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Resumen: 

 

De acuerdo al desarrollo del mercado de la energía eléctrica, en que el uso de 

teléfonos móviles, portátiles y autos eléctricos, entre otros, se fundamenta en las 

baterías de litio. El objetivo de esta tesis doctoral es examinar la evolución de la 

generación tecnológica y algunos tópicos del comercio internacional en la cadena 

de valor global de las baterías de litio, para proveer de nuevas contribuciones a la 

literatura existente, utilizando un enfoque cuantitativo de solicitudes de patentes y 

varios métodos estadísticos. Los resultados expresan que la cadena de valor global 

de las baterías de litio no es realmente a escala mundial en su generación 

tecnológica; que los regímenes y el posicionamiento de los países líderes están 

influenciados por la geoestrategia; y que los índices comerciales y tecnológicos a 

aplicarse deben ser más precisos que los existentes, en la era de las cadenas de 

valor globales. 

 

Palabras clave: Cadena de valor global; litio; especialización tecnológica; ventajas 

comparativas; geoestrategia; generación tecnológica; patentes. 

 

Abstract: 

 

According to the development of the electric power market, in which the use of cell 

phones, laptops and electric cars, among others, is based on lithium batteries. The 

objective of this doctoral thesis is to examine the evolution of technological 

generation and some international trade topics in the global value chain of lithium 

batteries, to provide new contributions to existing literature, using a quantitative 

approach of patent applications and various statistical methods. The results 

establish that the value chain of lithium batteries is not really global with respect to 

its technological generation, that the regimes and the position of technological 

innovation of the leading countries are related to the geostrategy, and that the 

international commercial and technological indicators must be more precise than 

existing ones, in the era of global value chains. 

 

Keywords: Global value chain; lithium; technological specialization; comparative 

advantages; geostrategy; technology generation; patents. 
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RESUMEN EXTENSO 

 

 

La tesis doctoral denominada “Cadenas de Valor Mundiales, los Recursos 

Naturales y Tecnología: Un Enfoque en el Litio” es un compilado de tres artículos y 

se fundamenta en la amplia literatura que busca analizar las cadenas de valor 

globales, que se han originado debido a la deslocalización y tercerización de la 

producción de bienes y servicios. En particular, en la basada en la producción de 

baterías de litio, que tiene entre sus características: su mayor duración con un 

horizonte a corto y largo plazo; y que sus mayores niveles de recursos se 

encuentran en países emergentes como Bolivia, Chile, China y Argentina. 

Considerándose lo anterior, el objetivo general de esta investigación consiste en 

examinar la evolución de la generación tecnológica y algunos tópicos del comercio 

internacional en la cadena de valor global de las baterías de litio. 

Los dos primeros temas tratados, que se enmarcan dentro del segundo capítulo 

(que a su vez está dentro del primer artículo de la tesis) son: el análisis de la 

generación tecnológica de toda la cadena de valor global hacia las baterías de litio, 

a nivel de las economías involucradas, en un período de 115 años; y la 

determinación de la relación entre las ventajas comparativas comerciales y 

tecnológicas, también a nivel mundial. Las principales conclusiones que se obtienen 

de este estudio son que la generación de tecnología está concentrada en la mejora 

del conocimiento de las baterías recargables de litio, que pertenecen a la fase de 

aplicaciones de la cadena (ubicada en su tercera etapa); que la generación de 

tecnología de la misma no es global, porque está concentrada en 5 economías del 

hemisferio norte (Alemania, China, Corea del Sur, Japón y Estados Unidos); que 

las economías casi no trabajan conjuntamente en la generación tecnológica de esta 

cadena; que los niveles de especialización varían dependiendo del enfoque 

analizado (comercial o tecnológico); y que China es el principal país de la cadena 

hacia las baterías de litio por tener ventajas comerciales y tecnológicas reveladas 

en dos de sus etapas.  

El siguiente tema, que está dentro del tercer capítulo (y es el segundo artículo de 

la tesis), consiste en determinar cómo los regímenes tecnológicos (de ciencia o 

tecnología) de las economías líderes en la generación de conocimiento de las 
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baterías recargables de litio (determinados en el capítulo anterior) influyen sobre 

sus posicionamientos tecnológicos en el mismo sector. En este estudio es creado 

un nuevo índice, que determina los regímenes tecnológicos linealmente (que varían 

según la economía y las secciones analizadas de la Clasificación de Patentes 

Internacional); que influye sobre los respectivos posicionamientos tecnológicos de 

los países líderes, donde la geoestrategia juega un rol que es evidenciada por la 

muestra de una disputa tecnológica entre China y Corea del Sur, que tiene como 

fin lograr el liderazgo global en la generación tecnológica de las baterías 

recargables de litio, aunque con China efectuando esfuerzos individualmente y 

Corea del Sur siendo apoyada por Japón y Alemania. 

El último tema, que está en el cuarto capítulo (y tercer artículo de la tesis), es una 

propuesta metodológica, que se enmarca en el cuestionamiento del índice de 

ventajas comparativas reveladas usado en el capítulo 2, para determinar los niveles 

de especialización internacional de los países a nivel comercial en un sector 

económico, dando origen a la presentación de diversos índices que tienen como 

problemática, basarse en exportaciones brutas o en fórmulas que entregan 

resultados no lineales. Tras compararse los resultados en la industria de los 

ordenadores, electrónica y equipos ópticos (que posee innumerables productos 

derivados de las baterías de litio) se observa que el índice propuesto es ideal para 

el análisis de las cadenas de valor globales, debido a que está basado en el valor 

añadido doméstico de las exportaciones brutas, es lineal, tiende a formar una curva 

similar a la normal y, consecuentemente, es apropiado para calcular sus 

variaciones relativas. Por todo lo anterior, se recomienda su uso para establecer 

políticas de especialización adecuadas como también para observar las diferencias 

que realmente existen entre las distintas economías, que permiten que las 

organizaciones internacionales existentes puedan proponer políticas más asertivas. 

Asimismo, en este capítulo se plantea la creación de un balance que compare la 

producción sectorial de los países con la generación tecnológica de los mismos, 

que se puede obtener al compararse el nuevo índice con otro nuevo indicador 

normalizado de ventajas tecnológicas reveladas, que a diferencia del usado 

habitualmente, se caracteriza por ser lineal. Con este complemento, los encargados 

de crear las políticas de los países desarrollados podrán analizar las posibles 
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desviaciones y las posibles correcciones que deben realizarse, según los intereses 

que se pretenden lograr. 

 

EXTENSIVE SUMMARY 

 

 

This doctoral thesis called “Global Value Chains, Natural Resources and 

Technology: A Focus on Lithium” is a compilation of three articles based on the 

extensive literature that seeks to analyze global value chains, which have originated 

due to offshoring and outsourcing of the production of goods and services. 

Particularly, in relation to the lithium battery chain, characterized in that its batteries 

have a long duration in each recharge, a long useful life and its highest reserve 

levels are found in emerging countries, such as Bolivia, Chile, China and Argentina. 

By considering the foregoing, the general objective of this research is to examine 

the evolution of technological generation and some international trade topics in the 

global value chain of lithium batteries. 

The first two topics discussed, which are part of the second chapter (corresponding 

to the first article of the thesis) are the analysis of the technological generation and 

connectivity of the components and countries that participate along the global value 

chain of lithium batteries at the level of the economies involved in 115 years; and 

the determination of the relationship between commercial and technological 

comparative advantages at the macro level. The main conclusions of this study 

indicate that: First, the generation of technology focuses on improving knowledge 

related to lithium rechargeable batteries (also called lithium secondary batteries), 

which belong to the application phase of the chain (located in its third stage). 

Second, the technology generation is not global, because it focuses on 5 economies 

located in the northern hemisphere (Germany, China, South Korea, Japan, and the 

United States). Third, economies hardly work together in the technological 

generation of this chain. Fourth, the specialization levels vary according to the 

approach analyzed (commercial or technological). Fifth, China is the leading country 

in the lithium battery chain for having commercial and technological advantages in 

two of its stages. 
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The next topic found in the third chapter (corresponding to the second article of the 

thesis) refers to how the technological innovation regimes (science or technology) 

of the leading economies that generate technology related to lithium rechargeable 

batteries influence the technological positioning of these countries in this product. 

In this study a new index is created, which determines the technological regimes 

linearly; it is noted that such regimes vary according to the economy and the 

sections of the International Patent Classification (IPC); and that geostrategy is 

playing a key role in the configuration of the regimes and their respective positioning, 

by showing a dispute between China and South Korea for the global leadership, 

regarding the specialization and presence of the technological generation of lithium 

rechargeable batteries, although China makes individual efforts and South Korea 

has the support of Japan and Germany. 

Finally, the last topic found in the fourth chapter (corresponding to the third article 

of the thesis) is a methodological proposal that is directly framed in the questioning 

of the index used in chapter 2 to determine the international specialization levels of 

countries in commercial terms and in a given industry, because it is based on gross 

exports and is not linear. After comparing the results in the computer, electronics 

and optical equipment industry —which has innumerable products derived from 

lithium batteries— it is observed that the proposed index is ideal for the analysis of 

global value chains, since it is based on the domestic value-added of gross exports, 

it is linear and appropriate to calculate relative variations. Therefore, its use is 

recommended to establish appropriate specialization policies, as well as to observe 

the distances that exist between different economies, which is very important for 

existing international organizations. In turn, this chapter proposes the creation of a 

balance that compares the sectorial production of the countries with the generation 

of technology, whose result is obtained by subtracting the new index 

aforementioned with another new normalized indicator of revealed technological 

advantages that, unlike the commonly used, it is characterized by being linear. 

Thanks to this, researchers and policy makers from developed countries will be able 

to analyze possible deviations and, if necessary, the possible corrections that should 

be carried out according to their interests.  
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1. CHAPTER I. INTRODUCTION 

 

1.1. General background of the literature 
 

The economy from its conception is a chain in which different actors interact to 

satisfy their desires where, on the one hand, suppliers want to sell a greater amount 

of goods or services at the highest possible price, but on the other hand, buyers 

want to buy the greatest amount of goods or services at the lowest possible price. 

From a national perspective, this can be analyzed in a simpler way than when 

international connectivity and globalization are included, because at the last levels 

there are other barriers and features that are not in the first one. Basically, there are 

three types of traditional international connections, which are presented below: 

The first corresponds to portfolio capital flows, characterized in that investors tend 

to be individuals who speculate and seek economies that provide high real interest 

rates to their savings (Ragazzi, 1973). At this level, there are almost no cultural 

exchanges. For these reasons, it can be deduced that this type of connection is not 

related to the added values of each stage of a global value chain (GVC). 

The second to exports. In order to understand this type of link, we must return to the 

perspective of Ricardo (1817), who determined, with a static look, that countries 

should focus on activities that allow them to obtain comparative advantages in 

relation to another country. In turn, we must bear in mind that exporters should 

consider the following variables linked to incoterms for the sale of products abroad, 

such as: tariff barriers; quotas; and additional costs related to the transport of the 

goods from the selling companies to the buying firms in the country of destination. 

At this level, there is a limited degree of cultural exchange between exporters and 

importers due to the existing geographical barriers (Gereffi, 1995; Vernon, 1966). 

The third to foreign direct investment that, in turn, is linked to the levels of 

development of an economy, the stage of the life cycle of a product, communication 

and the characteristics of the other countries, the size of the economy, trade 

restrictions, GDP per capita, GDP growth per capita, among others (Baldwin, 1979; 

Brunetti and Weder, 1998; Globerman and Shapiro, 2002; Ragazzi, 1973; Tsai, 
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1994; Vernon, 1966). At this level, there is a greater cultural exchange than in the 

two previous levels. 

As noted above, especially in relation to the concepts of exports and foreign direct 

investment. The links and networks between the different agents (public and 

privates) and even within each of them are key and determine part of the 

performance of the different economies that are interconnected. This allowed Kogut 

(1984, 1985) to create the term "value-added chain", considering the connections 

between several companies within an international context and, subsequently, 

Porter (1985) to study the connections and activities (primary and supportive) that 

create value at the level of a company, without losing the international context. 

At the macroeconomic level and to enter into the issue of global value chains. 

Mudambi (2008) observed that in advanced countries, activities are generally not 

standardized, they are related to high value-added, and the creation of knowledge 

and services. However, in developing countries, activities are standardized, 

repetitive, of low value-added and oriented to manufacturing, in which the spillover 

effects are not spontaneous, because technological capabilities must be built to 

really improve (Morrison et al., 2008). The latter can be achieved through 

investments in intellectual and physical capital, considering the dynamic role that 

each local company plays in one or even several global value chains. Despite the 

above, empirical evidence shows that many companies in developing countries in 

spite of being more productive than those located in developed countries, base their 

value on labor exploitation (Selwyn, 2019). 

On the other hand, the activities of value chains, which can be specialized or 

standardized, are usually organized sequentially and involve several sectors, 

allowing different companies to iteratively and intertwined coevolve (Cano-Kollmann 

et al., 2016; Sturgeon, 2001). As a complement to the foregoing, it is emphasized 

that global value chains are based on a globalized world, in which one of its central 

themes is the power of the agents and where even the State plays a role of 

facilitator, producer and buyer within a chain (Dallas et al., 2019; Gereffi, 1995; 

Horner, 2017). 

In relation to suppliers, Sturgeon (2002) indicates that there are three types of 

suppliers that have a key role in each chain. The dedicated to the extraction and 
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sale of “commodities”, characterized in that the activities they carry out are the most 

standardized. The “captives” that are rooted in the value chain, and the “turn-keys” 

that perform the less standardized activities of a value chain. In this line, it should 

be incorporated that, from the first to the third type of suppliers, there is a need to 

increase the depth levels of the relationships that govern in a global value chain, 

because more dynamic capabilities are required. 

On the same topic, Cano-Kollmann et al. (2016) explained that flagships are the 

companies responsible for connecting, coordinating and integrating the different 

local actors, such as small and medium enterprises; transform tacit knowledge into 

coded knowledge and transmit it subsequently to the other related local companies, 

especially when the risks of competition are low and the risks of failure are high —

understanding that governance in any value chain is dynamic over time (Pietrobelli 

and Rabellotti, 2011). In turn, Cantwell (1989), after studying technological 

competition between American, European and Japanese companies since the 

1950s, stated that technological generation is indispensable for knowledge 

generation capabilities. In this way, Cano-Kollmann et al. (2016) and Amin and 

Cohendet (2004) established that innovation consists of two processes: searching 

(to find new knowledge) and transferring of generated knowledge. Specifically, 

according to Lorenzen and Mudambi (2013), the transfer of knowledge is carried out 

through two types of networks: pipelines (links based on the organization) and 

personal relationships (links based on the individual), whose improvements must be 

made jointly to obtain better long-term results (Cano-Kollmann et al., 2016).  

In relation to the foregoing, multinational companies should organize and exploit 

their strategies optimally in different locations, taking into account similarities and 

differences (Meyer et al., 2011). In this way, the subsidiaries have an important role 

because, on the one hand, they connect the objectives of the entire multinational 

company with the local culture and the different institutional aspects (informal and 

formal), such as the legal framework and the commercial practices of the countries 

where they are located; and, on the other hand, they need to have a close 

relationship with the multinational company network (Meyer et al., 2011), which can 

only be achieved in the least conflictive way possible, having clear the global value 

chain where the company is inserted, the role and form of governance that the 

company must apply to improve its presence in the GVC. 
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At the same time, within the complex system that involves globalization, global value 

chains and geographical economy (Cano-Kollmann et al., 2016), where in some 

cases the backbone is the multinational company (as indicated in previous 

paragraphs), the creation and development of knowledge clusters allow performing 

transfers and achieving greater synergies (Hannigan et al., 2015). This is relevant 

for the levels of global technological collaboration and the global generation of 

technology established by Archibugi and Michie (1995), whose interactions should 

be in accordance with the different governance categories involved in a same GVC 

—Market, Modular, Relational, Captive or Hierarchical— (Gereffi et al., 2005; Ponte 

and Gibbon, 2005), and that go beyond the basic classification of global value 

chains, which can be based on producer or buyers, where: in the first case, 

transnational corporations are the center of the chain and exercise control over the 

entire production system, as is the case in the intensive technology sectors; in the 

second case, the production system is exercised in factories located in developing 

economies, and whose brands are true intermediaries between manufacturers and 

final consumers (Gereffi, 1995, 1999). 

Some scholars, such as Giuliani et al. (2005) and Humphrey and Schmitz (2000), 

studied some implications of a quasi-hierarchy governance in developing countries 

(consisting of a great control of one company over another) and established that this 

type of link encourages the upgrading of processes and products, but not the 

functional upgrading, related to the progress of a supplier within the activities and 

stages of a GVC. For this reason, it might be better for affected companies to 

diversify to other global value chains and; on the other hand, it should be considered 

that for a multinational company to maintain a quasi-hierarchy condition can be too 

expensive. 

In summary, there are many forms of governance that participate in the different 

global value chains and that dynamically involve the different agents that participate 

in them. Despite this, what is invariable is that GVCs should be understood both 

commercially and in terms of their technological generation (characterized by 

inventions that influence the commercial sector). In the same way, as can be seen 

in this review of the literature, there are still many studies that should be carried out 

at the level of industries by countries. For this reason, this thesis on the global value 
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chain of lithium batteries (GVCLB) and its derivative products is carried out at this 

level and serves for policy makers to make decisions. 

 

1.2. Motivation 

 

The globalization process that has been possible thanks to the scientific and 

technological advances that the world has experienced has led to the accentuation 

of various events, such as the development of international trade and tourism; a 

greater amount of information available; a greater migration of people to escape the 

precarious conditions that live in their countries; and the creation and development 

of different international or global organizations that have allowed different economic 

agents to begin the discussion so that humans can adapt and mitigate the climate 

change that the planet has experienced due to the use of fossilized energy sources, 

among other reasons (Archibugi and Iammarino, 2002; Doh and Guay, 2004; 

Hjalager, 2007; Ramanathan and Carmichael, 2008; Tacoli and Okali, 2001; United 

Nations Climate Change, 2019). 

Some of the causes for which different companies, states and non-governmental 

organizations have begun to be more active in relation to climate change are, for 

example: the growing shortage of crude oil in the world, associated with the high 

price offered by crude oil producing countries in the first 15 years of the 21st century; 

wars or terrorism in the same countries; and scientific and technological advances 

in relation to clean energy sources, such as solar, wind or nuclear (Lutz et al., 2012). 

All of the above has allowed new generations to be more aware of the damage 

caused by the greater amount of CO2 and black carbon in the atmosphere, which 

has been an essential source for the greenhouse effect and global warming. This 

can be reflected in the Paris Agreement of December 12th, 2015 (COP21), signed 

by 195 economies members of the United Nations Framework Convention on 

Climate Change (UNFCCC), which has the long-term goal of maintaining the 

increase of the average global temperature below 2 °C above pre-industrial levels; 

and limit the increase to 1.5 °C, as this would substantially reduce the risks and 

effects of climate change (United Nations Climate Change, 2019). 
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We emphasize that there are many types of carbon reduction policies, which are 

reinforced by the agreement. Some of them are a tax on short and medium term 

emissions; subsidies for technological research and development or other types of 

long-term technological innovations (Fischer and Newell, 2008; Lutz et al., 2012). 

Although the conclusions of COP25 show progress too slow to achieve the 

objectives of COP21, due to the lack of cooperation of countries that emit more than 

50% of CO2 worldwide (China, India, Brazil or the United States). 

In this way, lithium rechargeable batteries appear as the best alternative to store 

electric power, allowing the autonomous operation of vehicles and devices 

(Jefferson, 2018). They are characterized by having greater durability than the rest, 

being lighter, and not suffering a memory effect, which allows their useful life to also 

be greater than the rest of batteries (Winter and Brodd, 2004). However, lithium 

rechargeable batteries or any type of secondary battery, without generating clean 

energy, are not a solution to the problem of global warming. Scientists studying the 

issue are clear about this problem, but the policy makers are the ones who must 

make great economic efforts to benefit all humanity and not a specific economy. 

International trade, which has been oriented towards offshoring and outsourcing of 

activities carried out by different companies, and which has given rise to the so-

called global value chains is supported by technological generation, since it allows 

a fluid communication between the different agents involved (Gereffi, 1995, 2001). 

However, it is noted that developed countries often carry out activities related to 

research, development and innovation, while developing countries mainly carry out 

repetitive and non-reflection-oriented activities (Mudambi, 2008). In this way, a 

question is whether this situation also occurs in the global value chain of lithium 

batteries. 

In accordance with all the foregoing, this research is motivated by the desire to know 

and analyze from the point of view of technological generation and international 

trade, the countries that dominate the different stages of the global value chain of 

lithium batteries and its derivatives. Considering that the common people of the 

countries belonging to the lithium triangle (Argentina, Bolivia and Chile) think that 

they dominate the global market by the simple fact of having the largest amount of 

world reserves or resources of such mineral (Grosjean et al., 2012). In turn, no study 
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has focused on investigating the connectivity of the different components of the 

global value chain from mining, through chemical transformation, to lithium batteries 

—including lithium recycling— in order to observe the knowledge generation from 

the circular economy perspective, and not abandoning the stage of chemical 

transformation, as is usually the case in studies oriented to the social sciences. At 

the same time, there is a dilemma about whether geostrategy is within the 

technological guidelines of the leading countries in the generation of lithium 

rechargeable battery technology, as it is studied in other highly technological 

products driven by crude oil (Correljé and Van der Linde, 2006; Johnson and 

Noguera, 2012). 

Finally, this research is motivated in its last part by the questioning of the indicators 

of the previous chapters, because it was observed that the traditional formulas used 

to measure the specialization levels in international trade and the technological 

generation are not linear (Yu et al., 2009), and do not conform to the offshored 

international commerce of global value chains (Koopman et al., 2016), because their 

variables focus on more precarious flows. Thanks to the proposal of two new 

indexes, the way to measure countries in international trade and the technology 

generation —with the same mathematical logic— of any type of product or process 

can be more effective in the world. 

 

1.3. Objectives, Hypotheses and Methodology 

 

Per capita consumption of electricity has increased with global technological 

development. In turn, the growing concern related to global warming, which has led 

to the majority of the world’s countries being committed to reducing the use of coal 

as a source of electricity, allows us to project (only if the United States, China, India 

and Brazil join the rest of the economies) that the energy used in devices based on 

lithium rechargeable batteries will come from cleaner sources. 

Thanks to this thesis, several lines of research have been opened, which can be 

analyzed in a macro or microeconomic way, in relation to the use of minerals such 

as lithium, within the global value chain towards its batteries. Notwithstanding the 

foregoing, this thesis has been oriented to studies within the macroeconomy, from 
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different points of view, which are presented below, through the establishment of 

the general objective that is achieved by obtaining four specific objectives, contained 

in three chapters. 

Considering the previous, the general objective of this doctoral thesis is to examine 

the evolution of technological generation and some international trade topics in the 

global value chain of lithium batteries. 

The first specific objective (found in the second chapter) analyzes the technological 

generation and connectivity of the components and countries that participate along 

the global value chain of lithium batteries from 1900 to 2014. In turn, the second 

specific objective (found in the second chapter) determines the differences or trade-

off between the technological and commercial advantages of the participating 

countries throughout the GVCLB from 2012 to 2014, by means of Chi-square 

analysis, and the division of countries that participate both commercially and 

generating technology in the global value chain of lithium batteries, considering 

indicators that measure the levels of advantages or disadvantages of countries in 

these areas. This allows policy makers to observe the situation of countries around 

the two issues mentioned and facilitate their decision-making. The data in this 

chapter were obtained from international organizations related to international trade 

and patent applications. 

