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RESUMEN 

 

La creciente preocupación por el medio ambiente y el futuro de las próximas 

generaciones ha motivado un cambio en las preferencias de los consumidores y grupos 

de presión, lo que ha puesto en relieve la importancia de invertir en estrategias de 

crecimiento económico sostenible. Históricamente se ha instaurado un modelo de 

producción lineal donde los recursos naturales ingresan por un extremo del proceso 

productivo y emergen por el otro en forma de productos económicos. Sin embargo, ante 

los desafíos ambientales emergentes y la escasez de recursos, las empresas están 

asumiendo una mayor responsabilidad a través de estrategias de responsabilidad social 

corporativa, haciendo necesaria la aparición de una alternativa al modelo unidireccional: 

la economía circular, que pretende, a grandes rasgos, lograr un crecimiento social y 

económico de forma sostenible mediante el uso eficiente de los recursos.  

La economía circular requiere de innovaciones en la producción, consumo y 

formulación de políticas. En este contexto surge el concepto de innovación ambiental o 

eco-innovación, que hace hincapié en la relación entre innovación y sostenibilidad. No 

obstante, cabe señalar que la eco-innovación es un concepto multidimensional que se 

encuentra en un proceso de continuo desarrollo y revisión y que abarca las dimensiones 

de productos, procesos, organización y marketing. 

Además, las eco-innovaciones no solo reducen las prácticas contaminantes, sino 

que pueden traducirse en un alto rendimiento económico. Es por ello por lo que la 

adopción de estas prácticas está creciendo notablemente en los últimos años, impulsada 

por propuestas como el Plan de Eco-innovación o el Protocolo de Kioto.  

Sin embargo, los investigadores que han elaborado estudios previos no han 

mostrado resultados concluyentes al respecto, por lo que es necesario profundizar en los 
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diversos factores que influyen en las aplicaciones de estrategias sostenibles por parte de 

las empresas, así como el impacto que éstas tienen sobre sus resultados. Por un lado, 

diversos autores afirman que las empresas que aplican estrategias sostenibles mejorarán 

aspectos tales como la reputación de dichas empresas o la satisfacción del cliente, además 

de conseguir una notable reducción de los costes y, por ende, una mejora en los resultados. 

Sin embargo, en la postura contraria, numerosos investigadores aseguran que la eco-

innovación no siempre tiene un impacto positivo, ya que la fuerte inversión inicial o el 

alto grado de rotación por trabajador, podría desembocar en un empeoramiento del 

desempeño corporativo.  

Adicionalmente, los recientes acontecimientos globales, como la pandemia de 

COVID-19 y el conflicto entre Rusia y Ucrania, han representado un gran desafío para 

las empresas que pretenden ser más sostenibles. Estos eventos han afectado 

particularmente a las empresas que operan en varios países, haciéndolas más vulnerables 

a riesgos ambientales, económicos y geopolíticos. De este modo, mientras que la 

pandemia ha generado una crisis sanitaria y económica sin precedentes, el conflicto en 

Ucrania ha incrementado la incertidumbre económica y ha impactado en las cadenas de 

suministro y los precios de los productos básicos en todo el mundo. 

En este contexto, el análisis de la relación entre eco-innovaciones y resultados 

empresariales se ha vuelto un tema de investigación crucial. Para ello, se han desarrollado 

diferentes metodologías e indicadores para medir el desempeño ambiental corporativo. 

Aunque no existe un instrumento de medición único y globalmente aceptado, varios 

estudios han aplicado diferentes enfoques para evaluar este desempeño. Estos indicadores 

permiten identificar qué empresas y sectores son más ecoinnovadores, aunque los 
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procesos matemáticos utilizados en estos estudios pueden ser complejos y difíciles de 

replicar. 

En base a estos antecedentes, la Tesis Doctoral se estructura en varios capítulos, 

cada uno de los cuales aborda uno de los tres objetivos principales establecidos para 

explorar la relación entre la eco-innovación y el rendimiento empresarial, así como para 

desarrollar nuevas metodologías en este campo. 

En el Capítulo II, se desarrolla el primer objetivo, que consiste en comprender la 

relación entre eco-innovación y resultados empresariales. Para ello, se realiza una 

revisión sistemática de la literatura existente combinada con un análisis bibliométrico. 

Este enfoque permite obtener una visión global del estado actual del conocimiento en esta 

área e identificar las principales áreas de investigación. A través de esta revisión, se 

examinan las diferentes posturas y conclusiones a las que han llegado los investigadores 

respecto al impacto de la eco-innovación en los resultados. El capítulo también reflexiona 

sobre las posibles razones por las que existe falta de consenso en la literatura, analizando 

aquellos factores que podrían estar influyendo en las divergencias observadas. De este 

modo, se establece un marco de conocimiento que resulta de utilidad tanto para 

investigadores como para líderes empresariales interesados en aplicar estrategias de 

innovación ambiental en sus organizaciones. 

Los resultados obtenidos en este capítulo conducen a varias conclusiones 

importantes. Por un lado, se observa un creciente interés en las estrategias de 

sostenibilidad y eco-innovación por parte de académicos, gobiernos y empresas en los 

últimos años. Por otro lado, aunque no hay consenso entre los investigadores sobre el 

impacto de las estrategias de eco-innovación en el desempeño empresarial, la mayoría 
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afirma que esta tiene un efecto positivo en la rentabilidad a corto y largo plazo y/o en el 

valor de mercado.  

El Capítulo III está dedicado al segundo objetivo, que consiste en la creación de 

un sistema de clasificación innovador para evaluar la eco-innovación en múltiples 

dimensiones: productos, procesos y organizacionales. En este capítulo, se elabora un 

ranking multinivel y multidimensional utilizando una muestra de 4,761 empresas 

cotizadas de todo el mundo, obtenidas de la base de datos Refinitiv Eikon. Para la 

construcción de este ranking, se emplea el enfoque de dominancia de Pareto, una 

metodología que preserva la multidimensionalidad de los datos y es especialmente útil en 

escenarios de toma de decisiones multicriterio. Este enfoque permite comparar el 

desempeño ambiental de empresas, países y sectores de una manera exhaustiva y flexible, 

sin la necesidad de ponderar arbitrariamente los indicadores. Así, el capítulo proporciona 

un análisis detallado de cómo se posicionan diferentes empresas y regiones en términos 

de eco-innovación, destacando aquellas con mejores prácticas y señalando posibles áreas 

de mejora. 

Los resultados principales derivados de este capítulo muestran que, desde un 

punto de vista macro, las regiones que lideran el ranking global son Francia, Finlandia, 

Uruguay, Tailandia y España. La presencia destacada de países europeos en los primeros 

puestos se explica por diversas iniciativas implementadas en Europa, como el Plan de 

Acción para la Eco-innovación y el Pacto Verde Europeo, que han promovido altos 

niveles de desempeño ambiental. Este análisis es aplicable a cada dimensión de eco-

innovación, donde las regiones europeas y asiáticas siguen predominando en las 

posiciones más altas, con una mayor presencia europea en las dimensiones de producto y 

proceso, y una mayor presencia asiática en la dimensión organizacional. En cuanto a los 
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sectores mejor posicionados en el ranking, destacan los servicios públicos, los bienes de 

consumo no cíclicos y los sectores industriales. A nivel micro, se expone cuáles son las 

empresas mejor posicionadas, tomando como ejemplo una de ellas para mostrar qué tipo 

de decisiones está tomando para situarse en esa posición dentro del ranking. De este 

modo, el desarrollo y aplicación de este ranking basado en dominancias permite 

identificar de manera sencilla qué empresas, regiones e industrias presentan un mayor 

grado de eco-innovación, basándose en las variables seleccionadas y detalladas en la 

sección de metodología. 

Finalmente, el Capítulo IV aborda el tercer objetivo, consistente en realizar un 

análisis exhaustivo de la relación entre eco-innovación y resultados empresariales en un 

contexto de crisis transfronterizas provocadas por eventos disruptivos, como la pandemia 

de COVID-19 y la guerra en Ucrania. Utilizando una muestra de 3,606 empresas 

internacionales de diversos sectores, y datos de panel del periodo 2018-2022, se examina 

cómo estos eventos han potenciado la inversión en innovaciones ambientales. Para ello, 

se ha creado una nueva variable de eco-innovación a partir de 19 indicadores de 

desempeño ambiental obtenidos de Refinitiv Eikon, aplicando la metodología Benefit of 

the Doubt (BoD), que optimiza la ponderación de las variables según las características 

individuales de cada empresa. Además, se emplean modelos de regresión específicos para 

datos de panel, que permiten capturar tanto las diferencias entre las empresas como las 

variaciones a lo largo del tiempo, ofreciendo una visión precisa del efecto de este tipo de 

innovaciones y los eventos disruptivos en los resultados empresariales. Este capítulo 

proporciona una comprensión integral de cómo las empresas ajustan sus estrategias en 

respuesta a cambios en su entorno, identificando los factores que impulsan el éxito en un 

contexto de sostenibilidad. 
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En este sentido, este análisis sugiere que tanto el COVID-19 como la guerra en 

Ucrania han influido positivamente en la aplicación de eco-innovaciones, sugiriendo que 

la aparición de estos eventos disruptivos ha fomentado el desarrollo y aplicación de 

estrategias medioambientales dentro de las empresas, mostrando así que estas crisis 

transfronterizas pueden verse como un factor que fomenta el camino hacia prácticas más 

sostenibles, permitiendo a las organizaciones ser más resilientes y adaptativas a entornos 

turbulentosl. Por otro lado, los hallazgos muestran que la eco-innovación tiene un efecto 

positivo y significativo en los resultados empresariales.  

Esta Tesis Doctoral tiene implicaciones estadísticas importantes que revolucionan 

el análisis de la eco-innovación y su impacto en el rendimiento empresarial. En primer 

lugar, el estudio introduce un innovador sistema de clasificación basado en índices de 

dominancias, utilizando variables dicotómicas para evaluar eco-innovación en 

dimensiones de productos, procesos y organizacionales. Este enfoque, basado en el 

concepto de dominancia de Pareto, ofrece una comparación más matizada del desempeño 

ambiental, permitiendo una evaluación sin la necesidad de ponderaciones arbitrarias. Este 

avance metodológico proporciona una herramienta útil para comparar empresas, países y 

sectores de manera más flexible y precisa. 

Además, la Tesis emplea la metodología Benefit of the Doubt para crear una 

nueva variable de eco-innovación. Esta técnica de agregación pondera de manera óptima 

19 indicadores de desempeño ambiental, maximizando la precisión en la evaluación del 

desempeño relativo de las empresas. La aplicación de este modelo y la integración de esta 

nueva variable en un análisis de datos de panel permiten capturar variaciones tanto 

temporales como individuales, ofreciendo una visión más detallada del impacto de la eco-

innovación en el rendimiento empresarial. 
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El estudio también valida la robustez de sus resultados mediante la aplicación de 

diferentes pruebas estadísticas. Esta variedad metodológica asegura que los resultados 

sean consistentes y fiables a través de diferentes enfoques, fortaleciendo la validez de las 

conclusiones obtenidas. La utilización de estos modelos permite una evaluación 

exhaustiva de la influencia de eventos disruptivos como la pandemia de COVID-19 y la 

guerra en Ucrania, así como un análisis preciso de la relación entre eco-innovación y 

resultados. 

En este sentido, esta Tesis no solo introduce nuevas herramientas estadísticas 

para el análisis de la eco-innovación, sino que también valida sus hallazgos a través de 

una metodología rigurosa, ofreciendo una base sólida para futuras investigaciones y 

aplicaciones prácticas en el campo de la sostenibilidad. 
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INTRODUCTION 

 

Industrialization brought with it a series of technological and economic advances 

of great global relevance. However, these advances were accompanied by serious 

environmental problems (Hizarci-Payne et al., 2020; Nandi et al., 2021; Wang et al., 

2021). Since then, a linear production model has been in use, in which natural resources 

enter from one end of the production system and emerge from the other in the form of 

economic products (George et al., 2015). 

The application of this productive model presupposes the abundance of natural 

resources and their obtaining at low cost (Leder et al., 2020), an assumption that has 

proven to be unsustainable as environmental problems such as pollution or resource 

depletion have become more evident, especially in recent years (Wang et al., 2021). This, 

accompanied by waste accumulation and ecosystem degradation, has highlighted the need 

to rethink this linear approach and look for more sustainable alternatives (Krieger and 

Zipperer, 2022). 
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Thus, concern for the environment and the future of the next generations has 

become one of the main global priorities (United Nations, 1987; Leder et al., 2020; Zhong 

et al., 2022). This concern not only affects citizens, but also companies in all sectors, 

which are increasingly aware of the scarcity of resources and the need to stop pushing our 

planet to the limit (Nandi et al., 2021). 

This concern became latent in 2015, when the United Nations established the 

Sustainable Development Goals (SDGs), thus setting a roadmap for countries to achieve, 

through the fulfillment of 17 major goals, economic and social development based on the 

principle of sustainability (United Nations, 2015; Ahmad et al., 2022).  

In this context, citizens, managers, consumers and suppliers around the world 

(Nowicki et al., 2021; Krieger and Zipperer, 2022; Albitar et al., 2023) have led 

companies to increase their efforts in transforming their business model with the aim of 

mitigating the negative environmental impacts that may derive from their activity (Zhong 

et al., 2022; López-Pérez et al., 2023).  

To achieve this transformation and in order to curb the negative impact of climate 

change, it is necessary to transition from a traditional or linear economy model to a 

circular economy (hereafter CE) model, which can be defined as an economic model that 

aims to carry out an efficient use of resources by minimizing waste, reducing closed loops 

and using more environmentally friendly technologies (Park et al., 2010; Morseletto, 

2020).  

The implementation of this model requires the application of a series of 

environmental innovations that play a crucial role in addressing societal challenges and 

contributing to the improvement of human well-being (Castellacci, 2023). These 

innovations are known as eco-innovations (hereafter EI), defined as those products, 
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production processes, or management and business methods whose main objective is to 

avoid or reduce environmentally harmful practices (OECD, 2009; Prieto-Sandoval et al., 

2018; López-Pérez et al., 2023) 

Interest in EI in the business environment has grown exponentially, which has led 

numerous authors to investigate how this type of innovation can impact business results, 

especially in recent years (López-Pérez et al., 2023; Wilke and Pyka, 2024).  

On the one hand, we find authors who claim that companies that implement 

sustainable strategies will improve aspects such as reputation or customer satisfaction 

(Liao, 2018), in addition to achieving a significant reduction in costs and, therefore, an 

improvement in results (Marín-Vinuesa et al., 2018). On the other hand, we find authors 

who claim that EI does not always have a positive impact, since the high initial investment 

or the high degree of turnover per worker could considerably harm these results (Aibar-

Guzmán & Frías-Aceituno, 2021).  

As can be seen, previous studies on this subject have not been conclusive, so it is 

necessary to delve deeper into the various factors that influence the implementation of 

sustainable strategies by companies and the impact they have on their economic 

performance. 

On the other hand, recent global events have posed a real challenge to those 

companies that want to implement EI and thus become more sustainable. These external 

events have mainly affected companies operating in different countries, as their 

continuous exposure to environmental, economic and geopolitical risks (Dreyfus & Nair, 

2022, Chatterjee et al., 2024) make them more vulnerable to situations such as military 
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conflicts and various economic challenges, among others (Caldara & Iacoviello, 2022; 

Ahmad et al., 2022).  

Among the different events that have occurred in recent years, the health and 

economic crisis caused by the COVID-19 pandemic, which began in late 2019 and started 

to spread globally in early 2020, has been one of the greatest challenges of recent decades 

worldwide, causing the death of millions of people and generating an unprecedented sense 

of uncertainty (Krammer, 2022; Gómez et al., 2024).  

On the other hand, the conflict between Russia and Ukraine that started in 

February 2022 has provided an additional reason to generate even more uncertainty in 

economic terms, as it has triggered commodity prices (World Bank Group, 2022; Wang 

et al., 2023), as well as notably impacting the supply of raw materials and supply chains 

globally (Park et al., 2020; Ghadge et al., 2020; AlQershi et al., 2023).  

This conflict has also been of particular concern to countries that depend on Russia 

for the consumption of fossil fuels such as coal, gas or oil, among which are the member 

countries of the European Union (hereafter EU) (Ali et al., 2024). In order to move away 

from this dependence, it has become necessary to search for other renewable energy 

sources and alternatives to fossil fuels, which, on the one hand, will allow these countries 

not to depend on Russia for energy production and, in addition, will allow them to achieve 

sustainable economic growth to address the various current and future climate problems 

(Han et al., 2022; Wang et al., 2023).  

In this context, multinational enterprises (MNEs) must establish different 

strategies aimed at achieving the necessary resources that will allow them to mitigate 

potential risks that may affect the survival of the companies and thus be able to invest in 
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EI strategies, as well as achieve an optimal level of resilience (Khan et al., 2024; Grego 

et al., 2024).  

