rent but 

negative on the option value. Given the strong growth of the various markets over the period 

considered (see Figures 9.a to 9.d), it is likely that in the short term the rent from patents is 

high but that in the longer term the development of the market for the technologies analyzed 

comes with an intensification of competition between firms. Firms are therefore driven to 

seek a competitive advantage by innovating, which in the long term increases the pace of 

technological change and therefore accelerates the obsolescence of patents. Regarding the 

coefficient associated to the variable “Trend”, wherever it is statistically significant, it takes a 

                                                             
19

 It is indeed known that men are statistically taller than women. However, the “gender” variable is not enough 
to reliably predict the size of an individual taken at random. Es timation of an equation expressing height as a 
function of gender would produce a significantly non-zero coefficient for gender but the regression would have 

very low predictive power. 
20

 Even if all the technological fields were treated as a whole, this set would remain very narrow compared to 
what is analyzed in the aforementioned studies. 
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positive value. Knowing that this variable is by construction decreasing to zero as the age of 

the patent approaches its statutory life limit, this result is consistent with the idea that the 

variable "Trend" captures the decrease, ceteris paribus, of the option value of the patent with 

its age. Among the patent metrics, the one that most often emerges as having a significant 

effect on renewal decisions is family size. Consistently, wherever it is significant, this effect 

is always positive, whether on the rent or on the option value. Indeed, the inventions 

considered to be the most important are generally protected in many different offices in order 

to secure the high revenues that can be derived from them in the different geographic markets, 

either by direct exploitation by the patent holder, or through license agreements. The effect of 

other patent metrics is more disparate and depends strongly on the technological field 

considered. Thus, for example, the cumulated count of self-forward citations has a 

significantly positive impact on the current rent for patents in the Energy Storage 

technological field but a negative one for patents in the Wind Power technological field. This 

result suggests that the incremental innovations carried out by the same holder from a given 

patent in the Energy Storage technological field would rather be complementary, whereas in 

the Wind Power technological field they would rather substitute to the initial invention. For 

some technological fields, very few variables make it possible to discriminate between 

patents, or even none, for example in Bio Fuels and Fuel Cells fields. It is very difficult for 

these technological fields to test whether the patents on Chinese inventions are of higher or 

lower value than patents of other origins. Conversely, in technological fields such as 

Buildings Energy Efficiency, Energy Storage, Hydrogen or Wind Power, there are three to 

seven significant effects of metrics on the current rent and/or the option value. It will 

therefore be a priori easier to test the positioning of patents on Chinese inventions in these 

technological fields. 

 

Insert Table 7 

 

In addition to the estimation results, Table 7 gives the average value of the rent at the different 

possible ages, for patents having been renewed at least up to age 5. The subgroup of patents 

considered to calculate these average values therefore corresponds to patents of value 

sufficiently high for their holder to have decided to renew them for at least the first quarter of 

the maximum possible duration of twenty years. The choice not to compare patents until age 5 

also obeys the need to wait a sufficient period of time for the dynamic metrics to take 
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sufficiently different values from one patent to another. This is because the initial value of 

these metrics is usually zero. This is typically the case for forward citations, except for a few 

patents whose holders apply for other patents in the same field and in parallel. In order to 

avoid a comparison bias between technological fields for which the patents count in the 

different cohorts are not the same, and therefore for which some years may be over or under-

represented, the averages reported in Table 7 were calculated by proceeding “as if” all patents 

had faced the average market size and the average interest rate over the entire study period. 

Likewise, the country used to calculate these two variables is Germany, because it 

systematically appears to be the predominant country both as a market and as the 

geographical area where patents are maintained the longest. The average values given in 

Table 7 after age 5 were calculated regardless of whether the patents were also renewed 

beyond that age. This choice of calculation was made because it makes it possible to highlight 

that, even by incorporating the patents which were abandoned after their fifth anniversary, the 

average rent tends to increase. The average annual growth rate over the twenty years is 

relatively low but positive, except for the Photo Voltaic technological field for which it is 

negative. It is the highest for the Buildings Energy Efficiency and Hydrogen technological 

fields, followed by Energy Storage and Sea Energy. This growth, even weak, in the average 

value of rents beyond five years, even though some patents have not been considered 

sufficiently profitable to be renewed until the end of the twenty years, implies that the rent has 

increased sharply for at least some of them. This result therefore suggests that the assumption 

of a decreasing rent for all patents, used in the empirical renewal models inspired by 

Schankerman and Pakes (1986), is undoubtedly too restrictive. Conversely, this result 

therefore justifies the more general approach adopted here. 

 

4.2. Patent value analysis 

The estimation results of the patent renewal model presented in the previous sub-section can 

be used to compare, in terms of economic value, EP patents on Chinese inventions and EP 

patents on European inventions or inventions of other origins. For the sake of brevity, we 

focus on the comparison of the total value of patents at age 5 for patents that were renewed at 

least up to that age. The arguments are the same as for the construction of Table 7. This 

eliminates very low value patents, which were therefore abandoned very early, while keeping 

enough patents, according to the survival rates shown in Tables 4.a and 4.b. The total value of 

a patent at age 5 is estimated by taking the expected value of expression (4.a) for 𝑎 = 5. As 
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for the data in Table 7, the differences in value due to differences, for the same technological 

field, in the size of the market or the level of interest rates that vary with the year considered 

are neutralized by considering, whatever the cohort, the average value of these variables over 

the period studied. Likewise, all values are calculated in the context of Germany, therefore 

based on data on market size and interest rates for that country. 

 

Insert Table 8 

 

A first comparison is made on the basis of the distributions of the estimated value of patents. 

For this, once the value of each patent has been estimated as indicated supra, three sub-groups 

are formed. The first is that of patents with a European priority, the second is that of patents 

with a Chinese priority and the third is that of patents with a priority other than European or 

Chinese. A non-parametric estimation of the distribution of patent values for each of these 

three subgroups is then constructed. It is based on a kernel density estimation. Table 8 

summarizes the results obtained. It indicates, for each sub-group, the number of patents, the 

mean of the estimated values of patents and their standard deviation. The value of the Z 

statistics used to test whether the means of the second and third subgroups are significantly 

different from that of the first group is given in brackets below the mean value. The low 

number of Chinese priority patents makes the comparison very difficult for several 

technological fields. There is only one technological field for which the average of the 

estimated value of patents with Chinese priority appears to be significantly higher than that of 

patents with a European priority, it is Energy Storage. We note, however, that the difference 

is even more marked for patents with other priorities. This result is not surprising since the 

electric battery sector, which is only part of this technological field, but where innovation is 

quite dynamic, is known as a sector clearly dominated by Asian countries (Japan, Korea and 

China). Conversely, for the Photo Voltaic technological field, the average of the estimated 

values of patents with a Chinese priority is significantly lower than that of patents with a 

European priority, while the average of the estimated values of patents with non-European 

and non-Chinese priorities is significantly higher. In this sector, the domination of Chinese 

firms in Europe, which has prompted anti-dumping measures from the European 

Commission, seems unlikely to result from the innovative nature of Chinese production. In 

Wind Power, where China is known for the importance of its installed power capacities and 

the importance of its production of turbines, the average of the estimated values of the 
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Chinese priority patents does not significantly differ from that of patents with a European 

priority, unlike that of patents with other priorities, which is significantly lower. It is thus the 

rest of the world, except China, which seems dominated by Europe in this technological field. 