The third specific objective (found in the third chapter) allows knowing the essence 

of the positioning of the leading countries and the existing geostrategic support 

among them in the technology generation of lithium rechargeable batteries from 

1993 to 2015. This is essential for policy makers, even in developing countries, to 

be clear about the possible consequences of allying with one or another leading 

country. The data in this chapter were obtained from a platform that contains the 

patent applications for the European Patent Office. 

The fourth specific objective (found in the fourth chapter) allows improving the way 

in which the international specialization levels of countries in commercial terms and 

in a given industry can be determined, by creating an index of normalized productive 

advantages, using the domestic value-added of the volume of gross exports in the 

computer, electronic and optical equipment industry, because it is a sector 

influenced by lithium, through its batteries and lenses. This is important because 
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policy makers can more accurately calculate the situation of a country in relation to 

the rest of the world in a particular industry and, consequently, make better 

decisions. Especially with respect to the aforementioned industry in which the 

respective analysis has already been carried out. Data from this research were 

obtained from the statistical center called Trade in Value-Added of the Organisation 

for Economic Co-operation and Development (OECD) and focuses from 1995 to 

2011.1 

Thanks to the fulfillment of the aforementioned objectives, the fifth and sixth 

chapters summarize the main conclusions, policy implications of this work and the 

research that can be carried out. 

The Table 1 summarizes the objectives, hypotheses and methodology used in this 

thesis, based on the deductive method, on patent application data, on gross exports 

and on those that refer to the value-added by sectors of countries’ exports. More 

details on the methodology can be found in the corresponding chapter of each work. 

 

 
1 Notwithstanding the foregoing, also in the chapter IV, a new index of revealed technological 
advantages is proposed in the discussion section to improve the way to measure technological 
specialization —such as it has been mentioned foregoing— 
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Table 1. Objectives, hypotheses and methodology 

Own elaboration 

 
2 First decile (Environmental sciences) and first quartile (Engineering, Environmental) in the Journal Citation Report. Impact factor: 7.04 in 2018. 
3 First quartile (Business) and first quartile (Regional & Urban Planning) in the Journal Citation Report. Impact factor: 3.82 in 2018. 
4 Third quartile (Economics and International Relations) in the Journal Citation Report. Impact factor: 1.19 in 2018. 

Objectives 
Hypothesis Methodology 

Publication 
Strategy General Specific 

To examine the 
evolution of 

technological 
generation and 

some international 
trade topics in the 

global value chain of 
lithium batteries. 

1. To analyze the technological 
generation and connectivity of the 
components and countries that 
participate along the global value 
chain of lithium batteries from 1900 
to 2014. 

1. The technological generation of 
the components that participate in 
the global value chain of lithium 
batteries is concentrated in the 
application stage, as well as in few 
countries. 

1. Patent application analysis of the 
different stages of the global value 
chain of lithium batteries from Patstat  
(belonging to the European Patent 
Office) 

Resources, 
Conservation and 
Recycling 

(published)2 
2. To determine the differences or 
trade-off between the technological 
and commercial advantages of the 
participating countries throughout 
the GVCLB. 

2. The specialization levels of the 
global value chain of lithium 
batteries are influenced separately 
by technology or international 
trade. 

2. Chi-square analysis 

3. Cluster analysis to country level, 
according to revealed technological 
advantajes and revealed comparative 
advantages. 

3. To know the essence of the 
positioning of the leading countries 
and the existing geostrategic 
support among them in the 
technology generation of lithium 
rechargeable batteries. 

3. The technology regimes of the 
main economies of the 
technological generation of lithium 
rechargeable batteries influence 
their positioning and geostrategy. 

4. Creation and calculation of a new 
index to measure the technological 
regime. 

Technological 
Forecasting and 
Social Change  

(submitted)3 5. Cluster analysis (not hierarchized 
and hierarchized) 

4. To improve the way in which the 
international specialization levels 
of countries in commercial terms 
and in a given industry can be 
determined. 

4. The measurement indexes of 
the comparative advantages that 
exist today must be replaced by 
having various unresolved 
problems in the era of global value 
chains. 

6. Sample of the properties of the 
new proposed index related to 
comparative advantages. 

Review of World 
Economics 

(submitted)4 

7. Comparative analysis of a new 
index related to revealed international 
value-added advantages, with a non-
linear index, considering an industry 
linked to derivative products from 
lithium batteries. 
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1.4. Scope and Limitations 

 

This doctoral thesis covers the entire global value chain of lithium batteries, 

includes its derivative products at the country level and does not study 

institutions individually due to existing time constraints. In support of the 

foregoing, in the chapter on Discussion, Conclusions and Proposed Lines, 

some studies are proposed to be carried out in the future. Come of these are 

already under development and there is even one published in a journal. 

Although international patents have limitations because they are too 

expensive as a means of protection for some agents located in developing 

countries. The use of patents stored in the European Patent Office is justified 

in this thesis because it is the best way to have a global perspective and even 

of the leading countries in the global value chain of lithium batteries in relation 

to the measurement of their generation of technological knowledge, since 

patents do not belong specifically to a country, which allows the non-

magnification of the number of patent applied or granted from a particular 

country. 

On the other hand, although patent applications do not necessarily mean an 

invention, they were privileged for use over patents granted for two reasons: 

First, because they belong to applicants who have the ability to request their 

registrations in an international organization and, for that reason, their 

requests tend to be of high quality. Second, because they reflect the time in 

which the possible invention occurs and do not depend on the administrative 

procedures of the European Patent Office, whose times may vary for many 

reasons. 

With respect to the second chapter, it is clarified that in the analyzes in which 

gross exports of the different components of the global value chain of lithium 

batteries were required, only four could be analyzed because there is no data 

related to the rest. In turn, the aforementioned components could only be 

analyzed since 2012, because on the website of the International Trade 
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Centre there was no information on lithium rechargeable batteries in previous 

years. 

In relation to the industry used in the fourth chapter that refers to the 

computer, electronics and optical equipment sector to propose a new 

indicator that measures the revealed comparative advantages in a normalized 

and linear way, it is based on the fact that, although not all of its products 

contain lithium batteries, it is the sector that possibly contains more products 

with these batteries in proportional terms. 

On the other hand, the use of the normalized revealed technological 

advantages in chapter 2 and 3 was not possible, because it was proposed 

only at the end of chapter 4. However, its use in future research is 

recommended. 

Finally, it is clarified that this thesis is written as a compendium of three 

scientific articles (a modality allowed by the regulations of the Complutense 

University of Madrid) so that the doctoral student can quickly disseminate his 

research through international scientific journals. Therefore, the specific 

conclusions and discussion of the thesis are found at the end of each chapter 

of the research. 
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2. CHAPTER II. TECHNOLOGY GENERATION AND 

INTERNATIONAL COLLABORATION IN THE GLOBAL VALUE 

CHAIN OF LITHIUM BATTERIES 

 

In the previous chapter, the general review of the literature related to global value 

chain, the main motivations, the objectives, hypotheses, methodology, scope and 

limitations of the thesis were presented. 

In this chapter, the first article of this thesis supports or refutes the hypotheses 1 

and 2: 

- The technological generation of the components that participate in the global 

value chain of lithium batteries is concentrated in the application stage, as 

well as in few countries. 

- The specialization levels of the global value chain of lithium batteries are 

influenced separately by technology or international trade. 

 

2.1. Introduction 

 

Lithium has been traditionally used in the production of material-based products 

such as ceramics, glasses, lubricants, and synthetic rubbers, but today it plays an 

especially crucial role in the field of clean technologies. The application of lithium 

batteries in electric vehicles represents one of the most promising and valuable 

energy alternatives to counter fossil fuel emissions and to address climate change; 

it has been established (with varying degrees of certainty) that lithium batteries will 

dominate the electric car market until 2030 at least (Vikström et al., 2013). Lithium 

is a powerful element in the storage of electrical energy, which explains its 

generalizable application into consumer electronics such as smartphones, laptops, 

and other devices, thus increasing its international demand to the point that lithium 

consumption experienced an average annual growth rate of 8% from 2004 to 2014 

(Sun et al. , 2017).  
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The relevance and multiplicity of lithium end-uses in the development of clean 

technologies via energy storage invites some analysis of the process of knowledge 

generation across the different segments of the lithium battery value chain at the 

international level. Analysis of this research should be the basis of any study related 

to the global value chain of lithium batteries (GVCLB), since it is the first that 

connects all the components of this chain in relation to the generation of their 

(technological) knowledge and the differences or compensations between the 

technological and commercial advantages along the same chain. The findings 

confirm that the production (and commercialization) of the components of the lithium 

battery value and related-technology generation are two different and highly 

concentrated processes, but there is no clear international pattern of technological 

and commercial advantages in the lithium battery segment. The results further 

provide arguments pertinent to discussion around the upgrading potential of the 

GVC and its contribution to the definition of a resource-based innovative path in 

developing countries. 

The increasing fragmentation of production and the geographical dispersion of 

activities add weight to the importance of the GVC, yielding a growing complexity of 

relationships within the globalization process in terms of location and generating 

strong links between GVCs and their economic geography (Cano-Kollmann et al., 

2016). In particular, Mudambi (2008) shows how non-standardized and high value-

added activities are mainly located in advanced countries, where knowledge is 

created. However, in developing countries, we find that activities that are mostly 

standardized and repetitive, with little value-added, and generally oriented to 

manufacturing; but there is also empirical evidence of the location of higher value 

added activities in emerging countries that have succeeded in building up more 

complex technological capabilities (Schmitz and Strambach, 2009; Lema et al., 

2015). Activities within the value chain are generally organized sequentially and 

involve various economic sectors, each being specialized or standardized and 

defining a process of co-evolution between firms and their respective locations 

(Lema et al., 2018; Sturgeon, 2001). A portion of the related literature focuses on 

organizational and institutionalist aspects, governance and cluster effects, 

knowledge creation and diffusion (Gereffi, 1995; Gereffi et al., 2005; Humphrey and 

Smith, 2000; Kogut, 1984 and 1985; Mudambi, 2008). However, studies of the 
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lithium global value chain remain rare and have focused mostly on the primary stage 

and its applications; still lacking are a disaggregation of the GVC and a deep 

knowledge of its various components and technologies (Ebensperger et al., 2005; 

Gruber et al., 2011; Narins, 2017; Prior et al., 2013; Stephan et al., 2017; Vikström 

et al., 2013; Yaksic and Tilton, 2009).  

Most of the related literature deals with the value chain of battery-packs for the 

automotive industry, as well as its sustainability in relation to the future availability 

of lithium and environmental issues concerning their collection and recycling (Egbue 

and Long, 2012; Speirs et al., 2014; Zubi et al., 2018). While Asian countries like 

China, Japan and South Korea are at the front of the worldwide manufacturing of 

lithium batteries for hybrid and electric vehicles, most of the related knowledge and 

technology development is concentrated in Japan and the U.S. (Lowe et al., 2010). 

However, potential applications of lithium batteries go beyond the automotive 

industry and offer synergies with other clean energy technologies, such as solar and 

wind power generation because energy can be stored in lithium batteries and 

stabilize intermittent energy outputs (ibid.). In this context, the relevance of lithium 

batteries in the development of clean technologies is undoubtful, offering several 

opportunities in terms of global competitiveness in all segments of this value chain 

when delocalization trends of manufacturing capacities and potential dispersion of 

knowledge base where production is located are taken into account (Lebedeva et 

al., 2017).   

This paper explores the existence of concentration/dispersion trends in the 

technological generation of the global value chain of lithium Batteries, mapping the 

diversity of international interactions. The participation of countries involved in the 

GVCLB is uneven, and this justifies the analysis of the trade-off between 

technological capabilities and competitiveness, which we here undertake through 

the mechanisms of Revealed Technological Advantages (RTAs) and Revealed 

Comparative Advantages (RCAs), respectively. The empirical section is based on a 

detailed analysis of applications to the European Patent Office between 1900 and 

2014. Our findings confirm a high concentration of knowledge generation within the 
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GVCLB in only a few countries,5 and significant divergence between national 

technological capabilities and competitiveness. 

The rest of this paper proceeds as follows: the next section describes the GVC for 

lithium batteries; section 2.3 is about the methodology employed; section 2.4 

focuses on the results on technological development in the GVCLB, and a 

discussion of results and our conclusions are drawn in section 2.5 and 2.6, 

respectively. 

 

2.2. The global value chain of lithium batteries 

 

The first step in this exploration of technology generation within the GVCLB is a 

description of the components and production stages of the overall value chain, 

according to the economies involved and their interconnections. A second step in 

the analysis focuses on the relationships between these economies’ innovation 

capabilities and competitive advantages. In relation to the components involved in 

the GVCLB, several studies offer a complete picture and distinguish between the 

three main stages involved in the various systems and sub-systems (Comisión 

Chilena del Cobre, 2009; Ebensperger et al., 2005; Prior et al., 2013; Stephan et 

al., 2017).  

The first stage is “Primary Production” (Figure 1), corresponding to lithium 

extraction, almost exclusively from mines (concentrated lithium) and from brines 

(where lithium carbonate is produced). This stage incorporates an intermediate 

phase that includes the production of lithium hydroxide and lithium chloride from 

lithium carbonate. The only component of the second stage, “Secondary 

Production”, necessary to the production of batteries is lithium metal (Moreno-

Brieva, 2015). The third stage, “Applications”, refers to the final phase in the 

elemental GVCLB and includes both primary and secondary batteries,6 as well as 

 
5 Although some territories do not fall into the category of country or economy, these are the terms used 

throughout the paper.  
6 The indefinite lithium batteries (ILBs) are those that in the query could not be determined whether 
they were primary or secondary. 
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their recycling process.7 Subsequent phases of the overall value chain involve the 

application of these batteries (i.e., to the automotive and electronic sectors, not 

analyzed here). Studies analyzing the process transformation of lithium highlight 

that input flow from brines is more efficient and competitive in getting lithium 

carbonate because of its higher lithium content (Ziemann et al., 2012; Talens Peiró 

et al., 2013). Lithium carbonate is further processed to produce intermediates and 

particularly lithium hydroxide and lithium chloride; the latter being used in batteries 

as electrolyte and in producing lithium metal. Accordingly, lithium batteries are 

formed by different components integrated into a subsystem belonging to a more 

extensive assembled system comprised of electronics, electricity grids, machinery 

and computers, among others (Stephan et al., 2017; Winter and Brodd, 2004) 

 

Figure 1: Lithium Global Value Chain leading to batteries. 

 

Source: adapted from Ebensperger et al. (2005); Prior et al. (2013) and Comisión Chilena 

del Cobre (2009) 

 

The market share of each component in the broader lithium value chain is 

particularly significant for its specific relevance within the GVCLB.8 The relevance 

of the primary production of lithium is considered taking into account that just two 

components of this first stage represent almost 65% of total market share. In fact, 

 
7 It must be clarified that the “Recycling” stage is generally included in the application and derivative 
stages, because certain lithium components can be reused. 
8 The broader lithium value chain includes other intermediate inputs (lithium fluoride, lithium bromide 
and butyl lithium) that serve for the production of ceramics and glasses; optical lenses; lubricants; 
air conditioners and air dehumidifiers; synthetic rubber; and pharmaceutical products. 
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the dominant market share in both the first and second stages in 2009 was lithium 

carbonate, which then represented 42% of total global lithium sales (Grosjean et al., 

2012). This was followed by mineral concentrates (22%), lithium hydroxide (16%), 

lithium metal (4%), and lithium chloride (4%), with other components accounting for 

the remaining 12%. Regarding the application stage, in 2009, 21% of market share 

corresponded to batteries, according to the U.S. Geological Survey (2012). 

Especially significant is that lithium resources are estimated at around 43 million 

tons, almost 62% of which derive from brines (Grosjean et al., 2012); also, lithium 

reserves at the international level (Figure 2) are highly concentrated in Bolivia, with 

more than 10 million tons, or 28% of worldwide reserves. The second-largest 

reserves are located in the U.S., with almost 8 million tons, or 21% of the total. Chile 

ranks third, with approximately 6.5 million tons of lithium, or 18% of global reserves. 

Comparing this information with the study by Naumov and Naumova (2010), of 

these three countries with the largest reserves,9 only Chile is among the three 

principal lithium producers in the world, responsible, together with Australia, China 

and Argentina for the more than three-fold increase in global production in 2012 with 

respect to 2000 (U.S.G.S., 2017).  

Regarding the earlier evolution of the lithium extraction market, from 1970 to 1990, 

only a few industries in Australia, the U.S., Portugal, and Spain exploited hard-rock 

ores as a lithium source for the glass and ceramic industries. Although lithium prices 

remained relatively stable, they began to increase in 1990 when the German 

company Chemetall took over many small firms worldwide, radically changing the 

basic method of lithium extraction at the end of the 1990s and pulling lithium 

carbonate from Chilean brine sources. As a consequence, the Chilean company 

SOQUIMICH (SQM) became the global leader in lithium carbonate extraction in 

2000, thanks to low operational costs that shut down numerous mining companies 

which had been obtaining the element from hard rock (Grosjean et al., 2012). In 

spite of the global economic crisis of 2008, and the decline in oil prices, prices for 

 
9 New pegmatite reserves are continually being discovered in the earth crust, boosting the extraction 

of lithium from these ores and raising the amount of known lithium reserves every year in various 
countries (Narins, 2017). 
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battery-grade lithium carbonate remained stable through the 2012-2014 period, 

ranging between $6.06 and $6.69 per metric Kg. (U.S.G.S., 2017). 

 

Figure 2: World Lithium Resources. 

 

Source: adapted from Grosjean, Herrera Miranda, Perrin and Poggi (2012). 

 

The growing application of lithium to the manufacture of secondary batteries is 

mainly due to its weight: lithium batteries are lighter than those composed of heavier 

elements, with no adverse effects on memory capacity and with a lower discharge 

rate (Winter and Brodd, 2004). For these reasons, lithium secondary batteries are 

increasingly used in consumer electronics, electric cars and grids, medical devices, 

leisure goods, and other machinery (Stephan et al., 2017). In fact, worldwide 

shipments of primary and secondary lithium batteries are highly correlated with 

worldwide GDP, at 0.95 and 0.99, respectively (Gruber et al., 2011). Regarding 

other end-uses of lithium, the maximum cumulative demand for lithium (for non-

battery applications) is estimated to reach around 3.16 million tons in the period 

2010-2100. In terms of battery applications, assuming a constant growth rate of 3% 

in GDP worldwide, and a recycling rate of 90%, the prediction is that maximum 

demand for lithium (for use in batteries) will be 3.6 million tons for laptop devices 

alone, and 12.8 million tons for electric cars (ibid). The consequence is that the 

GVCLB is clearly dominated today by the production of batteries. 
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2.3. Methodology 

 

The analysis of technology generation within the global value chain of lithium 

batteries is focused mainly on knowledge sources and international collaboration in 

the production of batteries. Patent applications to the European Patent Office are 

the data source used here in the analysis of knowledge generation and international 

collaboration within the GVCLB, taking into account that technology generation 

occurs across different economies. Following Jaffe et al. (1993), a patent is “a 

statement of property right in the commercial use of a device”; for Griliches (1990), 

a patent is “a document, issued by an authorized governmental agency, granting 

the right to exclude anyone else from the production or use of a specific new device, 

apparatus, or process for a stated number of years”. The latter definition integrates 

the physical, institutional, legal, and temporal elements related to an invention. What 

is clear is that patents are not necessarily an indicator of innovation, according to 

the Patent Statistics Manual of the OECD (2009), since not all inventions have 

market effects (Jaffe et al., 1993; Fan et al., 2017; Glänzel and Meyer, 2003; 

Motohashi and Tomozawa, 2016; Meyer, 2000). Nonetheless, information on 

patents allows us to approach alliances among different types of organizations, 

including private-private, private-public, large-medium companies, etc. (OECD, 

2009).  

Although the advantages and disadvantages of the use of patent data are well 

known (see for instance Pavitt, 1988; Griliches, 1990; Archibugi, 1992), patents are 

widely used in the analysis of advanced technological capabilities and knowledge 

generation (Almeida and Phene, 2004; Cantwell and Mudambi, 2011, among 

others). The use of patent data is one of the most established and reliable methods 

of assessing cross-country patterns of innovative activities due to the detailed 

information provided by this indicator, what allows tracing the dynamics of 

technological specialization in geographical terms (Cantwell and Piscitello, 2002; 

Cantwell and Santangelo, 2006). In this sense, Laurens et al. (2015) highlight the 

high-quality data contained in patents, which are often available for long periods of 

time and which display information such as the date and place of application, or the 

inventors and applicants involved, classified according to technological field; still, it 

should be borne in mind that patents themselves are not directly comparable, due 
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to the varying criteria used by different Patent Offices around the world (OECD, 

2009). Specifically, the patent applications selected for this study were collected 

from the PATSTAT dataset (autumn 2016 version), including data for 90 million 

documents related to patents from the 19th century to the near-present (European 

Patent Office, 2016).10 Due to the large amount of information contained in this 

database, two queries were run by means of SQL for the period 1900-2014 (making 

use of the word ‘lithium’ and not its chemical symbol), allowing us to obtain those 

patent applications which included components of the GVCLB in both patent titles 

and abstracts. 

Moreover, several queries were run for the use of the term in sentences (in both 

singular and plural), and patent applications were selected over utility models in 

order to analyze more technologically sophisticated inventions. Finally, results for 

every component were compared exhaustively; and when duplications were found, 

one of the two patent applications were removed. Through this procedure we 

obtained 55,148 patent applications related to the GVCLB between 1900 and 

2014.11 These patent applications were further analyzed to determine the 

connections between the different components of this value chain. By means of 

keyword searches in both titles and abstracts, we identified those patent 

applications to the European Patent Office with the same code where two or more 

components were listed12. These patent applications were taken across the different 

stages of this value chain because each component of lithium batteries is placed in 

a specific phase. Accordingly, the path until batteries describes the technology 

generation of the GVCLB. 

Once the data was gathered on patent applications, regarding every component of 

the GVCLB as well as technology connections over time, we selected only those 

patents for which information on the residence of the applicant(s) was available. 

This new database was generated to analyze the connection between the countries 

 
10 The use of the European Patent Office database guarantees the application of the same criteria 
to every country requesting for a patent application to that Office. Therefore, the difficulties caused 
by differences in national patent offices around the world are overcome (Basberg, 1987; OECD, 
2009). 
11 As one reviewer noted, it could be the case that a patent application would not be directly related 
to a lithium-based invention. However, the thorough identification of lithium and its derivates as basic 
components in both patent titles and abstracts, allows us to assess all patents directly related to 
every lithium component as key element in the technology generation within the GVCLB. 
12 These connections can only be determined with the current paid version of Patstat. 
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involved in the technological development of the GVCLB, and a total of 23,862 

patent applications remained valid for the period 1900-2014. It is important to clarify 

that when an economy was involved more than one time in a single patent 

application, it was counted only once. The reason is that this study is focused on 

the global participation of countries in the technology generation within the GVCLB 

to explore the existence of concentration/dispersion trends and international 

connections in geographical terms, because it shows possible alliances between 

countries and institutions. Accordingly, when applicants from two or more countries 

participate in a patent application, this patent is assigned to each country. 