To this end, some authors argue that companies need to adopt various innovations 

that will keep them prepared for future adversities, which will improve their 

competitiveness in the long term (Grego et al., 2024). Among these innovations, EI 

effectively responds to the growing concern about climate change, as it seeks to have 

companies carry out their activity using alternative products and processes to traditional 

ones in order to minimize their negative impact on the environment (Kemp & Pearson, 

2007; Pan et al., 2020; López-Pérez et al., 2024).  

In this context, numerous researchers claim that investing in sustainable strategies 

causes companies to experience less negative economic impact in crises such as that 

caused by SARS-Cov-2 or, more recently, the Russia-Ukraine war (Huang et al., 2020; 

Hermundsdottir et al., 2022). 

Thus, those companies that implement eco-innovative strategies will be more 

resilient, allowing them to cope with events such as the COVID-19 pandemic and the war 

in Ukraine more effectively (Vai & Aarstad, 2024). Furthermore, some authors argue that 

the implementation of environmental innovations can translate into positive business 

performance outcomes, making EI an attractive alternative for companies as well as 

investors (Scarpellini et al., 2016; Garcia-Sanchez et al., 2020). 

To analyze the implementation of EI strategies, several studies have applied 

indicators capable of measuring the degree of corporate environmental performance 

(Dong et al., 2014; Wang et al., 2021; Zaman et al., 2021), which will allow assessing 

which companies and/or initiatives are more eco-innovative. However, there is no single 
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and globally accepted measurement instrument within the field of corporate sustainability 

and EI (Amor-Esteban et al., 2020), so numerous studies can be found that use different 

methodologies to measure this degree of environmental performance (Amor-Esteban et 

al., 2020; García-Sánchez et al., 2021; Chaparro-Banegas et al., 2023). These 

methodologies, despite generating detailed indicators, usually employ highly complex 

mathematical processes that can make it difficult to replicate and understand them in the 

scientific and business environment. 

Based on the above, this Doctoral Thesis formulates three main objectives in order 

to address the different research needs identified in the current scientific literature. First, 

it is of relevance to understand the relationship between EI and business performance. 

Therefore, the aim is to establish a knowledge framework to help researchers understand 

the direction of the literature. This framework is useful for business leaders who wish to 

implement environmental innovation strategies in their organizations. The establishment 

of a knowledge framework will provide relevant information to understand the lack of 

consensus among authors and thus explain the different factors that condition the impact 

of EI on business performance, as well as identify gaps in the literature, generate new 

lines of research and translate its application into practice.  

The second objective of this Doctoral Thesis is to develop an original and 

innovative ranking system based on a dominance index that uses dichotomous variables 

to evaluate EI in multiple dimensions: product, process and organizational. Unlike other 

traditional composite indicators, this ranking has been carried out by applying a novel 

methodology that takes advantage of the concept of Pareto dominance, which allows a 

more nuanced and flexible comparison of the degree of environmental performance of 

companies, countries and sectors without the need to weight the indicators arbitrarily. 
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Finally, a comprehensive analysis of the relationship between EI and business 

performance will be conducted using a sample of global companies, assessing whether 

and how disruptive events have influenced the implementation of these strategies. It will 

investigate whether EI implementation has intensified in response to such events, as well 

as the influence of these events on business decisions related to investment in green 

practices. This chapter seeks to provide a comprehensive view of how companies adjust 

their EI strategies in response to disruptive changes in the environment in order to better 

understand the drivers of business success in the context of sustainability. 

In order to meet these objectives, this Doctoral Thesis has been structured as 

follows (see Figure 1). First, a systematic literature review combined with a bibliometric 

analysis has been carried out, which allows us to have an overview of the current state of 

the art and to identify major areas of research. After exposing the different positions that 

have been found in the systematic literature review, we reflect on the possible reasons for 

this. In order to achieve the establishment of a solid knowledge framework, it is necessary 

to answer a series of pre-established research questions that will be presented in Chapter 

II. 

For the second objective, in Chapter III a multilevel and multidimensional ranking 

will be created using a sample of 4,761 listed companies from around the world obtained, 

again, from Refinitiv Eikon. The Pareto dominance approach is applied for the ranking, 

which offers several advantages over other methodologies by preserving the 

multidimensionality of the data, being particularly useful in multi-criteria decision-

making scenarios, identifying optimal solutions without reducing the data to a single 

scalar value.   
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Figure 1: Structure of the Doctoral Thesis 

 
Source: The author  

 

Finally, for the third objective, Chapter IV conducts a comprehensive analysis 

using a sample composed of 3,606 international companies belonging to various sectors. 

Panel data corresponding to the period 2018-2022 were used, allowing us to capture both 

temporal variations and individual differences between firms. 

In order to evaluate EI, a new variable is created from 19 environmental 

performance indicators obtained from the Refinitiv Eikon database. For this purpose, the 

Benefit of the Doubt (BoD) methodology is applied, which is an aggregation technique 

that allows optimal weighting of the variables according to the individual characteristics 

of each company, thus maximizing their relative environmental performance. 

Finally, to analyze the relationship between EI, business performance and 

disruptive events such as the COVID-19 pandemic and the war in Ukraine, specific 

regression models for panel data are used. These models allow us to capture both 

differences between firms and variations over time, providing a more accurate picture of 
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the effects under study. Furthermore, in order to test the validity and robustness of the 

results obtained, additional statistical tests are applied. 
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1. INTRODUCTION 

Industrialization has brought not only great advances but also serious 

environmental problems (Hizarci-Payne et al., 2020; Nandi et al., 2021; Wang et al., 

2021). Since its onset, a linear production model has been in place in which resources 

have seemed infinite and can be obtained at low cost (Leder et al., 2020). In this model, 

natural resources enter at one end of the production process and emerge at the other in the 

form of economic products (George et al., 2015). Concern for the environment and the 

future of the next generations is growing (Leder et al., 2020; Zhong et al., 2022). The 

business world and society in general are increasingly aware that our planet has limited 

resources and that we are pushing the Earth to its limits (Nandi et al., 2021). As a result, 

consumer preferences and pressure groups are changing (Nowicki et al., 2021), leading 

to a search for balanced economic growth accompanied by sustainable practices (Tang et 

al., 2017).  

This concern for the environment is not limited to advanced economies but is 

widespread. In Asian countries such as China, environmental concerns have become one 
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of the government's main priorities (Leder et al., 2020). Moreover, in recent years, there 

has been an increase in the number of academic papers published on sustainability 

(Çimen, 2021) reflecting the emerging interest in this topic in academia. In this context, 

the concept of “EI” emerges, defined as a set of techniques, processes, systems, and 

products that reduce or avoid harmful impacts on the environment (Vence & Pereira, 

2018). In the area of business, a key issue is the relationship between EI and business 

performance. Much has been studied recently on this topic and on the impact that EI can 

have on business performance. However, the previous studies on this topic have not been 

conclusive, so it is necessary to delve deeper into the several factors that influence 

companies' applications of sustainable strategies and the impact they have on their 

performance.  

Specifically, these previous studies have presented discrepancies in terms of the 

effect that green innovations or EI have on business performance. On the one hand, we 

find authors who claim that companies that apply sustainable strategies will improve 

aspects such as their reputation or customer satisfaction (Liao, 2018), in addition to 

achieving a significant reduction in costs and, therefore, an improvement in business 

results (Marín-Vinuesa et al., 2018). On the other hand, we find authors who claim that 

EI does not always have a positive impact, since the high initial investment or the high 

degree of turnover per worker could lead to poorer business performance (Aibar-Guzmán 

& Frías-Aceituno, 2021). In addition to the above, despite not improving business 

profitability, some authors claim that organizations that implement EI strategies will be 

better valued by investors, which will lead to an increase in their market value (García-

Sánchez et al., 2019).  
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The analysis of this study establishes EI as the main topic, which is of relevance 

due to the growing concern for sustainability and environmental responsibility in 

companies. To understand the relationship between EI and business performance, it is 

essential to establish a knowledge framework that helps researchers understand the 

direction of the literature, as well as being of great use to business leaders who wish to 

apply environmental innovation strategies within their organizations. The establishment 

of this knowledge framework will provide relevant information to understand the lack of 

consensus among authors and thus explain the different factors that condition the impact 

of EI on business performance, as well as identifying literature gaps, generating new 

research lines, and transferring their application to practice.  

In this context, the aim of this chapter is to establish a contextual framework, 

based on a bibliometric and bibliographic review, to guide researchers in the creation of 

a theoretical framework and the identification of possible lines of research. After 

explaining the various positions that have been found in the systematic literature review, 

we reflect on the possible reasons why this is the case. To achieve the establishment of a 

solid knowledge framework, it is necessary to answer a series of pre-established research 

questions. Considering that the main objective of this study is to analyze the impact of EI 

on business performance, the first research question is:  

RQ1. How do EI strategies impact firm performance?  

On the other hand, numerous studies can be found in academic literature that claim 

that not all companies have the same facilities when it comes to implementing 

environmental innovations, since it will depend on a series of factors (Doran & Ryan, 

2012; Rexhäuser & Rammer, 2013; Xue et al., 2012). Therefore, the following research 

question is proposed: 
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RQ2. What are the barriers and drivers for companies to implement EI?  

To complete the knowledge framework and obtain a complete view of the impact 

of EI on business performance, it is necessary to establish which factors can explain why, 

within those companies that implement EI strategies, some experience a positive impact 

and why others experience a negative impact. To this end, we establish the third research 

question:  

RQ3. Are there any factors that condition the impact of EI on firm performance?  

Although there are numerous studies that analyze the impact of EI on firm 

performance through a systematic literature review process, they are not conclusive, since 

they focus on answering this question without considering a series of external factors that 

can condition this impact. This work differs from previous studies by establishing a series 

of factors that could explain the lack of consensus in the literature and delving into the 

different barriers and drivers that serve to contextualize these conditioning factors, thus 

complementing the existing literature. However, a differentiating aspect of the present 

work is the methodology used to explain the impact of EI on firm performance, since it 

combines a systematic literature analysis with a bibliometric analysis, which allows us to 

obtain a broader view of the current situation of the academic literature in this field of 

research.  

Thus, this study contributes to the existing literature on the impact of EI on 

business performance, as it summarizes the distinct positions in this research field, 

providing additional information on the conditioning factors of this impact resulting from 

bibliographic and bibliometric analysis. Moreover, this study provides useful information 

to both managerial and society in general to understand the barriers and drivers of 

implementing environmental innovations and show what is the possible impact of 
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applying this type of innovation. These implications are explained in greater depth in the 

conclusions section. 

To achieve the above results, this study is structured as follows: In the following 

section, the research field and its relevance are contextualized, followed by the 

methodological design of our bibliometric and bibliographic review. In this sense, it is 

essential to identify the sources and keywords of this field of research, the key factors to 

address the main topics that have been developed throughout the period under study, and 

the main authors and journals interested in the subject. Thirdly, a systematic review of 

the literature is conducted to determine the drivers of and barriers to the implementation 

of EI, as well as its effect on corporate performance. Finally, the main conclusions, as 

well as the policy and managerial implications, are drawn. In addition, the limitations of 

the research and the future research directions are presented, which allow the researchers 

to identify the current picture of the field and the research gaps.  

2. BACKGROUND AND JUSTIFICATION OF THE WORK  

 

2.1. Towards circular economy 

 

To alleviate global warming and the consequences of the linear economic model, 

companies are pursuing greener business strategies in which they conduct their activities 

under environmental approaches in their organization, planning, and production stage 

(Hizarci-Payne et al., 2020) to cope with different emerging environmental challenges 

and resource depletion (Abu Seman et al., 2019).  

Companies are assuming greater responsibility through corporate social 

responsibility (CSR) strategies (Pan et al., 2020), making necessary the emergence of an 

alternative to the unidirectional model: the CE, which aims, broadly speaking, to make 
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society and the economy grow in a sustainable way (Aminoff & Pihlajamaa, 2020). 

Morseletto (2020) defines CE as “an economic model aimed at the efficient use of 

resources through waste minimization, long-term value retention, reduction of primary 

resources and closed loops of products, product parts and materials within the limits of 

environmental protection and socio-economic benefits” (p. 1). However, Prieto-Sandoval 

et al. (2018) and Kirchherr et al. (2017) have compiled various definitions of this concept, 

such as those of Peters et al. (2007) and Geng and Doberstein (2008), who focus mainly 

on the closing material loops, or Park et al. (2010), who refer to new technologies that 

enable environmental modernization. In addition, Kirchherr et al. (2017) compile the 

definitions of Stahel (2016) and the Ellen MacArthur Foundation (2012), who define CE 

as, respectively, a model that would change economic logic and as an industrial system 

whose goal is the elimination of waste.  

In addition to defining CE, it is important to establish a set of objectives that such 

an economic model pursues. Following Morseletto (2020), we can establish the 10 main 

objectives of CE: reject, rethink, reduce, reuse, repair, renew, remanufacture, reconvert, 

recycle, and recover. Following the above, the author groups these objectives into three 

main strategies: useful application of materials, extending the useful life of products and 

parts, and the use and manufacture of smarter products.  

However, setting these objectives is not enough to achieve the transformation to 

an effective CE, as this requires careful decisionmaking and scheduling of activities 

(Morseletto, 2020). There are few examples of circular businesses that have been 

successful in their economic development, mainly due to barriers such as technological 

complexity and lack of innovation (Aminoff & Pihlajamaa, 2020). Despite this, the 

number of countries that have taken steps to encourage the implementation of a CE has 
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grown in recent years (George et al., 2015). Among other countries, China has opted for 

this alternative to the conventional model to develop its economic activity, considering it 

a vital strategy to develop in the most sustainable way possible.  

2.2. The relationship between eco-innovation and circular economy  

 

In addition to the effort that must be made by all nations in the world, the change 

from a linear to a CE requires numerous agents to work hard to achieve changes in the 

different stages of the productive process and in various relevant sectors, thus achieving 

the transition to a sustainable economy (Durán-Romero et al., 2020). In this context, we 

find a key concept that makes the transition from a linear to a circular model possible and 

that we will analyze below: EI.  

The transformation from a linear to a circular model requires innovations to make 

this change possible. CE requires innovations in production, consumption, and 

policymaking (Prieto-Sandoval et al., 2018). For this reason, companies are increasingly 

investing in new processes aimed at detecting and reducing environmental problems 

(Hojnik et al., 2018). This type of innovation is called “environmental innovation” or 

“EI”—a concept that emphasizes innovation and sustainability and was introduced in the 

third industrial revolution and extended during the fourth industrial revolution (Johl & 

Toha, 2021).  

EI is a key strategy for linking sustainable development with the CE (Liu et al., 

2019), emphasizing activities that are essential for companies to move towards 

environmental sustainability (Durán-Romero & Urraca-Ruiz, 2015; Maldonado-Guzmán 

et al., 2021). However, it should be noted that EI is a multidimensional concept whose 

implementation and development can be complex (Smol et al., 2017; Urbaniec & 



Chapter II: A systematic literature review and bibliometric analysis of eco‐innovation on financial 

performance: identifying barriers and drivers 

22 
 

Gerstlberger, 2011). In this sense, strategies aimed at the development of EIs are in a 

process of continuous development and revision (Buttol et al., 2011). These strategies 

have been studied throughout the academic literature as one of the fundamental elements 

in the development of new and more competitive technologies, as well as in the 

development of different business models (de Jesus et al., 2018; Maldonado-Guzmán et 

al., 2021).  

EIs not only reduce polluting practices but, according to several authors, can also 

translate into high economic performance (Aldieri et al., 2019). This is why the adoption 

of these practices by both consumers and companies is growing notably (Hojnik et al., 

2018), driven by proposals such as the EI Plan or the Kyoto Protocol (Bitencourt et al., 

2020). To properly understand this concept, it is necessary to define what EI is, what 

types of EIs exist according to the literature, the drivers of EI, and how it affects business 

performance. Below, we present the methodological development to conduct the 

bibliometric study and the analysis of the literature on the above concepts. 

3. METHODOLOGY 

3.1. Data collection 

To synthesize existing knowledge on the determinants of EI and its impact on 

corporate performance and to establish research gaps, a systematic literature review was 

designed. A systematic literature review can be defined as a literature review process 

whose objective is, using basic and reproductive methods, to identify, evaluate, and 

summarize primary studies related to a particular topic (Cerchione & Esposito, 2016). 

This review method is useful for compiling research efforts on emerging topics to identify 

challenges for future studies (Potrich et al., 2019). For this purpose, this work was 

structured in the following phases: (i) definition of the research question, (ii) selected 
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databases, (iii) identification of keywords, (iv) selection of included articles, and (v) data 

extraction and evaluation.  

i. Before conducting the literature review, the status of the analyzed research field 

was examined (Turzo et al., 2022). To this end, the most repeated keywords were noted 

to establish the search equation to be used later for the review. Once the current situation 

of the research field was analyzed, it was observed that there were gaps in terms of the 

impact of EI on business results. In this sense, this work was motivated by the need to 

answer the following questions: How do EI strategies impact business performance? 