This result is all the more striking as, in no other technological field, patents with other 

priorities have an average of their estimated values lower than that of patents with a European 

priority. Contrariwise, in most technological fields, patents with other priorities than 

European or Chinese have an average value which is strongly significantly higher than patents 

with European priorities. These results support the assertion that patents on Chinese 

inventions for which protection is sought in Europe, and that are thus a priori of high value 

compared to the bulk of Chinese inventions patented in China, have nevertheless, in average, 

a lower value than patents on European inventions and patents of other origins. 

 

Insert Figure 10.a 

Insert Figure 10.b 

Insert Figure 10.c 

 

The comparison of the estimated distributions of patent values should not be limited to their 

average value alone. Indeed, it is generally accepted in the academic literature that what 

matters most is to identify which patents stand out from the mass of other patents. These 

patents are more likely to correspond to breakthrough inventions. Ahuja and Lampert (2001) 

proposed, for example, to select the patents belonging to the 1% of the most cited patents to 

identify companies that create breakthrough innovations. Rather than being limited to 

citations received only, the renewal model makes it possible to examine the right tail of the 

empirical distribution of patents value and thus to take into account all the metrics in the form 

of a linear combination to estimate this value. Figures 10.a to 10.c illustrate how this helps to 

refine the comparison between the three groups of patents studied here. On each of these 

Figures, the kernel density estimation for the value of patents with a European priority is the 

curve under which the area is filled. The kernel density estimation for the value of patents 

with a Chinese priority corresponds to the thick curve, whereas the kernel density estimation 

for the value of patents with a non-European and non-Chinese priority is given by the dashed 

curve. In addition to the visualization of these kernel density estimations, we have manually 

checked for the presence of patents with values in the far right part of the tails to make sure 

that these tails do not result from a statistical artefact. In the case of Energy Storage 
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(Figure 10.a) the distribution of value for patents with a Chinese priority is clearly more 

spread out to the right than that for patents with a European priority or that for patents with 

other priorities. China thus appears producing breakthrough inventions in that field. The 

distribution of value for non-European and non-Chinese priority patents is not spread out as 

much on the right, but it appears to be globally more shifted to the right compared to the 

distribution of value of patents on European inventions, or even compared to the central part 

of the value distribution of patents on Chinese inventions. Without necessarily being in a 

logic of disruptive innovation, the countries corresponding to innovations of non-European or 

non-Chinese origin (mainly American, Japanese or Korean) are therefore globally of greater 

value than those of European origin. The Chinese position is diametrically opposite in the 

case of Photo Voltaic (Figure 10.b). While the empirical distributions of the values of 

European or other priority patents exhibit roughly similar right-hand tails, the value 

distribution for Chinese priority patents is massed on the left without any patents in the 

equivalent of the right tails of the two other distributions. Chinese inventions therefore 

appear, at best, to be incremental in this technological field where breakthrough innovations 

seem to come from Europe or the rest of the world. The case of the Wind Power technological 

field (Figure 10.c) is even more interesting because it leads to strongly nuance the assertions 

formulated from Table 8. Indeed, it appears that the empirical distributions of value of patents 

with European or other priorities are clearly more spread on the right than that of patents with 

a Chinese priority. Although patents with a Chinese priority have, on average, an estimated 

value not significantly different from that of patents with a European priority, they do not 

nevertheless correspond to breakthrough innovations. On the other hand, it is the exact 

opposite for non-European and non-Chinese priority patents. They have, on average, an 

estimated value which is significantly lower than that of European priority patents, but at least 

some of them can be considered as relating to breakthrough inventions as important as those 

breakthrough inventions created in Europe. 

 

Insert Table 9 

 

Table 9 systematizes the reasoning for all the technological fields analyzed in this paper. This 

Table is constructed by taking, for each technological field, the distribution of all patents 

regardless of their priority and by identifying the share of patents in each of the three priority 

groups which is respectively in the top 15% or top 10% or top 5 % of patents with the highest 
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estimated value. In other words, this Table enables us to detect the presence or not of the 

priorities in question in the right tail of the global distribution. It turns out that the only field 

where Chinese inventions stand out clearly is Energy Storage. The Fuels from Waste field is 

more ambivalent because the conclusion depends on what level the cursor is placed to detect 

breakthrough inventions. Indeed, Chinese patents are relatively more present in the top 15% 

than patents from other origins, but they are totally absent from the top 10% and top 5%. In 

this technological field, Chinese inventions would therefore only be medium-disruptive 

inventions. The same conclusion holds for Wind Power. In the only other technological field 

where patents with Chinese priority are present in the right tail of the distribution, Buildings 

Energy Efficiency, the relative presence of patents with Chinese priority in the top of the 

ranking does not depart from that of the other priorities, whatever the cursor position. 

 

Insert Table 10 

 

Table 10 offers an alternative view on whether patents correspond to breakthrough inventions 

or not. This Table takes into account the estimation error around the value produced by the 

model for each patent. This error is obtained by summing the standard deviations of the two 

error terms of expression (4.a) used to estimate the value. On this basis, Table 10 indicates the 

share of patents within the three priority subgroups having an estimated value that is 

significantly higher than the average value of all patents. The test is performed with a risk of 

error of 15%, 10% or 5% corresponding to the three columns. The results are rather consistent 

with those previously discussed. The only technological field in which China stands out as a 

technological leader is the Energy Storage field. 

 

5. Conclusion 

 

The statistical analysis of the demography of patents on Chinese inventions and the 

econometric analysis, based on the renewal decisions for patents granted by EPO, carried out 

in this article, lead us to highlight four major results: 

- To assess the pace of China's innovation, it is necessary to filter out patents with a Chinese 

priority and for which the family includes at least one other patent obtained outside of 
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China. The demography of the patents granted by CNIPA is in fact probably biased by a 

proactive policy of promoting the practice of intellectual property which tends to generate 

many patents of little value to their holders outside the Chinese institutional framework. 

- Once this correction has been made, the time path of patents counts on Chinese inventions 

in the particular case of low-carbon technologies is clearly more in line with the 

decarbonation trajectory actually observed for the Chinese economy. 

- Likewise, this correction leads to relativize the emergence of China as a technological 

leader in low-carbon innovation. This does not prevent China from being a leading 

manufacturer and exporter, as it has demonstrated in the recent past in the wind power 

sector or for photovoltaic energy. However, it is mainly technology transfers that have 

enabled China to develop a very important industrial base, either to dominate its national 

market for wind turbines, or to impose itself on the export market for photovoltaic panels. 