Nonetheless, duplicities are eliminated in the final count at a global level as it can 

be observed in Table 2, where the row named “Related economies” is subtracted 

from the “Total” row. 

Finally, and with the purpose of exploring whether there is a positive relationship 

between the technological positioning of the economies involved in knowledge 

generation within the GVCLB and their international competitiveness, indexes were 

calculated for Revealed Technological Advantages (RTAs) (Soete, 1987) and 

Revealed Comparative Advantages (RCAs) (Balassa, 1965). This analysis was 

carried out for the period 2012-2014, due to the availability of information on lithium 

battery exports from the International Trade Centre (2017) —which began to 

separate lithium batteries from other battery information in 2012— required for 

computation of the RCA. Furthermore, this index was calculated only for those 

components of the GVCLB for which specific data was available, and 2012 has been 

considered the base year (because there is no data before this year in the case of 

lithium rechargeable batteries), making use of the GDP deflator to obtain exports at 

constant prices. Because the participation of economies in technological generation 

within the GVCLB has not been stable over the period considered, this analysis was 

carried out taking all three years together, to avoid biased results.  

Specifically, the RTA and the RCA for each country have been calculated as follows:  

𝑅𝑇𝐴𝑗𝑖 =
𝑃𝑗𝑖 𝑃𝑖⁄

𝑃𝑗𝑤 𝑃𝑤⁄
     (Equation 1) 

where 𝑃 refers to the number of patent applications, j refers to the technology, i to 

the economy, and w to the worldwide scale, and 
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𝑅𝐶𝐴𝑗𝑖 =
𝐸𝑗𝑖 𝐸𝑖⁄

𝐸𝑗𝑤 𝐸𝑤⁄
     (Equation 2) 

 

where 𝐸 refers to the volume of exports, j to the technology, 𝑖 to the country, and w 

to the worldwide scale.  

According to these indicators, a country reveals relative technological advantage (or 

relative comparative advantage) when the index adopts a value respectively equal 

to (or greater than) 1. In order to assess the relationship between the two indexes 

for all economies that participate in the technological generation and international 

trade of the GVCLB, we ran a Chi-squared test of independence, afterward grouping 

and categorizing countries according to their advantageous/disadvantageous 

position in each index. The results of this test show whether an association exists 

between technological capabilities and international competitiveness.  

 

2.4. Results 

 

Regarding the evolution of patent applications from 1900 to 2014, most knowledge 

generation was concentrated into primary production until the 1980s, representing 

2.6% of total patents. Technological development within the GVCLB experienced a 

spectacular increase thereafter, mainly due to the development of secondary 

batteries. This trend continued to 2014, with 97.46% of patents corresponding to the 

period 1980-2014, and with secondary and indefinite lithium batteries together 

representing almost 85%. A complete picture of the evolution of patent applications 

can be found in Table A.1 in Annex 2.1. 

In terms of the different stages in the value chain, most new technology 

development is generated during the final application stage, taking into account all 

55,148 patent applications from the various economies involved in the GVCLB from 

1900 to 2014. In particular, lithium secondary batteries accounted for 63.90% of 

total patent applications, while indefinite lithium batteries made up 18.78% (Table 

1). The remaining 17.32% of patent applications were mainly concentrated in 
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primary production, although none of the components from this first stage reached 

7% of total applications linked to lithium metals.  

 

Table 1: Patent applications and their relations with other components in the GVCLB, 

1900-2014. 

Component 
Patent 

applications 

Patent 
applications 

with at least 2 
components 

% of patent 
applications 

within 
GVCLB 

% of patent 
applications with at 

least 2 
components within 

the GVCLB 
Lithium Concentrate (LCO) 86 41 0.16% 47.67% 
Lithium Carbonate (LC) 2,731 820 4.95% 30.03% 
Lithium Hydroxide (LH) 2,885 742 5.23% 25.72% 
Lithium Chloride (LCH) 2,406 335 4.36% 13.92% 
Lithium Metal (LM) 3,861 1,429 7.00% 37.01% 
Lithium Primary Battery (LPB) 388 90 0.70% 23.20% 
Lithium Secondary Battery (LSB) 35,241 1,596 63.90% 4.53% 
Indefinite Lithium Battery (ILB) 10,355 443 18.78% 4.28% 
Recycling Lithium (RL) 40 29 0.07% 72.50% 

Duplicated 2,845 2,845 5.16%   

Total 55,148 2,680 100% 4.86% 

Note: this breakdown is based on the search for keywords in titles and abstracts of patent 

applications. 

Source: Own elaboration based on European Patent Office (2016). 

 

The picture is considerably different in terms of the knowledge connections among 

the various elements integrated into the value chain. In particular, only 4.86% of 

patent applications involved more than one component, these being concentrated 

into recycling lithium (72.5%), revealing the transversal character of the final stage 

in the GVCLB. Considering each component, lithium concentrate (LCO) appears 

most often in conjunction with another element within the same patent application 

(47.67%), while indefinite lithium batteries and lithium secondary batteries are 

present in just 4.28% and 4.53%, respectively. These results indicate that lithium 

concentrate plays an important role at the beginning of the value chain, while the 

relevance of indefinite lithium batteries and lithium secondary batteries within the 

GVCLB derives from their integration into the value chain of end-use products. 

For a complete picture of the knowledge connections within the GVCLB, these 

results were further analyzed in consideration of the number of components listed 

in each patent application. Firstly, Figure 3 shows secondary batteries to be the 

most relevant component in knowledge generation within the GVCLB, with by far 
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the highest number of connections to other components involved in their production 

and being present in more than 35,200 patent applications. Secondly, the relations 

most frequently observed were between lithium metal and lithium secondary 

batteries, because the first ones are essential for obtaining the second ones in a 

great proportion. Moreover, thirdly, two components —lithium carbonate and lithium 

hydroxide— are most related to others, with both belonging to the first stage of the 

value chain but linked to all the components in the GVCLB. Figure 3 also shows that 

the connectivity of lithium recycling even is too incipient into this technology chain 

in spite of it is essential for its circular economy. 

 

Figure 3: Technological generation per component and relations within the GVCLB. 1900-

2014. 

 

Source: Own elaboration based on European Patent Office (2016) 

 

On the other hand, as regards international collaboration and the role of the different 

economies that participate in the GVCLB, the final number was 76 distinct 

economies for the period 1900-2014 (see Annex 2.2). Table 2 below shows that 

South Korea, Japan, the United States, China, and Germany accounted for more 

than 90.55% of patent applications (as mentioned, only patents indicating the 

residence of the applicant were included). These economies have been the most 
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active in the technological generation of lithium secondary batteries and indefinite 

lithium batteries, presenting 95.76% and 78.78% of total patent applications, 

respectively. 

 

Table 2: Number of patent applications, by economy and GVCLB components, 1900-
2014. 

Country* 
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S. Korea 111 66 4 133 507 26 6,411 1,004 3 8,265 416 7,849 

Japan 205 114 5 171 417 69 4,100 497 1 5,579 266 5,313 

U.S. 192 264 6 279 579 68 2,296 738 5 4,427 273 4,154 

China 144 91 12 137 107 5 1,690 539 6 2,731 138 2,593 

Germany 46 78  110 112 2 1,170 244 1 1,763 57 1,706 

France 9 33  51 33 14 295 281 4 720 22 698 

Taiwan 12 12 2 7 26  356 269  684 16 668 

Canada 22 5 1 35 30  239 87  419 25 394 

U.Kingdom 40 25 3 26 41 3 73 51  262 18 244 

Russia 55 70 10 57 12  43 20 1 268 29 239 

Switzerland 9 18  20 17 1 119 34  218 20 198 

Belgium 2 8  4 17  124 17  172 1 171 

Italy 22 9  6 1 1 15 30  84 5 79 

Netherlands 1 19  12 7  17 19  75 4 71 

Ukraine 6 8  5 3  8 20  50 5 45 

61 others ** 49 80 8 48 44 5 192 131 0 557 42 515 

Total 925 900 51 1,101 1,953 194 17,148 3,981 21 26,274 1,337 24,937 

Related 
Economies 

31 25 4 41 87 12 788 145 1 1,134 
59 patent 

applications 
requested by 
more than 2 
economies 

together 

Patent 
Apps. by 
Component 

894 875 47 1,060 1,866 182 16,360 3,836 20 25,140 

Notes: *Economies among the top 15 in terms of patent applications within the GVCLB and those 
among the top 5 in terms of patent applications in each component were named specifically. 
**Democratic Germany with 3 patent applications, the Soviet Union with 3 patent applications, Serbia 
and Montenegro with 5 patent applications. 

Source: Own elaboration based on European Patent Office (2016). 
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Regarding technological generation in the different stages of the GVCLB, the United 

States was the economy that applied for the most patents related to primary 

production, specifically for lithium chloride (30.17%), lithium hydroxide (26.32%), 

and lithium metal (31.03%); this is directly related to the fact that the U.S. ranks 

second in magnitude of lithium reserves, also enjoying higher innovative capabilities 

(Table 2). Japan was the leader in lithium carbonate (22.93%) and lithium primary 

batteries (37.91%). China topped the list in lithium concentrate (25.53%) and 

recycling lithium (30%), while South Korea was more active in the application stage, 

particularly in lithium secondary batteries (39.19%) and indefinite lithium batteries 

(26.17%). 

 

Detailed analysis of knowledge networks per applicant economy in the period 1900-

2014 shows that the most technologically connected economies, with relevant links 

to others, were the United States, Germany, Switzerland, France, Japan, Canada, 

and China.13 Meanwhile, South Korea and Germany were the economies that 

tendered the most patent applications in conjunction with the other; they jointly and 

simultaneously filed 214 patent applications related to lithium secondary batteries, 

revealing the intense technological connection between their economies. However, 

considering the number of patent applications of each economy and the proportion 

of international connections, a negative relationship (-0.33) was observed in terms 

of the correlation coefficient between these two variables for the period analyzed. 

Those economies with more patent applications were the least connected in relative 

terms, because they have a greater domestic technology generation ecosystem. 

For this reason, the top five countries in terms of patent applications were the least 

connected, except for Germany. Belgium registered the highest international 

connectivity in knowledge generation, mainly due to that economy being especially 

active in joint technological development with South Korea for components of the 

GVCLB related to secondary production.  

 
13 A detailed description of knowledge connections in the GVCLB can be found in the Annex 2.3. 
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Prior results are illustrated in Figure 4, where it can be seen that technological 

generation within the GVCLB takes place almost entirely in the northern 

hemisphere, with most patent applications requested from the European countries, 

the United States, China, and South Korea. Furthermore, economies in the northern 

hemisphere are more strongly interconnected than those in the southern when bi-

directional connections are taken into account. This is especially interesting 

considering that most lithium reserves (with the notable exception of those in the 

United States) are located in the global South, as in Bolivia or Chile, indicating that 

those economies with greater resource endowment have not been actively 

participating in knowledge generation within the GVCLB. 
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Figure 4: Map of the number of patent applications and networks between economies, 1900 to 2014. 

 
Note: 214 of 216 patent application are the connections between Germany and South Korea in lithium secondary batteries. 

Source: Own elaboration based on European Patent Office (2016). 
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Exploration of the possible relationship between commercial and technological 

advantages was conducted via the Chi-squared test for the RCA and RTA indexes, 

confirming the existence of association above the index qualifications, with a margin 

of error lower than 1% (Table 3). This result applies to the phases of lithium 

carbonate, lithium hydroxide and lithium oxide, lithium primary batteries, and lithium 

secondary batteries in the GVCLB. Moreover, patent applications in the same chain 

were substantially more concentrated than exports, although this situation has not 

had a significant impact on the number of economies with technological and 

commercial advantages.  

 

Table 3: Relationship between the RCA and RTA indexes, 2012-2014. 

Component of the GVCLB 
Qualification – 

values 
RCA RTA Chi-square 

Lithium Carbonate (LC) 
At least 1 4 12 

33.90*** 
Less than 1 44 2 

Lithium Hydroxide and Lithium 
Oxide (LH-LO) 

At least 1 6 7 
21.24*** 

Less than 1 34 6 

Lithium Primary Battery (LPB) 
At least 1 14 3 

18.43*** 
Less than 1 146 1 

Lithium Secondary Battery (LSB) 
At least 1 5 6 

8.00*** 
Less than 1 111 25 

Notes: RCA and RTA columns show the number of countries in each category; * =P<0.1;  
** = P<0.05; *** = P<0.01. 

Source: Own elaboration based on European Patent Office (2016) and International Trade 

Centre (2017). 
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The specific relationship of the participant economies in the technological 

generation and international trade of each stage of the GVCLB, as confirmed by 

these results, can be observed in Table 4.14 In the primary production of lithium 

(columns I and II), the highest concentration of economies is found in the quadrant 

indicating technological strength (RTA>1) but no commercial advantages. 

Accordingly, a negative relationship is highlighted with those countries more 

involved in the technological generation of basic lithium components which are 

found to have less competitive stature in terms of trade. However, in terms of the 

final stage of the GVCLB (lithium secondary batteries, column III), the quadrant 

containing economies that are neither technologically nor commercially specialized 

is more crowded, indicating an opposite pattern in relation to the other components.  

 

Analysis of these indicators, and particularly of Revealed Technological Advantages 

in the GVCLB for the period 2012-2014, reveals that two top economies dominate 

technological generation across the entire chain: South Korea and China (Annex 

2.4). It may be noted that, although a set of economies exhibit a positive RTA in 

lithium carbonate, the competitive advantage is negligible.15 Considering lithium 

hydroxide and oxide, China and Russia are in the best position, and Belgium shows 

positive technological advantages but no Revealed Comparative Advantage in 

lithium secondary batteries (European Patent Office, 2016).  

  

 
14 The relationship of RCA to RTA in lithium primary batteries could not be analyzed due to the size 
of the sample. 
15 Argentina has positive RTA and RCA but a small number of patents. 
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Table 4: Relationship of economies with participation in technological generation and 
trade, 2012-2014. 

  Lithium Carbonate (I) 
Lithium Hydroxide and 

Oxide (II) 
Lithium Secondary Batteries 

(III) 

  RTA RTA RTA 

  <1 >1 <1 >1 <1 >1 

RCA 

<1 
Germany, 
U.States 

Russia, 
Canada, 
Japan, 

Australia, 
Italy, 

China, 
South 
Korea 

China 
Taipei, 

Switzerland, 
Italy, United 

Kingdom 

Canada, 
Australia, 

South 
Korea, 
Japan 

Germany, 
Singapore, 

China Taipei, 
France, 

U.States, 
Ukraine, Austria 

Switzerland, 
Canada, U.K., 
Russia, Italy 

Denmark 

Belgium 

>1   U.States 
China, 
Russia 

Japan 

South 
Korea, 
Hong 
Kong, 
China 

Notes: Only those countries with a total number of patents above the median have been included 

in this table.  

Source: Own elaboration based on European Patent Office (2016) and International Trade 

Centre (2017). 

 

The relative roles of economies tend to change when the different stages of the 

GVCLB are viewed with regard to technology generation. In the first stage of the 

GVCLB, the economy showing RTAs in all components was Russia, while those 

with RTAs in three of the four components of the same stage included Australia, 

China, and South Korea. For the second and application stages, South Korea 

showed RTAs in all components. Finally, in terms of recycling lithium, which is a 

cross-sectional component, the economies with RTAs were China, France, and 

Russia. Overall, the most important economies in the technological generation of 

the GVCLB within the period were South Korea and China, due to their general and 

specific Revealed Technological Advantages. 

Concerning commercial advantages in the GVCLB, the leading economies have 

also been segmented according to stages (Annex 2.5). Chile was by far the 

economy with the highest Revealed Comparative Advantage in lithium carbonate, 

hydroxide, and oxide, followed by Belgium. As regards lithium primary and 
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secondary batteries, only Japan and Hong Kong exhibited RCAs in both cases. 

Likewise, Belgium was the only economy with RCAs in lithium carbonate, lithium 

hydroxide and oxide, and lithium primary batteries, although that economy showed 

RTAs for none of those components. 

 

2.5. Discussion 

 

Consequently, our findings permit the argument that significant challenges exist for 

those economies with high levels of lithium reserves, and with relative advantages 

in terms of trade in the first stage of the GVC —in particular in the definition of 

strategies and policies to address R&D-related targets— and to enlarge their 

innovative capabilities, and to develop absorptive capacities that will enable them to 

establish beneficial international alliances with technological leaders in this field, 

and to promote a resource-based innovative path. As a matter of fact, there are 

some exceptional cases among emerging economies in the technology-related 

fields, including China, which together with South Korea, Germany, Japan, and the 

U.S. are leading technological generation within the GVCLB.  

Our findings are especially relevant for Latin American countries, where the linkages 

between companies and universities remain weak; where the culture oriented to 

research, development, and innovation remains nascent; and where capacity to 

execute multilateral and bilateral agreements with other economies in the fields of 

science and technology remains lacking. Nonetheless it is essential to note the case 

of Bolivia, with the largest lithium reserves in the world (International Trade Centre, 

2017), demonstrating a constant increase in its participation in the GVCLB. Further 

in-depth study of the cases of Argentina and Chile is also required, due to their 

greater specialization in the international trade of basic lithium components. In the 

specific case of Chile, the most specialized country in terms of exporting lithium 

components of the primary production stage, Álvarez and Labra (2015) have 

underlined the necessity to reorient the national strategy of technological innovation 

for development by taking advantage of the country’s specialization around the 

exploitation of natural resources. 
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Policy implications that can be derived from this study, especially for economies of 

the global South, are related to a possible window of opportunity for more active 

participation in technological generation for the most advanced stages of the 

GVCLB; greater benefits may be expected for leading producers, which might be 

favorable to local populations. In this sense, actions at the level of national policy 

need to consider the entire value chain, which would generate more attractive 

conditions for multinational companies which in turn could transfer advanced 

knowledge to local producers and inhabitants. Additionally, a more active 

participation of Southern countries in the application stages and especially in the 

recycling phase could contribute to the sustainability of the GVCLB and support the 

transformation of this apparently linear value chain based on natural resources into 

a circular one, as pointed out by Schroeder et al. (2018). Finally —and relevant to 

all economies but especially those in the Middle East and North Africa— lithium 

could assist in the storage process of clean and renewable energy sources such as 

the sun, considering the desert climate and greater solar exposure. In this way, 

Middle East and North Africa imports of lithium-related products might be seen as a 

possible conduit for technological upgrading. Our results, drawn from patent 

applications rich in detailed information, including on participant countries, 

encourage the further pursuit of specific studies on every component in the lithium 

value chain.  

 

2.6. Conclusions 

 

A significant imbalance exists between producer economies and technology 

creators within the different stages of the GVCLB, and patterns of technology 

generation differ across the value chain. While the largest number of patent 

applications are related to lithium secondary batteries, the most significant number 

of connections between components are found in relation to lithium metals, located 

in the intermediate and application stages of the chain. The analysis carried out in 

this research confirms that, although international linkages are relevant in the value 

chain, the GVCLB is not a global technological chain. 
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Despite the location of lithium reserves in countries such as Argentina, Bolivia, and 

Chile, the contribution of southern hemisphere economies to lithium-related 

technology generation has been scant for more than century. Notable is the 

concentration into just five economies of chain-related technology generation: South 

Korea, Japan, China, the United States, and Germany, all showing high participation 

especially in patent applications of lithium secondary batteries (accounting for 

95.76% of the GVCLB as a whole).  

On the commercial side, something similar occurs, as indicated by Sun et al. (2017), 

with China, South Korea, and Japan leading trade according to export shares of 

both chemical derivatives and lithium batteries. The GVCLB is therefore 

characterized by a small set of countries that are individual technology creators with 

limited knowledge connectivity at the international level (although Germany and 

South Korea have shown signs of greater technological collaboration over time). 

Overall, there is no clear relationship between patent applications and exports, 

although China may be confirmed as the leading economy in the GVCLB due to its 

relative technological and commercial advantages in most components of this chain. 
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Annexes 
 

Annex 2.1: Evolution of the components of the GVCLB, based on the earliest filing year 

Component 

Decades 

Total 
1
9
0
0

 

1
9
1
0

 

1
9
2
0

 

1
9
3
0

 

1
9
4
0

 

1
9
5
0

 

1
9
6
0

 

1
9
7
0

 

1
9
8
0

 

1
9
9
0

 

2
0
0
0

 

2
0
1
0

 

Indefinite lithium 
battery (ILB) 

0 0 0 0 0 2 1 88 679 1,236 2,995 5,354 10,355 

Lithium carbonate 
(LC) 

0 1 8 21 21 76 69 92 232 435 753 1,023 2,731 

Lithium chloride 
(LCH) 

1 2 14 29 56 119 174 207 440 446 442 476 2,406 

Lithium 
concentrate (LCO) 

0 0 0 0 0 0 0 3 11 10 20 42 86 

Lithium Hydroxide 
(LH) 

0 0 2 15 28 96 90 146 344 647 696 821 2,885 

Lithium Metal 
(LM) 

0 0 0 1 1 11 31 57 283 732 1,441 1,304 3,861 

Lithium Primary 
Battery (LPB) 

0 0 0 0 0 0 0 5 21 51 210 101 388 

Lithium 
Secondary Battery 

(LSB) 
0 0 0 0 0 0 0 0 318 4,295 12,910 17,718 35,241 

Recycling Lithium 
(RL) 

0 0 0 0 0 0 0 2 0 2 3 33 40 

Related 
Components 

0 0 1 2 6 17 12 30 152 528 993 1,104 2,845 

Patent 
Applications 

1 3 23 64 100 287 353 570 2,176 7,326 18,477 25,768 55,148 

Source: Own elaboration based on European Patent Office (2016). 
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Annex 2.2: Economies with patent applications within the GVCLB, 1900-2014 

Code Economy Code Economy Code Economy 

AF Afghanistan AM Armenia AN Netherlands Antilles 

AR Argentina AT Austria AU Australia 

BE Belgium BG Bulgaria BM Bermuda 

BR Brazil BS Bahamas CA Canada 

CH Switzerland CL Chile CN China 

CS Serbia and 
Montenegro 

CZ Czech Republic DD Democratic 
Germany 

DE Germany DK Denmark EE Estonia 

EG Egypt ES Spain FI Finland 

FR France GB United Kingdom GR Greece 

HK Hong Kong HR Croatia IE Ireland 

IL Israel IN India IR Iran 

IT Italy JE Jersey JO Jordan 

JP Japan KN Saint Kitts and 
Nevis 

KP North Korea 

KR South Korea KW Kuwait KY Cayman Islands 

KZ Kazakhstan LI Liechtenstein LU Luxembourg 

LV Latvia MA Morocco MC Monaco 

MD Moldova MX Mexico MY Malaysia 

NL Netherlands NO Norway NZ New Zealand 

PE Peru PH Philippines PL Poland 

PT Portugal RO Romania RS Serbia 

RU Russia SE Sweden SG Singapore 

SI Slovenia SK Slovakia SU Soviet Union 

TM Turkmenistan TR Turkey TW Chinese Taipei or 
Taiwan 

TZ Tanzania UA Ukraine US United States 

VG British Virgin 
Islands 

VN Vietnam ZA South Africa. 