What are the barriers and drivers for companies to implement EI? Are there any factors 

that condition the impact of EI on firm performance? Once the research questions were 

established, inclusion criteria for articles in the review process were developed. This 

consisted of including those works that answered these questions and excluding those 

that, although they included the keywords defined in step (iii), were not relevant in 

answering the research questions posed.  

ii. To answer these questions, we used Scopus and Web of Science (WOS) as the 

databases to search for scientific articles related to the CE, EI, and business performance 

as the main topics. We selected these databases as they are two of the most widely used 

in the scientific field due to the substantial number of journals that can be found through 

them and the quality of the results that can be obtained from them.  

iii. To find the articles required to carry out this work and considering the most 

recurring keywords obtained from the analysis step, we entered a series of search 

equations in the search engine of each database, that is, a set of keywords that we must 

use to find the documents that will be useful to us for carrying out the research. This step 

in the review process is important because the proper definition of search terms will allow 
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us to find studies that are relevant to our research (Enciso-Alfaro & GarcíaSánchez, 

2022). Between Scopus and WOS, a total of six search equations were used; their main 

keywords were “CE,” “EI,” “eco-design,” and “firm performance.”  

iv. By entering the same search equations, we found more results in WOS, where 

we found a greater number of articles useful for this work. To avoid duplicates, we linked 

the six equations using the “OR” function of WOS and Scopus, with which we obtained 

a total of 1277 and 232 results, respectively. 

Thanks to the tools offered by WOS, it was possible to gather useful information 

to be able to filter the search results. For example, we found that of the 1277 results 

obtained in this database, 83.79% were articles (1070). In addition, we were able to 

observe that the largest number of publications related to this topic began being published 

in 2010 and, from 2013, this number did not stop growing until the end of 2021 (see 

Figure 2). 

Figure 2: Evolution of publications in WOS 

 

Source: Web Of Science 



Measuring the impact of transboundary disruptive crises on eco-innovation and firm performance 

through advanced composite indicator construction techniques 

 

25 
 

In addition to the above, we note that 98% of the documents that appear in the 

results after entering our search equations were published in English. Thanks to this 

information, we were able to establish filters to narrow down the results obtained, so we 

filtered by: 

• Document type: articles  

• Year of publication: 2010–2021  

• Language: English  

• Knowledge area: business  

Once the results were filtered, we went from obtaining 1277 documents to 712 in 

WOS and from 232 to 82 in Scopus. The number of papers found in the first round of 

research was systematically reduced by a series of selection criteria (Abbate, Centobelli, 

Cerchione, Oropallo, & Riccio, 2023). During the literature review process, articles 

whose titles and abstracts suggested the inclusion of the keywords used in the search 

equation but were not related to the objectives established in the present study were 

excluded. Subsequently, a thorough reading of the selected articles was conducted, and 

those that did not substantially address the main objectives or research questions posed 

were excluded, considering them irrelevant for the present systematic review.  
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Figure 3: Item selection process 

 

Source: The author 

Firstly, of the 794 articles extracted from the previous process, a total of 713 were 

discarded once we determined that none of them met the objectives pursued by this study. 

Secondly, the titles of the papers derived from the previous process were carefully read, 

and 112 articles were excluded. Thirdly, and following Pittaway et al. (2004), 601 were 

excluded after we read the abstract. Finally, 81 articles were selected for further reading 

and analysis (see Figure 3). 



Measuring the impact of transboundary disruptive crises on eco-innovation and firm performance 

through advanced composite indicator construction techniques 

 

27 
 

In addition to the systematic review process, the snowball method (Abbate, 

Centobelli, Cerchione, Oropallo, & Riccio, 2023; Chen et al., 2020; Greenhalgh & 

Peacock, 2005) was used to include other studies that were not considered in the review 

process but that were considered relevant to contextualize this work, as well as to 

reinforce the methodological part. v. With the articles obtained a process of data 

extraction and analysis was conducted using the bibliometric analysis described in the 

following section.  

3.2. Bibliometric analysis  

Bibliometric analysis is a mathematical and statistical method that allows 

displaying the current state and evolution of a field of knowledge (Abejon & Garea, 

2015). In this sense, bibliometric analysis has gained popularity in various fields of study 

in recent years (Donthu et al., 2021; Turzo et al., 2022). This analysis can provide a 

broader view of relevant literature and enable a more complete understanding of the most 

relevant studies, which is particularly useful in rapidly evolving research fields such as 

EI. In addition, bibliometric analysis is useful for determining emerging trends in research 

collaboration efforts, or in article and journal performance, among others (Campobasso 

& Boscia, 2022; Donthu et al., 2021).  

Once the base of articles needed to study current knowledge was defined, the 

VOSviewer software, a program developed to build and visualize graphic maps (Van Eck 

& Waltman, 2010), was selected to conduct the bibliometric analysis to identify 

bibliometric networks in the field of EI and business performance. These networks can 

be determined for researchers, journals, and publications. They can be created by 

considering each of them individually, or built on citation, co-citation, and co-authorship 

relationships and bibliographic linkage (Ding & Yang, 2020). Additionally, the text 
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mining functionality allows identification and visualization of the co-occurrence 

networks of the main terms extracted from the analyzed scientific articles.  

Regarding the researchers, Table 1 shows that the three most active authors are, 

in this order, Scarpellini, Portillo-Tarragona, and Valero-Gil, all of whom have published 

10 or more articles on EI and corporate performance. Professor Scarpellini's eight articles 

represent 9.8% of the current knowledge on this topic measured by number of 

publications in relation to the 81 articles selected for further analysis, while Professors 

Portillo-Tarragona and Valero-Gil have authored five and four articles, respectively.  

 

 

Source: Web Of Science 

The map in Figure 4 shows how the different authors are related according to the 

co-citation that occurs between each of them. Co-citation analysis is a method that 

examines the frequency of citations of two or more documents (Small, 1973). If two 

documents appear together in the reference list of a third publication, they are considered 

as co-cited (Farrukh et al., 2020). The co-citation analysis is used to investigate the 

thematic similarities between publications within a specific research field, as well as to 

Table 1: Ranking of Authors with the most publications acording to WOS 

Order Author No. of Publications % out of 81 articles 

1 Scarpellini S 8 9.877% 

2 Portillo-Tarragona P 5 6.173% 

3 Valero-Gil J 4 4.938% 

4 Marín-Vinuesa LM 3 3.704% 

5 Moneva JM 3 3.704% 

6 Aranda-Uson A 2 2.469% 

7 Carrillo-Hermosilla J 2 2.469% 

8 Gallego-Alvarez I 2 2.469% 

9 Garcia-Sanchez IM 2 2.469% 

10 Hojnik J 2 2.469% 
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study how the literature is structured through the cited publications (Farrukh et al., 2020; 

Khanra et al., 2022; Rao & Shukla, 2022). 

Setting a minimum threshold of 20 citations per author, it was found that out of 

the 3834 authors resulting from the sample, 28 met the threshold. Thus, a total of three 

clusters were obtained, which are represented in Figure 4 in red (11 items), green (10 

items), and blue (seven items), with Jens Horbach, René Kemp, and Klaus Rennings 

standing out with 75, 63, and 57 citations, respectively. This map was made, once again, 

based on the 81 articles selected for analysis. 

In relation to the journals in which the most content related to our main topic is 

published, Table 2 summarizes the total frequencies for the total number of articles 

published. The most representative journal is the Journal of Cleaner Production, 

published by Elsevier, one of the world's leading scientific publishers, which has been in 

business since 1880. This journal published 29.6% of the articles identified regarding EI 

and corporate performance. To analyze the keywords of the research in question, we used 

VOSviewer's concurrence analysis to identify the number of times that each word appears 

in an article. The analysis of keywords is essential to describe the content and themes of 

the analyzed documents (Rao & Shukla, 2022). 
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Figure 4: Map of co-citations between authors created with VOSviewer 

 

Source: Own elaboration using VOSviewer 

Table 2: Ranking of Journals According to WOS 

Order Journal No. of publications 

1 Journal of Cleaner Production 24 

2 Business Strategy and the Environment 13 

3 Sustainability 8 

4 Cogent Business & Management 7 

5 Journal of Business Research 3 

6 Resources, Conservation and Recycling 3 

7 Administrative Sciences 2 

8 Corporate Social Responsibility and Environmental 

Management 

2 

9 Journal of Engineering and Technology Management 2 

10 Current Opinion in Environmental Science & Health 1 

Source: Web of Science 
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Through this analysis, the degree of co-occurrence of keywords and research 

domain concepts can be determined (Khanra et al., 2020). Then, after establishing a 

threshold of five (the word must appear at least five times), it is found that, out of the 493 

keywords that appear in the sample, 44 meet the threshold established previously. Thus, 

a total of four clusters were obtained, which are represented in Figure 5 in red (13 items), 

green (12 items), blue (10 items), and yellow (nine items).  

 

Source: VOSviewer 

The analysis of the clusters derived from this bibliometric analysis is useful for 

establishing the main topics and the most relevant research areas of the analyzed studies 

Figure 5: Map of keyword nodes created with VOSviewer 
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(Marzi et al., 2021) (Table 3). As can be seen, the most relevant keyword in this analysis 

is “EI,” followed by “management” and “financial performance.” Among the next seven, 

we find synonyms used to talk about EI such as “green innovation” and “environmental 

innovation,” as well as keywords whose relevance has been highlighted throughout the 

work, such as “firm performance” and “sustainability.”  

Table 3: Clusters obtained from the bibliometric analysis of Keywords using VOSviewer 

Cluster Items Keywords Co-occurrence Topic 

Red 

(Cluster 1) 
13 

EI 58 Research on the 

development of EI 

strategies. 

empirical evidence 20 

research-and-

development 
20 

Green 

(Cluster 2) 
12 

sustainability 21 Transition towards a 

sustainable and CE. CE 18 

green 14 

Blue 

(Cluster 3) 
10 

financial performance 26 Impact of EI strategies 

on firm performance. firm performance 22 

green innovation 18 

Yellow 

(Cluster 4) 
9 

management 29 Strategic management 

of EI and 

identification of 

barriers and drivers. 

environmental innovation 25 

determinants 
21 

Source: VOSviewer 

In addition, Table 4 shows the strength of the connection between the keywords, 

where, once again, “EI” stands out. Thus, looking at Figure 5, the map allows us to 

visualize the most important nodes, which are larger, the connection between the terms, 

identified by color, and the proximity between them. These aspects reflect the frequency 

with which a specific keyword or topic has appeared (Campobasso & Boscia, 2022). 
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Table 4: Co-occurrence of Keywords with VOSviewer 

Order Keyword Co-occurrence Total bond strength 

1 EI 58 378 

2 management 29 193 

3 financial performance 26 180 

4 environmental innovation 25 169 

5 firm performance 22 154 

6 determinants 21 143 

7 sustainability 21 127 

8 empirical evidence 20 150 

9 research-and-development 20 144 

10 green innovation 18 134 

Source: VOSviewer 

Source: The author 

Finally, with the data collected from WOS, we created a choropleth map (Figure 

6) according to the number of publications that allows, after the bibliometric analysis of 

the studies derived from the literature review, to identify the countries that are conducting 

the most studies related to the main topic of this study. As the map shows, the countries 

Figure 6: Choropleth map by number of publications 
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where we found the most publications related to our search are, in this order, Spain, China, 

and the United States.  

Figure 7: Country citation map created with VOSviewer 

Source: VOSviewer 

The map in Figure 7 shows the countries in which the most papers have been 

published and the interrelationship between them, considering the citations received by 

authors from other countries. In this respect, articles written by Spanish authors received 

citations mainly from China, England, the United States, Australia, and Germany. In the 

case of China, citations mainly came from England, Spain, Germany, Turkey, Australia, 
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and Ireland and mainly from Spain, Ireland, and China in the case of North America. 

Once the bibliometric analysis has been carried out, it is necessary to review the literature, 

which is developed in the following section and whose references are compiled in Table 

5. 

Table 5: Recapping table with the references analyzed in each section. 

Section References 

4.1. Conceptualization of EI Scarpellini et al., 2020 

García-Sánchez et al., 2020 

Vence and Pereira, 2018 

Hall et al., 2013 

Horbach, 2008 

Pan et al., 2020 

Carrillo-Hermosilla et al., 2010 

Kemp & Pearson, 2008 

4.2. Types of EI Hofstra and Huisingh, 2014 

Prieto-Sandoval et al., 2018 

Vence and Pereira, 2018 

Kemp & Pearson, 2008 

Liao, 2018 

Rodriguez-Rebés et al., 2021 

Rodríguez-García et al., 2019 

García-Granero et al., 2018 

4.3. Drivers of and Barriers to EI Bitencourt et al., 2020 

Hojnik et al., 2018 

Dorand and Ryan, 2012 

Rizos et al., 2016 

Kirchherr et al., 2018 

Kayikci et al., 2021 

Pacheco et al., 2017 

Andries and Stephan, 2019 

4.4. Impact of EI on Business Performance Tang et al., 2017 

Scarpellini et al., 2017 
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Hizarci-Payne et al., 2020 

Rexhäuser and Rammer, 2013 

García-Sánchez et al., 2019 

Lopes-Santos et al., 2019 

Xue et al., 2012 

Lee and Min, 2015 

Benijts, 2014 

Source: The author 

4. LITERATURE REVIEW 

4.1. Conceptualization of eco-innovation 

Innovation and design are two words that must go together when we talk about 

one of the main drivers of business success (Scarpellini et al., 2020). Innovations become 

EIs, also known as green innovations, sustainable innovations, and environmental 

innovations (Hizarci-Payne et al., 2020), when they are inspired by an important concept 

in this field: eco-design. According to García-Sánchez et al. (2020), eco-design is the 

development and commercialization of technologies, products, and services that aim to 

reduce the impact they may have on the environment.  

Hand in hand with eco-design, we find EI, a concept that has been discussed on 

numerous occasions throughout the existing literature and which consists of using 

techniques, processes, systems, and products in a way that reduces or avoids harmful 

impacts on the environment (Vence & Pereira, 2018). The term “EI” came into use around 

the mid-1990s; however, this key concept in transforming the linear model into a circular 

one (Scarpellini et al., 2020) has gained more interest in the last two decades (Hizarci-

Payne et al., 2020).  

Several definitions of EI can be found in the literature. Among them are those 

collected by Liao (2018) from Hall et al. (2013) and Horbach (2008), who state that 
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environmental innovation is a variant of innovation and consists of using techniques, 

processes, systems, and products in a way that reduces or avoids harmful impacts on the 

environment. On the other hand, Pan et al. (2020) and Carrillo-Hermosilla et al. (2010) 

define EI as, respectively, an important approach to address current environmental 

problems and as any innovation that reduces the negative impact of consumption and 

production on the environment.  

However, although we have found several definitions of EI, we will use the one 

given by Kemp and Pearson (2007) in the “Final Report MEI Project About Measuring 

EI,” as it is one of the definitions that has been repeated the most throughout he articles 

reviewed for this work. These authors define EI as exploitation, assimilation, or 

production that is novel for the company and that reduces negative impacts on the 

environment compared to other alternatives (Kemp & Pearson, 2007). As can be seen, 

there are slight differences between the definitions shown above. This is because some 

authors perceive EI to obtain competitive advantages, while others perceive it to achieve 

an environmental goal (Vence & Pereira, 2018). Therefore, it is necessary to conduct a 

preliminary study on the types of EI that exist, what motivates and restrains companies 

to apply these strategies, and, subsequently, to see what the impact of environmental 

innovations is on the business performance of the companies that apply them. 

4.2. Types of eco-innovation 

Although most of the authors reviewed in this chapter agree, throughout the 

literature review, we found several types of EI. Prieto-Sandoval et al. (2018) refer to four 

types of EIs based on Hofstra and Huisingh (2014). These are exploitative, restorative, 

cyclical, and regenerative EIs. Vence and Pereira (2018) compiled other types of EIs. In 

this compilation, we find authors such as Kemp and Pearson (2007), who presented in the 



Chapter II: A systematic literature review and bibliometric analysis of eco‐innovation on financial 

performance: identifying barriers and drivers 

38 
 

“Final Report MEI Project About Measuring EI” mentioned above and who cite four other 

typologies of EI referring to environmental technologies, organizational innovations, 

product, and service innovations, and, finally, green system innovations.  