- The analysis of the value of the patents on Chinese inventions granted by EPO confirms 

this assessment. Although still relatively few in number compared to other origins (United 

States, Japan, Korea), Chinese low-carbon patents granted by EPO have an estimated 

average value comparable to that of patents on European inventions or inventions of other 

origins, except for the technological field Photo Voltaic. On the other hand, unlike patents 

on European inventions or inventions of other origins, these are rarely patents relating to 

breakthrough inventions. The only technological field where China appears to be a leader 

by producing disruptive low-carbon patents, in a larger proportion than Europe and the rest 

of the world, is Energy Storage. 

If China is not yet a technological leader in the low-carbon field in general, it is 

demonstrating a capacity to become one. 
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Table 1 

Technology fields used to track on low-carbon inventions 
  
  Technological field Cooperative Patent Classification Code 
  
  
Bio Fuels Y02E 50/10 and subdivisions 

Buildings Energy Efficiency Y02B 20/ and subdivisions 
Y02B 30/ and subdivisions 

Y02B 50/ and subdivisions 
Y02B 70/ and subdivisions 
Y02B 80/ and subdivisions 

Energy Storage Y02E 60/10 and subdivisions 
Y02E 70/30 

Fuel Cells Y02E 60/50 and subdivisions 
Y02E 70/20 

Fuels from Waste Y02E 50/30 and subdivisions 

Hydrogen Y02E 60/30 and subdivisions 
Y02E 70/10 

Photo Voltaic Y02E 10/50 and subdivisions 

Sea Energy Y02E 10/28 
Y02E 10/30 and subdivisions 

Wind Power Y02E 10/70 and subdivisions 
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Table 2 

Concordance between inventors' country of residence and patent priority  
       
       

 
EP 

priority 

CN 

priority 

Other 

priority 

US 

priority 

JP 

priority 

KR 

priority 

       
       
 Bio Fuels 

At least one inventor of the same nationality than the priority 433 12 390 290 46 2 

No inventor of the same nationality than the priority 5 0 122 46 0 0 

     
     
 Buildings Energy Efficiency 

At least one inventor of the same nationality than the priority 1765 48 1053 440 394 60 

No inventor of the same nationality than the priority 19 1 561 132 0 1 

      
      
 Energy Storage 

At least one inventor of the same nationality than the priority 709 32 1299 283 650 196 

No inventor of the same nationality than the priority 4 1 167 86 1 0 

       
       
 Fuel Cells 

At least one inventor of the same nationality than the priority 302 5 578 156 318 46 

No inventor of the same nationality than the priority 1 0 68 25 0 0 

      
      
 Fuels from Waste 

At least one inventor of the same nationality than the priority 437 2 153 98 30 1 

No inventor of the same nationality than the priority 9 0 78 15 0 0 

       
       
 Hydrogen 

At least one inventor of the same nationality than the priority 395 2 462 204 163 11 

No inventor of the same nationality than the priority 3 0 92 39 0 0 

      
      
 Photo Voltaic 

At least one inventor of the same nationality than the priority 910 18 1040 344 495 103 

No inventor of the same nationality than the priority 13 0 309 54 0 0 

       
       
 Sea Energy 

At least one inventor of the same nationality than the priority 246 1 119 49 18 5 

No inventor of the same nationality than the priority 4 0 56 8 0 0 

      
      
 Wind Power 

At least one inventor of the same nationality than the priority 1081 15 386 163 89 7 

No inventor of the same nationality than the priority 28 0 780 66 0 1 
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Table 3.a 
Change (from 2006 to 2016) in patent grants by priority and technological field  

       
       

 
EP priority CN priority 

Other (all) 
priority 

Other (US) 
priority 

Other (JP) 
priority 

Other (KR) 
priority 

       
       

 
Bio Fuels 

count in 2006 126 3 146 100 14 0 

share of total 45,82% 1,09% 53,09% 36,36% 5,09% 0,00% 

count in 2016 218 10 298 233 18 0 

share of total 41,44% 1,90% 56,65% 44,30% 3,42% 0,00% 

variation from 2006 to 2016 73,02% 233,33% 104,11% 133,00% 28,57% - 

       
       

 
Buildings Energy Efficiency 

count in 2006 580 6 515 189 149 24 

share of total 52,68% 0,54% 46,78% 17,17% 13,53% 2,18% 

count in 2016 675 36 714 250 140 37 

share of total 47,37% 2,53% 50,11% 17,54% 9,82% 2,60% 

variation from 2006 to 2016 16,38% 500,00% 38,64% 32,28% -6,04% 54,17% 

       
       

 
Energy Storage 

count in 2006 142 1 374 96 209 21 

share of total 27,47% 0,19% 72,34% 18,57% 40,43% 4,06% 

count in 2016 327 25 767 188 281 171 

share of total 29,22% 2,23% 68,54% 16,80% 25,11% 15,28% 

variation from 2006 to 2016 130,28% 2400,00% 105,08% 95,83% 34,45% 714,29% 

       
       

 
Fuel Cells 

count in 2006 68 1 193 63 82 14 

share of total 25,95% 0,38% 73,66% 24,05% 31,30% 5,34% 

count in 2016 176 4 265 67 128 19 

share of total 39,55% 0,90% 59,55% 15,06% 28,76% 4,27% 

variation from 2006 to 2016 158,82% 300,00% 37,31% 6,35% 56,10% 35,71% 

       
       

 
Fuels from Waste 

count in 2006 125 1 60 33 8 1 

share of total 67,20% 0,54% 32,26% 17,74% 4,30% 0,54% 

count in 2016 172 1 125 75 9 1 

share of total 57,72% 0,34% 41,95% 25,17% 3,02% 0,34% 

variation from 2006 to 2016 37,60% 0,00% 108,33% 127,27% 12,50% 0,00% 
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Table 3.b 
Change (from 2006 to 2016) in patent grants by priority and technological field  

              

 
EP priority CN priority 

Other (all) 

priority 

Other (US) 

priority 

Other (JP) 

priority 

Other (KR) 

priority 
       
       

 
Hydrogen 

count in 2006 128 1 202 96 63 1 

share of total 38,67% 0,30% 61,03% 29,00% 19,03% 0,30% 

count in 2016 185 0 240 115 54 1 

share of total 43,53% 0,00% 56,47% 27,06% 12,71% 0,24% 

variation from 2006 to 2016 44,53% -100,00% 18,81% 19,79% -14,29% 0,00% 

       
       

 
Photo Voltaic 

count in 2006 255 0 345 85 138 22 

share of total 42,50% 0,00% 57,50% 14,17% 23,00% 3,67% 

count in 2016 438 10 488 166 148 43 

share of total 46,79% 1,07% 52,14% 17,74% 15,81% 4,59% 

variation from 2006 to 2016 71,76% - 41,45% 95,29% 7,25% 95,45% 

       
       

 
Sea Energy 

count in 2006 85 0 35 12 4 0 

share of total 70,83% 0,00% 29,17% 10,00% 3,33% 0,00% 

count in 2016 94 1 85 25 8 4 

share of total 52,22% 0,56% 47,22% 13,89% 4,44% 2,22% 

variation from 2006 to 2016 10,59% - 142,86% 108,33% 100,00% - 

       
       