(*) Economy codes, according to ISO 3166-2 
Own elaboration. 
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Annex 2.3: Networks per applicant economy in the period 1900-2014 

Economy 
Number of 

connections with 
other economies 

Patent Applications 
with other 
economies 

% of Patent App. 
with other 
economies 

Patent 
Applications 

Viet Nam 1 2 100.0% 2 

Argentina 3 5 83.3% 6 

Slovakia 2 3 75.0% 4 

New Zealand 1 5 71.4% 7 

Kazakhstan 2 4 66.7% 6 

Chile 2 3 60.0% 5 

Belgium 10 97 56.7% 171 

Armenia 1 1 50.0% 2 

Bermuda 1 1 50.0% 2 

Latvia 1 4 50.0% 8 

Singapore 5 14 43.8% 32 

Austria 2 10 33.3% 30 
Cayman Islands 1 2 33.3% 6 

Poland 2 4 33.3% 12 

Virgin Islands 1 4 33.3% 12 

Hong Kong 3 12 31.6% 38 

Ukraine 5 14 31.1% 45 

Denmark 5 7 30.4% 23 

Switzerland 20 51 25.8% 198 

Canada 18 96 24.4% 394 

Ireland 3 4 23.5% 17 

Czech Rep. 5 7 23.3% 30 

India 3 6 21.4% 28 

Germany 27 349 20.5% 1,706 

Luxembourg 1 1 20.0% 5 

Morocco 1 1 20.0% 5 

U. Kingdom 13 47 19.3% 244 

Taiwan 10 123 18.4% 668 

Finland 3 3 17.6% 17 

France 19 120 17.2% 698 

Norway 1 1 16.7% 6 

Sweden 4 5 16.7% 30 

Australia 3 5 16.1% 31 

Israel 3 4 14.3% 28 

Russia 8 27 11.3% 239 

Netherland 5 7 9.9% 71 

South Africa 1 1 9.1% 11 

Italy 5 7 8.9% 79 

U. States 38 324 7.8% 4,154 

Slovenia 1 1 7.7% 13 

China 18 187 7.2% 2,593 

Spain 1 1 4.8% 21 

South Korea 15 337 4.3% 7,849 

Japan 19 165 3.1% 5,313 

Others* 9 9 
Correlation coefficient between % of Patent 
Applications with other economy (ies) and 

number of patent applications = -0.33 

Total 302 2,081 

Related Economies 1,006 

Patent Applications 1,075 

*Afghanistan, Bahamas, Egypt, Jersey, Saint Kitts and Nevis, North Korea, Liechtenstein and Peru 
with 1, 1, 100%, 1, respectively. 

Source: Own elaboration based on European Patent Office (2016).  
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Annex 2.4: Revealed Technological Advantages of the GVCLB in the period 2012-14 

Economy 
Components of the GVCLB 

LC LCH LCO LH LH-LO LM LPB LSB RL GVCLB 

South Korea 1.04 1.15*   1.52* 1.80* 3.06* 2.78* 3.34*   3.11* 

Hong Kong               2.14*   2.14* 

Belgium           3.91   2.13*   1.95* 

China 1.22 1.19   1.60* 1.93*     1.39* 9.50* 1.43* 

Japan 2.34*     1.10 1.26* 1.13* 1.53       

China Taipei   1.95*                 

France             4.41   3.73   

Russia 5.28* 14.11* 21.24 3.32* 1.91*       3.00   

Canada 3.77     7.88* 4.54*           

Italy 1.88 1.61                 

Australia 2.10 17.92   7.67 4.42           

Finland 4.48                   

Brazil 1.59                   

Number of 
Participants 

14 12 4 12 13 16 4 31 7 42 

* = Patent Applications in the GVCLB in all years. Only those economies with a number of patents 
above the median and with technological advantages. 

Source: Own elaboration based on European Patent Office (2016). 

 

Annex 2.5: Revealed Comparative Advantages in the GVCLB in the period 2012-14 

Economy 
Components of the GVCLB 

LC LH-LO LPB LSB 

Chile 158.53 41.34     

Argentina 30.14       

Belgium 3.22 4.36 1.12   

Slovenia 3.16       

United States   4.24 2.00   

Russia   2.78     

China   1.86   3.18 

Estonia   1.25     

Singapore     7.28   

Indonesia     6.85   

Antigua & Barbuda     5.64   

Hong Kong     3.49 3.69 

Macao     3.26   

Japan     1.90 4.15 

Canada     1.80   

Nauru     1.78   

Uganda     1.54   

Hungary     1.52   

France     1.51   

United Kingdom     1.26   

South Korea       5.63 

Viet Nam       1.50 

Participant 
Economies 

48 40 160 117 

Only those economies with relative comparative advantages.  

 Source: Own elaboration based on International Trade Centre (2017). 
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3. CHAPTER III. TECHNOLOGY GENERATION OF LITHIUM 

BATTERIES IN THE LEADING COUNTRIES 

 

The previous chapter referred to the technology generation of the entire global value 

chain of lithium batteries, from the point of view of connectivity between its 

components and countries. In turn, it confirmed that the levels of technological 

specialization are not linked to the commercial type in the same chain. 

In this chapter, the second article of the thesis supports or refutes the following 

hypothesis 3 linked only to the technology generation of lithium rechargeable 

batteries, which is the component with the most number of patent applications in the 

global value chain of lithium batteries:  

- The technology regimes of the main economies of the technological 

generation of lithium rechargeable batteries influence their positioning and 

geostrategy. 

 

3.1. Introduction 

 

This research is based on the research of Fan et al. (2017), related to obtaining 

solar energy, where the European Union and the United States base their 

technological generation on the scientific regime, and Japan, South Korea and 

China on the technology regime. Both studies are justified by the greater concern 

about the effects that climate change is having on life on the planet, which requires 

seeking alternatives to replace fossilized energy, despite its powerful technological 

trajectory that complicates its substitution (Molero, 2001).  

In the same line, several studies are related to the global value chain of lithium 

batteries (GVCLB). In some, this issue is fully addressed (Ebensperger et al., 2005; 

Moreno-Brieva and Marín, 2019); while others focus on the resources and the 

production of their chemical compounds (Grosjean et al., 2012; Valero et al., 2018; 

Zhang et al., 2017), on the generation, characteristics and production of the 

technology of their rechargeable batteries (Winter and Brodd, 2004; Ziemann et al., 
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2013), or on their recycling stage (Asari and Sakai, 2013; Gaines, 2018; Mayyas et 

al., 2019; Zhang et al., 2017). Notwithstanding the foregoing, none addresses how 

the leading countries in the generation of technology of these batteries maintain 

their global positioning, although they run the rest of the countries in the world in 

various activities, such as in the electric car market (Vikström et al., 2013). For these 

reasons, the purpose of this research is to know the essence of the positioning of 

the leading countries and the existing geostrategic support among them in the 

technology generation of lithium rechargeable batteries (or lithium secondary 

batteries), through the creation and application of a new index —which solves the 

problems of the usual indicators that are complex and nonlinear— that determines 

the technological regime on which countries base their presence; the use of other 

identified indexes to know their positioning; and the analysis of the influence of the 

regimes in these economies and their conglomerates.16 

Lithium secondary batteries have been selected because they are the best 

technological storage alternative for solar and wind energy from electricity 

distributors due to they are lighter, have greater power and energy per unit mass 

(Jussani et al., 2017), do not have the memory effect that causes less durability over 

time (Winter and Brodd, 2004) and go hand in hand with the circular economy. 

Subsequently, people use laptops, cell phones, cars and other types of devices with 

these batteries (Sun, X; Hao, H; Zhao, F; Liu, 2017), thanks to the developments 

effected mainly by South Korea, Japan, China, Germany and the United States 

since the 1980s (European Patent Office, 2016; Moreno-Brieva and Marín, 2019), 

determining global leadership in the fields of economic development and 

technological innovation (Hoppmann et al., 2013; Motohashi and Tomozawa, 2016; 

Sorensen, 2004). 

Different scholars locate lithium rechargeable batteries within the application phase 

of their global value chain, composed of three stages of production. The first, 

consisting of concentrated lithium, obtained from mines such as rocks and lithium 

carbonate found in brines (or achieved after a process from aforementioned rocks). 

This stage includes an intermediate section that incorporates the production of 

lithium hydroxide and lithium chloride from lithium carbonate. The second is 

 
16 For the rest of this study the terms lithium secondary batteries and lithium rechargeable batteries 
will be used interchangeably.  
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composed only of lithium metal, required for the production of batteries. The third, 

referring to the application stage, is composed of primary and secondary batteries,17 

and their recycling (Comisión Chilena del Cobre, 2009; Ebensperger et al., 2005; 

Moreno-Brieva and Marín, 2019; Moreno Brieva, 2015). Even, other studies include 

the derivative products of these batteries, formed by different components 

integrated into a subsystem belonging to a larger assembled system, which may 

involve other value chains (Stephan et al., 2017; Winter and Brodd, 2004). 

In relation to the market of lithium secondary batteries, some studies indicate that 

the total quantity demanded will be 3.6 million tons for laptops and 12.8 million tons 

for electric cars, from 2010 to 2100, with certain restrictions related to economic 

growth and relative levels of recycling (Gruber et al., 2011). In this way, it is 

unquestionable that cars based on lithium rechargeable batteries are in a very 

different line compared to cars based on fossilized energy, although this does not 

mean that electric power is generated by renewable sources, which it is expected 

to prevail in the future. 

In order to contextualize and justify this research, science is a concept that has 

evolved from Aristotle’s definition, who separated the reality and the real (López-

Barajas, 2015) to the Lara Rosano’s (1998) definition, who expresses that it is the 

“systematization of objective knowledge and of the procedures to acquire it.” On the 

other hand, the term technology, according to Dosi and Nelson (2009), is the 

“human designed means for achieving a particular end”, which implies the creation 

and use of specific, complex and cumulative knowledge (Pavitt, 1987). In turn, 

Echeverría (2003) establishes that both science and technology are used to solve 

problems in different areas. In this sense, several studies relate science to 

technology as complementary ways to generate knowledge (Fan et al., 2017; Qi et 

al., 2018), which in some cases are interconnected through patents and the citation 

of non-patent literatures that provide scientific linkages (Glänzel and Meyer, 2003; 

Griliches, 1990; Meyer, 2000; Motohashi and Tomozawa, 2016), obtained through 

dissertations, technical reports, scientific literature, scientific journals, etc (Fan et al., 

 
17 The lithium primary batteries are non-rechargeable batteries. They are not addressed in this 
research. 
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2017). For these reasons, according to Griliches (1990), patent statistics are an 

excellent resource for examining technological change. 

In addition, according to Fan et al. (2017) there are two types of regimes in relation 

to inventions. One is “science-based,” where indirect knowledge flows through 

publications and patents with high levels of quality (Hu and Mathews, 2008). The 

industries included in this regime are innovation systems easily influenced by 

exogenous, discrete and almost random variables (Cohen et al., 2000), such as 

universities and public research institutions. The knowledge here is produced by 

“ideas collision and innovative inspiration” (Leigh W, 2013), since they are carried 

out in the field of basic sciences and far from the market in the short term. However, 

these institutions are increasingly connected with industry and government to 

produce an interface, called innovation, with the purpose of contributing to the 

economic and social development of a local geographical area (González de la Fe, 

2009; Leydesdorff, 2001). 

The other regime is “technology-based or tech-based” (Fan et al., 2017), in which 

direct interactions between firms are very important, because knowledge is created 

within them (Böhme et al., 1978; Gilsing et al., 2011). In this regime there are no 

compact interactions between technology and scientific research, but there is a 

systematic application of many techniques. Technological generation in this case 

depends largely on its existing technological capabilities rather than on exogenous 

variables (Nelson and Winter, 1982). Here, the scientific principles are mature and 

without major alterations —as in traditional automobile manufacturing where 

innovations are incremental. 

Fan et al. (2017) indicates that technological innovation capabilities are represented 

by attractivenes, specialization and positioning, calculated by relative growth rate, 

revealed technological advantages and relative growth rate at a macro level for a 

given industry of some country. We prefer to refer to these aspects as “positioning 

of such economies in technological generation”, because the concept of 

technological innovation capabilities, according to the literature review, is oriented 

towards more functional aspects of learning capability, R&D capability, 

manufacturing capability, marketing capability, resource allocation capability, 

organizational capability and strategic planning capability (Yam et al., 2004). 
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The remainder of the chapter proceeds as follows: the next section is devoted to the 

methodology, and the results are in section 3.3. Finally, the discussion and 

conclusions of this research are in sections 3.4 and 3.5. 

 

3.2. Methodology 

 

Data related to lithium batteries that are explicitly non-primary —despite the fact that 

throughout the document they are called as lithium secondary batteries or lithium 

rechargeable batteries— were obtained from the Global Patent Index (GPI) of the 

European Patent Office (EPO)18. Specifically, they were downloaded from February 

9, 2018 to February 22, 2018, and the data for the period from 1980 to 2015 were 

considered, because according to EPO (2016), the increase of this component of 

the global value chain of lithium batteries was observed since the early 1980s. Later, 

from Figure 3, the data is related to patent application documents (PADs) by IPC 

sections19. In turn, from that figure, the first year considered is 1993 because it is 

the year in which the growth of the patent application families (PAFs) began to 

increase substantially. 

Regarding the selection of economies, only those that exceeded 1000 families of 

patent applications in the period between 1980 and 2015 were chosen to apply the 

law of large numbers and, consequently, to obtain more robust relative values. 

In relation to the research itself, patent applications in general and patent 

applications with citations of non-patent literature allow us to quantify the degree of 

scientific linkage (Fan et al., 2017; Glänzel and Meyer, 2003; Meyer, 2000; 

Motohashi and Tomozawa, 2016) with respect to lithium rechargeable batteries. 

The first index previously presented by Fan et al. (2017), shown below, is a fraction 

that determines the degree of scientific links that an economy has, through the 

number of families of patent applications that cite bibliography not related to patents 

on the total number of patent application families: 

 
18 As the GPI has the restriction that when the document numbers of patent applications exceed one 
million, the database does not show the number of family patent applications. In this study, families 
have only been used for general stats and not for technological sections. 
19 It is also known as technology fields, fields, letters or sections. 
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𝐷𝑒𝑔𝑟𝑒𝑒 𝑜𝑓𝑠𝑐𝑖𝑒𝑛𝑡𝑖𝑓𝑖𝑐 𝑙𝑖𝑛𝑘𝑎𝑔𝑒𝑠 =  
𝐶𝑁𝑃𝐿

𝑃𝑡𝑜𝑡𝑎𝑙
 

[Equation 1] 

 

Where its nomenclatures are: 

𝐶𝑁𝑃𝐿 = 𝑐𝑜𝑢𝑛𝑡 𝑜𝑓 𝑝𝑎𝑡𝑒𝑛𝑡 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑓𝑎𝑚𝑖𝑙𝑖𝑒𝑠 𝑤𝑖𝑡ℎ 𝑐𝑖𝑡𝑖𝑛𝑔 𝑛𝑜𝑛 − 𝑝𝑎𝑡𝑒𝑛𝑡 𝑙𝑖𝑡𝑒𝑟𝑎𝑡𝑢𝑟𝑒 

𝑃𝑡𝑜𝑡𝑎𝑙 = 𝑐𝑜𝑢𝑛𝑡 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑝𝑎𝑡𝑒𝑛𝑡 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑓𝑎𝑚𝑖𝑙𝑖𝑒𝑠 

 

A disadvantage of this formula is that it does not allow knowing the degree of 

orientation towards technology or science, which has an economy in a technological 

field, as with the new index presented in the following paragraph is achieved. 

The second formula presented as technology-science linear correlation index 

(TSLCI) is a new indicator and an alteration of the technology-science correlation 

index (TSCI) of Fan et al. (2017), which uses the number of patents granted with 

citing of non-patent literature, but has the disadvantage of minimizing differences 

when the results are close to zero and magnifying them when they are close to the 

extremes. The new index is linear and allows to measure, in a simple way, the 

distances of the country scores and even make linear econometric models without 

resorting to logarithmic scales. Notwithstanding the foregoing, in both indexes the 

results range from -100 to 100. 

 

𝑇𝑆𝐿𝐶𝐼𝑖𝑗 = 100 (
𝐶𝑁𝑃𝐿,𝑗𝑖

𝑃𝑗𝑖

−
𝐶𝑁𝑃𝐿,𝑤

𝑃𝑤

) 

[Equation 2]20 

 
20 The results of TSLCI can be: negative, when the economy is technology-based; zero (indifferent); 

or positive, when it is science-based. It is clarified that the first outcome occurs when the degree of 

scientific linkages of all the participating economies in the global technological generation (which is 

on the right side of the parenthesis) is higher than the degree of scientific linkages of a specific 

technology of an economy (which is on the left side of the same parenthesis). The second happens 

when the right and left sides of the parenthesis are equal. The third occurs when the average on the 

right side of the parenthesis is lower than the left side of this one. Additionally, it is clarified that the 

number 100 on the left side of the formula is to record everything in percentage terms (although, for 

cluster analyses, depending on the scale of the other variable (s), the TSLCI scale has been used in 

proportions, even when the percentage scale has been maintained in the graphs). 
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Where its nomenclatures are: 

𝑇𝑆𝐿𝐶𝐼 = 𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦 − 𝑠𝑐𝑖𝑒𝑛𝑐𝑒 𝑙𝑖𝑛𝑒𝑎𝑟 𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑛𝑑𝑒𝑥 

𝑖 = 𝑒𝑐𝑜𝑛𝑜𝑚𝑦 

𝑗 = 𝑡𝑦𝑝𝑒 𝑜𝑓 𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦 

𝐶𝑁𝑃𝐿,𝑗𝑖 = 𝑐𝑜𝑢𝑛𝑡 𝑜𝑓 𝑝𝑎𝑡𝑒𝑛𝑡 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑠  𝑤𝑖𝑡ℎ 𝑐𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑠 𝑜𝑓 𝑛𝑜𝑛

− 𝑝𝑎𝑡𝑒𝑛𝑡 𝑙𝑖𝑡𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑜𝑓 𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦 𝑗  𝑜𝑓 𝑡ℎ𝑒 𝑒𝑐𝑜𝑛𝑜𝑚𝑦 𝑖 

𝑃𝑗𝑖 = 𝑐𝑜𝑢𝑛𝑡 𝑜𝑓 𝑝𝑎𝑡𝑒𝑛𝑡 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦 𝑗 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑐𝑜𝑛𝑜𝑚𝑦 𝑖 

𝐶𝑁𝑃𝐿,𝑤 = 𝑐𝑜𝑢𝑛𝑡 𝑜𝑓 𝑝𝑎𝑡𝑒𝑛𝑡 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑠 𝑤𝑖𝑡ℎ 𝑐𝑖𝑡𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑛𝑜𝑛

− 𝑝𝑎𝑡𝑒𝑛𝑡 𝑙𝑖𝑡𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑜𝑓 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑖𝑒𝑠 𝑔𝑙𝑜𝑏𝑎𝑙𝑙𝑦 

𝑃𝑤 = 𝑐𝑜𝑢𝑛𝑡 𝑜𝑓 𝑝𝑎𝑡𝑒𝑛𝑡 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑡ℎ𝑒 𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑖𝑒𝑠 𝑔𝑙𝑜𝑏𝑎𝑙𝑙𝑦 

 

In order to measure the positioning of technological generation, the three indicators 

adopted are widely used and recognized: Relative Growth Rate (RGR), which 

focuses on “technological attractiveness or dynamism” (Brockhoff, 1992; Fan et al., 

2017), Relative Patent Position (RPP) that symbolizes the “presence or share” of an 

economy according to the leader (Ernst, 1998; Fan et al., 2017), and the index of 

Revealed Technological Advantages (RTA), which represents the “specialization” 

degree of an economy in a particular technology in relation to the specialization 

degree of the world in the same technology (Molero, 2001; Molero and López, 2016, 

2018). 

Specifically, the formula related to RGR indicates the growth level of a technology 

(or section of that technology) globally or of an economy (as in this study) compared 

to the growth level of all technologies (IPC sections). Following is its formula: 
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𝑅𝐺𝑅𝑗𝑖 =  
𝐺𝑗𝑖

𝐺𝑡
 

[Equation 3]21 

 

Where its nomenclatures are: 

𝑅𝐺𝑅𝐽𝑖 = 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑔𝑟𝑜𝑤𝑡ℎ 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑝𝑎𝑡𝑒𝑛𝑡 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑠 𝑜𝑓 𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦 𝑗 𝑖𝑛 𝑡ℎ𝑒 𝑒𝑐𝑜𝑛𝑜𝑚𝑦 𝑖 

𝐺𝑗𝑖 = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑔𝑟𝑜𝑤𝑡ℎ 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑝𝑎𝑡𝑒𝑛𝑡 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑠 𝑜𝑓 𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦 𝑗 𝑖𝑛 𝑡ℎ𝑒 𝑒𝑐𝑜𝑛𝑜𝑚𝑦 𝑖 

𝐺𝑡 = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑔𝑟𝑜𝑤𝑡ℎ 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑝𝑎𝑡𝑒𝑛 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑖𝑒𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑤𝑜𝑟𝑙𝑑 

 

On the other hand, Ernst (1998) and Fan et al. (2017) applied the RPP, which may 

be related to a technology or a particular technology portfolio of this one. In this 

study, it has been used to measure the number of patent application documents 

(PADs) of an economy, compared to the number of patent application documents 

of a leading competitor economy at the level of a technology or in a specific 

technology portfolio (such as lithium rechargeable batteries). Its formula is: 

 

𝑅𝑃𝑃𝑗𝑖 =
𝑃𝑗𝑖

𝑚𝑎𝑥𝑖𝑃𝑗𝑖
 

[Equation 4] 

Where its nomenclatures are: 

𝑅𝑃𝑃𝑗𝑖 = 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑝𝑎𝑡𝑒𝑛𝑡 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡 𝑝𝑟𝑒𝑠𝑒𝑛𝑐𝑒 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦 𝑗 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑐𝑜𝑛𝑜𝑚𝑦 𝑖 

𝑃𝑗𝑖 = 𝑝𝑎𝑡𝑒𝑛𝑡 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦 𝑗 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑐𝑜𝑛𝑜𝑚𝑦 𝑖 

𝑚𝑎𝑥𝑖𝑃𝑗𝑖 = 𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑡𝑒𝑛𝑡 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑙𝑒𝑎𝑑𝑖𝑛𝑔 𝑒𝑐𝑜𝑛𝑜𝑚𝑦 𝑜𝑓 𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦 𝑗 

 
21 The results of RGR can be: a negative numerator and a negative denominator that indicate that 

technology j and all technologies of the world do not grow; a positive numerator and a negative 

denominator that gives a negative outcome that indicates that technology j grows but not all 

technologies; a negative numerator and a positive denominator that gives a negative outcome that 

indicates that the technology j does not grow but all technologies of the world do; a positive numerator 

< a positive denominator, whose meaning is that the growth of technology j is less than all the 

technologies of the world; a positive numerator = a positive denominator that gives an outcome equal 

to 1, whose meaning is that growth of the technology j is equal to the growth of all the technologies 

of the world; a positive numerator > a positive denominator that gives a result higher than 1, whose 

meaning is that technology j is more attractive than all the technologies of the world. 
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The index of Revealed Technological Advantages (RTA) was created by Soete 

(1987) based on the concept of Revealed Comparative Advantages (RCAs) of 

Balassa (1965). It has been used by some researchers, such as Pavitt and Patel 

(1988), Meyer (2006), Frietsch and Schmoch (2010), and Molero and López (2016) 

to measure the specialization of an economy compared to the world in reference to 

one or various technologies. In this research, the RTAs have been used to measure 

the strengths or weaknesses of the different technological portfolios of each 

economy in lithium rechargeable batteries. Its formula is: 

 

𝑅𝑇𝐴𝑗𝑖 =
𝑃𝑗𝑖 𝑃𝑖⁄

𝑃𝑗𝑤 𝑃𝑤⁄
 

[Equation 5] 22 

 

Where its nomenclatures are: 

𝑃𝑗𝑖 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑡𝑒𝑛𝑡 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑠 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦 𝑗  𝑜𝑓 𝑒𝑐𝑜𝑛𝑜𝑚𝑦 𝑖 

𝑃𝑖 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑡𝑒𝑛𝑡 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑠 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑖𝑒𝑠  𝑜𝑓 𝑒𝑐𝑜𝑛𝑜𝑚𝑦 𝑖 

𝑃𝑗𝑤 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑡𝑒𝑛𝑡 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑠 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑦 𝑗 𝑜𝑓 𝑎𝑙𝑙 𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑒𝑠 

𝑃𝑤 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑡𝑒𝑛𝑡 𝑎𝑝𝑝𝑙𝑖𝑐𝑎𝑡𝑖𝑜𝑛 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑠 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑡𝑒𝑐ℎ𝑛𝑜𝑙𝑜𝑔𝑖𝑒𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑒𝑐𝑜𝑛𝑜𝑚𝑖𝑒𝑠 

 

In accordance with the previously indicated, the following section related to the 

results is presented: First, the selection of leading economies and technology 

portfolios of lithium rechargeable batteries. Second, a summary statistic with the 

technological trajectory of lithium rechargeable batteries; the situation of the 

different countries around the world regarding the technology inventions of this type 

of batteries. Third, the simple comparative statistical results that consider the 

selected economies and the indexes presented in this section. Fourth, a cluster 

analysis by Ward’s methodology that includes the TSCLCI, RGR, RPP and RTA, 

considering the different IPC sections selected in this study. Later, the TSLCI of the 

 
22 If the RTA is higher than 1, it means that the economy has revealed technological advantages and 
is specialized; but if the RTA is less than magnitude, the economy is not specialized. 
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leading countries are compared with each positioning by technology field to observe 

in detail the influence of the regimes (technological or scientific) on these.  