In addition to Kemp and Pearson, Vence and Pereira present five other types of 

EIs. Depending on the role they play in the market, EIs can be complementary, integrated, 

alternative product, macro-organizational, or general purpose. Although there are 

different classifications of the concept of EI, there are four types of environmental 

innovations that have been most repeated in our literature review, including those 

developed by authors such as Liao (2018), Rodríguez-Rebés et al. (2021), and Rodríguez-

García et al. (2019), where three types of product, process, and organizational EIs are 

mentioned. In addition, García-Granero et al. (2018) refer to marketing EIs. These four 

types can be defined as follows:  

• Product EIs: These refer to the use of new or improved goods or services (Liao, 

2018). When a product is manufactured, the materials used can have a negative impact 

on the environment (García-Granero et al., 2018), so it is necessary to develop appropriate 

technologies to enable the manufacture of new products on the market that are beneficial 

to the environment (Rodríguez-García et al., 2019).  

• Process EIs: When a company conducts its productive activities, not only does 

the product have an environmental impact, but so does the way in which the entity 

produces that product (García-Granero et al., 2018). Therefore, process EIs pursue the 

use of more environmentally friendly technologies when producing products and services 

(Rodríguez-García et al., 2019), which is why it is necessary to make efficient use of 

resources in the production process (Liao, 2018).  
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• Organizational EIs: These environmental innovations refer to how the 

organization and its employees conduct different activities, adopting environmental 

management models (Rodríguez-García et al., 2019). These EIs not only focus on 

important aspects such as research and development (R&D) but also pay special attention 

to the way companies manage their business (Liao, 2018).  

• Marketing EIs: Within this typology of EIs, we find those that aim to reduce the 

negative environmental effects generated by companies in their marketing activities. 

Despite being a relevant activity to business performance, green innovation in marketing 

has received less attention than others (García-Granero et al., 2018).  

Once the different typologies of environmental innovations or EIs have been set 

up, it is necessary to study what factors motivate or restrain companies in implementing 

these strategies.  

4.3. Drivers of and barriers to eco-innovation 

As we have seen, EI has been dealt with by numerous authors throughout the 

literature because of the relevance it is taking on in business. This interest in 

environmental innovation goes hand in hand with the different factors that drive this 

process of change. However, the motivation behind the implementation of EI strategies 

can be conditioned by a series of circumstances that can put a brake on its development.  

Related to the drivers, there are several reasons why companies decide to invest 

in EI and implement such strategies. Throughout the literature review, we found different 

drivers that can determine whether such a strategy is conducted. In this regard, Bitencourt 

et al. (2020) state that investing in R&D will allow companies to develop cleaner 

technologies and thus encourage changes in both products and production processes. In 
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addition, market turbulence forces companies to be in a continuous process of 

differentiation, so this hostile environment motivates companies to generate competitive 

advantages over the rest of the companies in the sector. This results in consumers 

demanding environmentally friendly products, giving rise to the so-called “green value,” 

which can be used to gain a competitive advantage (Hojnik et al., 2018).  

On the other hand, Doran and Ryan (2012) state that regulatory pressure is one of 

the main drivers of EI. These regulations force companies to invest in EI to reduce 

pollution and avoid negative impacts on the environment. In addition, they consider that 

the generation of knowledge drives different economic agents to strengthen ties to favor 

the development of EI. Further, Hojnik et al. (2018) note that the so-called “green 

barriers” prevent companies from trading in other markets unless they comply with 

certain environmental requirements, which encourages the need to invest in EI.  

In terms of firm size, Andries and Stephan (2019) state that when small firms 

adopt environmental measures voluntarily, they benefit economically more than large 

firms do. This is because the reputation that small firms achieve with these practices can 

benefit them in terms of increased demand or approval from their stakeholders, which 

will lead to an improvement in their business performance (Andries & Stephan, 2019). 

As we can see, the drivers of EI are diverse, with business motivations ranging from 

improving the company's reputation to reducing costs or simply complying with 

regulations (Hojnik et al., 2018). 

Related to the barriers, it is important to mention that the drivers mentioned above 

cannot be applied to all types of companies, as there are several factors that condition the 

implementation of different EI strategies. Among these factors, Rizos et al. (2016) lists a 

series of difficulties that some companies face, such as the assessment of what the future 
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benefits will be compared to the costs they currently face, what the availability of 

technologies will be like, or how demand will act in terms of eco-friendly products. In 

addition, these authors identify several barriers that smaller versus larger firms face in 

adopting EI strategies. Although both types of firms face these difficulties, they do not 

face them under the same conditions. 

Within these barriers we find that SMEs lack a large amount of capital, 

government support, and effective legislation. In addition, they lack sufficient 

information and technical and technological knowledge to be able to implement such 

strategies (Kirchherr et al., 2018). This is compounded by the administrative burdens 

faced by SMEs and the lack of an environmental culture within SMEs (Kayikci et al., 

2021).  

On the other hand, multinationals have the technology, finance, human resources, 

and know-how to be able to innovate, while SMEs lack a strong R&D department and 

will therefore rely on external agents to carry out innovation tasks (Jordan et al., 2014). 

Furthermore, we find that multinationals can adopt CE concepts and determine how to 

implement them; however, SMEs will need to rely on research institutes, agencies, and 

universities to enhance organizational learning and facilitate the adoption of sustainable 

practices (Pacheco et al., 2017). In addition, according to Andries and Stephan (2019), 

the main reason that smaller companies adopt environmental improvement programs is 

regulation, which forces them to introduce EIs in the same way as large companies even 

though they lack the necessary resources. For small firms, these innovations come at a 

high cost that they will not be able to compensate for with a higher volume of goods or 

services sold, something that large firms will be able to do (Andries & Stephan, 2019).  
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Having established the drivers of and barriers to EI, we will now analyze the 

different perspectives in the literature on the impact of the implementation of eco-

innovative strategies on economic performance.  

4.4. Impact of eco-innovation on business performance  

So far, we have seen what EI is, what types exist, and what its main drivers and 

barriers are. Among the drivers of environmental innovation, we have found some related 

to management's conviction about potential cost savings or gaining a competitive 

advantage, among others. In this section, we will focus on the impact of EIs on the 

business performance of organizations that are committed to sustainable practices.  

Despite the measures taken by many countries to implement environmental 

innovations (Liao, 2018), these have not always had the same impact in all cases. A meta-

analysis of several articles published between 1978 and 2008 showed that 55% of these 

showed a positive effect, 15% negative, and 30% showed that EIs had no impact on 

outcomes (Tang et al., 2017). Today, more than a decade later, research still lacks clear 

evidence about the impact of EIs on business performance. However, out of these three 

academic approaches and after having reviewed the literature selected for this chapter, 

we find two main conflicting perspectives on whether organizations that invest in EI 

improve or worsen their business performance. According to Scarpellini et al. (2017), 

these two approaches are the following:  

• Win–lose: Engaging in economic activities and protecting the environment entail 

additional costs, harming economic productivity and competitiveness (Scarpellini et al., 

2017).  
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• Win–win: When companies improve their environmental performance, they 

reduce their costs and increase their sales (Scarpellini et al., 2016). Furthermore, through 

greening supply chains, companies can explore new market opportunities (Hojnik et al., 

2018). Other authors, however, believe that while the impact of EIs on firm performance 

may be negative in the short term, in the long term, it will provide economic benefits.  

4.4.1. Literature review on the positive effect of eco-innovation on business 

performance  

That environmental innovation has a positive impact on the business performance 

of companies is a position that has been advocated by numerous authors. In fact, the 

predominant evidence in the literature focuses on the positive effect that EI has on 

business economic performance (Hojnik et al., 2018).  

Innovation is one of the most important means of differentiating companies in an 

increasingly competitive environment, benefiting from the production of better and more 

innovative products, enhancing reputation to gain stakeholder support, increasing market 

share, and improving customer satisfaction, among other benefits (Liao, 2018). 

Furthermore, authors such as Liao (2018), Marín-Vinuesa et al. (2018), and Scarpellini et 

al. (2017) argue that EIs can lead to cost reductions and thus improve business 

performance. On the other hand, we find a position that, despite claiming that EI might 

have a negative effect in the short term, over time this effect will turn positive.  

However, the effect that these innovations can have depends not only on time but 

also on the type of EI (Hojnik et al., 2018). As we have seen previously, there are several 

types of EIs according to the literature; of these, we highlighted four as the most recurrent. 

These are product, process, organizational, and marketing. Hizarci-Payne et al. (2020) 
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established the impact that each of these types of green innovations had on firms, stating 

that they all have a positive impact on business performance: 

• Process EI: Companies that adopt novel and more environmentally friendly 

production systems and delivery mechanisms promote cost reduction and operational 

efficiency.  

• Product EI: Acts such as modifying the composition of a product to prevent its 

impact from being harmful to the environment help the company to position the product 

in the market, improve its image or reputation, and gain an important competitive 

advantage.  

• Organizational EI: When sustainable practices are promoted within the 

organization through a pro-environmental philosophy, a chain effect occurs that allows 

the company to comply with government regulations (and thus avoid having to pay 

penalties), meet the needs of its stakeholders, and increase the company's presence in the 

market, all of which contribute to improved business performance.  

• Marketing EI: Green marketing or environmental marketing has emerged with 

the aim of meeting the needs of customers while reducing the negative impact that 

activities have on the environment. This approach to marketing can generate significant 

benefits for companies that apply it, such as improved performance and cost savings. In 

addition, the creation of green products can establish a brand image that enhances the 

company's market position and can help to build customer loyalty and win new customers. 
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4.4.2. Literature review on the negative effect of eco-innovation on business 

performance 

In contrast to the previous position, there are authors who claim that EI does not 

always have a positive impact, as the successful implementation of this strategy requires 

a strong initial investment and a high degree of turnover per worker (Doran & Ryan, 

2012), so the implementation of green innovations does not always result in a positive 

return for companies (Rexhäuser & Rammer, 2013).  

In addition, EIs may not be beneficial in aspects such as the revenues, 

competitiveness, image, or performance of the companies that implement such strategies 

(García-Sánchez et al., 2020). Moreover, according to García-Sánchez et al. (2019), 

implementing environmental innovation strategies entails high costs that will harm both 

production and distribution in these companies. Following the same authors, a study 

conducted on more than 6000 international companies between 2002 and 2017 confirms 

that these strategies have a negative impact, especially in munificent environments.  

Despite the above, even if the implementation of EI does not increase the current 

profitability capacity, García-Sánchez et al. (2019) found that investors will value these 

investments positively, thus causing an increase in their market value, this being an 

indicator of great relevance when considering the expectations that investors have about 

the possible profits that companies can obtain in the future.  

The discrepancies observed about the impact that EIs have on business 

performance may be due to the fact that some studies have shown that this impact has 

been positive while others have shown that it has been negative; however, it must be 

considered that not all companies are the same, nor are the countries where these studies 
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are carried out or the environment in which these companies are located. Therefore, we 

will now discuss how numerous factors can affect the impact that these environmental 

innovation strategies can have on business performance. 

4.4.3. Constraints on the impact of eco-innovation on business performance 

As we observed in the previous section, it is generally accepted that EIs increase 

productivity, reduce costs, and allow companies to enter new markets, thus improving 

these companies' business performance (Marín-Vinuesa et al., 2018). However, we also 

observed that there is no consensus in the literature on the actual impact of environmental 

innovations on business performance (Lopes Santos et al., 2019). This may be due to 

several institutional factors that condition this impact and prevent a homogeneous 

assessment of how several types of EIs affect business performance. These factors are 

related to the level of economic development: 

a. Emerging versus developed countries  

Lopes Santos et al. (2019) showed that the level of development of the countries 

where firms were located positively or negatively influenced economic performance after 

implementing EI strategies. In this study, three indicators were analyzed: return on sales 

(ROS), return on assets (hereafter ROA), and return on equity (hereafter ROE). On the 

one hand, these authors found that EI activities are positively related to all three indicators 

in developed countries, despite declining revenues.  

On the other hand, in emerging countries, it was observed that despite the decline 

in sales performance, asset performance and revenues increased, and revenues were 

higher than in developed countries during the study period. 

b. Business environment  
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García-Sánchez et al. (2019) argued that companies operating in industries with 

greater resources enjoy greater growth, which does not imply that they need to promote 

pro-environmental practices to improve their economic situation. According to these 

authors, the abundance of resources implies a lower opportunity cost for firms operating 

in more competitive industries (Goll & Rasheed, 2004), so they are more likely to invest 

in EIs without worrying about the impact that such investments may have on their results 

(Xue et al., 2012). This is why the negative impact that EI strategies have on business 

performance will be greater in industries with greater resources (García-Sánchez et al., 

2019), as they invest a greater amount of money without having to worry about the 

economic return that this will bring to the company.  

On the other hand, we find that EI has a positive impact on the market value of 

companies that develop and apply such strategies. Recall that market value is a good 

indicator to establish how investors view the company in terms of its possible future 

growth (Nicolau & Santa-María, 2013), and it is a useful indicator to reflect the market's 

assessment of a company's results, which allows the measurement of its business 

performance (Lee & Min, 2015). However, this impact is not the same across industries 

and/or sectors.  

According to García-Sánchez et al. (2019), companies that operate in sectors 

where there is a high level of munificence enjoy a better valuation by the market after 

implementing EI strategies as they have greater competitive opportunities and better 

conditions for growth. Furthermore, it should be considered that, in more favorable 

environments, companies will be able to enjoy greater tax incentives, as well as benefit 

from government subsidies, which will allow them to implement the necessary 

technologies to promote green energy (Benijts, 2014).  
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5. CONCLUSIONS AND IMPLICATIONS  

The results obtained from this bibliometric and bibliographic study led us to the 

following conclusions. On the one hand, we find that interest in sustainability and EI 

strategies has grown in recent years both from academics and from governments and 

companies. On the other hand, this review shows that although researchers have not 

reached a consensus on the impact of EI strategies on business performance, most of them 

favor a positive impact on the profitability of these companies, in either the short or long 

term, while others think that the impact will not be positive for their profitability but will 

be positive for their market value. Furthermore, unlike Hojnik et al. (2018), Liao (2018), 

or Doran and Ryan (2012), after our analysis, we can see that the impact of EI can be 

different depending on a series of factors, so it cannot be stated that EI has a positive or 

negative impact in all cases. Therefore, we note that that the impact of EI on business 

performance varies according to the size of the company, the country where it is located, 

and the environment in which it is located. These results are in line with those obtained 

by Zheng and Iatridis (2022) and Hizarci-Payne et al. (2020).  

Along these lines, we find that small companies face different barriers that hinder 

the implementation of sustainable strategies compared to large companies, which have 

more resources and can implement them with less difficulty. In addition, depending on 

whether the country in which the company is located is developed or emerging, the 

application of sustainable strategies will affect certain indicators in one way or another. 

In developed countries, ROS, ROA, and ROE will increase, while in emerging countries, 

only ROA and ROE will increase. On the other hand, companies with more resources will 

invest more in EI, as they are not as concerned about the economic return as companies 

in a less favorable environment for EI. Therefore, the negative impact will be greater on 

the economic performance of the former, as they invest more.  
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The conclusions obtained from the analysis conducted in this study provide 

information that can facilitate the understanding of the lack of consensus that can be 

observed in the existing literature in the field of EI and firm performance (Liao, 2018; 

Marín-Vinuesa et al., 2018; Tang et al., 2017), providing a series of external factors that 

can explain the reasons for these discrepancies (Hizarci-Payne et al., 2020; Zheng & 

Iatridis, 2022). In addition, the conclusions derived from both the bibliographic and 

bibliometric analyses allow us to outline a picture of the state of the art in this field of 

knowledge that can be of great use for researchers, as well as to help develop possible 

lines of research that can be carried out in future studies. 

5.1. Contribution to theory  

This study makes several contributions to the existing literature. Firstly, this study 

exposes and summarizes the different positions observed in the literature that refer to the 

impact of EI on firm performance in the two main scenarios (positive and negative 

impact), which broadens and deepens the previous literature. Secondly, the analysis 

presented in this study combines a systematic literature review with a bibliometric 

analysis to establish a contextual framework to guide researchers in understanding the 

current situation of this field of knowledge. Thirdly, the results obtained in the present 

work contribute to the theory of resources and capabilities (Penrose, 1995), since it has 

been shown that both resources and capabilities are key factors to companies when 

investing in EI strategies, highlighting that the companies that invest the most in this type 

of strategy are those that have the greatest resources. Related to the above, the present 

work contributes to the institutional theory regarding the impact that EI has on results, as 

they depend on both the firm's environment and its level of institutional development 

(Zhou et al., 2016). 
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5.2. Managerial and policy implications  

In addition to the theoretical implications described in the previous section, this 

work contributes in a practical way to the development of different environmental 

strategies. In this sense, the barriers and drivers described in this study are of great 

relevance for managers who want to implement EI strategies within their company. In 

addition, the different positions summarized in this review process, as well as the factors 

that can condition the negative or positive economic impact, are of great relevance for 

managers and companies when it comes to knowing how, depending on the situation in 

which the organization finds itself, EI can influence both its results and the behavior of 

investors.  