 
Wind Power 

count in 2006 329 1 138 38 11 1 

share of total 70,30% 0,21% 29,49% 8,12% 2,35% 0,21% 

count in 2016 724 9 653 167 54 3 

share of total 52,24% 0,65% 47,11% 12,05% 3,90% 0,22% 

variation from 2006 to 2016 120,06% 800,00% 373,19% 339,47% 390,91% 200,00% 

       
        

  



48 
 

 

Table 4.a 
Renewal statistics by technology field, age, priority and national patent office  

                    
  

Age 5   Age 10 

          
  

at DPMA at INPI At IPO   at DPMA at INPI at IPO 
          
          
  

Bio Fuels 

European 
priority 

Survival rate 89,67% 86,74% 81,87%   67,08% 63,37% 55,46% 

Count of renewed patents 408 395 382   178 169 156 

Chinese 

priority 

Survival rate 100,00% 100,00% 100,00%   100,00% 100,00% 100,00% 

Count of renewed patents 12 12 12   4 3 4 

Other 
priority 

Survival rate 93,42% 89,18% 87,73%   69,13% 63,06% 60,12% 

Count of renewed patents 449 440 432   199 191 195 

          
          
  

Buildings Energy Efficiency 

European 
priority 

Survival rate 90,28% 81,57% 79,95%   66,05% 53,03% 50,00% 

Count of renewed patents 1639 1497 1487   910 747 726 

Chinese 

priority 

Survival rate 97,87% 87,57% 89,70%   93,96% 55,52% 65,98% 

Count of renewed patents 47 43 43   8 6 8 

Other 
priority 

Survival rate 93,70% 82,99% 84,67%   69,23% 52,67% 53,34% 

Count of renewed patents 1523 1422 1427   727 614 632 

          
          
  

Energy Storage 

European 
priority 

Survival rate 92,83% 86,56% 76,60%   67,61% 58,75% 46,23% 

Count of renewed patents 663 631 587   246 209 187 

Chinese 

priority 

Survival rate 93,75% 84,38% 87,50%   63,66% 64,69% 64,72% 

Count of renewed patents 30 29 30   6 6 6 

Other 
priority 

Survival rate 95,29% 87,41% 84,73%   74,96% 59,07% 52,84% 

Count of renewed patents 1381 1315 1299   523 462 450 

          
          
  

Fuel Cells 

European 
priority 

Survival rate 95,95% 88,24% 87,25%   67,82% 55,66% 51,92% 

Count of renewed patents 291 270 270   96 78 81 

Chinese 

priority 

Survival rate 80,00% 80,00% 80,00%   80,00% 80,00% 80,00% 

Count of renewed patents 5 5 5   1 1 1 

Other 
priority 

Survival rate 96,63% 80,78% 86,73%   66,82% 42,00% 49,23% 

Count of renewed patents 611 547 573   247 201 213 

          
          
  

Fuels from Waste 

European 
priority 

Survival rate 87,96% 81,85% 78,69%   62,43% 52,15% 46,17% 

Count of renewed patents 410 380 377   206 172 159 

Chinese 

priority 

Survival rate 100,00% 100,00% 100,00%   0,00% - - 

Count of renewed patents 2 2 2   1 0 0 

Other 
priority 

Survival rate 93,23% 86,67% 88,56%   68,57% 60,84% 61,29% 

Count of renewed patents 218 207 211   94 86 87 
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Table 4.b 
Renewal statistics by technology field, age, priority and national patent office  

                    
  

Age 5   Age 10 

          

  
at DPMA at INPI at IPO   at DPMA at INPI at IPO 

          
          

  
Hydrogen 

European 

priority 

Survival rate 93,28% 88,63% 81,99%   66,33% 57,68% 51,75% 

Count of renewed patents 369 361 337   165 148 135 

Chinese 
priority 

Survival rate 100,00% 100,00% 100,00%   0,00% 0,00% 0,00% 

Count of renewed patents 2 2 2   0 0 0 

Other 

priority 

Survival rate 93,08% 85,60% 87,52%   68,26% 56,51% 55,17% 

Count of renewed patents 513 487 496   255 235 234 

          
          

  
Photo Voltaic 

European 

priority 

Survival rate 92,81% 78,43% 77,23%   71,97% 50,68% 49,32% 

Count of renewed patents 855 764 755   360 270 275 

Chinese 
priority 

Survival rate 94,44% 72,22% 72,22%   0,00% 0,00% 0,00% 

Count of renewed patents 15 11 11   0 0 0 

Other 

priority 

Survival rate 93,80% 76,17% 75,06%   71,95% 45,06% 43,31% 

Count of renewed patents 1275 1153 1130   559 441 424 

          
          

  
Sea Energy 

European 
priority 

Survival rate 75,59% 81,33% 84,99%   45,50% 54,89% 58,38% 

Count of renewed patents 209 218 222   84 99 107 

Chinese 
priority 

Survival rate 100,00% 100,00% 100,00%   - - - 

Count of renewed patents 1 1 1   0 0 0 

Other 
priority 

Survival rate 84,49% 85,64% 93,12%   54,90% 60,40% 66,64% 

Count of renewed patents 160 153 164   62 65 72 

          
          

  
Wind Power 

European 
priority 

Survival rate 92,06% 83,67% 87,37%   74,67% 62,77% 66,84% 

Count of renewed patents 1001 937 959   427 356 392 

Chinese 

priority 

Survival rate 86,67% 80,00% 80,00%   57,78% 46,67% 80,00% 

Count of renewed patents 13 12 12   3 3 3 

Other 
priority 

Survival rate 94,45% 71,71% 86,92%   73,99% 49,89% 64,15% 

Count of renewed patents 1067 869 1006   221 193 213 
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Table 5.a 
Patent metrics statistics by technology field and priority  

              
              
 

Static metrics   Dynamic metrics (at age 5) 

            
            

 
# claims Size DOCDB 

Technological 

scope 

# self 

backwards 
citations 

# non self 

backwards 
citations 

Originality 

# blocking X 

backwards 
citations 

# NPL 

citations 

  # self 

forwards 
citations 

# non self 

forwards 
citations 

Generality 

                            

 
Bio Fuels 

European priority 3,40 5,28 4,20 1,11 1,03 0,72 1,40 3,04   0,62 0,53 0,11 

Chinese priority 11,25*** 5,08 4,83 0,82 0,91 0,77 1,08 2,50   0,49 0,83 0,24 

(z-stats) (7,24) (-0,22) (0,96) (-0,73) (-0,81) (1,49) (-0,65) (-0,47)   (-0,25) (0,70) (1,16) 

Other priority 5,76*** 7,05*** 4,47* 2,27*** 2,56*** 0,76*** 1,31 7,03***   0,87 0,68 0,11 
(z-stats) (3,97) (4,31) (1,91) (3,23) (5,58) (2,74) (-0,73) (6,75)   (0,79) (0,76) (-0,32) 

                            

 
Buildings Energy Efficiency 

European priority 5,02 3,54 3,35 0,70 0,89 0,68 0,91 0,25   0,65 0,67 0,15 

Chinese priority 11,61*** 3,73 3,67 0,38*** 0,90 0,70 1,29 0,12*   0,47 0,80 0,24 
(z-stats) (6,77) (0,51) (1,46) (-2,62) (0,15) (0,83) (1,48) (-1,86)   (-0,54) (0,59) (1,54) 