In relation to the last topic indicated the reference parameters for the different 

indicators are: zero for TSLCI because it is the limit between both technological 

orientations; 1 for RGR, because with such quantity, the economy has a growth in 

a specific technology equal to all sectors of the world; the “mean” is used between 

the fields for RPP, by being a measure of central position that was also used by Fan 

et al.(2017); and 1 for RTA, because it reflects that a jurisdiction is at the level of 

global specialization. 

 

3.3. Results 

 

3.3.1. Selected Economies and IPC sections 

 

The results of this study show that South Korea, China, Japan, the United States 

and Germany are the only economies of a total of 64 that applied to more than 1,000 

patent families of lithium rechargeable batteries, in the period 1980-2015, with 

6,140; 4,188; 2,345; 2,079; and 1,264, respectively (European Patent Office, 2018). 

This is supported by the research of Moreno-Brieva and Marín (2019) that 

establishes that they are the leading countries in the global value chain of lithium 

batteries. For this reason, the article is oriented towards these countries, whose 

representation in the global patent application families is 90.43%. 

At the same time, the technology portfolios used in this research —shown in Table 

1— only consider the letters B, C and H of the International Patent Classification 

(IPC), belonging to the World Intellectual Property Organization (WIPO), because 

they were the ones that exceeded the barrier of 1,000 PADs of the lithium 

rechargeable batteries of the selected economies, for the period 1993-2015, 

highlighting section H (electricity), whose representation is approximately 91.3% of 

the global PADs (Annex 3.1). 
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Table 1: Technological portfolio of lithium rechargeable batteries related to IPCs. 

Technology Portfolio (Documents) Description 

B Performing Operations; Transporting 

C Chemistry; Metallurgy 

H Electricity 

Source: Own elaboration based on World Intellectual Property Organization (2017). 

 

After making the selection of IPC sections, the overall results of this research are 

shown in the following epigraph. 

 

3.3.2. Summary statistics 

The trajectory of patent application families of the lithium rechargeable batteries, as 

shown in Figure 1, is exponential at the global level (𝑦 = 46.306𝑒0.1421𝑥, 𝑅2 = 0.981) 

in the period 1980-2015. In turn, the evolution of these inventions can be divided 

into 3 general stages (Figure 1):  

- The first begins with few patent application families in 1980, with 131 annual 

average and a coefficient of variation of 0.36. 

- The second begins in 1993, when the growth of the patent application 

families increases moderately in absolute terms (from 272 to 1,706 patent 

application families in fourteen years, with a coefficient of variation of 0.42). 

At this stage, it is observed that the global crisis, caused by the bankruptcies 

of the “.com” companies, perhaps influenced the stagnation of the 

technological generation of lithium rechargeable batteries from 2000 to 2004. 

- The third begins in 2007, when the growth accelerates with a total relative 

increase of 472.09% in nine years, an average annual relative growth of 

22.23% and an absolute growth from 1,720 to 9,840 patent application 

families in the same period, with a coefficient of variation of 0.52. 
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Figure 1: Evolution of patent application families of lithium rechargeable batteries. 

 
* This includes patent application families that are not attributed to any economy in the Global Patent 
Index of the European Patent Office. 

Source: Own elaboration based on European Patent Office (2018). 

 

Figure 2 shows that the economies that contributed most to the technological 

generation of lithium rechargeable batteries are in Asia, Europe and North America 

from 1980 to 2015. At the other extreme, the countries that applied scarcely in the 

same period are from Central and South America, and Africa. 

Additionally, the countries that make up the lithium triangle (Argentina, Bolivia and 

Chile) (Narins, 2017), where the largest reserves of this mineral are present, did not 

apply to patents of lithium rechargeable batteries, in the period 1980-2015 (Figure 

2). 
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Figure 2: Patent application families of lithium rechargeable batteries by economy, from 1980 to 2015. 

 
*Note: Codes according to ISO3166-2. See Annex 3.2. 

Source: Own elaboration based on European Patent Office (2018). 
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By considering the evolution of the IPC sections (Figure 3), it is emphasized that the 

letter H (related to electricity) has always been the most significant and with a similar 

curve to the global patent application families of lithium rechargeable batteries 

(shown in Figure 1). The rest of the curves also have an upward trend, although the 

field C (chemistry and metallurgy) with a flatter slope than the letters B (performing 

operations; transporting), which leads to more patent application documents than 

the first field since 2011. 

According to Table 2, the sum of patent application documents of lithium secondary 

batteries for each letter (also called technology portfolio, section or field) is at least 

88.65% of the world total, in the period 1993-2015. In turn, the same Table shows 

that the economies that contribute most to the technological generation of the lithium 

rechargeable batteries for technology portfolios B, C and H are South Korea and 

China, with more than 50% of the participation of both jointly. Although, South Korea 

is the leader in all fields.  

 

Figure 3: Evolution of PADs by IPC sections in the period 1993-2015 

 
*This includes patent application documents (PADs) that are not attributed to any economy in the 
Global Patent Index. 

Source: Own elaboration based on European Patent Office (2018).  
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Table 2: Patent application documents of lithium rechargeable batteries by technological 
portfolio of IPC in the period 1993-2015 

Economy B C H 

China (CN) 413 25.06% 809 26.47% 3,380 22.23% 

Germany (DE) 207 12.56% 193 6.32% 1,090 7.17% 

Japan (JP) 210 12.74% 660 21.60% 2,214 14.56% 

South Korea (KR) 480 29.13% 832 27.23% 5,924 38.96% 

United States (US) 240 14.56% 353 11.55% 1,817 11.95% 

Selected Economies 1,461 88.65% 2,756 90.18% 13,887 91.33% 

World* 1,648 100.00% 3,056 100.00% 15,205 100.00% 

*Only the number of IPCs attributed to any economy in the Global Patent Index has been 
included. 

Source: Own elaboration based on European Patent Office (2018). 

 

After analyzing the patent application documents of lithium rechargeable batteries 

by IPC section, more detailed examinations are made from the following epigraph. 

 

3.3.3. International comparative research related to lithium rechargeable 

batteries 

 

As seen in Figure 4, where the degrees of scientific linkages of lithium rechargeable 

batteries from 1993 to 2015 are presented, the United States is the country with the 

greatest number of patent application families with citing of non-patent literature on 

the total of patent application families, with 56.25%, followed by Japan with 50.22%. 

At the other extreme, China only has 5.93% of scientific linkages, which shows this 

economy is strongly oriented to technology in this sector. 

Table 3 shows the results of the TSLCI that shows that most economies are science-

based for the evolution of lithium rechargeable batteries in general and on the letters 

B, C and H. Specifically, Germany, Japan, South Korea and United States tend to 

be oriented to this regime in general. In relation to the sections, the situation is 

similar because Germany, Japan, South Korea and the United States have that 

orientation in field B; and Germany, Japan and the United States in the C and H 

ones. At the other extreme, China is always technology-based for the evolution of 

this type of batteries; and South Korea is also tech-based in the fields C and H. 
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When the results of the scientific linkages are compared with the technology-science 

linear correlation index (TSLCI), it can be noted that in both cases the order of the 

countries from the most science-oriented is the same. The United States is the 

leader, followed in decreasing order by Japan, Germany, South Korea and China 

(Figure 4 and Table 3). 

 

Figure 4: Comparison of the degree of scientific linkages in the period 1993-2015. 

 
Source: Own elaboration based on European Patent Office (2018). 

 

Table 3: Technology-science linear correlation index (TSLCI) in the period 1993-2015 

Economy 
TSLCI 

General B C H 

China -8.58 -14.94 -37.72 -25.01 

Germany 6.16 5.09 32.16 6.66 

Japan 8.54 28.51 15.18 18.85 

S. Korea 3.86 5.33 -4.01 -7.06 

U. States 13.42 32.20 24.89 25.48 
Source: Own elaboration based on European Patent Office (2018). 

 

According to Table 4, which shows the positioning of the 5 selected countries in the 

technological generation (by patent application documents) of the lithium secondary 

batteries. The index of relative growth rate (RGR) shows that these countries are 

above the world in all cases and that Germany stands out because it has better 

results in general and in letter C. The index of revealed technological advantages 
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(RTA) shows that Asian countries are the only ones with advantages in general and 

in almost all sections. Finally, the index of relative patent positions (RPP) shows that 

all Asian countries have a share of over 35%; while at the other extreme, Germany 

only has a higher rate than that percentage in section B. 

 

With the specific results in Table 4, it is highlighted that South Korea is the country 

with the best positioning in the technological generation related to lithium 

rechargeable batteries in the world. 

 

Table 4: Positioning of the technological generation of the patent application documents of 
lithium rechargeable batteries and their technological portfolios in the period 1993-2015. 

Economy 
Technological 
Portfolios by 
economies 

Positioning of technological generation 

Relative growth 
rate (RGR) 

Index of Revealed 
technological 

advantage (RTA) 

Relative patent 
position (RPP) 

China 

Gral 14.23 1.69 0.44 

B 13.15 1.59 0.86 

C 16.78 1.73 0.97 

H 5.72 1.59 0.57 

Germany 

Gral 21.51 0.62 0.24 

B 12.84 0.72 0.43 

C 19.95 0.55 0.23 

H 7.39 0.86 0.18 

Japan 

Gral 3.61 1.50 0.66 

B 12.56 1.22 0.44 

C 7.15 1.62 0.79 

H 1.89 0.86 0.37 

S. Korea 

Gral 17.82 3.74 1.00 

B 5.00 2.26 1.00 

C 4.00 2.37 1.00 

H 9.57 1.93 1.00 

U. States 

Gral 5.76 0.54 0.48 

B 11.73 0.83 0.50 

C 8.19 0.43 0.42 

H 2.44 0.49 0.31 

Source: Own elaboration based on European Patent Office (2018). 
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3.3.4. Cluster analysis of scientific linkages and positioning in technological 

generation of lithium rechargeable batteries 

 

Through a general cluster analysis (shown in Figure 5) using Ward's methodology 

(composed of TSLCI, RGR, RPP and RTA), three groups have been formed for the 

period 1993-2015: The first is composed of all the letters of the United States, fields 

B and H of Japan and section C of Germany. The second is composed for all the 

letters of South Korea, the field C of Japan and the sections B and H of Germany. 

The third is composed of all the letter of China. As a complement to the foregoing, 

it is noted that the first group is separated from the other two and, consequently, the 

United States has a different strategy and positioning than South Korea and China. 

On the other hand, the fields of Japan and Germany are complementary to South 

Korean letters in the second group, with the apparent purpose of competing together 

against China. 

 

Figure 5: Cluster by IPC section and economy in the period 1993-2015. 

 
Source: Own elaboration based on European Patent Office (2018). 

 

As shown in Figures 6, the Technology-science linear correlation index (TSLCI) has 

been analyzed with the positioning of technological generation established before, 

according to different countries and variables represented by colors, which are 
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divided into four groups. On the left hand and below, the IPC sections of the 

countries are located in tech-based and with low positioning; on the right hand and 

below, the IPC sections of the countries are tech-based and with high positioning; 

on the right hand and above, the IPC sections of the countries are science-based 

and with high positioning; and on the left hand and above, the IPC sections of the 

countries are science-based and with low positioning. 

With this information, at a general level, the countries in the different IPC sections 

are in three of the four quadrants —the only exception is the IPC section H of China, 

located in the quadrant tech-based with low positioning. Specifically, in the group 

science-based and with low positioning are in some IPC sections: Germany, the 

United States and Japan. In the science-based and with high positioning, South 

Korea is added to the previous countries. In the tech-based and with high 

positioning, only South Korea and China are present, which confirms what is shown 

in the cluster of Figure 5, regarding to the fact that there is a geostrategic 

confrontation between them. 

In the case of the relative growth rate (RGR) —represented by the color fuchsia— 

the sections are divided into two groups of the four possible, although in both cases 

the RGR are higher than the world. One is tech-based and contains 5 technology 

fields (composed of portfolios C and H of South Korea; and B, C and H of China). 

The other is science-based and contains 10 technology fields (composed of all the 

letters of Germany, Japan and the United States; and section B of South Korea). 

The Relative Patent Position (RPP) —represented by the color blue— has an 

average of 0.61 and its technology portfolios are in the four groups. The first, 

technology-based and with low RPP, has only one technology field (composed of 

the letter H of China). The second, science-based and with low RPP, has 8 

technology fields (composed of all sections of Germany and the United States, and 

the letters B and H of Japan). The third, technology-based and with high RPP, has 

4 technology fields (composed of the portfolios B and C of China, and C and H of 

South Korea). The fourth, science-based and with high RPP, has 2 technology fields 

(composed of the letters B of South Korea and C of Japan). 

The technological portfolios in the revealed technological advantages (RTA) —

represented by the color green— are in three groups of the four possible, whose 



79 
 

technology-based group and with low RTA is empty. The second group, science-

based and with low RTA, has 7 technology fields (composed of all sections of the 

United States and Germany, added to the letter H of Japan). The third group, 

technology-based and with high RTA, has 5 technology fields (composed of all the 

portfolios of China and the sections C and H of South Korea). The last group, 

science-based and with high RTA, has 3 technology fields (composed of the letters 

B and C of Japan and B of South Korea). 

Finally, joining all the variables of technological positioning with the regimes, 

separated by IPC sections, it is noted that 80% of the positioning variables of letter 

B are based on science; and sections C and H by 60% have the same orientation. 

 

Figure 6: Relation between TSLCI and positioning indexes according to technology 
portfolios, in the period 1993-2015. 

 
Source: Own elaboration based on European Patent Office (2018). 

 

After analyzing the technological regimes with the positioning indexes, the phase of 

discussion and conclusions is presented below. 
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3.4. Discussion 

 

Although, the study of Vikström et al. (2013) criticizes the storage of energy through 

lithium rechargeable batteries, because supposedly this chemical element is mainly 

in three countries (Argentina, Bolivia and Chile). It is clear that this statement is not 

true due to lithium is found in at least 14 economies on five continents, whose 

reserves are to exploit this mineral for economic purposes —with China and the 

United States among the countries with the largest reserves globally— (Grosjean et 

al., 2012), and because companies are still exploring the earth’s crust to find lithium 

resources (Olivetti et al., 2017). 

One of the central problems of the global value chain of lithium batteries —in 

addition to its high dependence on cobalt— is really the centralization of 

technological generation itself of the lithium rechargeable batteries, driven by 

90.43% by 5 economies (South Korea, China, Japan, the United States and 

Germany) in the period 1980 – 2015, where the top three are from Asia. 

On the other hand, when the patent application families from emerging economies 

are considered separately (without China), it is noted that they have only contributed 

1.41% to the technological generation of lithium rechargeable batteries. This leads 

them to have a great disadvantage with respect to the predictions made by Vikström 

et al. (2013), who say that this type of lithium batteries will dominate the market of 

electric cars until at least the year 2030. 

In the same way, this continues demonstrating that the statements of Mudambi 

(2008) are true, in relation to the fact that people in developing countries tend to 

carry out repeated activities, that certainty is one of the reasons why wages are so 

low in those economies and, consequently, people have a poor quality of life 

compared to those of developed countries. 

If the experience of this industry is extrapolated, the situation of most emerging 

economies will continue to be generally linked to the collection of natural resources 

and the exploitation of technologies generated by advanced economies. In this way, 

part of the problem apparently focuses on cultural components that are not oriented 

to technological innovations that, added to the deficient levels of state institutions, 
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facilitate that the policies oriented to R+D+I are not carried out as a natural 

ecosystem and, consequently, have little effectiveness. 

Specifically, the situation of Argentina, Bolivia and Chile, where we can find the 

lithium triangle (Narins, 2017), is worrisome since exports related to this chemical 

element are limited to the first stage of the global value chain and because the 

technological generation of lithium secondary batteries was null in the period from 

1980 to 2015, according to the database of the European Patent Office. 

Finally, it is emphasized that the studies of specific technological generations, which 

involve emerging economies, can hardly be through patent application families, 

because the law of large numbers cannot be exercised in them, except for some 

few economies. For this reason, it is difficult to determine if some innovation policies 

are suitable for these types of jurisdictions, although one option is to encourage 

foreign direct investment of industrial plants from leading companies or with high 

technological growth. In this way, with more certainty, the technological generation 

can be increased in these types of economies. 

 

3.5. Conclusions 

 

In this research, the new linear index (so-called TSLCI) is created to determine the 

technological regimes of the economies in a specific technological field, during a 

certain period, in which the distances of the scores can be compared between a 

group of economies or even the existence of different groups around one or more 

technological fields can be determined, by knowing that the results of each section 

will not be magnified or minimized, contrary to what happens with the TSCI of Fant 

et al (2017). In this sense, researchers who address issues related to 

scientometrics, thanks to this new index, can examine in a simple way the essence 

of their generation and technological positioning, and even analyze the geostrategic 

part around various technological fields within a larger system, as it has done in this 

case. 

According to the application phase of this research, it can be detected that the 

leading countries in technology generation of lithium rechargeable batteries, in the 



82 
 

period 1980-2015, were South Korea, China, Japan, the United States and 

Germany —the same countries that lead the entire chain of these batteries (Moreno-

Brieva and Marín, 2019). Furthermore, it has been observed that the evolution of 

lithium secondary batteries is inclined in general towards science —except China 

whose orientation is towards technology. These results differ with those of Fan et 

al. (2017) which, in the case of solar energy, determines that China, Japan and 

South Korea are notoriously technology oriented. These differences may arise 

because this research focuses on the sector of renewable energy generation and 

other technological sections, except in the electricity field (which is the common 

factor between this study and the other one) or because there are some indications 

that a code focused on countries where inventions are protected was used, instead 

of being focused on countries that generate technology. This is important because 

China could be incorrectly presented as a country far above the rest in innovations 

related to solar energy. 

In the case of technological generation positioning in the industry of lithium 

rechargeable batteries, it can be seen that South Korea (which is the technological 

center of this industry because it is the only economy that unites the regimes of 

science and technology) is the leader in general and in all the analyzed sections, for 

the cases of the indexes of “specialization” and “presence”. Regarding the results in 

the “dynamism”, it is emphasized that South Korea is only the leader in section H 

(which is the main technological portfolio of these batteries). 

By mixing the TSLCI with the positioning of technological innovation of lithium 

secondary batteries, it is observed that China and South Korea are direct 

geostrategic rivals in the technological ambit of lithium secondary batteries, although 

with different approaches. China is based on technology, without allies, within the 

group of leading countries that generate technology related to these batteries. While 

South Korea has as direct allies to Japan and Germany and indirectly to the United 

States, which will allow it to lead this industry for a prolonged period. 

For all the foregoing, South Korea stands out positively because it is a small country 

that has been able to cope with the fact that technically it is still at war with its 

neighboring economy, North Korea; and even so lead the technological generation 

of lithium secondary batteries. For these reasons, the roles of South Korean 
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institutions and their connectivity with other organizations from the allied economies 

are interesting to analyze in future studies. 
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Annexes 

 

Annex 3.1: Percentage of PADs of lithium rechargeable batteries by IPC sections, in the 
period 1993-2015. 

IPC's SECTIONS 
SELECTED 

ECONOMIES 
WORLD PERCENTAGE 

A- Human necessities 275 325 84.62% 

B- Performing operations; transporting 1461 1648 88.65% 

C- Chemistry; metallurgy 2756 3056 90.18% 

D- Textiles; paper 51 54 94.44% 

E- Fixed constructions 31 42 73.81% 

F- Mechanical engineering; lighting; heating; 
weapons; blasting 

301 336 89.58% 

G- Physics 736 864 85.19% 

H- Electricity 13887 15205 91.33% 

TOTAL DOCUMENTS 34610 39464 87.70% 

*Patent application documents (PADs) that are attributed to some economy in the Global Patent 
Index of the European Patent Office 

Source: Own elaboration based on European Patent Office (2018). 
 
 

Annex 3.2: Acronyms of economies, according to ISO 3166-2. 

Code Economy Code Economy 

AU Australia MA Morocco 

BR Brazil MX Mexico 

CA Canada NO Norway 

CN China PE Peru 

DE Germany PK Pakistan 

DZ Algeria PL Poland 

EG Egypt RU Russia 

ES Spain SE Sweden 

FI Finland TW Chinese Taipei or Taiwan 

IN India TZ Tanzania 

IR Iran UA Ukraine 

JP Japan US United States 

KR South Korea ZA South Africa 

Own elaboration. 
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4. CHAPTER IV: EFFECTIVE WAY TO MEASURE THE 

SPECIALIZATION LEVELS OF AN ECONOMY IN THE ERA OF 

GLOBAL VALUE CHAINS 

 

The previous two chapters referred to the global value chain of lithium batteries 

considering the countries involved. 