In addition to the above, the bibliometric analysis conducted in this study reflects 

the growing concern and the emerging interest in this topic, particularly in the last decade. 

This analysis provides relevant information for companies to visually and easily observe 

the concern that exists in continuing to advance in sustainability matters to efficiently 

address environmental problems such as waste of resources, generation of waste, energy 

expenditure, or greenhouse gas emissions, among others. Furthermore, the distinction 

between the four types of EI highlighted in the studies analyzed in the review process can 

help companies understand how this type of green innovations can be applied in different 

areas and stages of the production process, which can be a differentiating element within 

the market.  

On the other hand, in the current environment in which environmental recovery 

and digital transformation towards a CE model are being highlighted through the 

establishment of the Sustainable Development Goals (SDGs), it is necessary to emphasize 

the impact that the implementation of different environmental innovations has with the 
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aim of improving the current climate crisis. Thus, this work should be considered when 

implementing the different actions aimed at sustainable economic growth, considering 

that EIs are essential to improve the different production models by reducing the carbon 

footprint, thus contributing to a more environmentally friendly economy.  

5.3. Research limitations and future research directions  

This study has few limitations that need to be highlighted. Firstly, systematic 

reviews may have several limitations, ranging from the selection of the database to the 

interpretation of the results. In this case, the literature review has been conducted by only 

considering two databases: Scopus and WOS, with the latter being more relevant. 

Although these databases are two of the most widely used globally, the selection of these 

databases may limit the scope of the review, as there may be relevant studies that are not 

published in these databases. In addition, the search equations applied in the systematic 

review process were conducted using general keywords, so we may have missed some 

papers that used more specific keywords. In addition, when selecting the studies analyzed 

in this chapter, a series of criteria were applied that may have excluded other studies with 

valuable information due to being published in a different period or language than the one 

selected.  

On the other hand, the bibliometric analysis was conducted using a single 

software: VOSviewer. Despite being a widely used software by the scientific community 

and providing relevant information, there are other software tools that could have offered 

a more complete type of analysis. Despite these limitations, our study highlights the 

growing interest in the economic impact of companies' implementation of different 

environmental strategies. This analysis has focused on the impact of EI on business 

performance.  



Chapter II: A systematic literature review and bibliometric analysis of eco‐innovation on financial 

performance: identifying barriers and drivers 

52 
 

Although there is incipient and extensive literature on the subject, there are still 

many issues to be explored to clarify the current situation of the business environment in 

the context of sustainability, the CE, and environmental innovations. In this sense, we 

propose future lines of research with the aim of filling some of the gaps that exist in the 

current academic literature. Following Centobelli et al. (2020) and taking into account the 

clusters obtained from the bibliometric analysis, the selected articles can be classified into 

four main areas (Table 6): (1) research on the development of EI strategies, (2) transition 

towards a sustainable and CE, (3) impact of EI strategies on firm performance, and (4) 

strategic management of EI and identification of barriers and drivers.  

Table 6: Main topics and future research avenues 

Cluster 
Exemplary 

references 
Future Research Avenues 

Red (Cluster 1): Research 

on the development of EI 

strategies. 

Scarpellini et 

al. (2019) 

Lee and Min 

(2015) 

Dong et al. 

(2014) 

- Analyze the role of government 

policies in promoting EI. 

- Study the integration of CE principles 

in EI strategies. 

- Analyze the economic impact of other 

green firm capabilities. 

- Investigate on the role of education in 

promoting the adoption of EIs. 

 

Green (Cluster 2): 

Transition towards a 

sustainable and CE. 

Duran-

Romero et al. 

(2020) 

Gliedt et al. 

(2018) 

Rizos et al. 

(2016) 

George et al. 

(2015) 

- Investigate innovation in 

technologies and business models that 

enable an effective transition towards 

a circular and sustainable economy. 

- Analyze the environmental, 

social, and economic impact of the 

transition towards a circular and 

sustainable economy. 
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- Establish new indicators and 

measurement tools that allow 

evaluating progress towards a CE. 

- Determinate how the post-

pandemic recovery funds and the war 

in Ukraine have changed the current 

scenario to observe the role of the CE 

in this new scenario. 

- Identify how the digital 

transition can help in the transition 

towards a sustainable economy model. 

 

Blue (Cluster 3): Impact of 

EI strategies on firm 

performance. 

Xue et al. 

(2019) 

Garcia-

Granero et al. 

(2018) 

Tang et al. 

(2017) 

- Analyze the long-term impact 

of EI. 

- Analyze the impact of EI in 

the current global context, after the 

COVID-19 crisis and the war in 

Ukraine.  

- Analyze the impact of EI 

strategies on poverty reduction, job 

creation, and biodiversity 

conservation. 

Yellow (Cluster 4): 

Strategic management of 

EI and identification of 

barriers and drivers. 

 

Rodriguez-

Rebes et al. 

(2021) 

Nandi et al. 

(2021) 

Santos et al. 

(2019) 

Lin et al. 

(2019) 

Andries and 

Stephan 

(2019) 

- Exploration of stakeholder 

involvement in EI management. 

- Analyze underdeveloped 

countries and how they are managing 

EI.  

- Establish new barriers and 

drivers in the current global context 

when it comes to implementing EIs. 

- Determinate how AI can help 

companies to implementing EI 

strategies. 

- Determinate how companies 

manage their investments in 
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innovative technologies aimed at 

reducing their environmental impact. 

Source: The author 

 

5.3.1. Research on the development of eco-innovation strategies  

EI can be defined as the exploitation, assimilation, or production novel to the firm 

that reduces negative impacts on the environment compared to alternatives (Kemp & 

Pearson, 2007). In this sense, the literature has focused on defining and studying the types 

of EI that exist. However, there is no solid literature analyzing how different countries 

are coming together to promote and develop EI strategies through government policies 

and awareness through the education system, so we propose to analyze the role of these 

institutions in promoting EI practices.  

On the other hand, although there are numerous studies that analyze the 

relationship between EI and the CE (Abu Seman et al., 2019; Aldieri et al., 2019; Aminoff 

& Pihlajamaa, 2020), it is important to analyze how the different principles established 

in the CE relate to each type of EI (product, process, organizational, and marketing). In 

this sense, we propose as a future research avenue to investigate how organizations 

integrate the CE principles in their EI strategies. Moreover, no particular attention has 

been paid to other green firm capabilities such as green investment capability, green 

purchasing practices, or green digitalization capabilities (Khan et al., 2022). To fill these 

research gaps, we propose as a future line of research to study how the combination of 

these green firm capabilities (in line with EI) affects business performance, paying 

particular attention to the role of the digital transition on the path to sustainability within 

firms (Abbate, Centobelli, & Cerchione, 2023). 
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5.3.2. Transition towards a sustainable and circular economy  

The area of research focuses on the CE, which is defined as an alternative 

economic model to the linear model whose objective lies in waste minimization, long-

term value retention, reduction of primary resources, and closed product loops 

(Morseletto, 2020). The literature has focused on studying what this concept consists of 

and what impact it can have on organizations that apply this new economic model, 

relating it to a series of environmental innovations that justify this impact. However, most 

of these studies were conducted prior to the global instability that has arisen in the post-

pandemic era (Casado-Aranda et al., 2021), aggravated by the war in Ukraine. Therefore, 

as a future line of research, we propose to analyze how the post-pandemic recovery funds 

and the war in Ukraine have changed the current scenario to observe the role of the CE 

in this new scenario.  

On the other hand, the impact of the CE on firm performance has been analyzed 

by several authors (de Jesus et al., 2018; George et al., 2015; Leder et al., 2020); however, 

it is necessary to analyze the environmental and social impact of this transition. In this 

way, it would be necessary to establish new indicators and measurement tools to know 

how the transition to a circular economic model is being made and to see its impact on 

other different areas. Furthermore, the emerging growth of Industry 4.0 (Abbate, 

Centobelli, & Cerchione, 2023) makes necessary to research the role of this industry in 

the transition towards a more sustainable economic model, so we propose to analyze, in 

parallel, the digital transition with the transition towards the CE to establish a relationship 

between them. 
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5.3.3. Impact of eco-innovation strategies on firm performance 

The literature has focused on studying the impact of EIs on business performance. 

Although most studies claim a positive impact, this is not conclusive. In addition, the 

impact of EI may vary over time since the global context is constantly changing. In this 

sense, studies that analyze the impact of EI on economic outcomes focusing on the short 

term, without having a more long-term perspective. To fill this research gap, we propose 

as a future line of research to analyze the impact of environmental strategies in the long 

term, which could eliminate the uncertainty that prevails in the literature instead of 

focusing on a short-term analysis that can lead to confusing results, with special emphasis 

on the current context of political and economic instability at the global level.  

On the other hand, and in line with the research proposal in the previous section, 

we propose to analyze the impact of EI strategies in social and environmental terms, 

specifically on poverty reduction, job creation, and biodiversity conservation.  

5.3.4. Strategic management of eco-innovation and identification of barriers and 

drivers  

This area of research refers to the strategic management that companies conduct 

when implementing EI strategies, as well as the external factors that, together with the 

barriers and drivers that lead organizations to implement them, can condition the impact 

of these strategies on the results of companies that apply them. Regarding strategic 

management, there is a limited literature that analyzes the influence of institutional 

investors within listed companies when managing and implementing EI strategies. 

Although several authors have analyzed the environmental pressure of institutional 

investors when voting on executive say-on-pay (Ertimur et al., 2013; Obermann, 2019), 
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we are not aware of any literature that analyzes the influence of these investors when 

implementing specific EI strategies.  

Regarding external factors that condition the impact of EI, this study sets out the 

size of the company, the environment in which it operates, and the level of development 

of the country in which it conducts its activity as conditioning factors. However, although 

there are studies that analyze the impact of EI on the results of companies located in 

developing countries, most of the studies that have been conducted focus on analyzing 

this impact in developed countries. Therefore, we propose to analyze this impact by 

prioritizing developing countries, since it is in these countries that most of the global 

production is located. In addition, we propose to study barriers and drivers different from 

those previously studied that have emerged on the current global context.  

On the other hand, artificial intelligence (AI) is a concept that is awakening an 

emerging interest among academics (Bag et al., 2021; Nishant et al., 2020). Being a field 

in continuous change and growth, there is still much to study in this area. Therefore, as a 

future research line, we propose to establish a cause–effect relationship between the 

development of AI and the implementation of EI within organizations, to observe if this 

new technology is promoting such implementation and what is its economic impact.
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1. INTRODUCTION 

Climate change and its consequences have become an issue of great relevance due 

to the concern it arouses not only among citizens, but also among managers, consumers, 

and suppliers around the world (Krieger and Zipperer, 2022; Albitar et al., 2023). This 

concern, which has been growing since the 1980s (Flores-Rivera et al., 2023), coupled 

with the lack of natural resources and the various constraints that exist in this regard 

exacerbated by recent socio-economic and health crises, as well as changing consumer 

preferences, have made sustainability a crucial element in any business strategy (Nowicki 

et al., 2021). 

In order to curb the negative impact of climate change, there have been increased 

efforts by companies, governments and society in general, where innovation has played 

a crucial role in addressing societal challenges and contributing to the improvement of 

human wellbeing (Castellacci, 2023). These efforts have been aimed at finding an 

alternative to the linear production model, as this poses a serious problem for 

sustainability as it does not take into account the scarcity of resources, which 

compromises future generations (Zhong et al., 2022; López-Pérez et al., 2023),  
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To alleviate the consequences of this model, the concept of CE (CE) arises, which 

can be defined as an economic model that aims to carry out an efficient use of resources 

by minimizing waste, reducing closed loops and using more environmentally friendly 

technologies (Park et al., 2010; Morseletto, 2020). For this model to be implemented, it 

is necessary to apply a series of environmental innovations or EIs, defined as those 

products, production processes or management and business methods whose main 

objective is to prevent or reduce environmentally harmful practices (OECD, 2009). 

The interest in EI has grown exponentially, which has led numerous authors to 

investigate this type of innovation in the business sphere, especially in recent years 

(López-Pérez et al., 2023; Wilke and Pyka, 2024). In this context, several authors claim 

that investing in sustainable strategies means that companies experience less negative 

economic impact from crises such as the COVID-19 crisis or, more recently, the war in 

Ukraine (Huang et al., 2020; Hermundsdottir et al., 2022). 

To analyze this type of strategy, numerous studies have established indicators 

capable of measuring the degree of corporate environmental performance (Dong et al., 

2014; Wang et al., 2021; Zaman et al., 2021), which will make it possible to evaluate 

which companies and/or initiatives are the most eco-innovative. However, there is no 

single, globally accepted measurement instrument in the literature within the field of 

corporate sustainability and EI (Amor-Esteban et al., 2020), so numerous studies can be 

found that use different methodologies to measure this degree of environmental 

performance (Pavláková-Docekalová and Kocmanová, 2016; Amor-Esteban et al., 2020; 

García-Sánchez et al., 2021; Chaparro-Banegas et al., 2023). These methodologies, 

despite generating detailed indicators, often employ highly complex mathematical 
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processes that can hinder their replication and understanding within the scientific and 

business environment. 

Thus, the aim of this study is to draw up a ranking based on dominance for the 

year 2020 that allows us to establish, by means of qualitative variables, which companies, 

sectors and countries have the highest level of performance in terms of EI. For this 

purpose, a sample of 4,761 listed companies from all over the world obtained from the 

Refinitiv Eikon database has been used to subsequently calculate the ranking in R-Studio.  

The aim is to show a more simplified and efficient approach that contributes to a broader 

understanding, which will allow a comparative analysis of the commitment to these 

practices at corporate, country and industry level. 

2. ECO-INNOVATION AND CORPORATE ENVIRONMENTAL 

PERFORMANCE 

Sustainability and its importance in business is a widely studied topic in the 

scientific literature (Liao, 2018; Hizarci-Payne et al., 2020; Çimen, 2021). Authors such 

as Aksu and Akman (2023) have addressed this topic as "corporate sustainability" or 

"business sustainability", defined as those actions carried out by organizations with the 

aim of meeting the needs of stakeholders without compromising future generations, 

emphasizing on environmental, economic and social dimensions (Çankaya and Sezen, 

2015; Rafiaani et al., 2019; Aksu and Akman, 2023). In this line, authors such as Varsei 

et al. (2014) or Rajesh (2020) approach corporate sustainability as the incorporation of 

sustainable development objectives within business practices. 
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2.1. Exploring eco-innovations 

The last decade has seen the emergence of a concept whose interest has grown 

significantly among academics and practitioners around the world: EI, also known as 

environmental innovation or green innovation (García-Sánchez et al., 2019; Zheng and 

Iatridis, 2021; López-Pérez et al., 2023). EI has been widely analyzed in the scientific 

literature, where several definitions of this concept can be found. Among these 

definitions, Kemp and Pearson (2007) and Pan et al. (2020) define EI as those activities 

that address environmental problems, whose environmental impact is lower compared to 

other alternatives, and which are novel for the company. This type of innovation is 

perceived as a potential factor that allows moving towards a CE through production 

cycles, innovative technologies in the production process and improvements in 

environmental policies. (Barbieri et al., 2016). 

From a more specific point of view, several authors have classified EI into four 

broad categories based on its nature. Although EI has traditionally been classified into 

products and processes (Damanpour, 2010; Riaz et al., 2023), authors such as Carrillo-

Hermosilla et al. (2010) or Hojnik and Ruzzier (2016), among others, classify this type 

of innovation into four broad categories: product, process, organizational and marketing. 

However, in this study, we will focus on analyzing the first three dimensions, as no 

representative variables for the marketing category have been found, which is in line with 

other previous studies (García-Granero et al., 2018). 

2.2. Measurement Indicators of Environmental Performance 

In order to analyze the degree of environmental performance carried out by 

companies, several authors have analyzed to what extent and in what way these 

companies carry out eco-innovative practices (García-Granero et al., 2018; Almeida and 
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Wasin, 2022; Albitar et al., 2023). In this context, there are several aspects that can 

motivate companies to carry out this type of practices. Flores-Rivera et al. (2023) divides 

these motivations into two main groups: external and internal, where the external ones 

refer to the incentives received from different stakeholders, as well as different 

governmental pressures, while the internal ones refer to specific characteristics of the 

companies, such as market value, financial performance, or the existence of an 

environmental committee, among others (Broccardo et al., 2019; Salo et al., 2020).  

In this context, at the macro level, in 2010 the EI Observatory (EIO) developed an 

index called the EI Scoreboard (Eco-IS) which consists of measuring the degree of 

performance of EU Member States in relation to EI (EIO, 2012; Park et al., 2017). This 

index is a score consisting of 16 indicators grouped into five broad groups (see Table 7), 

which are used to calculate the score of each member state in terms of EI using the 

unweighted average of these indicators (Park et al., 2017). 