Other priority 7,75*** 4,06*** 3,37 0,97*** 0,83** 0,64*** 0,84 0,28   1,19*** 1,02*** 0,20*** 
(z-stats) (9,73) (3,90) (0,38) (3,33) (-2,23) (-5,10) (-1,26) (0,99)   (3,36) (4,34) (4,74) 

                            

 
Energy Storage 

European priority 3,88 3,60 3,98 0,72 0,94 0,70 1,26 0,79   1,02 0,51 0,12 

Chinese priority 9,64*** 8,79** 3,42** 0,51 0,72*** 0,55*** 1,03 0,27***   0,01*** 0,25** 0,09 
(z-stats) (3,67) (2,12) (-2,21) (-0,88) (-2,85) (-3,16) (-0,68) (-2,69)   (-4,60) (-2,40) (-0,58) 

Other priority 10,02*** 4,67*** 3,83* 1,31*** 0,95 0,65*** 1,14 0,52***   2,39*** 0,88*** 0,22*** 
(z-stats) (15,03) (8,33) (-1,79) (5,36) (0,30) (-5,12) (-1,27) (-3,02)   (4,27) (4,02) (7,07) 

              
*** / ** / * : mean value significantly different from European Priority with a 1% / 5% / 10% risk of error 
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Table 5.b 
Patent metrics statistics by technology field and priority  

                            
 

Static metrics   Dynamic metrics (at age 5) 

            
            

 
# claims Size DOCDB 

Technological 

scope 

# self 

backwards 
citations 

# non self 

backwards 
citations 

Originality 

# blocking X 

backwards 
citations 

# NPL 

citations 

  # self 

forwards 
citations 

# non self 

forwards 
citations 

Generality 

                            

 
Fuel Cells 

European priority 1,83 3,96 3,67 0,69 0,83 0,69 1,50 1,18   1,09 0,20 0,07 

Chinese priority 8,20*** 3,80 2,80** 1,38 0,64 0,68 2,40 0,40*   0,01*** 0,13 0,01*** 

(z-stats) (2,99) (-0,15) (-2,22) (0,89) (-1,55) (-0,18) (0,83) (-1,87)   (-2,91) (-0,47) (-5,29) 

Other priority 8,83*** 4,37** 3,74 1,63*** 0,99*** 0,66* 1,29 0,77***   1,76 0,78*** 0,18*** 
(z-stats) (14,22) (2,39) (0,53) (5,70) (3,36) (-1,86) (-1,31) (-2,84)   (1,43) (4,99) (6,07) 

                            

 
Fuels from Waste 

European priority 5,83 3,72 4,11 0,60 1,04 0,75 1,17 0,92   0,61 0,87 0,18 

Chinese priority 13,50* 3,50 7,50 0,01*** 1,07 0,76 0,01*** 0,01***   0,01*** 0,01*** 0,01*** 
(z-stats) (1,70) (-0,43) (1,36) (-5,84) (0,16) (0,21) (-11,78) (-6,57)   (-4,09) (-7,56) (-11,03) 

Other priority 6,97 5,75*** 4,56** 1,80*** 1,26 0,74 1,33 2,09***   0,51 0,61* 0,18 
(z-stats) (1,51) (4,76) (2,28) (3,29) (1,52) (-0,55) (0,99) (2,64)   (-0,39) (-1,76) (0,02) 

                            

 
Hydrogen 

European priority 3,14 4,06 3,77 0,85 0,84 0,71 1,14 0,79   0,93 0,39 0,09 

Chinese priority 10,50** 2,00** 5,00*** 0,01*** 0,35*** 0,70 0,50 2,00   0,01*** 4,45** 0,85*** 
(z-stats) (2,09) (-2,04) (13,13) (-6,91) (-3,92) (-0,28) (-1,26) (0,60)   (-4,30) (2,22) (57,76) 

Other priority 7,45*** 4,73*** 4,20*** 0,94 0,96*** 0,72 1,17 0,65   1,57* 0,92*** 0,21*** 
(z-stats) (8,18) (3,11) (3,48) (0,56) (2,70) (0,61) (0,20) (-1,19)   (1,73) (3,12) (5,80) 

              
*** / ** / * : mean value significantly different from European Priority with a 1% / 5% / 10% risk of error 
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Table 5.c 
Patent metrics statistics by technology field and priority  

                            
 

Static metrics   Dynamic metrics (at age 5) 

            
            

 
# claims Size DOCDB 

Technological 

scope 

# self 

backwards 
citations 

# non self 

backwards 
citations 

Originality 

# blocking X 

backwards 
citations 

# NPL 

citations 

  # self 

forwards 
citations 

# non self 

forwards 
citations 

Generality 

                            

 
Photo Voltaic 

European priority 2,61 3,98 4,09 1,52 1,19 0,74 1,28 2,08   0,77 0,43 0,09 

Chinese priority 9,22*** 3,33 3,94 0,25*** 0,92 0,70 0,83* 0,17***   0,01*** 0,50 0,16 

(z-stats) (4,30) (-1,17) (-0,29) (-4,98) (-1,59) (-0,54) (-1,78) (-11,07)   (-4,72) (0,22) (0,68) 

Other priority 9,59*** 4,41*** 3,98 1,25 1,00** 0,70*** 1,03*** 1,06***   1,89*** 1,04*** 0,25*** 
(z-stats) (18,87) (2,89) (-1,44) (-1,31) (-1,99) (-3,75) (-2,85) (-7,15)   (4,15) (5,98) (11,61) 

                            

 
Sea Energy 

European priority 1,37 4,44 3,47 0,34 0,94 0,72 1,30 0,24   0,15 0,13 0,06 

Chinese priority 14,00*** 3,00*** 3,00*** 0,01*** 1,11*** 0,41*** 3,00*** 0,01***   0,01** 1,38*** 0,01*** 
(z-stats) (44,12) (-7,46) (-4,86) (-5,33) (4,94) (-31,00) (13,74) (-3,36)   (-2,28) (26,11) (-4,16) 

Other priority 6,58*** 4,94* 3,78* 0,46 0,99 0,71 1,11 0,11   1,04*** 0,97*** 0,22*** 
(z-stats) (7,68) (1,57) (1,87) (1,02) (0,72) (-1,01) (-1,04) (-1,58)   (3,20) (3,57) (5,08) 

                            

 
Wind Power 

European priority 3,01 4,53 1,99 0,43 0,91 0,77 1,25 0,25   0,02 1,87 0,12 

Chinese priority 12,20*** 4,27 2,07 0,31 0,83 0,67** 1,20 0,13   0,00 2,08 0,35* 
(z-stats) (4,84) (-0,41) (0,16) (-0,44) (-0,86) (-2,54) (-0,12) (-1,15)   (-1,03) (0,30) (1,92) 