In this chapter, the third article of this thesis is about the computer, electronic and 

optical equipment sector, because many products in this industry are derived from 

lithium batteries and the index proposed in this chapter improves the used in the 

chapter 2. Specifically, this supports or refutes the hypothesis 4: 

- The measurement indexes of the comparative advantages that exist today 

must be replaced by having various unresolved problems in the era of global 

value chains. 

 

4.1. Introduction 

 

Thanks to technological advances, traditional production chains that use vertical 

integration strategies to manufacture, sell and distribute their final products are 

changing to a vertical specialization of industries, in which firms outsource activities, 

where they have no competencies. By doing this, they achieve greater efficiency 

and deepen their level of competence in critical activities (Gereffi, 1995, 1999, 2001; 

Mudambi, 2008). The problem is that even the indices most used in international 

trade to measure the levels of a country’s specialization in an industry are based on 

the volume of gross exports —ideal for a less globalized economy— or they are not 

on a linear (normalized) scale, which biases other types of analysis that can be done 

with them. 23 24 

 
23 Although some territories do not fall into the category of country or economy, these are the terms 
used throughout the paper. 
24 Both problems contain the index of comparative advantages used in Chapter 2 of this thesis, 
although it was not resolved because the database has no information on the value-added of gross 
exports of the different components of the global value chain of lithium batteries. 
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The first problem can be solved thanks to the efforts made by the Organization for 

Economic Co-operation and Development (OECD), which has originated the Trade 

in Value-added (TIVA) dataset and, consequently, has included value-added in 

export and import statistics —although the second problem still exists. With the 

context described previously and, in line with the works of Laursen (1998), Hoen 

and Oosterhaven (2006), Yu et al. (2009) and Koopman et al. (2016), which propose 

improvements to measure an economy’s specialization levels according to different 

criteria, the main proposal of this research is to improve the way in which a country’s 

specialization level in different sectors can be determined, by creating an index of 

normalized commercial advantages and using the value-added of the volume of 

exports, which allows for the measuring of the production efforts of economies with 

a global approach. 

By connecting this new index and its annual variation, the economies that are 

supposedly lagging in their specialization levels in a specific industry are really 

improving; and others that seem to be dynamically specialized are really stationary 

specialized. For this reason, policies towards international production can be more 

assertive, which is relevant and helpful for emerging countries in their industries with 

more value added, because they are highly sensitive to the global perspective. 

Achieving this goal includes showing the properties of the new index and comparing 

it empirically with a non-normalized one in relation to the “computer, electronic and 

optical equipment” sector of TIVA dataset, because it conglomerates others located 

in the previous stages of its value chain. Consequently, this index is highly 

influenced by the value-added, which has an impact on the measurements of 

specialization levels of countries, and on national and international public policies, 

elaborated and applied, in relation to international trade. 

The remainder of the paper proceeds as follows: the next section is devoted to the 

background literature regarding different indicators of international trade over time. 

Section 4.3 contains the methodology, and the results are in section 4.4. Finally, the 

discussion and conclusions of this research are in section 4.5. 
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4.2. Background literature 

 

Studies of the revealed comparative advantages, that measure the relative 

specialization of economies in international trade, are influenced by diverse 

variables, such as: wages; price structure; tariffs and transport costs (Dornbusch et 

al., 1977); subsidies for production and trade (Deardroff, 1984); the functioning of 

institutions and qualification levels of workers for complex industries (Costinot, 

2009); GDP per capita, geographical indication and foreign direct investment 

(Balogh and Jámbor, 2016; Torok and Jambor, 2016); and economies of scale, 

human capital endowment, technology and capital-labor ratio (Wang et al., 2007). 

However, the indices used, although they have evolved as shown in the following 

paragraphs, still have several problems —which are solved in this study— since it 

is developed from the perspective of global value chains. 

As several scholars show in their research, the traditional Balassa’s index —shown 

in Equation 1— used to measure the revealed comparative advantages (RCA) must 

be replaced (Iapadre, 2001; Koopman et al., 2016), because it was created for a 

country that exports raw material, which is then used by another country  to add the 

necessary value to create final products, which can then be exported to other 

countries to use the products —without considering that the first country can import 

products that have its own raw material— which consequently results in double 

counting. 

Specifically, it is due to companies that are vertically specializing in their core 

competencies within one or more global value chains, which results in double 

counting of accounts related to exports and imports (Cantwell and Mudambi, 2011; 

Gereffi, 1995, 1999, 2001; Koopman et al., 2016; Mudambi, 2008). 

 

𝑅𝐶𝐴𝑗𝑖 =
[
𝐸𝑗𝑖

𝐸𝑖
]

[
𝐸𝑗

𝐸 ]

 

          [Equation 1] 
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Where its nomenclatures are: 

𝑅𝐶𝐴𝑗𝑖 = 𝐼𝑛𝑑𝑒𝑥 𝑜𝑓 𝑅𝑒𝑣𝑒𝑎𝑙𝑒𝑑 𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑣𝑎𝑙𝑢𝑒 𝑎𝑑𝑣𝑎𝑛𝑡𝑎𝑔𝑒𝑠;  

𝐸𝑗𝑖 = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑔𝑟𝑜𝑠𝑠 𝑒𝑥𝑝𝑜𝑟𝑡𝑠 𝑜𝑓 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦 𝑗 𝑜𝑓 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑖;  

𝐸 = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑔𝑟𝑜𝑠𝑠 𝑒𝑥𝑝𝑜𝑟𝑡𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑐𝑜𝑢𝑛𝑡𝑟𝑖𝑒𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑖𝑒𝑠; 

𝐸𝑗 = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑔𝑟𝑜𝑠𝑠 𝑒𝑥𝑝𝑜𝑟𝑡𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑐𝑜𝑢𝑛𝑡𝑟𝑖𝑒𝑠 𝑜𝑓 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦 𝑗; 

𝐸𝑖 = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑔𝑟𝑜𝑠𝑠 𝑒𝑥𝑝𝑜𝑟𝑡𝑠 𝑜𝑓 𝑎 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑖 𝑜𝑓 𝑎𝑙𝑙 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑖𝑒𝑠. 

 

A second problem occurs because the formula gives asymmetric results (Benedictis 

and Tamberi, 2001; Laursen, 1998; Vollrath, 1991) that causes nonlinear 

comparisons, which may give incorrect results and makes its usefulness for carrying 

out temporal analysis questionable (Yu et al., 2009). 

Despite these issues, prominent organizations such as the International Monetary 

Fund and the Federal Reserve Board still rely on gross imports and exports, leading 

to inappropriate strategic policies and alliances (Koopman et al., 2016).  

The evolution of the indices to replace the Balassa’s indicator has been diverse. 

There are some that consider only exports or imports (Dalum et al., 1998); others 

that need data on both types of activities to establish the position of countries in 

international trade, in relation to their balance (Bowen, 1983; Grubel and Lloyd, 

1971); and even some that incorporate domestic demand (Iapadre, 2001; Lafay and 

Herzog, 1989). Literature is scarce on how to empirically solve the problem of 

double-counting in international trade. Consequently, it is necessary to know the few 

studies that include vertical specialization. The first two indexes were created by 

Hummels et al. (2001) —one from the perspective of the imported content in a 

country´s exports (VS) (Equation 2) and the other from the perspective of the value 

of exports incorporated into the export goods of a second country (VS1)— although 

they do not provide a mathematical definition for the last one. 

 

𝑉𝑆𝑗𝑖 = 𝐴𝑚(𝐼 − 𝐴𝐷)−1𝐸 

          [Equation 2] 
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Where its nomenclatures are: 

𝑉𝑆𝑗𝑖 = 𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑆𝑝𝑒𝑐𝑖𝑎𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛;   𝐴𝑚 = 𝑛𝑥𝑛 𝑖𝑚𝑝𝑜𝑟𝑡𝑒𝑑 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑚𝑎𝑡𝑟𝑖𝑥; 

𝐼 = 𝐼𝑑𝑒𝑛𝑡𝑖𝑡𝑦 𝑚𝑎𝑡𝑟𝑖𝑥;   𝐴𝐷 = 𝑛𝑥𝑛 𝑑𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑚𝑎𝑡𝑟𝑖𝑥;  

𝐸 = 𝑛𝑥1 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑒𝑥𝑝𝑜𝑟𝑡𝑠 

 

The third one was created by Johnson and Noguera (2012), and its result is a data 

set of value-added exports (VAX) —shown in Equation 3— which describe the 

destination where the value-added produced in each country of origin is absorbed. 

 

𝑉𝐴𝑋𝑗𝑖 =
𝑉𝐴𝑗𝑖

𝐸𝑗𝑖
 

          [Equation 3] 

Where its nomenclatures are: 

𝑉𝐴𝑋𝑗𝑖 = 𝑉𝑎𝑙𝑢𝑒 𝐴𝑑𝑑𝑒𝑑 𝐸𝑥𝑝𝑜𝑟𝑡𝑠 𝑟𝑎𝑡𝑖𝑜; 𝑉𝐴𝑗𝑖 = 𝑉𝑎𝑙𝑢𝑒 𝐴𝑑𝑑𝑒𝑑 𝑜𝑓 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦 𝑗 𝑜𝑓 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑖; 

𝐸𝑗𝑖 = 𝐺𝑟𝑜𝑠𝑠 𝐸𝑥𝑝𝑜𝑟𝑡𝑠 𝑜𝑓 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦 𝑗 𝑜𝑓 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑖 

 

The fourth index was created by Daudin et al. (2011), and measures the value-

added of goods which are exported from a country and used in other countries as 

imported raw material to produce final goods —which are then returned to the 

country of origin (VS1*). 

Finally, a fifth index (used in this research) was created by Koopman et al. (2016), 

by using the logic of the revealed technological advantages (RTA) of Soete (1987) 

to obtain data on international technological specializations (Frietsch and Schmoch, 

2010; Meyer, 2006; Molero and López, 2016, 2018; Pavitt and Patel, 1988), and of 

the revealed comparative advantages (RCA) of Balassa (1965) traditionally present 

in studies of international trade specializations (Chaudhary, 2016; Granabetter, 

2016). Since Koopman’s index did not receive a specific name from its authors, in 

this study it will be referred to as Revealed International Value Advantages (RIVA) 

—shown in Equation 4. 
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𝑅𝐼𝑉𝐴𝑗𝑖 =
[
𝑉𝑗𝑖

𝑉𝑖
]

[
𝑉𝑗

𝑉 ]

 

          [Equation 4] 

Where its nomenclatures are: 

𝑅𝐼𝑉𝐴 = 𝐼𝑛𝑑𝑒𝑥 𝑜𝑓 𝑅𝑒𝑣𝑒𝑎𝑙𝑒𝑑 𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑣𝑎𝑙𝑢𝑒 𝑎𝑑𝑣𝑎𝑛𝑡𝑎𝑔𝑒𝑠 

𝑉𝑗𝑖 = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑑𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝑣𝑎𝑙𝑢𝑒 𝑎𝑑𝑑𝑒𝑑 𝑜𝑓 𝑔𝑟𝑜𝑠𝑠 𝑒𝑥𝑝𝑜𝑟𝑡𝑠 𝑜𝑓 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦 𝑗 𝑜𝑓 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑖;  

𝑉 = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑑𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝑣𝑎𝑙𝑢𝑒 𝑎𝑑𝑑𝑒𝑑 𝑜𝑓 𝑔𝑟𝑜𝑠𝑠 𝑒𝑥𝑝𝑜𝑟𝑡𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑐𝑜𝑢𝑛𝑡𝑟𝑖𝑒𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑖𝑒𝑠; 

𝑉𝑗 = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑑𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝑣𝑎𝑙𝑢𝑒 𝑎𝑑𝑑𝑒𝑑 𝑜𝑓 𝑔𝑟𝑜𝑠𝑠 𝑒𝑥𝑝𝑜𝑟𝑡𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑐𝑜𝑢𝑛𝑡𝑟𝑖𝑒𝑠 𝑜𝑓 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦 𝑗; 

𝑉𝑖 = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑑𝑜𝑚𝑒𝑠𝑡𝑖𝑐 𝑣𝑎𝑙𝑢𝑒 𝑎𝑑𝑑𝑒𝑑 𝑜𝑓 𝑔𝑟𝑜𝑠𝑠 𝑒𝑥𝑝𝑜𝑟𝑡𝑠 𝑜𝑓 𝑎 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑖 𝑜𝑓 𝑎𝑙𝑙 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑖𝑒𝑠 

 

One advantage of this fourth index is that it does not have the problem of 

international double counting, since it is based on the value-added of exports and 

not on an index that involves imports, allowing for observation of the effort of an 

economy to internationalize the goods and services it produces. However, it is also 

asymmetric and does not allow an adequate comparison of countries and industries, 

or even time (Yu et al., 2009), because the index is neither ordinal nor cardinal, as 

in the case of the RCA index (Hillman, 1980; Yeats, 1985).  

RIVA results vary from zero to a positive indefinite number. When RIVA results are 

less than one, it means that the economy has comparative disadvantages, and 

when the results are at least one, the economy has comparative advantages and is 

considered specialized in the analyzed industry. 

The asymmetry in Balassa’s RCA was solved by two linear indicators: first, by the 

index of Additive Revealed Comparative Advantages (ARCA) of Hoen and 

Oosterhaven (2006) —shown in Equation 5; and second, the index of Normalized 

Revealed Comparative Advantages (NRCA) of Yu et al. (2009) —shown in Equation 

6. 
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𝐴𝑅𝐶𝐴𝑗𝑖 = 𝐸𝑗𝑖/𝐸𝑖 −  𝐸𝑗/𝐸  

          [Equation 5] 

𝑁𝑅𝐶𝐴𝑗𝑖 = 𝐸𝑗𝑖/𝐸 − (𝐸𝑗/𝐸) ∗ (𝐸𝑖/E) 

          [Equation 6] 

 

Where its nomenclatures are: 

𝐴𝑅𝐶𝐴𝑗𝑖 = 𝐼𝑛𝑑𝑒𝑥 𝑜𝑓 𝐴𝑑𝑑𝑖𝑡𝑖𝑣𝑒 𝑅𝑒𝑣𝑒𝑎𝑙𝑒𝑑 𝐶𝑜𝑚𝑝𝑎𝑟𝑎𝑡𝑖𝑣𝑒 𝐴𝑑𝑣𝑎𝑛𝑡𝑎𝑔𝑒𝑠 𝑜𝑓 𝑖𝑛𝑑𝑢𝑡𝑟𝑦 𝑗 𝑜𝑓 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑖; 

𝑁𝑅𝐶𝐴𝑗𝑖 = 𝐼𝑛𝑑𝑒𝑥 𝑜𝑓 𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑅𝑒𝑣𝑒𝑎𝑙𝑒𝑑 𝐶𝑜𝑚𝑝𝑎𝑟𝑎𝑡𝑖𝑣𝑒 𝐴𝑑𝑣𝑎𝑛𝑡𝑎𝑔𝑒𝑠 𝑜𝑓 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦 𝑗 𝑜𝑓 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑖;  

𝐸𝑗𝑖 = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑔𝑟𝑜𝑠𝑠 𝑒𝑥𝑝𝑜𝑟𝑡𝑠 𝑜𝑓 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦 𝑗 𝑜𝑓 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑖;  

𝐸 = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑔𝑟𝑜𝑠𝑠 𝑒𝑥𝑝𝑜𝑟𝑡𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑐𝑜𝑢𝑛𝑡𝑟𝑖𝑒𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑖𝑒𝑠; 

𝐸𝑗 = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑔𝑟𝑜𝑠𝑠 𝑒𝑥𝑝𝑜𝑟𝑡𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑐𝑜𝑢𝑛𝑡𝑟𝑖𝑒𝑠 𝑜𝑓 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦 𝑗; 

𝐸𝑖 = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑔𝑟𝑜𝑠𝑠 𝑒𝑥𝑝𝑜𝑟𝑡𝑠 𝑜𝑓 𝑎 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑖 𝑜𝑓 𝑎𝑙𝑙 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑖𝑒𝑠 

 

In both equations, the equality of a country in international trade within an industry 

with respect to the world is equal to zero; the sum of all ARCA or NRCA of the 

economies in relation to an industry must be zero; the sum of all industries and 

countries must be zero; and the ARCA results vary from -1 to 1 and those of NRCA 

from -0.25 to 0.25. However, these indexes do not solve the problem of international 

double counting, since they are based, as in the Balassa’s index, on the volume of 

gross exports. In turn, when economies have comparative disadvantages in two 

periods or when they go from being disadvantaged to having advantages in the 

same time interval, they have the problem that the relative variations of the indices 

are negative, when in reality they are positive, and vice versa, if the traditional 

formula is used (Index t+1 – Index t)/ Index t. On the other hand, relative variations 

cannot be made with logarithms in these circumstances either. For these reasons, 

this research proposes a new index that solves those problems and asymmetry. 
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4.3. Methodology 

 

This study focuses on global national production, and reflects the commitment 

assumed by an economy to manufacture products from a specific sector 

(recognizing that countries, for various reasons, also import goods and services, 

many of which are consumed or not in the same economy). Specifically, the results 

phase is divided into two major stages: first, one that shows the properties of the 

proposed new index —so-called normalized revealed international value 

advantages (NRIVA)— from the points of view of its structure, temporality, and 

individual and collective results; and second, one that compares the new indicator 

with Koopman’s index (RIVA), because it has no international double counting 

problems.  

The comparative study between the RIVA index and the new one covers the period 

from 1995 to 2011, because it is the time when the TIVA database of the OECD 

provides information on value-added. The computer, electronic and optical 

equipment sector were chosen from that database to make the comparisons, 

because they converge to different value chains, involving final and high-tech 

products obtained from different raw materials that are imported from different 

countries for their manufacture and, consequently, are greatly influenced by the 

value-added. 

For the comparative stage of this study, the names of the indexes used are RIVACE, 

for the index of revealed international value advantages of the computer, electronic 

and optical equipment sector; and NRIVACE, for the index of normalized revealed 

international value advantages of the same sector. In this stage, the distributions of 

index scores at the global level are compared for the entire period to confirm the 

advantages of the new indicator over the previous one, thanks to its linearity. The 

differences that exist between both indexes are then shown in relation to the sum of 

the results —which, in the case of the RIVACE indicator, is usually different from 

one. For the NRIVACE index, however, it must always be one at the global level 

and different from one for a group of countries. The average results by countries are 

then compared to see if a country’s advantages or disadvantages have changed 

over time, depending on the index used. 
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Finally, we consider a similar classification to Molero and López (2016, 2018), which 

is fundamental for policy creation. With the results of the average scores in the 

period from 1995 to 2011 and the means of relative changes in that period, the 

indexes are then compared to observe if countries generally remain in their groups 

or not. Specifically, it is said that an economy is dynamically specialized when it has 

average advantages and average relative changes ≥ 0; stationary specialized when 

it has average advantages and average relative changes < 0; catching up, when it 

has average disadvantages and average relative changes ≥ 0; and retreating, when 

it has average disadvantages and average relative changes < 0. 

 

4.4. Results 

 

4.4.1. The new index and its properties 

 

The new formula of the RIVA index, presented in Equation 7, without the problems 

of asymmetry (unlike what happens in the cases of the Balassa and Koopman 

indicators) nor double-counting (contrary to what happens with the Hoen or Yu 

indexes) is inspired by the last indicator, because it is simple and can easily be 

transformed into percentages. 

 

𝑁𝑅𝐼𝑉𝐴𝑗𝑖 = (𝑉𝑗𝑖/𝑉𝑗 −  𝑉𝑖/𝑉) + 1 

          [Equation 7] 

Being: 

𝑁𝑅𝐼𝑉𝐴 = 𝐼𝑛𝑑𝑒𝑥 𝑜𝑓 𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑟𝑒𝑣𝑒𝑎𝑙𝑒𝑑 𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑣𝑎𝑙𝑢𝑒 𝑎𝑑𝑣𝑎𝑛𝑡𝑎𝑔𝑒𝑠 

 

The NRIVA results can be from 0 to 2. When the results are from 0 to the lower limit 

of 1, it means the country has comparative disadvantages, because the weight of 

the value-added of the exports of an industry of a country with respect to the same 

industry at the global level is less than the weight of the value-added of the country's 
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exports in relation to all the value-added of global exports. When the results are from 

one to two, it means the country has comparative advantages, because the weight 

of the value-added of the exports of an industry of a country with respect to the same 

industry at the global level is higher than the weight of the value-added of the 

country's exports in relation to all the value-added of global exports. 

The number one in Equation 7 is justified because it eliminates the problems of the 

relative variation of the indexes of Hoen and Oosterhaven (2006) and Yu et al. 

(2009), when the indicator of the first period analyzed is negative. 

 

4.4.1.1. Additivity of the index 

 

The NRIVA is summable in terms of countries. According to Equation 8, the sum of 

the NRIVA scores of “n” countries of region “N” is given by: 

 

𝑁𝑅𝐼𝑉𝐴𝑁𝑗 = [∑ 𝑁𝑅𝐼𝑉𝐴𝑗𝑖] − (𝑛 − 1)

𝑛

𝑖=1

=  [(𝑉𝑗𝑁/𝑉𝑗 −  𝑉𝑁/𝑉) + 1] 

       [Equation 8] 

 

Being: ∑ 𝑉𝑗𝑖 = 𝑉𝑗𝑁
𝑛
𝑖=1  is the volume of domestic value-added of gross exports of N’s 

region of industry j; ∑ 𝑉𝑖 = 𝑉𝑁
𝑛
𝑖=1  is the volume of domestic value-added of gross 

exports of N’s region. 

 

4.4.1.2. Comparability of the index 

 

For cross-industry comparison, according to Equation 9, the difference between the 

NRIVA scores of industry 1 and 2 is given by: 
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∆𝑁𝑅𝐼𝑉𝐴(1−2)𝑖 = 𝑁𝑅𝐼𝑉𝐴1𝑖 − 𝑁𝑅𝐼𝑉𝐴2𝑖 =  [(𝑉
1𝑖

/𝑉1 −  𝑉𝑖/𝑉) + 1] −  [(𝑉
2𝑖

/𝑉2 −  𝑉𝑖/𝑉) + 1] 

       [Equation 9] 

 

Specifically, the cross-industry comparison of NRIVA scores primarily associates 

the relative level of specialization that an economy has in two industries. If the result 

is ∆𝑁𝑅𝐼𝑉𝐴𝑖(1−2) > 0 , it means that industry 1 is more specialized than the industry 

2. If the result is ∆𝑁𝑅𝐼𝑉𝐴𝑖(1−2) < 0 , it indicates that industry 1 is less specialized 

than industry 2. 

 

For cross-country comparison, according to Equation 10, the difference between the 

NRIVA scores of country 1 and 2 is given by: 

 

∆𝑁𝑅𝐼𝑉𝐴𝑗(1−2) = 𝑁𝑅𝐼𝑉𝐴𝑗1 − 𝑁𝑅𝐼𝑉𝐴𝑗2

=  [(𝑉𝑗1/𝑉𝑗 −  𝑉1/𝑉) + 1] −  [(𝑉𝑗2/𝑉𝑗 − 𝑉2/𝑉) + 1] 

       [Equation 10] 

 

Specifically, the cross-country comparison of NRIVA scores essentially associates 

the relative level of specialization that the two countries have in an industry. If the 

result is ∆𝑁𝑅𝐼𝑉𝐴(1−2)𝑗 > 0 , it indicates that country 1 is more specialized than 

country 2. If the result is ∆𝑁𝑅𝐼𝑉𝐴(1−2)𝑗 < 0 , it indicates that country 1 is less 

specialized than country 2. 
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4.4.1.3. The neutrality of the index 

 

The NRIVA index specifies that each sector is neutral in its comparative advantages 

because, according to Equation 11, the sum of NRIVA scores of an industry in all 

countries, divided by the number of countries, is equal to one; i.e., 

 

[∑ 𝑁𝑅𝐼𝑉𝐴𝑗𝑖]/𝑛 = 1

𝑖

 

          [Equation 11] 

 

4.4.1.4. The temporality of the index 

 

The NRIVA index compares the intertemporal results of t+1 minus t. 