In this line, several researchers have analyzed the degree of environmental 

performance of companies not only by country, but also by industry. Authors such as 

Pavláková-Docekalová and Kocmanová (2016) designed a Complex Performance 

Indicator (CPI) including environmental, social, economic and corporate governance 

aspects. Moreover, Amor-Esteban et al. (2020) analyzed from a broader point of view the 

commitment to Corporate Social Responsibility (CSR) at country and industry level using 

the CUR matrix, highlighting the commitment of Australia and European countries in 

matters of sustainability in comparison with the rest of the countries, as well as the 

industries with the best environmental performance, including the utilities sector and the 

oil and gas industry, among others. 
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Table 7: Eco-innovation Scoreboard components 

Group Indicators Measuring Element 

EI inputs Governments environmental and 

energy R&D appropriations and 

outlays   

Governments budget appropriations 

and outlays 

Total R&D personnel and researchers Number of R&D personnel and 

researchers 

Total value of green early-stage 

investments 

Total value of investments   

EI activities Firms having implemented innovation 

activities aiming at a reduction of 

material input per unit output 

Number of firms having implemented 

innovation activities for material 

efficient 

Firms having implemented innovation 

activities aiming at a reduction of 

energy input per unit output 

Number of firms having implemented 

innovation activities for energy 

efficiency 

ISO 14001 registered organizations Number of ISO 14001 registered 

organizations 

EI outputs Eco‐innovation related patents Number of patents 

Eco‐innovation related academic 

publications 

Number of publications 

Eco‐innovation related media coverage Per number of electronic media 

Environmental 

outcomes 

Material productivity GDP/Domestic material Consumption 

Water productivity GDP/Water footprint 

Energy productivity GDP/gross inland energy consumption 

GHG emissions intensity CO2e/GDP 

Socio-economic 

outcomes 

Exports of products from eco‐

industries 

% of total exports 

Employment in eco‐ industries and CE % of total employment across all 

companies 

Revenue in eco‐industries and CE % of total revenue across all 

companies 

Source:  Park et al. (2017) 

On the other hand, authors such as Aparicio et al. (2020) present the creation of 

composite indicators through an extended DEA with the introduction of the benefit of the 
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doubt (BoD) to assess the performance of decision-making units in the field of CSR, 

showing the way for analysts to observe how companies could improve their CSR 

performance with less effort. This combination of methodologies (DEA-BoD) has been 

widely used by various authors throughout the literature to develop composite indicators 

that attempt to explain complex realities (Giambona and Vasallo, 2013; Fukuyama et al., 

2020; Gupta and Guha, 2024). Following the DEA model, Aparicio and Kapelko (2019) 

state that the companies that show the highest levels of efficiency in the field of CSR are 

those belonging to the manufacturing and mining sectors. 

Something similar is done by García-Sánchez et al. (2021), who present a CEBIX 

composite index with the aim of assessing, based on 17 environmental initiatives, which 

countries and industries are the most developed in terms of CE (CE), placing France and 

the utilities sector as leaders in the shift towards a more environmentally friendly 

economy. Furthermore, García-Sánchez et al. (2021) state that business activity and its 

commitment to the CE should be enhanced through the application of eco-innovative 

practices. 

At the corporate or micro level, several authors have investigated the degree of 

compliance of organizations in implementing environmental innovation strategies (Abu-

Seman et al., 2019; Wang et al., 2021). Among these studies are papers such as Dong et 

al. (2014) who use different indicators to analyze the correlation between environmental 

performance and business competitiveness considering the typology of EI, placing 

organizational and product EI as the most influential. 

On the other hand, numerous studies have used the "Environmental Innovation 

Score", present in the Refinitiv Eikon database, which is a score between 0 and 100 and 

reflects a company's ability to create new market opportunities with more 
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environmentally friendly technologies, as well as the ability to reduce costs and 

environmental burdens for its customers (Albitar et al., 2023). This Score has been used 

by authors such as Zaman et al. (2021), who examine the effect of EI on stock price 

downside risk. These authors used the Score directly from the database that Eikon 

calculates from twenty indicators related to organizational, product and process 

environmental innovations. 

In addition, Albitar et al. (2023) analyze the impact of EI and climate governance 

on companies' commitment to climate change, using their own Score. In this way, these 

authors, in addition to selecting the Score that appears in Refinitiv Eikon, create their own 

EI index in which they add, unlike the study of Zaman et al. (2021), an eco-design 

variable. Eco-design consists of the development of products, services and technologies 

with the aim of reducing the environmental impact derived from business activity, this 

being a particularly relevant concept when analyzing environmental innovation strategies 

(García-Sánchez et al., 2020; López-Pérez et al., 2023). 

So far, it can be observed how most of the studies covering the field of 

environmental innovation use methodologies that allow for analyses with quantitative and 

qualitative variables (Amor-Esteban et al., 2020; Zaman et al., 2021, among others). 

However, there are other methodologies used by various academics capable of creating 

aggregate indicators for qualitative analysis. Among these methods are crisp-set 

qualitative comparative analysis (csQCA) and fuzzy-set qualitative comparative analysis 

(fsQCA), which can explain complex patterns and various conditions that may be related 

to a particular outcome. In the case of csQCA, it allows defining various membership 

conditions as binary structures, using 0 when the condition is absent and 1 when the 
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condition is present (Wagemann and Schneider, 2010; Marx et al., 2013), while fsQCA 

does so by setting a membership score with continuous values between 0 and 1. 

In relation to the latter, Chaparro-Banegas et al. (2023) use the fsQCA to detect 

those factors at the national level that were necessary or sufficient for European countries 

to pursue EI strategies. Similarly, Rhaiem and Doloreux (2022) applied this same model 

together with an empirical analysis using structural equations to observe the effect of 

technological factors and the search for knowledge in the field of EI. 

In this sense, it can be observed how the degree of compliance in terms of 

environmental performance and, more specifically, EI has been widely analyzed in the 

scientific literature. However, the application of various methodologies throughout the 

literature shows diffuse results regarding the degree of corporate environmental 

performance in relation to the development and implementation of environmental 

strategies. In addition, these methods can have several disadvantages when analyzing this 

degree of performance, as they can be confusing and complicated to replicate when using 

complex mathematical and statistical models. For this reason, this study presents the 

elaboration of a ranking based on dominance through dichotomous variables that shows, 

in a simple and clear way, which are the companies that are best positioned in terms of 

EI. This ranking, in addition to being easily replicable and comprehensible, will allow for 

a comparative analysis at the macro level (by regions and industries) and at the corporate 

level. 
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3. ECO-INNOVATION RANKING BASED ON DOMINANCE ANALYSIS 

3.1. Data collection 

In order to develop our own indicator, it is necessary to carry out and exhaustive 

data collection. In this sense, we use the Thomson Reuters Eikon database, as it offers the 

possibility of downloading relevant information and setting customizable benchmarks, 

such as sector and country, which allows specific criteria to be applied when obtaining 

relevant information (Sanches-García et al., 2017).  

With an approximate coverage of 80% of the world's market capitalization and 

data from 76 countries worldwide, Thomson Reuters Eikon is a useful tool where 

economic-financial and Environmental, Social and Governance (hereafter ESG) data, 

among others, can be consulted, allowing users to gather useful information for decision-

making (Refinitiv, 2023). In addition to covering stocks, bonds and exchange rates, this 

database includes ESG data on thousands of companies obtained in real time from more 

than 70,000 sources, as well as more than 400 sustainable development indicators (see 

Table 8) (Sikacz and Wołczek, 2018; Refinitiv, 2023). 

Once the database was selected, the information necessary for the development of 

this study was collected. To this end, the research was divided into three distinct phases 

in order to ensure the integrity and coherence of the analysis: (i) Identification and 

selection of the sample, (ii) ESG data download, (iii) Development of the indicator. 
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Table 8: Description of ESG dimensions. 

Dimension Pillar  Score  Categories Items 

Environmental The environmental pillar measures a 

company's impact on living and non-living 

natural systems, including the air, land and 

water, as well as complete ecosystems. It 

reflects how well a company uses best 

management practices to avoid environmental 

risks and capitalize on environmental 

opportunities in order to generate long term 

shareholder value. 

Resource Use 38 

Emissions 83 

Innovation 34 

Social The social pillar measures a company's 

capacity to generate trust and loyalty with its 

workforce, customers and society, through its 

use of best management practices. It is a 

reflection of the company's reputation and the 

health of its license to operate, which are key 

factors in determining its ability to generate 

long term shareholder value. 

Workforce 75 

Human 

Rights 

9 

Community 23 

Product 

Responsibility 

54 

Governance The corporate governance pillar measures a 

company's systems and processes, which 

ensure that its board members and executives 

act in the best interests of its long term 

shareholders. It reflects a company's capacity, 

through its use of best management practices, 

to direct and control its rights and 

responsibilities through the creation of 

incentives, as well as checks and balances in 

order to generate long term shareholder 

value. 

Management 70 

Shareholders 39 

CSR Strategy 29 

Total 454 

Source: Refinitiv Eikon 

3.2. Selection and description of variables 

For the ESG variables, a multidimensional download was carried out covering 

environmental (E), social (S) and governance (G) data, so that the download was designed 

to obtain relevant data for each of the dimensions in order to obtain a larger number of 
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indicators that may be useful when developing the indicator. Table 9 shows some of the 

indicators that can be obtained within the Refinitiv Eikon platform. 

Table 9: Example of selected variables by category 

Environmental Social Governance 

Policy Sustainable 

Packaging 

Salary Gap Policy Board Size 

Energy Use Total Number of Employees from 

CSR reporting 

Audit Committee 

Independence 

Policy Emissions Human Rights Policy CEO Board Member 

VOC Emissions Policy Forced Labor CSR Sustainability 

Committee 

GHG Emission Method Policy Business Ethics CSR Sustainability Reporting 

Environmental Products ISO 9000 GRI Report Guidelines 

Eco-design Products Healthy Food or Products CSR Sustainability External 

Audit 

ESG Assets Under 

Management 

Nuclear weapons ESG Reporting Scope 

GMO Products Firearms Producer ESG Period Last Update Date 

Animal Testing Oil and Gas Producer 

Ownership Percent 

Integrated Strategy in MD&A 

Source: Refinitiv Eikon 

Among all the variables obtained and based on studies that can be found in 

previous literature such as those of Zaman et al. (2021) and Albitar et al. (2023), those 

variables that best fit within the EI indicator were selected based on their definition. To 

this end, a total of 25 variables of a dichotomous nature were selected (see Appendix 1), 

with a value of 0 in the case of a negative response, i.e. not carrying out the initiative, and 

1 in the case of an affirmative response, i.e. applying the initiative. These variables, 

defined in Annex 1, have been grouped into three large groups based on their definition 
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and their relationship with the definition of the different dimensions of EI found in the 

literature (see table 10). 

Table 10: Variables selected by dimension for the elaboration of the eco-innovation indicator. 

Dimension Definition Variables 

Products Development of new or improved 

products or services through more 

environmentally friendly materials 

selection processes and use of more 

environmentally friendly technologies. 

Environmental Products 

Environmental Asset Under 

Management 

Product Environmental 

Responsible Use 

Renewable/Clean Energy 

Products 

Eco-Design Products 

Waste Reduction Initiatives 

Environmental Materials 

Sourcing  

e-Waste Reduction 

Processes Innovations focused on adopting 

production processes that are more 

respectful of the environment using 

clean technologies that enable the 

efficient use of resources. 

Water Technologies 

Noise Reduction 

Nuclear 

Organizational The way in which the organization and 

its employees carry out various 

activities under environmental 

management models, with an emphasis 

on how companies manage their 

business with the environment in mind. 

Equator Principles 

Environmental Project Financing 

Organic Products Initiatives 

CSR Sustainability Committee  

CSR Sustainability Reporting  

Environment Management Team  

Environment Management 

Training  
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Environmental Supply Chain 

Management  

Green Buildings  

Policy Emissions  

Targets Emissions  

Environmental Restoration 

Initiatives  

Environmental Partnerships  

Env Supply Chain Partnership 

Termination 

Source: Refinitiv Eikon 

3.3. Eco-innovation Ranking 

Once the variables have been selected, the companies, regions and industries with 

the highest environmental performance are analyzed. A common approach, especially 

among practitioners, for the calculation of composite indicators for a performance 

ranking, is to calculate the average value of a set of indicators after normalization. There 

are several problems with this method. Firstly, whether a weighted average is used, the 

weights for each indicator must be defined ex-ante, which may be difficult for all parties 

involved in the future use of the ranking to accept. Secondly, it is customary to assume 

that the pre-defined weights will apply equally to all entities to be assessed. Frequently, 

different entities may have different strategies, characteristics or priorities that may lead 

them to prioritize one or the other indicators, which would result in an unfair assessment. 

Thirdly, if, as in our case study, we are dealing with dichotomous indicators that only 

reflect whether a certain characteristic is met, calculating an average would implicitly 

assume a scale dimension for the indicators that would be incorrect. However, the 

literature offers a method often used for the calculation of composite indicators that solves 
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the first two problems described above and allows a ranking to be made. This is the model 

known as Benefit of the Doubt (Melyn and Moesen, 1991; Cherchye et al., 2007, 

Cherchye et al., 2008; De Witte and Rogge, 2011; Gaaloul and Khalfallah, 2014; 

Stumbriene et al., 2019). Giménez et al. (2024) exemplify different areas of their 

application for the calculation of composite indicators. These models assign 

endogenously and individually to each entity the most beneficial weights; however, they 

do not allow for the efficient treatment of dichotomous indicators as in our case. 

The Pareto dominance approach offers distinct advantages over other composite 

indicator methodologies, especially when dealing with dichotomous variables. Unlike 

composite indicators that aggregate multiple criteria into a single index, Pareto 

dominance preserves the multidimensional nature of data, allowing for a more nuanced 

comparison of alternatives. This method is uniquely beneficial in decision-making 

scenarios where different attributes must be considered simultaneously, without losing 

the specificity of each criterion. For instance, in operations research and multicriteria 

optimization, Pareto dominance is pivotal because it does not impose a single scalar value 

but rather identifies non-dominated solutions that are optimal across multiple dimensions 

(Voorneveld, 2003).  

This ensures that the inherent trade-offs between different criteria are maintained, 

providing a clearer picture of the optimal solutions without arbitrary weighting of the 

indicators (Branke et al., 2008). Furthermore, the robustness of Pareto dominance lies in 

its foundation on intuitive properties such as reflexivity, antisymmetry, and transitivity, 

making it a reliable method for various applications (Voorneveld, 2003). This method's 

capability to handle both positive and negative attributes simultaneously, while 

maintaining logical consistency and independence of duplicated states, further enhances 
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its applicability and effectiveness in evaluating complex, multidimensional data sets 

(Branke et al., 2008; Miettinen, 1999). Additionally, Pareto dominance has been 

extensively applied in fields such as economics and game theory, demonstrating its 

versatility and broad acceptance in the academic community (Sen, 1970; Milnor, 1954). 

For this purpose, and for a 2020 sample of 4,671 listed companies from around 

the world and different sectors, an alternative approach based on the creation of a 

Dominance Index (DMI) is proposed to create an order ranking, especially useful when 

no objective criteria are available to determine weights or the relative importance of each 

indicator and some or all of them are dichotomous variables. The purpose of this ranking 

is based on the benchmarking methodology, as it aims to identify which are the most eco-

innovative practices inside and outside the company in comparative terms (Björklund, 

2010; Tsalis et al., 2020; Vanham and Mekonnen, 2021). The ranking has been calculated 

as follows: 

(i) Firstly, an order is established for each EI dimension, so that these companies 

are ordered from lowest to highest based on the number of companies that dominate that 

company and for each of the variables, so that a company will be better positioned the 

fewer companies that dominate it. 

(ii) Once it has been established how many companies dominate or are dominated 

for each of the companies in the sample, the different positions in the ranking are 

established. These positions are made sequentially, although there may be a situation in 

which two or more companies have the same values. In this case, these companies will 

have the same position, which explains why, despite having a sample of 4,671 companies, 

the ranking has 2,392 positions. 
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(iii) Finally, after establishing the order for each of the EI dimensions, the overall 

ranking is calculated. Although a similar procedure to the one described above is 

followed, the criteria are reversed when it comes to establishing which company is in the 

best or worst position. In other words, whereas in the ranking prepared for each 

dimension, variables with values 0 and 1 were considered to establish dominance, in this 

case the value obtained by the companies within the ranking is considered. Therefore, in 

this case, the best positioned company will not be the one with the highest values, but the 

one with the smallest value, as this would reflect a better position within the ranking.  