Other priority 9,70*** 3,20*** 3,05*** 0,64*** 0,84*** 0,76 1,47*** 0,22   0,04 2,85*** 0,37*** 
z-stats (21,26) (-9,82) (5,66) (3,13) (-3,21) (-0,49) (2,70) (-1,18)   (0,54) (6,79) (15,19) 

              
*** / ** / * : mean value significantly different from European Priority with a 1% / 5% / 10% risk of error 
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Table 6.a 

Estimation results 
       
         Bio Fuels 

Buildings Energy 
Efficiency 

Energy Storage Fuel Cells Fuels from Waste 

       
       

R
e
n

t 

Intercept 𝜇 
3513,41* 

(1,88) 
4611,80*** 

(7,76) 
4136,99*** 

(5,69) 
6077,88 

(0,54) 
5960,47*** 

(3,29) 

Market size 
440,68 

(1,24) 
46,75*** 

(6,28) 
45,20*** 

(4,47) 
8,78 

(0,33) 
- 

Claims  
-12,82 

(-0,42) 
10,25 

(1,08) 
-2,23 

(-0,21) 
-43,66 

(-0,50) 
31,06 

(1,23) 

Family size 146,42 

(1,41) 
89,45*** 

(3,28) 
109,21*** 

(2,71) 
104,46 

(0,54) 
90,54 

(1,48) 

Technological scope 187,53 

(0,99) 
46,23 

(0,93) 
-58,67 

(-1,03) 
356,72 

(0,56) 
-26,22 

(-0,25) 

Self-backwards 
-332,61 

(-0,75) 
128,75* 

(1,83) 
81,12 

(0,65) 
603,27 

(0,52) 
220,46 

(0,99) 

Non-self-backwards 
-382,89 

(-0,85) 
12,21 

(0,11) 
-53,20 

(-0,51) 
3,39 

(0,01) 
-16,20 

(-0,07) 

Originality 
1650,31 

(0,99) 
-501,86 

(-1,51) 
106,05 

(0,22) 
1122,14 

(0,47) 
513,50 

(0,57) 

Blocking X 
309,22 

(1,23) 
-41,76 

(-0,71) 
19,23 

(0,36) 
266,49 

(0,46) 
-4,74 

(-0,04) 

Cumulated self-forwards 
-243,20 

(-0,55) 
98,80 

(1,37) 
235,92* 

(1,82) 
8,00 

(-0,01) 
346,19 

(1,15) 

Cumulated non-self-forwards 
-84,52 

(-0,25) 
107,85 

(1,12) 
200,83 

(1,48) 
755,76 

(0,45) 
17,28 

(0,07) 

Generality 2294,80 

(1,47) 
328,13 

(1,18) 
156,68 

(0,40) 
2809,73 

(0,66) 
203,65 

(0,28) 

Non-patent literature 48,77 

(0,76) 
191,05* 

(1,77) 
94,59 

(1,38) 
-484,00 

(-0,49) 
88,84 

(0,91) 
       
       

O
p

ti
o

n
 v

a
lu

e
 

Trend 10932,55 

(1,27) 
3425,03*** 

(4,39) 
3337,14*** 

(3,19) 
11975,25 

(0,49) 
3660,81* 

(1,94) 

Market size 
-1811,42 

(-1,25) 
-95,57*** 

(-5,52) 
-86,61*** 

(-3,92) 
-221,87 

(-0,48) 
- 

Claims 
12,47 

(0,34) 
-10,02 

(-0,89) 
-10,26 

(-0,82) 
-2,73 

(-0,06) 
-16,41 

(-0,54) 

Family size 
-85,62 

(-1,40) 
292,25*** 

(4,22) 
209,24*** 

(2,82) 
828,67 

(0,48) 
172,43 

(1,54) 

Technological scope 
-12,67 

(-0,09) 
55,99 

(0,91) 
89,44 

(1,44) 
151,40 

(0,36) 
29,64 

(0,26) 

Self-backwards 
1692,20 

(1,22) 
-50,45 

(-0,57) 
-5,18 

(-0,04) 
-461,30 

(-0,50) 
138,91 

(0,55) 

Non-self-backwards 
342,62 

(0,74) 
-15,13 

(-0,14) 
78,01 

(0,81) 
231,00 

(0,36) 
130,80 

(0,53) 

Originality -2915,28 

(-1,11) 
-195,71 

(-0,40) 
-334,30 

(-0,60) 
-4600,64 

(-0,53) 
-3328,90* 

(-1,69) 

Blocking X 71,50 

(0,43) 
136,81** 

(1,99) 
41,74 

(0,76) 
-97,07 

(-0,32) 
200,92 

(1,34) 

Cumulated self-forwards 
1813,37 

(1,22) 
64,45 

(0,67) 
132,71 

(0,70) 
638,05 

(0,52) 
719,75 

(1,01) 

Cumulated non-self-forwards 
450,80 

(1,13) 
325,74** 

(2,25) 
62,22 

(0,53) 
102,85 

(0,19) 
192,64 

(0,65) 

Generality 
-4518,69 

(-1,55) 
-1071,56*** 

(-2,73) 
-608,39 

(-1,41) 
-4401,74 

(-0,60) 
-1652,95 

(-1,47) 

Non-patent literature 
-45,06 

(-0,81) 
-60,31 

(-0,59) 
-173,34*** 

(-3,12) 
643,42 

(0,49) 
-114,40* 

(-1,82) 
       
       
 

Standard deviation 𝜎 
5698,29 

(1,51) 
3926,22*** 

(7,30) 
3556,87*** 

(4,94) 
7591,88 

(0,52) 
4649,67*** 

(3,22) 
 

Standard deviation 𝜎𝑢 
-46,24 

(-0,30) 
35,94 

(0,71) 
0,05 

(0,00) 
71,12 

(0,45) 
83,13 

(0,59) 
       
       
 lnL -7283,56 -27082,28 -16290,74 -7103,71 -5377,70 

 LR test statistic 0,0122 0,0079 0,0085 0,0145 0,0128 

 Explained Variance (Value) 15,05% 10,01% 12,12% 14,03% 9,71% 

       
        * / ** / *** : significant at a 10% / 5% / 1% risk of error 
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Table 6.b 

Estimation results 
      
        Hydrogen Photo Voltaic Sea Energy Wind Power 

      
      

R
e
n

t 

Intercept 𝜇 3565,48*** 

(3.64) 

7647,65*** 

(2.96) 

1882,19** 

(2.57) 

1785,08*** 

(4.26) 

Market size 47,84*** 

(3.06) 

-54,92 

(-1.02) 

16,79 

(1.37) 

101,90*** 

(5.45) 

Claims  
-30,58 

(-1.54) 

-33,37 

(-1.69) 

-13,91 

(-0.47) 

-8,25 

(-0.77) 

Family size 
195,56*** 

(2.78) 

306,14** 

(2.38) 

97,50* 

(1.91) 

205,47*** 

(5.28) 

Technological scope 
19,36 

(0.24) 

83,96 
(0.92) 

61,82 
(0.50) 

27,45 
(1.14) 

Self-backwards 
35,68 

(0.24) 

238,61 
(1.18) 

-119,53 
(-0.56) 

-35,92 
(-0.42) 