 

∆𝑁𝑅𝐼𝑉𝐴𝑗𝑖(𝑡+1,𝑡) = 𝑁𝑅𝐼𝑉𝐴𝑗𝑖(𝑡+1) − 𝑁𝑅𝐼𝑉𝐴𝑗𝑖(𝑡)  

          [Equation 12] 

Being:  𝑡 = 𝑡𝑖𝑚𝑒 

 

4.4.2. Comparative analysis 

 

In this section, the computer, electronic and optical equipment industry (CE) is used 

as an example to explain the benefits of the NRIVA index over the RIVA. For this 

reason, the indicators are called NRIVACE and RIVACE, respectively. 

Comparing the RIVACE and NRIVACE indices shows that the Pearson correlation 

coefficient between them gives unrelated results for being near 0.559 and that the 

proportion of the variance shared by both indices, explained by the r-square, is only 

of the 31%. Figures 1 and 2 refer to the frequency densities of the RIVACE and 
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NRIVACE indicators in the period from 1995 to 2011, and show two clear 

differences. First, RIVACE densities tend to decrease with increasing scores, while 

NRIVACE densities tend to focus on one —the number in which the change from 

disadvantages to comparative advantages occurs— forming a curve similar to the 

normal. Second, in RIVACE, the comparative disadvantages are between 0 and 1, 

and the comparative advantages are from one to almost 8, which occurs because 

its scale is not linear; in NRIVACE, the values are concentrated between 0.82 and 

1.14, because its scale is linear.  

In the case that a researcher uses the RIVACE index with natural logarithm (Ln 

RIVACE), as in Figure 3, the comparative advantages begin at zero, but the problem 

of non-linearity is not solved at all, since it is solved by the proposed index. 

 

Figure 1: RIVACE frequency density by countries at the global level from 1995 to 2011. 

 
Source: Own elaboration based on OECD (2016); World Bank (2018); and International 

Monetary Fund (2018). 
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Figure 2: NRIVACE frequency density by countries at the global level from 1995 to 2011. 

 
Source: Own elaboration based on OECD (2016); World Bank (2018); and International 

Monetary Fund (2018).25 

 

Figure 3: Ln RIVACE frequency density by countries at the global level from 1995 to 2011. 

 
Source: Own elaboration based on OECD (2016); World Bank (2018); and International 

Monetary Fund (2018).26 

  

 
25 The curves of other economic sectors are very similar to this curve that resembles the normal one. 
This justifies the N that refers to the Normalized word of the new index. 
26 The differences observed between Figures 1 and 3 are often repeated in the rest of the economic 
sectors. However, when the NRIVA index is used, it is observed that the histograms are very similar 
to those observed when the natural logarithm is applied. 
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The evolutions of RIVACE and NRIVACE are different at the global level, in the 

period 1995-2011, as seen in Figure 4. The RIVACE curve 𝑦 = 1.3191𝑥−0.159 is 

potentially decreasing with a r-square equal to 0.9206, while the evolution of 

NRIVACE is always equal to one and, consequently, its r-square is zero because 

there are no fluctuations. 

 

In the evolution of the NRIVACE index by economic groups at the global level from 

1995 to 2011, as seen in Figure 5, we see that the TIVA dataset only shows 63 

countries individually, 36 developed and 27 developing, according to the 

International Monetary Fund classification (2018a), because the others are within 

the rest of the world group. It shows that developed economies always have 

comparative advantages (its curve is 𝑦 = −0.0006𝑥 + 1.0101, the r-square equal to 

0.9206 and it has a downward trend), while developing economies have 

comparative disadvantages (its curve is 𝑦 = 0.0008𝑥 + 0.9902, the r-square equal 

to 0.8796 and it has an upward trend). For this reason, both curves converge 

between the years 2008 and 2009 to then be the developing economies the owners 

of the highest levels of specialization in this sector for two years, a situation that 

never occurs with such economies. In the example, when the RIVACE curves are 

observed in Annex 4.1, all sectors are individual components of the global economy, 

but they are not considered part of a whole. Some researchers may accept this, but 

it prevents sectors from being measured linearly, which is essential for an 

econometric analysis with panel data.  
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Figure 4: Evolution of RIVACE and NRIVACE at the global level, from 1995 to 2011. 

 
Source: Own elaboration based on OECD (2016); World Bank (2018); and International 

Monetary Fund (2018). 

 

Figure 5: Evolution of NRIVACE by groups of economies, from 1995 to 2011. 

 

*Rest of the world not considered 

Source: Own elaboration based on OECD (2016); World Bank (2018); and International 
Monetary Fund (2018).  
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By comparing the average results of the classification of economies that consider 

the RIVACE or NRIVACE between 1995 and 2011 and the average relative changes 

of those indexes in the same period  on Figure 6, as is similarly done in several 

studies related to the formulation of innovation policies (Molero and López, 2016, 

2018), it is observed —by adding the numbers indicated by different colors— that 

when an index is changed by another 25.40% of all economies change of 

classification. Specifically, 7.69% of the retreating economies (which is the largest 

group); 25% of the dynamically specialized; 64.71% of the catching up; and 14.29% 

of the stationary specialized.  

In the same Figure, we observe that all economies that change groups do so as a 

result of the relative changes in the index scores, but not due to the average score 

of the index itself. Specifically, they change from the dynamically specialized group 

to stationary specialized and vice versa; or from the catching up cluster to retreating 

and vice versa. This leads to the fact that the researchers based on the RIVACE 

index can propose erroneous changes in the policy related to the analyzed industry, 

since there is a possibility that a country will be observed as if it were in a group, 

while it actually is in another. 

In the case of developing economies, according to Table 1: Russia and Turkey move 

from the retreating group with the RIVACE index to the catching-up with the 

NRIVACE index. Chile, India, Morocco, Peru, Saudi Arabia, Tunisia and Vietnam 

move from the catching up group with the RIVACE index to the retreating, when the 

NRIVACE index is used. Costa Rica goes from being dynamically specialized with 

the RIVACE index to stationary specialized with the NRIVACE index.  

In the case of developed economies, Cyprus, Iceland, Luxembourg and Latvia move 

from catching up group with the RIVACE index to retreating with the NRIVACE 

index. Finally, Czech Republic and Lithuania move from the stationary specialized 

group with the RIVACE index to dynamically specialized with the NRIVACE index.  

The rest of the economies remain in their original groups in the period considered. 
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Figure 6: Differences and similarities between RIVACE and NRIVACE index. 

 

Source: Own elaboration based on OECD (2016); World Bank (2018); and International 

Monetary Fund (2018). 

 

Table 1: Detail of economies in relation to their classifications and presence in both 
indexes, in the period 1995-2011 

Type of 
index 

Classification 

Dynamically 
specialized 

Stationary 
specialized 

Catching up Retreating 

Both 
Indexes 

CHN; HUN; 
TWN 

DEU; FIN; GBR; IRL; 
ISR; JPN; MEX; 
MLT; MYS; PHL; 
SGP; SWE; THA; 

USA 

BGR; CZE; EST; 
IDN; ROU; SVK 

ARG; AUS; AUT; BEL; BRA; 
BRN; CAN; COL; DNK; ESP; 
FRA; GRC; HKG; HRV; ITA; 
KHM; LTU; NLD; NOR; NZL; 

POL; PRT; SVN; ZAF 

NRIVACE CHE; KOR CRI RUS; TUR 
CHL; CYP; IND; ISL; LUX; LVA; 

MAR; PER; SAU; TUN; VNM 

RIVACE CRI CHE; KOR 

CHL; CYP; IND; 
ISL; LUX; LVA; 

MAR; PER; SAU; 
TUN; VNM 

RUS; TUR 

*Rest of the World not considered Acronym in Annex 4.2 (according to ISO 3166-1 alpha-3) 

Source: Own elaboration based on OECD (2016); World Bank (2018); and International 
Monetary Fund (2018).  
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4.5. Discussion 

 

Traditionally, the specialization levels of economies in different industries have been 

calculated using Balassa’s indicator (1965), which has the problem of double-

counting of sectoral exports and, since it is not linear, the differences between the 

specialization levels of economies are not comparable over time. With the research 

of Koopman et al. (2016), the first problem is solved but the second one is not; and 

with the studies of Hoen and Oosterhaven (2006) and Yu et al. (2009), the second 

problem is solved but the first one is not (additionally, these last two indexes present 

a problem for the researchers when they have comparative disadvantages in the 

first period considered, and the relative variations of the scores are used to create 

and implement national policies). In order to eliminate the problems of the three 

indexes listed —which in some cases are not even solved using the natural 

logarithm— we created a linear index, based on the value-added statistics 

presented by the OECD, which eliminates the problem of double counting and those 

originated when the relative variations are required.  

The logic of this new indicator also allows for the creation of a normalized index of 

revealed technological advantages (NRTA) that replaces the indicator of revealed 

technological advantages (RTA) of Soete (1987) —because the ratio used in the 

last one has the same mathematical logic as the indexes of Balassa (1965) and 

Koopman et al. (2016). Consequently, innovation policies can be raised and applied 

incorrectly, obtaining unwanted results. In this sense, a synthetic index can even be 

created, which relates the normalized revealed international value-advantages with 

the normalized revealed technological advantages, subtracting the result of the first 

indicator with the score of the second one. The positive result indicates that the 

NRIVA is higher than NRTA and that the focus of an economy is on production with 

an international orientation and not on technology and knowledge generation. A 

result equal to zero indicates that the NRIVA is equal to the NRTA and, therefore, 

the specialization level of an economy in relation to production with an international 

approach is balanced with the level of technology and knowledge generation of the 

same economy. A negative result indicates that the NRIVA is lower than the NRTA 
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and that the focus of an economy is on the technology and knowledge generation 

and not on production with an international orientation. 

Everything indicates that both indices work similarly in stable contexts, but in the 

changing ones the NRIVA index works better than the RIVA. Although the changes 

can be different for each economic sector, they will generally be from the economies 

in the dynamically specialized group to stationary specialized and vice versa; and 

from retreating quadrant to catching up, and vice versa. In turn, the proportion of 

countries that change from one quadrant to another can also be different.  

The use of the NRIVA index allows to economies, international organizations and 

policy makers to create, in the era of the global value chains, appropriate bilateral 

or multilateral policies in relation to the factors that determine the specialization 

levels in different sectors of international trade and their dynamism, according to the 

competences and priorities of each one of them (which was not possible until now). 

For example, in the case of Costa Rica, cluster analysis based on the RIVACE index 

shows that it is within the specialized dynamic group, but cluster analysis based on 

NRIVACE shows that the relative advantages were smaller over the years. This was 

accentuated with the departure of Intel from that country in 2015, because it was the 

only company positioned worldwide that assembled processors in Costa Rica. 

Consequently, this shows that policy makers failed to create an entrepreneurial and 

innovative ecosystem to better retain Intel and attract other global firms. 

However, the use of this indicator to achieve greater precision in the diagnosis of an 

industry in a country should always be accompanied by a deep microeconomic 

analysis, considering: the labor market, production, foreign direct investment and its 

impact on the local market, the industry-university-government relationship, 

technological trajectories, the insertion of small and medium enterprises, among 

others. 
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4.6. Conclusions 

 

The new NRIVA index establishes the internationalization level of an industry of a 

country compared to the internationalization level of the same country in relation to 

the world, and although the positions of advantages or disadvantages are not 

altered, the differences occur at the level of relative interannual changes because 

this new index is linear in nature but the previous one is not. One of its features is 

that countries have comparative disadvantages in relation to the world when their 

results are from zero to the lower limit of one and have comparative advantages if 

they have a range from one to two. The properties of this new index are its additivity, 

comparability, neutrality, and temporality. 

This study focuses on a specific economic sector to demonstrate what was 

explained recently. In particular, the example used (referring to the computer, 

electronic and optical equipment industry) shows that when both indices are 

compared with their relative growth, they have a considerable percentage of 

differences in the groups obtained, which is reproducible for the analysis of 

hierarchical clusters, because the distances between the points in the index of 

Koopman et al. (2016) are not linear, but those of the index created in this study are.  
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Annexes 
 

Annex 4.1: Evolution of RIVACE by economic group, from 1995 to 2011 

 
*Rest of the World not considered 

Source: Own elaboration based on OECD (2016); World Bank (2018) and International 
Monetary Fund (2018). 
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Annex 4.2: Acronyms of countries, according to ISO 3166-3 

Code Economy Code Economy Code Economy 

ARG Argentina GRC Greece NOR Norway 

AUS Australia HKG Hong Kong, SAR 
China 

NZL New Zealand 

AUT Austria HRV Croatia PER Peru 

BEL Belgium HUN Hungary PHL Philippines 

BGR Bulgaria IDN Indonesia POL Poland 

BRA Brazil IND India PRT Portugal 

BRN Brunei 
Darussalam 

IRL Ireland ROU Romania 

CAN Canada ISL Iceland ROW Rest of the World 

CHE Switzerland ISR Israel RUS Russian 
Federation 

CHL Chile ITA Italy SAU Saudi Arabia 

CHN China JPN Japan SGP Singapore 

COL Colombia KHM Cambodia SVK Slovakia 

CRI Costa Rica KOR Korea (South) SVN Slovenia 

CYP Cyprus LTU Lithuania SWE Sweden 

CZE Czech Republic LUX Luxembourg THA Thailand 

DEU Germany LVA Latvia TUN Tunisia 

DNK Denmark MAR Morocco TUR Turkey 

ESP Spain MEX Mexico TWN Chinese Taipei 

EST Estonia MLT Malta USA United States 

FIN Finland MYS Malaysia VNM Viet Nam 

FRA France NLD Netherlands ZAF South Africa 

GBR United Kingdom         

Own elaboration. 
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5. CHAPTER V: DISCUSSION, CONCLUSIONS AND PROPOSED 

LINES 

 

Since the end of the twentieth century, large companies not only flattened their 

organizational structure, but also began to outsource services that were not part of 

their core competencies. Additionally, due to the development of information and 

communication technologies (ICT); of transport vehicles (air, transoceanic, land); 

and to the reduction of tariffs that countries adopted (unilaterally, bilaterally or 

multilaterally), many companies nowadays can buy and sell their products to almost 

every corner of the world, causing the offshoring of global value chains. 

In this sense, the literature has stated that in the developed countries most of the 

reflective, research and development activities of the different technologies are 

carried out. While emerging countries focus primarily on repetitive activities, such 

as mining and industry (Mudambi, 2008). Despite the above, the literature referring 

to global value chains is still weak in regard to different industries at the level of each 

country, because it focuses primarily on economic agents, on intellectual capital 

(depending on the stage and role that each company plays within a global value 

chain) and in the governance that companies must use, according to the power they 

have within one or more value chains. 

Notwithstanding the foregoing, the increase in electricity consumption per capita is 

based on the development of the digital economy and the belief that its use is 

cleaner than that made with fossilized energy. The problem is that one of the most 

popular sources of electricity is still coal, which is the main cause of the greenhouse 

effect and climate change. 

However, with the Paris Agreement (2015), whose objective is to ensure that the 

average annual temperature on the earth's surface does not increase by 2 °C 

(considering the pre-industrial era as a reference), the consumption of electricity 

from renewable sources is paramount. With this scenario, electric vehicles will be 

able to dominate the market, only if the batteries have a great autonomy and useful 

life; and depending on the technological trajectory of other energy sources such as 

hydrogen-based, characterized by being applied directly on all types of machinery, 
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having a non-polluting combustion, being abundant in nature and highly efficient in 

its use. Despite the above, among its weaknesses are its high market price due to 

the cost of transforming hydrogen to its pure state, and the fact that its production 

requires energy that is not necessarily clean, etc (Armaroli and Balzani, 2011). 

In this context, the best alternative today is lithium-based batteries, a metal that is 

mainly found in Bolivia, Chile, Argentina, China and the United States (Grosjean et 

al., 2012; Gruber et al., 2011), but whose limitation is its high dependence on cobalt 

(a chemical element that is sold almost exclusively in the Democratic Republic of 

the Congo), which causes a great global dependence on the policy that this country 

may have in the matter and the rivalries between the world economic powers. As a 

result of the foregoing, several scientists in the world are looking for an alternative 

to this type of batteries, among which are the flow batteries, composed of abundant 

chemical elements on the planet (Ashraf Gandomi et al., 2018; Shi et al., 2019). 

In more specific terms, this research has found that the global value chain of lithium 

batteries (GVCLB), from the point of view of the generation of its technology, is 

highly determined by the relationship between lithium-metal and rechargeable 

batteries of the same chemical element. In relation to the internationalization of this 

global chain, it is observed that it is concentrated in 5 countries of the northern 

hemisphere (South Korea, China, Japan, the United States and Germany). On the 

other hand, although the collaboration between them for the technological 

generation along the chain is almost nil, Germany and South Korea show a certain 

degree of joint work, which can be based on the geostrategic proximity that has 

been seen in this study or in efforts of some companies or universities. 

From the point of view of the relationship between the revealed comparative 

advantages and the revealed technological advantages in the global value chain of 

lithium rechargeable batteries that establish the countries whose conditions of 

production (commercialization) and technological generation (of knowledge) are 

more favorable. It has been determined that China is the most consolidated country 

in the entire chain, which is an exception to the usual behavior of developing 

countries, which are mostly limited to repetitive activities (Mudambi, 2008). 

Subsequently, this research focused on the five leading countries in the 

technological development of lithium rechargeable batteries, considering the 
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regimes that these countries focus on and the essence of their positioning in the 

generation of technology, including several technological sections of the 

International Patent Classification (IPC). In this context, it is observed that the United 

States behaves very differently from South Korea, which together with Germany (in 

electricity and transport) and Japan (in chemistry and metallurgy) face 

geostrategically with China. Although the country whose capital is Seoul and which 

combines science with technology has its long-term assured technological 

leadership because it is the only leader in the variables referred to the essence of 

technological positioning in relation to the Electricity section of lithium rechargeable 

batteries. 

In addition to the foregoing and in line with the works of Hoen and Oosterhaven 

(2006), Yu et al. (2009) and Koopman et al. (2016), after observing that the index of 

revealed comparative advantages of Balassa (1965) has deficiencies because they 

are not linear and consider double counting of exports, whose significance is greater 

as one advances in a global value chain. A new index is proposed, called 

Normalized Revealed International Value Added (NRIVA), which focuses on the 

production of a country as part of the gross exports it makes in a given sector and, 

consequently, resolves the two problems presented. In turn, it has the quality of 

being adequate to establish relative variations, because its lower limit is equal to 

zero. 

Similarly, with the same logic as the new indicator (NRIVA), a Normalized Revealed 

Technological Advantages Index (NRTA) is created, which allows researchers to 

compare the two indices and determine if an economy is inclined towards the 

exports of its production or to the technological generation of some component of a 

global or regional value chain. 

For all the foregoing, thanks to this thesis, policy makers, practicioners and 

researchers can learn more clearly the global technological map and the leading 

countries in the global value chain of lithium batteries; as well as the strategic reality 

of production and commercialization of the countries around the same chain, which 

is closely related to the circular economy. In turn, with this research, policy makers 

will be able to learn about possible geostrategic technological compatibilities and 

incompatibilities by signing agreements with one of the leading countries in the 
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generation of lithium rechargeable battery technology, which belongs to the 

aforementioned chain. 

Thanks to this thesis, researchers have new methodologies and indexes available, 

which can be used in other economic sectors, taking into account, as appropriate, 

global value chains, geostrategy, circular and / or energy economy, so that policy 

makers and practicioners can make better decisions, according to their interests. 

More specifically, thanks to this thesis, different researchers in the world can raise 

the following topics: 

a. Trends in scientific literature referring to the global value chain of lithium 

batteries in the context of the economy and business. 

b. The role of Africa in the global value chain of lithium batteries, from the point 

of view of international trade, considering the pressures coming from the 

eastern and western powers27. 

c. The long-term dilemma between the use of hydrogen-based vehicles or 

lithium rechargeable batteries, which is linked to mitigation and adaptation 

actions to curb global warming. 

d. The technological collaboration of the main companies that generate 

rechargeable lithium battery technology, with the different agents involved, 

such as universities and state agencies. 

e. The connectivity between mining companies and those in the advanced 

stages of the global value chain of lithium batteries, to understand how 

governance occurs and how these relationships influence the countries 

where they are located. 

f. The use of lithium rechargeable batteries in the most remote sectors, so that 

people in these areas have access to a better quality of life, considering the 

circular economy and the benefit of recycling such products. 

Finally, it is proposed to the Organization for Economic Cooperation and 

Development (OECD) the creation of new data homologated to the harmonized 

system of classification of products, used by institutions such as the International 

Trade Center to compare these data with the technological generation of products, 

 
27 An article related to this topic, written by the author of this thesis and its director, has been 
published by the journal Mitigation and Adaptation Strategies for Global Change, which is Q1 in 
Scopus (2018). 
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and determine the existence of intermediations made by countries, among other 

benefits. 
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6. CAPÍTULO VI: DISCUSIÓN, CONCLUSIONES Y LÍNEAS 

PROPUESTAS 

 

Desde finales del siglo XX, las grandes empresas no solo aplanaron su estructura 

organizacional, sino que comenzaron a externalizar los servicios que no formaban 

parte de sus competencias básicas. Adicionalmente, debido al desarrollo de las 

tecnologías de la información y la comunicación (TIC); de los vehículos de 

transporte (aéreos, transoceánicos, terrestres); y a la reducción de aranceles que 

los países adoptaron (unilateral, bilateral o multilateralmente), muchas empresas 

en la actualidad pueden comprar y vender sus productos a casi todos los rincones 

del mundo, provocando la deslocalización de las cadenas de valor a nivel global. 

En este sentido, la literatura ha declarado que en los países desarrollados se 

producen la mayoría de las actividades reflexivas, de investigación y desarrollo de 

las distintas tecnologías. Mientras que los países emergentes se centran 

fundamentalmente en realizar actividades repetitivas, como la minería y la industria 

(Mudambi, 2008). A pesar de lo indicado, la literatura referida a las cadenas de valor 

globales aún es débil en lo concerniente a las distintas industrias a nivel de cada 

país, debido a que se centra fundamentalmente en los agentes económicos, en el 

capital intelectual (dependiendo de la etapa y rol que cumple cada empresa dentro 

de la cadena de valor global) y en la gobernanza que deben emplear las compañías, 

de acuerdo al poder que tienen dentro de una o varias cadenas de valor. 

Sin perjuicio de lo anterior, el creciente consumo de electricidad per cápita, que se 

se fundamenta entre varios tópicos por el uso de vehículos eléctricos, se basa en 

la creencia de que su utilización es más limpia que la efectuada con energía 

fosilizada. El problema es que una de las fuentes más populares de electricidad 

sigue siendo el carbón, que es la principal causa del efecto invernadero y el cambio 

climático. 