From a formal and generalized point of view, the algorithm for calculating the 

ranking in EI would be the following. Consider 𝐼𝑗
𝑘 the indicator j=1… J for the entity 

k=1… K. The indicators can be grouped into D dimensions. A higher value 𝐼𝑗
𝑘 is assumed 

to be better. First, the ranking 𝑅𝑑 is calculated for dimension 𝑑 ∈ 𝐷. as follows: 

1. Calculation of the number of companies that dominate company k 

(𝐷𝐵𝑘,). Company k is dominated by p if  𝐼𝑗
𝑝 ≥ 𝐼𝑗

𝑘  ∀𝑗 ∈ 𝑑 with at least one 

indicator p satisfying 𝐼𝑗
𝑝

> 𝐼𝑗
𝑘.. 

2. Calculation of the number of companies dominated by company k 

(𝐷𝑇𝑘). Company p is dominated by k if 𝐼𝑗
𝑝 ≤ 𝐼𝑗

𝑘  ∀𝑗 ∈ 𝑑 with at least one indicator 

p that satisfies 𝐼𝑗
𝑝 < 𝐼𝑗

𝑘. 

3. To calculate the position in the ranking of the dimension d of 

company k (𝑅𝑑
𝑘), companies are ordered from the lowest to the highest value 𝐷𝐵. 

In case of companies with equal DB value, they are ordered from highest to lowest 

DT value.  If 𝐷𝐵ℎ = 𝐷𝑇ℎ y 𝐷𝐵𝑏 = 𝐷𝑇𝑏  for two companies ℎ ≠ 𝑏, then both are 

assigned the same position in the 𝑅𝑑 ranking. 
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Once 𝑅𝑑∀𝑑 is obtained, the global ranking 𝑅𝑔 is calculated as follows (in this case, 

a lower value of 𝑅𝑔 is better): 

1. Calculation of the number of companies that dominate company k 

according to their positions in 𝑅𝑑 (𝐷𝑅𝐵𝑘). Company k is dominated by p if  𝑅𝑑
𝑝 ≤

𝑅𝑑
𝑘  ∀𝑑 ∈ 𝐷 with at least one case satisfying 𝑅𝑑

𝑝 < 𝑅𝑑
𝑘. 

2. Calculation of the number of companies dominated by company k 

according to their positions in 𝑅𝑑(𝐷𝑅𝑇𝑘). Company p is dominated by k if 𝑅𝑑
𝑝 ≥

𝑅𝑑
𝑘  ∀𝑑 ∈ 𝐷 with at least one indicator p satisfying 𝑅𝑑

𝑝 > 𝑅𝑑
𝑘. 

3. For calculation of the ranking position in the overall ranking 𝑅𝑔of 

company k (𝑅𝑔
𝑘)  companies are ordered from the lowest to the highest value 𝐷𝑅𝐵. 

In cases of companies with the same DRB value, they are ordered from the highest 

to lowest DRT value. If 𝐷𝑅𝐵ℎ = 𝐷𝑅𝑇ℎ and 𝐷𝑅𝐵𝑏 = 𝐷𝑅𝑇𝑏  for two companies 

ℎ ≠ 𝑏, then they are both assigned the same position in the ranking 𝑅𝑔. 

4. RESULTS AND DISCUSSION 

After applying the method described above and creating a ranking based on 

dominance, we obtained relevant results that allow us to carry out a comparative analysis, 

both at country/sector level and at corporate level. In addition to obtaining this global 

ranking, this methodology allows us to obtain a differentiated ranking according to the 

dimensions of EI in products, processes, and organization. 

4.1. Macro-level analysis 

4.1.1. Regions 

From a macro-level point of view, it can be observed that the countries that 

dominate in more aspects of EI are France, Finland, Uruguay, Thailand and Spain, while 
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the countries with the lowest presence in EI are Monaco, Panama, Qatar, Omar and 

Bahrain (see table 11). These results, which are graphically represented in Figure 8, are 

in line with studies such as those carried out by Amor-Esteban et al. (2020) and García-

Sánchez et al. (2021), among others, who place European and Asian countries among the 

top countries with the best environmental performance, as is the case in the results shown 

in this study. 

Table 11: Eco-innovation Ranking by regions. 

Ranking Country Freq % Ranking Country Freq % 

1 France 103 2,21% 33 Hungary 4 0,09% 

2 Finland 29 0,62% 34 Norway 38 0,81% 

3 Uruguay 2 0,04% 35 Chile 32 0,69% 

4 Thailand 31 0,66% 36 United Arab 

Emirates 

6 0,13% 

5 Spain 36 0,77% 37 Russia 13 0,28% 

6 Turkey 10 0,21% 38 South Africa 44 0,94% 

7 Italy 54 1,16% 39 Jersey 4 0,09% 

8 Macau 3 0,06% 40 Luxembourg 15 0,32% 

9 India 89 1,91% 41 China 373 7,99% 

10 Portugal 9 0,19% 42 Bermuda 24 0,51% 

11 Japan 359 7,69% 43 Brazil 11 0,24% 

12 Kazakhstan 2 0,04% 44 Canada 195 4,17% 

13 Taiwan 112 2,40% 45 Indonesia 34 0,73% 

14 Germany 113 2,42% 46 Kuwait 5 0,11% 

15 Hong Kong 100 2,14% 47 Israel 17 0,36% 

16 Belgium 38 0,81% 48 United States 

of America 

1732 37,08% 

17 Austria 23 0,49% 49 Guernsey 14 0,30% 

18 Korea; 

Republic (S. 

Kor.. 

112 2,40% 50 Australia 52 1,11% 

19 Malaysia 34 0,73% 51 Egypt 5 0,11% 

20 Netherlands 44 0,94% 52 Cyprus 3 0,06% 
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21 Greece 12 0,26% 53 Saudi Arabia 11 0,24% 

22 Mexico 39 0,83% 54 Zimbabwe 1 0,02% 

23 Ireland; 

Republic of 

34 0,73% 55 Morocco 2 0,04% 

24 Philippines 20 0,43% 56 Cayman 

Islands 

5 0,11% 

25 Denmark 30 0,64% 57 Peru 23 0,49% 

26 Singapore 34 0,73% 58 New Zealand 20 0,43% 

27 Switzerland 89 1,91% 59 Malta 4 0,09% 

28 Sweden 105 2,25% 60 Monaco 4 0,09% 

29 Colombia 11 0,24% 61 Panama 1 0,02% 

30 United 

Kingdom 

244 5,22% 62 Qatar 7 0,15% 

31 Poland 22 0,47% 63 Oman 4 0,09% 

32 Argentina 22 0,47% 64 Bahrain 3 0,06% 

Source: The author 

The leading position of European countries in the ecological transition is a topic 

that has been widely analyzed in the scientific literature and has been verified by authors 

such as Horbach (2016) or Qureshi et al. (2022), among others, who place the European 

Commission (EC) as a body of special relevance in the ecological transition, having an 

active role in the systematic encouragement to promote EI strategies and green 

technologies (Tobelmann and Wendler, 2020; Azeem Qureshi). In this context, the 

ranking position of European countries may be due to the initiatives that have been carried 

out in the EU (EU) with the aim of improving the environmental performance of its 

member countries.  

In 2009, the first EU Renewable Energy Directive came into force, marking the 

beginning of a remarkable increase in the total capacity of solar PV systems (Kougias et 

al., 2021). Two years later, in 2011, the term "EI" became part of the European 

Commission's agenda when it funded the EI Action Plan (Eco-AP), which encourages the 
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acceleration of these innovations to foster productivity, efficiency and competitiveness, 

as well as contribute to preserving the environment (European Commission, 2011). Since 

then, this concept has been at the center of several reports and official documents 

(Colombo et al., 2019). 

Another major initiative is the European Green Deal (EGD), whose main objective 

is to transform the EU into a modern, resource-efficient, and competitive economy with 

zero net greenhouse gas emissions by 2050 (European Commission, 2019). Furthermore, 

the EU's commitment to contribute to the green transition has recently been underlined 

by the post-pandemic recovery plans, allocating more than 35% of these funds and of the 

EU budget to green initiatives for the period 2021-2027 (European Commission, 2021). 

Figure 8: Choropleth map according to average ranking position per regions 

 

Source: The author 

Moving on to analyze the position of these countries from a more specific point 

of view, table 12 shows the position of the top 15 countries in terms of EI, differentiating 

between the three typologies analyzed in this study. As can be seen, none of the countries 
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shown in this table has the same position in the ranking for the three dimensions of EI. 

As in the global ranking shown above, most of the countries in the top positions are 

European and Asian. 

Table 12: Eco-innovation ranking by regions and dimensions. 

Ranking Product Process Organizational 

1 France Kazakhstan Uruguay 

2 Finland Finland Turkey 

3 India Turkey Thailand 

4 Italy Korea; Republic (S. Kor.. France 

5 Thailand Japan Portugal 

6 Japan France Finland 

7 Macau Poland Macau 

8 Austria Austria Malaysia 

9 Hong Kong Germany Spain 

10 Taiwan Sweden Taiwan 

11 Greece Argentina Mexico 

12 Netherlands Netherlands Philippines 

13 Belgium Switzerland Italy 

14 Spain Spain India 

15 Portugal India Colombia 

Source: The author 

Among these countries, Europeans have a higher presence for the product and 

process dimensions (60% in both cases), while in the organizational EI dimension, Asian 

countries have a higher presence, with 33% European versus 47% Asian countries. 

Furthermore, it is interesting how Kazakhstan ranks first in terms of process EI, which is 

in line with studies such as that of Gaukhar et al. (2020), who emphasize the efforts that 

this country has been making in recent years to achieve sustainable development 

objectives and thus improve the country's environmental situation, as well as the study by 

Davidenko et al. (2024), who ensure a change in the behavior of Kazakhstan's companies 
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to carry out their economic and production activities in a conscious manner in order to 

reduce their negative impact on the environment. 

4.1.2. Industries 

In addition to the previous analysis, and after grouping the different sectors into 

eleven broad categories (see Appendix 2), our results allow us to observe which industries 

are best positioned in our ranking of dominance and which, therefore, have a higher 

degree of environmental performance in terms of EI (see table 8). Thus, the top five 

industries include utilities, consumer non-cyclicals, industrials, basic materials and 

financial, with the industrial sector being the most frequent (17.15%). These results are 

in line with authors such as Aparicio and Kapelko (2019) and Amor-Esteban et al. (2020), 

among others, placing a large part of these industries as those with the highest 

environmental performance. These, in addition to presenting this degree of performance, 

are particularly relevant industries due to the strong impact they have on the lives of 

citizens (Amor-Esteban et al., 2020). 

Another striking industry is the energy industry, which is ranked 8th in the ranking 

and has a presence of 6.85%. This industry is of great relevance, as the level of energy 

consumption is essential for a country's economic and social development (Sohail et al., 

2021; Liu et al., 2023). Add to this the fact that most of this energy is generated by fossil 

fuels, and we are faced with an industry whose environmental impact is significant and 

negative, leading to environmental degradation (Lei et al., 2021; Liu et al., 2023). 
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Table 13: Eco-innovation Ranking by industries. 

Ranking Industry Freq % 

1 Utilities 89 1,91% 

2 Consumer Non-

Cyclicals 

313 6,70% 

3 Industrials 801 17,15% 

4 Basic Materials 467 10,00% 

5 Financial 301 6,44% 

6 Consumer Cyclicals 720 15,41% 

7 Technology 688 14,73% 

8 Energy 320 6,85% 

9 Real Estate 408 8,73% 

10 Healthcare 553 11,84% 

11 Academic & 

Educational Services 

11 0,24% 

Source: The author 

Add to this the fact that most of this energy is generated by fossil fuels, and we 

are faced with an industry whose environmental impact is significant and negative, 

leading to environmental degradation (Lei et al., 2021; Liu et al., 2023). In addition, the 

conflict in Ukraine that began in February 2022 has led to strict restrictions by the West 

on Russia, one of the largest exporters of fossil fuels, forcing these countries to look for 

more environmentally friendly alternatives that do not interfere with the achievement of 

the 2030 Agenda (Allam et al., 2022). This makes the energy industry one of the most 

interesting for future studies analyzing environmental performance in the post-conflict 

period between Russia and Ukraine. 
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Table 14: Eco-innovation Ranking by industries and dimensions. 

Ranking Product Process Organizational 

1 Utilities Industrials Consumer Non-

Cyclicals 

2 Financial Consumer Non-

Cyclicals 

Utilities 

3 Technology Consumer Cyclicals Basic Materials 

4 Industrials Basic Materials Consumer Cyclicals 

5 Basic Materials Technology Industrials 

6 Consumer Cyclicals Financial Technology 

7 Consumer Non-Cyclicals Healthcare Energy 

8 Real Estate Utilities Financial 

9 Energy Academic & 

Educational Services 

Real Estate 

10 Healthcare Real Estate Healthcare 

11 Academic & Educational 

Services 

Energy Academic & 

Educational Services 

Source: The author 

From a more specific point of view, table 9 shows the ranking of sectors by EI 

dimensions. In the case of the first five sectors at the global level (see table 8), it can be 

seen how the industrial sector, and the basic materials sector are in the top five industries 

in the three EI dimensions, with the industrial sector ranking first in terms of process EI 

and the basic materials sector ranking third in terms of organizational EI. As in the overall 

ranking, the energy industry occupies an unfavorable position in the rankings for all three 

dimensions, especially in the process EI dimension, where it ranks last. 
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4.2. Micro-level analysis 

Table 15: Eco-innovation Ranking by companies. 

Company Dominated by Dominating to Ranking 

Koninklijke Philips NV 0 4537 1 

Hitachi Ltd 0 4381 2 

General Electric Co 0 4381 2 

Volvo AB 0 4314 3 

Mitsubishi Electric Corp 0 4293 4 

Home Depot Inc 0 4249 5 

Goldman Sachs Group 

Inc 

0 4078 6 

Arcelik AS 1 4467 7 

UPM-Kymmene Oyj 1 4465 8 

Fosun International Ltd 1 4062 9 

Mirae Asset Securities Co 

Ltd 

1 4057 10 

Industria de Diseño Textil 

SA 

1 4045 11 

Kering SA 1 4045 11 

Abb Ltd 1 4040 12 

EIDP Inc 1 4020 13 

Owens Corning 2 4397 14 

Panasonic Holdings Corp 2 4150 15 

Source: The author 

Finally, table 10 shows the top 15 most eco-innovative companies according to 

our ranking. All of them are characterized by a higher dominance in the EI variables 

presented in the methodological section and by being dominated by a smaller number of 
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companies. As can be seen, Hitachi Ltd and General Electric Co are positioned in position 

2, as they share the same values in terms of dominance.  Among these companies is 

Industria de Diseño Textil SA, better known as Inditex, being the only Spanish company 

that appears in this top 15 and which is interesting to analyze, as it specifies in detail what 

its actions are in terms of EI, as well as the different phases it carries out to comply with 

its main environmental objectives, which allows us to observe clearly and simply what 

actions it carries out to reduce its environmental impact. To this end, as it specifies on its 

website, Inditex is committed to "a new cycle" (see illustration 2) to achieve the reduction 

of emissions and the efficient use of water and energy, as well as to obtaining innovative, 

organic or recycled raw materials that allow the achievement of the different objectives 

established for the coming years. 

Figure 9: Inditex initiatives for sustainable development 

 

Source: https://www.inditex.com/itxcomweb/es/sostenibilidad#un-nuevo-ciclo 
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These targets include reducing water consumption in the supply chain by 25% by 

2025, having 5 million hectares protected and regenerated through proper management 

to improve biodiversity by 2030, or achieving net zero emissions by 2040 by reducing its 

carbon footprint by at least 90% compared to 2018, among others (Inditex, 2024). 

5. CONCLUSIONS 

In this study, a DMI is developed using dichotomous variables that respond to the 

different eco-innovative initiatives carried out by companies around the world and for the 

year 2020, which allows us to carry out a comparative analysis of the different companies 

in terms of environmental performance through a dominance-based ranking, both at the 

macro and corporate levels. In addition to the ranking in global terms, our methodology 

allows us to carry out an analysis of environmental performance for each of the 

dimensions of EI that can be found in the scientific literature, i.e. product, process and 

organizational. In this way, the main results obtained from this study allow us to observe 

in a simple way which companies, regions and industries have a higher degree of EI based 

on the variables that have been selected for the analysis and which are detailed in the 

methodology section. 

The main results show that, from a macro point of view, the regions at the top of 

the global ranking are mainly France, Finland, Uruguay, Thailand and Spain. The 

presence of European countries at the top of the ranking can be explained by the different 

initiatives that have been carried out within the European continent to enable its member 

countries to achieve adequate levels of environmental performance. These initiatives 

include the EI Action Plan and the European Green Pact, among others. This analysis can 

be extrapolated for each dimension of EI, where European and Asian regions continue to 

predominate in the top positions, with a greater European presence in the product and 
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process dimensions, compared to a greater Asian presence in the organizational 

dimension. 