Non-self-backwards 
109,88 

(0.70) 

260,02 
(1.28) 

-4,58 
(-0.02) 

-6,23 
(-0.08) 

Originality 
224,03 

(0.37) 

121,56 
(0.17) 

479,02 
(0.61) 

380,17 
(0.80) 

Blocking X -90,22 

(-1.06) 

100,55 
(0.87) 

-35,80 
(-0.40) 

-40,44 
(-0.83) 

Cumulated self-forwards 276,74 

(1.50) 

-26,55 
(-0.11) 

-221,13 
(-0.61) 

-386,14* 
(-1.80) 

Cumulated non-self-forwards 
356,95* 

(1.71) 

394,17 
(1.50) 

-60,98 
(-0.24) 

-54,51 
(--0.65) 

Generality 
209,33 

(0.38) 

132,87 
(0.20) 

993,13 
(1.26) 

438,08* 
(1.88) 

Non-patent literature 
111,04 

(0.93) 

163,37 
(1.36) 

87,94 
(0.42) 

120,02 
(1.10) 

      
      

O
p

ti
o

n
 v

a
lu

e
 

Trend 
5148,50*** 

(2.66) 

7182,42** 

(2.17) 

1777,28 

(1.60) 

1261,85*** 

(2.91) 

Market size 
-116,51*** 

(-2.84) 

-727,97** 

(-2.25) 

-62,54** 

(-2.41) 

-80,72*** 

(-4.51) 

Claims 
16,27 

(0.62) 

23,80 

(1.15) 

26,09 

(1.14) 

5,81 

(0.71) 

Family size 
-25,50 

(-0.37) 

180,18 

(1.60) 

26,46 

(0.49) 

38,79 

(1.11) 

Technological scope -74,49 

(-0.81) 

-1,53 

(-0.02) 

130,44 

(1.15) 

3,16 

(0.15) 

Self-backwards 55,60 

(0.31) 

-49,40 

(-0.19) 

19,91 

(0.15) 

140,08* 

(1.85) 

Non-self-backwards 
483,00* 

(1.71) 

68,94 

(0.32) 

54,53 

(0.42) 

-30,08 

(-0.58) 

Originality 
766,98 

(0.94) 

-305,95 

(-0.35) 

287,45 

(0.32) 

350,85 

(0.95) 

Blocking X 
-112,12 

(-1.10) 

103,48 

(0.86) 

-2,33 

(-0.03) 

54,09 

(1.46) 

Cumulated self-forwards 
-21,66 

(-0.11) 

509,22 

(1.35) 

946,24 

(1.53) 

348,43 

(1.28) 

Cumulated non-self-forwards 
-148,77 

(-0.72) 

-154,09 

(-0.86) 

183,34 

(0.78) 

10,98 

(0.19) 

Generality 
-438,20 

(-0.46) 

-947,56 

(-1.37) 

-1256,76 

(-1.38) 

-437,88** 

(-2.43) 

Non-patent literature -20,42 

(-0.24) 

-50,42 

(-0.70) 

-162,59 

(-0.71) 

-60,96 

(-0.79) 

      
      
 Standard deviation 𝜎 3879,80*** 

(3.58) 

6379,60*** 

(2.69) 

2629,03*** 

(3.21) 

2393,94*** 

(6.00) 

 Standard deviation 𝜎𝑢 0,00 

(0.00) 

49,44 

(0.42) 

-307,98** 

(-2.41) 

16,95 

(0.33) 

      
      
 lnL -7391,70 -17204,23 -3442,73 -16302,71 

 LR test statistic 0,0092 0,0081 0,0134 0,0116 

 Explained Variance (Value) 5.,83% 9.91% 11,35% 10,45% 

      
      
 * / ** / *** : significant at a 10% / 5% / 1% risk of error 
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Table 7 
Average time path of the rent (in constant 2010 Euros) 

          
          

Age Bio Fuels 

Buildings 

Energy 
Efficiency 

Energy Storage Fuel Cells 
Fuels from 

Waste 
Hydrogen Photo Voltaic Sea Energy Wind Power 

                    
1 7718,74 5294,20 5171,91 8400,77 6930,11 4954,48 9410,78 3054,99 3786,20 

2 8097,34 5476,08 5364,83 8514,91 6938,57 5202,66 9353,13 3166,37 3913,77 

3 8208,25 5592,03 5482,02 8655,20 6950,17 5313,41 9320,82 3235,55 4049,48 

4 8301,31 5697,62 5595,71 8749,61 6959,09 5419,02 9292,03 3296,86 4237,30 

5 8383,15 5770,82 5691,13 8833,21 6965,46 5479,20 9269,15 3345,77 4381,79 

6 8441,68 5810,13 5709,12 8887,08 6970,66 5514,81 9257,59 3370,10 4501,19 

7 8488,10 5820,19 5707,44 8928,33 6973,59 5536,98 9259,94 3392,14 4515,52 

8 8519,82 5841,37 5658,55 8956,69 6975,77 5574,86 9264,38 3411,06 4457,29 

9 8529,16 5847,70 5631,22 8969,78 6978,65 5583,43 9274,67 3417,60 4405,63 

10 8519,09 5873,63 5623,22 8980,35 6980,58 5616,93 9284,86 3451,47 4373,59 

11 8538,70 5886,90 5631,51 8981,39 6981,98 5647,78 9291,66 3460,59 4415,50 

12 8549,84 5930,24 5624,67 8991,96 6981,25 5728,09 9297,80 3438,77 4439,40 

13 8546,05 5972,86 5636,44 9005,15 6983,10 5719,08 9300,58 3438,99 4547,46 

14 8552,30 5978,24 5667,39 9008,49 6984,16 5727,56 9301,13 3417,36 4652,25 

15 8558,48 6044,20 5702,29 9006,45 6984,52 5748,35 9295,23 3444,91 4692,06 

16 8600,01 6068,60 5742,10 8988,37 6985,31 5785,43 9288,49 3440,66 4837,35 

17 8610,84 6099,35 5768,23 8996,43 6986,86 5714,92 9290,86 3425,10 4769,59 

18 8649,84 6135,88 5846,04 8981,97 6987,45 5806,15 9284,37 3518,93 4888,95 

19 8617,43 6203,02 5939,35 8985,61 6987,78 5747,62 9284,82 3502,48 4785,94 

                    
Average annual 

growth rate 0,00620 0,00887 0,00778 0,00376 0,00046 0,00837 -0,00075 0,00769 0,01330 
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Table 8 
Comparison of patent value distribution for patents renewed up to age 5 (in constant 2010 Euros at age  5) 

              
              

 
European priorities 

 
 Chinese priorities 

 
 Other Priorities 

              
              

 
count of 
patents 

average 
value 

standard 
deviation of 

value 
  

count of 
patents 

average 
value 

standard 
deviation 
of value 

  
count of 
patents 

average 
value 

standard 
deviation 
of value 

     
 

    
 

   
     

 
    

 
   Bio Fuels 382 10925,45 2311,30 

 

 12 10409,63 1064,65 

 

 432 11196,64 2493,94 
       (-1,5664)     (1,6097)  