No obstante, con el Acuerdo de París (2015), cuyo objetivo es garantizar que la 

temperatura media anual en la superficie terrestre no aumente en 2° C 

(considerándose como referencia la era preindustrial), el consumo de electricidad 
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desde fuentes renovables resulta primordial. Con este escenario, los vehículos 

eléctricos podrán llegar a dominar el mercado, solo si las baterías poseen una gran 

autonomía y vida útil; y dependiendo de la trayectoria tecnológica de otras fuentes 

energéticas como, por ejemplo, la basada en hidrógeno, caracterizada por aplicarse 

directamente sobre todo tipo de maquinaria, porque su combustión no genera 

contaminación, ser abundante en la naturaleza y altamente eficiente en su uso. A 

pesar de lo anterior, entre sus debilidades se encuentran su alto precio de mercado 

por lo costoso que resulta transformar el hidrógeno a su estado puro, y el hecho de 

que su producción requiere de energías que no necesariamente son limpias, etc 

(Armaroli and Balzani, 2011). 

En este contexto, la mejor alternativa en la actualidad son las baterías basadas en 

el litio, un metal que se encuentra principalmente en Bolivia, Chile, Argentina, China 

y Estados Unidos (Grosjean et al., 2012; Gruber et al., 2011), pero que tienen como 

limitante su alta subordinación al cobalto (un elemento químico que se vende casi 

exclusivamente en la República Democrática del Congo), lo que provoca una gran 

dependencia global a la política que este país pueda tener en la materia y a las 

rivalidades existentes entre las potencias económicas mundiales. Como 

consecuencia de lo anterior, varios científicos del mundo están buscando una 

alternativa a este tipo de baterías, entre las que se encuentran las baterías de flujo, 

compuestas por elementos químicos presentes de manera abundante en el planeta. 

En términos más específicos, en esta investigación se ha descubierto que la cadena 

de valor global de las baterías de litio (GVCLB), desde el punto de vista de la 

generación de su tecnología, está altamente determinada por la relación entre el 

litio-metal y las baterías recargables del mismo elemento. En relación con la 

internacionalización de esta cadena global, se observa que se concentra en 5 

países del hemisferio norte (Corea del Sur, China, Japón, Estados Unidos y 

Alemania). Por su parte, a pesar de que la colaboración entre ellos para la 

generación tecnológica a lo largo de la cadena es casi nula, Alemania y Corea del 

Sur muestran un cierto grado de trabajo conjunto, que puede basarse en la cercanía 

geoestratégica que se ha visto en este estudio o en los esfuerzos de unas pocas 

empresas o universidades. 

Desde el punto de vista de la relación entre las ventajas comparativas reveladas y 
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las ventajas tecnológicas reveladas en la cadena de valor global de las baterías de 

litio recargables, que permiten establecer los países con las condiciones de 

producción (comercialización) y de generación tecnológica (de conocimiento) que 

están en un estado más favorable. Se ha establecido que China es el país más 

consolidado de toda la cadena, lo que es una excepción al comportamiento habitual 

de los países en desarrollo, que se limitan mayormente a actividades repetitivas 

(Mudambi, 2008). 

Posteriormente, esta investigación se centró en los cinco países líderes en el 

desarrollo tecnológico de las baterías de litio recargables, considerando los 

regímenes en los que se centran estos países y el posicionamiento que poseen en 

la generación de tecnología, incluyéndose varias secciones tecnológicas de la 

Clasificación de Patentes Internacional (IPC, por su nombre en inglés). Dentro de 

este contexto, se observa que Estados Unidos se comporta de manera muy 

diferente a Corea del Sur, que junto con Alemania (en electricidad y transporte) y 

Japón (en química y metalurgia) están desde el punto de vista geoestratégico 

confrontadas con China. Aunque el país cuya capital es Seúl, que combina la 

ciencia con la tecnología, tiene su liderazgo tecnológico asegurado a largo plazo 

porque es el único líder en las variables referidas a la esencia del posicionamiento 

tecnológico en lo concerniente a la sección de Electricidad de las baterías 

recargables de litio. 

Como complemento de lo anterior y en línea con los trabajos de Hoen y 

Oosterhaven (2006), Yu et al. (2009) y Koopman et al. (2016), después de observar 

que las ventajas comparativas reveladas de Balassa (1965) tienen deficiencias 

porque no son lineales y consideran un doble conteo de las exportaciones, que 

resulta más significativo a medida que se avanza en una cadena de valor global. 

Se propone un nuevo índice, denominado Valor Añadido Internacional Revelado 

Normalizado (NRIVA, por su nombre en inglés), que se centra en la producción de 

un país como parte de las exportaciones brutas que efectúa en un sector 

determinado y, en consecuencia, resuelve los dos problemas expuestos. A su vez, 

tiene la cualidad de ser adecuado para establecer variaciones relativas, debido a 

que su límite inferior es igual a cero. 

Con la misma lógica del nuevo indicador (NRIVA), es posible crear un índice de 
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Ventajas Tecnológicas Reveladas Normalizada (NRTA, por su nombre en inglés), 

que permite que los investigadores puedan comparar estos dos índices, y 

determinar si una economía está orientada hacia las exportaciones de su 

producción o a la generación tecnológica de algún componente de una cadena de 

valor global o regional. 

Por todo lo que se ha expresado, gracias a esta tesis, los responsables políticos, 

los profesionales y los investigadores pueden conocer de manera más clara el 

mapa tecnológico a nivel global y de los países líderes de la cadena de valor global 

de las baterías de litio; como también la realidad estratégica de producción y 

comercialización de los países en torno a la misma cadena, que es está muy 

relacionada con la economía circular. A su vez, con esta investigación, los 

responsables políticos podrán tener conocimiento de las posibles compatibilidades 

e incompatibilidades geoestratégicas de tipo tecnológicas al firmar acuerdos con 

alguno de los países líderes en la generación de tecnología de baterías recargables 

de litio, que pertenece a la cadena antes mencionada. 

Gracias a esta tesis, los investigadores están a disposición de nuevas metodologías 

e índices, que pueden ser usados en otros sectores económicos, tomando en 

cuenta, según corresponda, las cadenas de valor globales, la geoestrategia, la 

economía circular y/o energética, con el fin de que los responsables políticos y los 

profesionales puedan tomar decisiones más acertadas, de acuerdo con sus 

intereses. De forma más específica, por esta tesis, se plantean temáticas que los 

diferentes investigadores del mundo pueden abordar, como por ejemplo: 

a. Las tendencias en la literatura científica referida a la cadena de valor global 

de las baterías de litio dentro del contexto de la economía y negocios. 

b. El papel de África en la cadena de valor global de las baterías de litio, desde 

el punto de vista del comercio internacional, considerando las presiones 

provenientes de las potencias orientales y occidentales.28 

c. El dilema existente a largo plazo entre el uso de vehículos basados en 

hidrógeno o baterías recargables de litio, que está vinculado con acciones 

de mitigación y adaptación para frenar el calentamiento global. 

 
28 Un artículo relacionado con este tema, que fue escrito por el autor de esta tesis y su director, ha 
sido publicado por la revista Mitigation and Adaptation Strategies for Global Change, que es Q1 en 
Scopus (2018). 
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d. La colaboración tecnológica de las principales empresas generadoras de 

tecnología de baterías de litio recargables, con los distintos agentes 

involucrados, tales como universidades y organismos estatales.29 

e. La conectividad entre las empresas mineras y las que están en las etapas 

avanzadas de la cadena de valor global de las baterías de litio, para entender 

la manera cómo se da la gobernanza y cómo influyen estas relaciones sobre 

los países donde se localizan. 

f. El uso de baterías de litio recargables en los sectores más recónditos, para 

que las personas en dichas áreas tengan acceso a una mejor calidad de 

vida, considerando la economía circular, es decir, el beneficio del reciclaje 

de tales aparatos. 

 

Finalmente, se propone a la Organización para la Cooperación y el Desarrollo 

Económico (OCDE) la creación de nuevos datos homologados al sistema 

armonizado de clasificación de productos, utilizados por instituciones como el 

Centro de Comercio Internacional (International Trade Centre), para comparar 

estos datos con la generación tecnológica de productos, y determinar la existencia 

de intermediaciones efectuadas por los países, sumado a otros beneficios. 
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APPENDIX 
 

Appendix 1. The first page of the Article -corresponding to chapter 2- 

published in the journal Resources, Conservation and Recycling in 

July 2019. 

  



125 
 

Appendix 2. Algorithms used to obtain patent applications of Patstat, 

corresponding to the first article -chapter 2- 

 

For title: 

 

select distinct b.appln_id, b.earliest_filing_year, d.person_ctry_code 

from tls202_appln_title as a 

inner join tls201_appln as b 

on a.appln_id=b.appln_id 

inner join tls207_pers_appln as c 

on c.appln_id=a.appln_id 

inner join tls206_person as d 

on c.person_id=d.person_id 

inner join tls230_appln_techn_field as e 

on a.appln_id=e.appln_id 

inner join tls203_appln_abstr as f 

on a.appln_id=f.appln_id 

where a.appln_title like '%lithium carbonate%' 

and b.earliest_filing_year>1899 

and b.earliest_filing_year<2015 

and b.ipr_type='PI' 

and c.applt_seq_nr<>0 

order by appln_id asc, earliest_filing_year asc, person_ctry_code asc 

 

For abstract: 

 

select distinct b.appln_id, b.earliest_filing_year, d.person_ctry_code 

from tls202_appln_title as a 

inner join tls201_appln  as b 

on a.appln_id=b.appln_id 

inner join tls207_pers_appln as c 

on c.appln_id=a.appln_id 
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inner join tls206_person as d 

on c.person_id=d.person_id 

inner join tls230_appln_techn_field as e 

on a.appln_id=e.appln_id 

inner join tls203_appln_abstr as f 

on a.appln_id=f.appln_id 

where f.appln_abstract like '%lithium carbonate%' 

and b.earliest_filing_year>1899 

and b.earliest_filing_year<2015 

and b.ipr_type='PI' 

and c.applt_seq_nr<>0 

order by appln_id asc, earliest_filing_year asc, person_ctry_code asc 

 

Consulted sentences: 

 

%concentrated lithium%; %lithium concentrate%; %concentrate lithium%; %lithium 
carbonate%; %lithium hydroxide%; %lithium oxide%; %lithium chloride%; %lithium 
metal %; %lithium metals %; % metal lithium%; %lithium recycling%; %recycling 
lithium%; %lithium primary battery%; %primary lithium battery%; %no rechargeable 
lithium battery%; %non-rechargeable lithium battery%; %primary lithium cell%; 
%lithium primary cell%; %lithium primary batteries%; %primary lithium batteries%; 
%no rechargeable lithium batteries%; %non-rechargeable lithium batteries%; 
%lithium secondary battery%; %secondary lithium battery%; %lithium ion battery%; 
%lithium ion accumulator%; %lithium polymer battery%; %lithium polymer 
accumulator%; %lithium-ion polymer battery%; %lithium-ion polymer 
accumulator%; %lithium-ion battery%; % rechargeable lithium battery%; %lithium 
rechargeable battery%; %lithium secondary cell%; %secondary lithium cell%; 
%lithium secondary batteries%; %secondary lithium batteries%; %lithium ion 
batteries%; %lithium-ion batteries%; %lithium polymer batteries%; %lithium-ion 
polymer batteries%; % rechargeable lithium batteries%; %lithium battery%; 
%lithium batteries%; %lithium cell %; %lithium cells %; %lithium accumulator%. 
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Economies and missing countries: 

 

(AF) Afghanistan, (AM) Armenia, (AN) Netherlands Antilles, (AR) Argentina, (AT) 
Austria, (AU) Australia, (BE) Belgium, (BG) Bulgaria, (BM) Bermuda, (BR) Brazil, 
(BS) Bahamas, (CA) Canada, (CH) Switzerland, (CL) Chile, (CN) China, (CS) 
Serbia and Montenegro,(CZ) Czech Republic, (DD) Democratic Germany, (DE) 
Germany, (DK) Denmark, (EE) Estonia, (EG) Egypt, ES) Spain, (FI) Finland, (FR) 
France, (GB) United Kingdom, (GR) Greece ,(HK) Hong Kong, (HR) Croatia, (IE) 
Ireland, (IL) Israel, (IN) India, (IR) Iran, (IT) Italy, (JE) Jersey, (JO) Jordan, (JP) 
Japan, (KN) Saint Kitts and Nevis, (KP) North Korea,(KR) South Korea, (KW) 
Kuwait, (KY) Cayman Islands, (KZ) Kazakhstan, (LI) Liechtenstein, (LU) 
Luxembourg, (LV) Latvia, (MA) Morocco, (MC) Monaco, (MD) Moldova, (MX) 
Mexico, (MY) Malaysia, (NL) Netherlands, (NO) Norway, (NY) ,(NZ) New Zealand, 
(PE) Peru, (PH) Philippines,(PL) Poland, (PT) Portugal, (RO) Romania, (RS) Serbia, 
(RU) Russia, (SE) Sweden, (SG) Singapore, (SI) Slovenia, (SK) Slovakia, (SU) 
Soviet Union, (TM) Turkmenistan, (TR) Turkey, (TW) Chinese Taipei, (TZ) 
Tanzania, (UA) Ukraine, (US) United States, (VG) British Virgin Islands, (VN) 
Vietnam, (ZA) South Africa. 

 

For obtaining the RTAs of the GVCLB: 

 

select distinct b.appln_id 

from tls202_appln_title as a 

inner join tls201_appln as b 

on a.appln_id=b.appln_id 

inner join tls207_pers_appln as c 

on c.appln_id=a.appln_id 

inner join tls206_person as d 

on c.person_id=d.person_id 

inner join tls230_appln_techn_field as e 

on a.appln_id=e.appln_id 

inner join tls203_appln_abstr as f 

on a.appln_id=f.appln_id 

where d.person_ctry_code like 'zw' 

and b.earliest_filing_year>2011 

and b.earliest_filing_year<2015 

and b.ipr_type='PI' 
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and c.applt_seq_nr<>0 

order by appln_id asc 

 

select distinct b.appln_id 

from tls202_appln_title as a 

inner join tls201_appln as b 

on a.appln_id=b.appln_id 

inner join tls207_pers_appln as c 

on c.appln_id=a.appln_id 

inner join tls206_person as d 

on c.person_id=d.person_id 

inner join tls230_appln_techn_field as e 

on a.appln_id=e.appln_id 

inner join tls203_appln_abstr as f 

on a.appln_id=f.appln_id 

where d.person_ctry_code<>'' 

and b.earliest_filing_year>2011 

and b.earliest_filing_year<2015 

and b.ipr_type='PI' 

and c.applt_seq_nr<>0 

order by appln_id asc 
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Appendix 3. The language used to obtain the desired query in the 

Global Patent Index, corresponding to the second article - chapter 3- 

 

Consulted sentences: 

 

" li secondary battery" or "secondary li battery" or " li ion battery" or " li ion 

accumulator" or " li ion accumulators" or " li polymer battery" or " li polymer 

accumulator" or " li polymer accumulators" or " li-ion polymer battery" or " li-ion 

polymer accumulator" or " li-ion polymer accumulators" or " li-ion battery" or 

"rechargeable li battery" or " li rechargeable battery" or " li secondary cell" or " li 

secondary cells" or "secondary li cell" or "secondary li cells" or " li secondary 

batteries" or "secondary li batteries" or " li ion batteries" or " li-ion batteries" or " li 

polymer batteries" or " li-ion polymer batteries" or "rechargeable li batteries" or (" li 

battery" or " li batteries" or " li cell" or " li cells" or " li accumulator" or " li accumulators" 

andnot " li primary battery" andnot "primary li battery" andnot "no rechargeable li 

battery" andnot "non-rechargeable li battery" andnot "primary li cell" andnot "primary 

li cells" andnot " li primary cell" andnot " li primary cells" andnot " li primary batteries" 

andnot "primary li batteries" andnot "no rechargeable li batteries" andnot "non-

rechargeable li batteries" andnot "no rechargeable li cell" andnot "non-rechargeable 

li cell" andnot "no rechargeable li cells" andnot "non-rechargeable li cells") or "lithium 

secondary battery" or "secondary lithium battery" or "lithium ion battery" or "lithium 

ion accumulator" or "lithium ion accumulators" or "lithium polymer battery" or "lithium 

polymer accumulator" or "lithium polymer accumulators" or "lithium-ion polymer 

battery" or "lithium-ion polymer accumulator" or "lithium-ion polymer accumulators" 

or "lithium-ion battery" or "rechargeable lithium battery" or "lithium rechargeable 

battery" or "lithium secondary cell" or "lithium secondary cells" or "secondary lithium 

cell" or "secondary lithium cells" or "lithium secondary batteries" or "secondary 

lithium batteries" or "lithium ion batteries" or "lithium-ion batteries" or "lithium 

polymer batteries" or "lithium-ion polymer batteries" or "rechargeable lithium 

batteries" or ("lithium battery" or "lithium batteries" or "lithium cell" or "lithium cells" 

or "lithium accumulator" or "lithium accumulators" andnot "lithium primary battery" 

andnot "primary lithium battery" andnot "no rechargeable lithium battery" andnot 

"non-rechargeable lithium battery" andnot "primary lithium cell" andnot "primary 

lithium cells" andnot "lithium primary cell" andnot "lithium primary cells" andnot 

"lithium primary batteries" andnot "primary lithium batteries" andnot "no 

rechargeable lithium batteries" andnot "non-rechargeable lithium batteries" andnot 

"no rechargeable lithium cell" andnot "non-rechargeable lithium cell" andnot "no 

rechargeable lithium cells" andnot "non-rechargeable lithium cells") 

 

CNPL: Citation non-patent literature 

Economy Residence: APPC= “US” 

Date range: APD>1979 and APD<2016 
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Specific date: APD=1993 

TIEN or ABEN= Title in English or Abstract in English 

Fort the queries of TIEN or ABEN to global level: APPC=* 

It includes: () 

 

European Union countries: 

(apc="at" or apc="be" or apc="bg" or apc="cz" or apc="de" or apc="dk" or apc="ee" 

or apc="es" or apc="fi" or apc="fr" or apc="gb" or apc="gr" or apc="hr" or apc="ie" 

or apc="it" or apc="lu" or apc="lv" or apc="nl" or apc="pl" or apc="pt" or apc="ro" or 

apc="se" or apc="si" or apc="sk" or apc="cy" or apc="lt" or apc="mt" or apc="hu") 

 

For citation of non-patent literature of all patent application families of all the 

industries: CNPL=* 

 

Selected economies:  

(APPC="CN" or APPC="DE" or APPC="JP" or APPC="KR" or APPC="US") 
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Appendix 4. Acronyms of the thesis. 

 

Code Meaning Code Meaning 

°C Celsius degrees LSB Lithium secondary battery 

ARCA Additive Revealed Comparative 
Advantages 

NRCA Normalized Revealed Comparative 
Advantages 

B Performing operations; transporting NRIVA Normalized Revealed International 
Value Advantages 

C Chemistry; metallurgy NRIVACE Normalized Revealed International 
Value Advantages of the computer, 
electronic and optical equipment 
sector 

C02 Carbon Dioxide OECD Organisation for Economic Co-
operation and Development 

GDP Gross Development Product PAD Patent application document 

GPI Global patent index R&D Research and development 

GVC Global value chain RCA Revealed Comparative Advantages 

GVCLB Global value chain of lithium 
batteries 

RGR Relative Growth Rate 

H Electricity RIVA Revealed International Value 
Advantages 

ILB Indefinite lithium battery RIVACE Revealed International Value 
Advantages of the computer, 
electronic and optical equipment 
sector 

IPC International Patent Classification RL Recycling lithium 

LC Lithium carbonate RPP Relative Patent Position 

LCH Lithium chloride RTA Revealed Technological Advantages 

LCO Lithium concentrate TIVA Trade in Value Added 

LH Lithium hydroxide TSCI Technology-Science Correlation Index 

LM Lithium metal TSLCI Technology-Science Linear 
Correlation Index 

Ln Natural logarithm VAX Value-Added Exports 

LPB Lithium primary battery VS Vertical Specialization 

Note: No acronyms of countries (see in the corresponding chapter) 

Own elaboration 

 

 

 

 



132 
 

 

 

 

 

 

 

 

 

 

 

 

Cadenas de Valor Mundiales, los Recursos Naturales y Tecnología:  

Un Enfoque en el Litio 

 

 

Global Value Chains, Natural Resources and Technology:  

A Focus on Lithium 

 

 

 


	Portada
	AGRADECIMIENTOS
	ACKNOWLEDGEMENTS
	Resumen
	Abstract
	TABLE OF CONTENTS
	LIST OF TABLES BY CHAPTER
	LIST OF FIGURES BY CHAPTER
	RESUMEN EXTENSO 
	EXTENSIVE SUMMARY 
	1. CHAPTER I. INTRODUCTION 
	1.1. General background of the literature 
	1.2. Motivation 
	1.3. Objectives, Hypotheses and Methodology 
	1.4. Scope and Limitations 
	1.5. References 

	2. CHAPTER II. TECHNOLOGY GENERATION AND INTERNATIONAL COLLABORATION IN THE GLOBAL VALUE CHAIN OF LITHIUM BATTERIES 
	2.1. Introduction 
	2.2. The global value chain of lithium batteries 
	2.3. Methodology 
	2.4. Results 
	2.5. Discussion 
	2.6. Conclusions 
	2.7. References 
	Annexes 

	3. CHAPTER III. TECHNOLOGY GENERATION OF LITHIUM BATTERIES IN THE LEADING COUNTRIES 
	3.1. Introduction 
	3.2. Methodology 
	3.3. Results 
	3.3.1. Selected Economies and IPC sections 
	3.3.2. Summary statistics 
	3.3.3. International comparative research related to lithium rechargeable batteries 
	3.3.4. Cluster analysis of scientific linkages and positioning in technological generation of lithium rechargeable batteries 

	3.4. Discussion 
	3.5. Conclusions 
	3.6. References 
	Annexes 

	4. CHAPTER IV: EFFECTIVE WAY TO MEASURE THE SPECIALIZATION LEVELS OF AN ECONOMY IN THE ERA OF GLOBAL VALUE CHAINS 
	4.1. Introduction 
	4.2. Background literature 
	4.3. Methodology 
	4.4. Results 
	4.4.1. The new index and its properties 
	4.4.2. Comparative analysis 

	4.5. Discussion 
	4.6. Conclusions 
	4.7. References 
	Annexes 

	5. CHAPTER V: DISCUSSION, CONCLUSIONS AND PROPOSED LINES 
	5.1. References 

	6. CAPÍTULO VI: DISCUSIÓN, CONCLUSIONES Y LÍNEAS PROPUESTAS 
	6.1. Referencias 

	APPENDIX 
	Appendix 1. The first page of the Article -corresponding to chapter 2- published in the journal Resources, Conservation and Recycling in July 2019. 
	Appendix 2. Algorithms used to obtain patent applications of Patstat, corresponding to the first article -chapter 2- 
	Appendix 3. The language used to obtain the desired query in the Global Patent Index, corresponding to the second article - chapter 3- 
	Appendix 4. Acronyms of the thesis. 