Buildings Energy Efficiency 1487 7345,32 1116,71 
 

 
43 7431,13 963,13 

 

 
1422 7669,32*** 1480,12 

       (0,5732)     (6,6424)  

Energy Storage 587 7015,92 985,03 
 

 29 9115,66** 5183,48 
 

 1299 7452,43*** 1208,15 
       (2,1795)     (8,2840)  

Fuel Cells 270 15630,78 3199,93 

 

 5 14663,85 2310,02 

 

 547 15825,63 3006,92 
       (-0,9198)     (0,8350)  

Fuels from Waste 377 8553,65 1387,53 
 

 
2 8397,46 97,84 

 

 
207 9035,07*** 1720,76 

       (-1,5703)     (3,4554)  

Hydrogen 337 7209,25 838,85 

 

 2 6475,13 858,56 

 

 487 7404,96*** 1039,67 
       (-1,2058)     (2,9820)  

Photo Voltaic 755 12629,13 1677,29 
 

 
11 11820,85** 1043,43 

 

 
1130 12615,69 2372,50 

       (-2,5222)     (-0,1441)  

Sea Energy 209 3835,72 609,26 
 

 1 3654,36 - 
 

 153 4257,82*** 1222,51 
       (-)     (3,9285)  

Wind Power 937 5061,92 961,86 

 

 12 4931,92 597,17 

 

 869 4741,26*** 618,87 
       (-0,7419)     (-8,4852)  

              
              

The Z-statitics to test the difference with the average of EP priorities is reported in brackets 
* / ** / *** : significantly different to the EP priorities average value at a 10% / 5% / 1% risk of error 
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Table 9 
Share of patents in the top ranked patents 

              
              

 
European priorities 

 
 Chinese priorities 

 
 Other Priorities 

              
              

 
Top 15% Top 10% Top 5%   Top 15% Top 10% Top 5%   Top 15% Top 10% Top 5% 

     
 

    
 

   
     

 
    

 
   Bio Fuels 0,1096 0,0799 0,0434   0 0 0   0,1621 0,1016 0,0488 

Buildings Energy Efficiency 0,1121 0,0757 0,0364   0,1400 0,0800 0,0400   0,1704 0,1128 0,0582 

Energy Storage 0,0996 0,0701 0,0309   0,2121 0,2121 0,2121   0,1589 0,1030 0,0512 

Fuel Cells 0,1353 0,1089 0,0495   0,2000 0 0   0,1455 0,0898 0,0480 

Fuels from Waste 0,1188 0,0740 0,0336   0 0 0   0,0427 0,0305 0,0173 

Hydrogen 0,1106 0,0653 0,0302   0 0 0   0,0681 0,0482 0,0252 

Photo Voltaic 0,1495 0,0986 0,0466   0 0 0   0,1364 0,0919 0,0482 

Sea Energy 0,0600 0,0320 0,0120   0 0 0   0,2343 0,1657 0,0914 

Wind Power 0,1867 0,1434 0,0812   0,1333 0 0   0,0892 0,0429 0,0129 
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Table 10 
Share of patents that have an estimated value significantly different from the total average value 

              
              

 
European priorities 

 
 Chinese priorities 

 
 Other Priorities 

              
              

 
Top 15% Top 10% Top 5%   Top 15% Top 10% Top 5%   Top 15% Top 10% Top 5% 

     
 

    
 

   
     

 
    

 
   Bio Fuels 

0,0411 0,0365 0,0176   0 0 0   0,0469 0,0273 0,0176 

Buildings Energy Efficiency 0,0118 0,0050 0,0074   0,0204 0 0   0,0242 0,0161 0,0074 

Energy Storage 0,0042 0,0028 0,0048   0,1818 0,1515 0,1515   0,0177 0,0109 0,0048 

Fuel Cells 0,0396 0,0165 0,0000   0 0 0   0,0310 0,0186 0,0000 

Fuels from Waste 0,3139 0,1547 0,0183   0 0 0   0,1118 0,0488 0,0183 

Hydrogen 
0,1784 0,0352 0,0054   0 0 0   0,1025 0,0306 0,0054 

Photo Voltaic 0,0098 0,0043 0,0111   0 0 0   0,0163 0,0133 0,0111 

Sea Energy 0,0080 0,0080 0,0343   0 0 0   0,0571 0,0514 0,0343 

Wind Power 0,0577 0,0261 0,0000   0 0 0   0,0069 0,0026 0,0000 
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Figure 1 

Dynamics of grants for patents on low-carbon inventions from 1978 to 2016 

 

Source: Extraction form Patstat by the authors 

 

Figure 2 

Dynamics of Kaya’s identity components for China (base 100 in 1978 , scale on the right for 

GDP per capita) 

 

Source: World Bank and BP Statistical Review of World Energy, retreated by the authors 
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Figure 3 

Energy intensity (in Toe per thousand of 2010 constant $US of GDP) 

 

Source: World Bank and BP Statistical Review of World Energy, retreated by the authors 

 

 

Figure 4 

Carbon intensity (in Tons of CO2 per Toe of energy) 

 

Source: BP Statistical Review of World Energy, retreated by the authors 
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Figure 5 

Share of granted patents on low-carbon inventions with local priority and at least one patent 

in the same family granted by another patent office (five years moving average) 

 

Source: Extraction form Patstat by the authors 

 

Figure 6 

Count of granted patents on low-carbon inventions with local priority and at least one patent 

in the same family granted by another patent office (five years moving average)  

 

Source: Extraction form Patstat by the authors 
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Figure 7.a 

Average renewal fees (over the period 1978-2016) at the different ages, in constant 2010€  

 

Source: European Patent Office official journal 

 

Figure 7.b 

Renewal fees to be paid at DMPA at ages 5, 10 and 15, in constant 2010€ from 1978 to 2016  

 

Source: European Patent Office official journal 
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Figure 8 

National real interest rates from 1978 to 2016 

 

Source: OECD 

 

 

Figure 9.a 

Consumption of wind energy in Million tonnes of oil equivalent from 1978 to 2016 

 

Source: BP Statistical Review of World Energy 
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Figure 9.b 

Consumption of solar energy in Million tonnes of oil equivalent from 1978 to 2016  

 

Source: BP Statistical Review of World Energy 

 

Figure 9.c 

Consumption of bio fuels in Million tonnes of oil equivalent from 1978 to 2016 

 

Source: BP Statistical Review of World Energy 
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Figure 9.d 

Consumption of renewable energy in Million tonnes of oil equivalent from 1978 to 2016  

 

Source: BP Statistical Review of World Energy 

 

Figure 10.a 

Distribution of the estimated values of patents in the “Energy Storage” technological field, at 

age 5 in constant 2010€ 

 

Source: Authors estimation 
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Figure 10.b 

Distribution of the estimated values of patents in the “Photo voltaic” technological field, at 

age 5 in constant 2010€ 

 

Source: Authors estimation 

 

Figure 10.c 

Distribution of the estimated values of patents in the “Wind Power” technological field, at 

age 5 in constant 2010€ 

 

 

Source: Authors estimation 

 

 