As for the best positioned sectors in the ranking, as in previous studies, the 

utilities, consumer non-cyclicals and industrial sectors stand out. It is worth highlighting 

the energy sector, which is at the bottom of the ranking, which is particularly noteworthy 

given that it is one of the most important industries for the development of a country. The 

same happens in the different dimensions of EI, where other sectors such as basic 

materials or the financial sector stand out, while the energy sector remains at the bottom 

of the ranking, especially in the process dimension. Finally, at the corporate level, this 

study shows the position of the top 15 companies in terms of EI, among which 

Koninklijke Philips NV, Hitachi Ltd and General Electric Co, among others, stand out. In 

addition, we highlight Inditex as the only Spanish company within this top 15, standing 

out for the different sustainable actions it carries out and which it clearly details on its 

website. 

Thus, the present study has several contributions to the previous literature from a 

theoretical and practical point of view. In terms of its theoretical implications, the applied 

methodology allows for an alternative analysis of environmental performance in EI 

matters in a simpler and more replicable way compared to methodologies applied in 

previous literature within this field of study. Secondly, 25 detailed variables have been 

introduced for each dimension of EI, which allows for a more exhaustive and complete 

analysis, unlike previous studies that analyze the degree of environmental performance 

from a global point of view. Finally, in addition to being able to establish a global ranking 

at regional, industry and corporate level, one of the main contributions of this study lies 

in the comparative analysis for each dimension of EI, showing at macro and corporate 



Chapter III: Comparative analysis of corporate environmental performance in terms of eco-innovation: 

developing a dominance index (DMI) approach. 

90 
 

level which are the most eco-innovative regions, industries, and companies for each of 

these dimensions. From a practical point of view, the ranking presented in this study can 

be very useful for policy makers and managers around the world, as it projects which 

countries and companies have a better and worse position in terms of EI. In this way, the 

results of this study can be relevant for those who want to know the specific situation of 

each region, industry, and company in terms of environmental performance, as well as to 

see which dimensions and aspects need to be improved. 

Despite the usefulness of this study, it is important to note that it has certain 

limitations. Firstly, despite having carefully selected the variables used for the creation of 

our indicator, the Refinitiv Eikon database contains a wide range of ESG variables that 

could be equally relevant and that have not been considered for this analysis. In addition, 

Refinitiv Eikon has been the only platform used for the selection of these variables, 

without exploring other databases such as Bloomberg or Morningstar, among others, 

which would limit us when considering different or complementary variables. 

Furthermore, the analysis has been carried out exclusively for the year 2020, which does 

not allow us to carry out a comparative analysis for different years. Finally, despite the 

usefulness of the indicator and the fact that it shows results in line with previous studies, 

the methodology used to obtain it is relatively simple as it does not consider complex 

aspects such as the weights of each of the variables. 

In this context, future studies could analyze the degree of environmental 

performance in terms of EI beyond the analysis of a single year. Analyzing the pre- and 

post-pandemic period would be interesting to observe the evolution of these regions, 

industries and companies within the ranking presented in this study. Furthermore, 

analyzing this situation for the period after the conflict between Russia and Ukraine would 
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be of great relevance, especially for the energy sector, as it has been one of the most 

affected by this conflict. Regarding the dimensional analysis of EI, authors such as Filiou 

et al. (2023) or Tsolakis et al. (2023) highlight the importance of Artificial Intelligence 

(AI) in matters of sustainability, as it promotes aspects such as the production of green 

patents or sustainable development. In this line, future research can be aimed at analyzing 

the impact of AI in the different dimensions of EI, with special emphasis on the 

production process, which would allow measuring how the development of new 

technologies can contribute to an improvement in corporate environmental strategies.
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1. INTRODUCTION 

The growing quest to meet current needs without compromising future 

generations has made sustainable development a crucial aspect of any economy in the 

world (United Nations, 1987). This commitment became latent in 2015, when the United 

Nations established the Sustainable Development Goals (SDGs), thus setting a roadmap 

for countries to achieve, through the fulfillment of 17 major goals, economic and social 

development based on the principle of sustainability (United Nations, 2015; Ahmad et 

al., 2022). This concern for the environment has led numerous companies to increase their 

efforts to transform their business model with the aim of mitigating the negative 

environmental impacts that may result from their activity (Zhong et al., 2022; López-

Pérez et al., 2023). To achieve this transformation, and as seen in chapter two of this PhD 

Thesis, it is necessary to change the traditional or linear economy model into a CE model, 

which is achieved through environmental innovations or EI (Prieto-Sandoval et al., 2018; 

López-Pérez et al., 2023). 
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However, recent global events have posed a real challenge to those companies that 

want to apply EIs and thus become more sustainable. These external events have mainly 

affected companies operating in different countries, as their continuous exposure to 

environmental, economic and geopolitical risks (Dreyfus & Nair, 2022, Chatterjee et al., 

2024) make them more vulnerable to situations such as military conflicts and economic 

challenges, among others (Caldara & Iacoviello, 2022; Ahmad et al., 2022).  

Among the different events that have occurred in recent years, the health and 

economic crisis caused by the COVID-19 pandemic, which began in late 2019 and started 

to spread globally in early 2020, has been one of the greatest challenges of recent decades 

worldwide, causing the death of millions of people and generating an unprecedented sense 

of uncertainty (Krammer, 2022; Gómez et al., 2024).  

On the other hand, the conflict between Russia and Ukraine that began in February 

2022 has provided an additional reason to generate even more uncertainty in economic 

terms, as it has triggered commodity prices (World Bank Group, 2022; Wang et al., 2023), 

as well as significantly impacting the supply of raw materials and supply chains globally 

(Park et al., 2020; Ghadge et al., 2020; AlQershi et al., 2023). This conflict has also been 

of particular concern to countries that depend on Russia for the consumption of fossil 

fuels such as coal, gas or oil, including the member countries of the EU  (Ali et al., 2024).  

In order to move away from such dependence, it has become necessary to search 

for other sources of energy that are renewable and that represent an alternative to fossil 

fuels which, on the one hand, will allow these countries not to depend on Russia for 

energy production and, on the other hand, will allow them to achieve sustainable 

economic growth that will make it possible to address the different current and future 

climate problems (Han et al., 2022; Wang et al., 2023).  
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In this context, multinational enterprises (MNEs) have to establish different 

strategies aimed at achieving the necessary resources that will allow them to mitigate 

potential risks that may affect the survival of the companies and be able to invest in EI 

strategies, as well as achieve an optimal level of resilience (Khan et al., 2024; Grego et 

al., 2024). To this end, some authors argue that companies need to adopt various 

innovations that keep them prepared for future adversities, which will improve their long-

term competitiveness (Kennedy et al., 2017; Grego et al., 2024).  

Among these innovations, EIs respond effectively to the growing concern about 

climate change, as they seek to make companies conduct their business using alternative 

products and processes to traditional ones in order to minimize their negative impact on 

the environment (Kemp & Pearson, 2007; Pan et al., 2020; López-Pérez et al., 2023). 

Thus, those companies that pursue eco-innovative strategies will be more resilient, 

enabling them to cope with events such as the COVID-19 pandemic or the war in Ukraine 

more effectively (Vai and Aarstad, 2024). Furthermore, some authors argue that the 

implementation of environmental innovations can translate into positive business 

performance outcomes, making EEs an attractive alternative for companies as well as 

investors (Scarpellini et al., 2016; Garcia-Sanchez et al., 2020). 

In this sense, the main objective of this chapter is to analyze the impact of crises 

arising in turbulent periods on EI and this, in turn, on business results. The definition of 

the previous objective allows us to consider two specific objectives. First, the aim is to 

examine how these crises have affected the adoption and adaptation of EI strategies. This 

will make it possible to analyze how the adverse conditions resulting from these events 

have modified firms' priorities and approaches to environmental innovations. In this way, 

it will be possible to observe the degree to which such events have driven or constrained 
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the integration of sustainable practices and innovative technologies into their business 

models, which will allow us to provide a comprehensive view of how companies can 

adapt their strategies to become more resilient and sustainable in the face of future global 

challenges. Secondly, we aim to analyze the impact of EI on business performance 

especially considering the context of the global crises caused by the COVID-19 pandemic 

and the war conflict between Russia and Ukraine. 

These objectives will be carried out through a comprehensive analysis of a sample 

of 3,606 listed companies globally, using Refinitiv Eikon to collect data for the period 

2018-2022. To do so, we will proceed to download environmental performance data to 

create a new EI variable using the Benefit of Doubt model. Subsequently, after 

downloading various economic-financial variables that will be used to control the models, 

a quantitative analysis will be carried out through regressions for panel data, which will 

allow us to evaluate and contrast the hypotheses raised throughout this chapter. 

Finally, to ensure the validity and reliability of the results obtained, a robust check 

will be carried out that will include additional tests and consideration of possible external 

factors that may influence the results. This check will seek to ensure that the conclusions 

derived from the panel data regression are robust and applicable in a broader context.  

Thus, the study developed in this chapter makes several contributions to previous 

scientific literature. Our findings show that disruptive events have boosted EI adoption, 

suggesting that turbulent environments can act as catalysts to implement this type of 

strategies, thus strengthening corporate resilience. Moreover, EI is not only observed to 

improve corporate financial performance as shown by studies such as Driessen et al. 

(2013) or Zhao et al. (2021), among others, but it is also shown to offer competitive 

advantages in the face of global crises such as COVID-19 and the war in Ukraine.  
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On the other hand, this chapter makes a valuable methodological contribution 

through the creation of a new EI variable using the BoD model. This innovative approach 

not only responds to the need for a more accurate and flexible assessment of the 

development of EI strategies in companies, but also allows us to capture the differences 

between them in different contexts. Thus, this new variable provides an enriching tool for 

future studies by providing an advanced methodology, extending the limits of previous 

knowledge in this field and improving the understanding of the impact of EI on corporate 

performance, thus complementing previous studies such as those conducted by Zhen and 

Iatridis (2022) or Abeysekera (2023), among others. 

2. THEORETICAL FRAMEWORK 

The impact of EI on business performance is a topic that has been widely analyzed 

in the scientific literature. However, and as specified in the second chapter of this doctoral 

thesis, there is discrepancy regarding the impact of this type of innovation on corporate 

economic and financial performance (López-Pérez et al., 2023).  

Thus, researchers such as Driessen et al. (2013) or Zhao et al. (2021), among 

others, point out that EI does not always have a positive impact, as high initial investment 

or high staff turnover could deteriorate business performance. Despite these assertions, 

most researchers claim that sustainable strategies improve aspects such as reputation and 

customer satisfaction, reduce costs and thus improve business performance (Liao, 2018; 

Marín-Vinuesa et al., 2018). Along these lines, Zheng and Iatridis (2022), after analyzing 

a sample of more than 124,000 companies, conclude that their study provides strong 

evidence that evidences a positive impact of EI on all types of business performance. 
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As can be seen, there are discrepancies in the scientific literature when 

determining the impact of these innovations on corporate results, which may be due to 

the influence of external factors that have not been taken into account in the different 

studies (López-Pérez et al., 2023). In this context, in the last decade global events have 

acted as catalysts for profound changes in corporate behavior. These events, known in the 

literature as disruptive events (Hoffman, 1999), are characterized by their ability to 

radically alter the environment in which organizations operate, which has been 

instrumental in forcing a re-evaluation of traditional strategies, processes and business 

models (Hoffman, 1999; Tettamanzi et al., 2022). 

In this sense, in addition to the external factors mentioned in chapter two of this 

Doctoral Thesis (country, environment and company size), it is crucial to consider the 

influence of these disruptive events when assessing the impact of any business strategy 

on the bottom line (Boin, 2019; Räisänen et al., 2023), as they often trigger economic, 

social and even humanitarian crises. 

These crises are characterized by their ability to easily transcend geographical, 

political, cultural, public and legal boundaries, making them difficult for managers to 

classify, contain and manage (Boin, 2019; Räisänen et al., 2023). These crises, which 

spill over borders and evolve rapidly, are known as transboundary crises, and generate 

confusion about their causes and consequences (Boin and Lodge, 2016). Moreover, they 

are perceived as serious threats that require urgent action under conditions of great 

uncertainty, which makes their management even more difficult (Ansell et al., 2010; 

Cabane and Lodge, 2023). 

Among the most significant transboundary crises in recent years can be 

highlighted the pandemic caused by COVID-19 and the situation of geopolitical 
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instability arising from the armed conflict between Russia and Ukraine, which have 

significantly impacted recent global business dynamics (Bucea-Manea-Țoniş et al., 2021; 

Al-Amosh & Khatib, 2023). In this regard, in relation to the first crisis and despite the 

fact that the magnitude of COVID-19 has varied depending on the size, location and 

sector in which the firm is framed (Abeysekera, 2023) has led to a general sense of 

uncertainty and instability worldwide (Kuckertz & Brändle, 2022; Abeysekera, 2023).  

Simultaneously, the outbreak of the war in Ukraine in February 2022 has had a 

significant impact on geopolitical stability and the supply chain at the global level 

(Appiah-Otoo & Chen, 2023; Balsalobre-Lorente et al., 2023).. Thus, companies have 

had to cope with adverse events resulting from this war, including the disruption in the 

procurement of certain raw materials due to price increases (Feng et al., 2023).This has 

created additional challenges for those organizations that want to invest in environmental 

innovation strategies. In this context, the emergence of these transboundary crises has 

highlighted the importance of implementing sustainable strategies that foster innovation 

in order to cope with adverse situations and that do not jeopardize long-term business 

growth (Al Amosh & Khatib, 2023).. 

2.1. COVID-19 

Some authors argue that COVID-19 has been able to slow down the efforts of 

organizations to move towards a sustainable economy, since crises of such relevance can 

disrupt environmental practices in all types of companies, harming SMEs in particular 

(Zhang & Fang, 2022). (Zhang & Fang, 2022). As a consequence of the pandemic, 

companies have experienced a worsening of their performance, leading them to liquidity 

problems and budget constraints (Hermundsdottir et al., 2022).. Thus, authors such as 



Chapter IV: Impact of disruptive events on eco-innovation implementation and business performance 

102 
 

Guderian et al. (2021) state that the negative impact of COVID-19 has slowed down the 

different activities aimed at developing environmental innovation strategies. 

In this context, several researchers argue that the impact of COVID-19 has led 

companies to face major economic challenges, which has led to the search for the survival 

of the company itself in the face of economic crises of such magnitude (Awan et al., 

2021).. In this line, Zou et al. (2020) state that companies have reduced their efforts to 

invest in investment and development (R&D) with the main objective of surviving the 

negative situation caused by the pandemic. On the other hand, Carroll (2021) o 

Tampakoudis et al. (2021) state that the potential gains from investing in ESG activities 

during the pandemic were lower than the costs of investing in them. In addition, the 

financial pressures that arose in this crisis limit companies from allocating economic 

resources to the development of sustainable strategies, so they tend to wait until their 

economic-financial situation improves (Humphreys & Trotman, 2022; Klymenko & 

Lillebrygfjeld  Halse, 2022).. Thus, there are numerous works in the literature that support 

the idea that companies had to allocate their economic resources in a more secure way in 

order to adapt to the provoked crisis situation. 

However, other authors argue that the onset of the pandemic caused by COVID-

19 has significantly encouraged companies to boost their efforts in the field of innovation 

as a strategic response to the crisis. (Abeysekera, 2023)The adoption of innovations has 

become a crucial aspect for the survival of organizations in the post-covida era (Adusei 

et al., 2023). (Adusei et al., 2023).. In this regard, Kitsis & Chen (2021) argue that the 

application of EIs, as well as their dynamism and quality, has become a crucial and non-

negotiable strategy in the development of competitive business strategies.  
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In this context, several experts argue that the pandemic has boosted the 

implementation of sustainable strategies within the business community (Loia & 

Adinolfi, 2021). The EU, for example, is committed to sustainable development by 

allocating more than 35% of the funds of the post-pandemic recovery plans and of the 

European budget for 2021-2027 to green initiatives. Therefore, the role of governments, 

policy makers and banks during this crisis has been crucial, as it has enhanced the 

reduction of the negative economic impacts resulting from the pandemic through the 

development and implementation of recovery measures aimed at mitigating the 

immediate negative impacts (Al Amosh & Khatib, 2023).. 

Regarding the relationship between COVID-19 and the development of 

environmental strategies by companies with business performance, some authors argue 

that those companies that implemented EI strategies are better able to adapt to changes in 

their environment because they are more flexible and, therefore, better able to adapt to 

crises such as the one that occurred during the pandemic (Hermundsdottir et al., 2022). 

(Hermundsdottir et al., 2022). In addition, authors such as Zhang & Fang, (2022) 

demonstrated that companies implementing sustainable measures showed a lower 

propensity to suffer negative economic impacts during COVID-19. Linked to the above, 

Ding et al., (2021) observed that environmentally concerned companies suffered a smaller 

drop in their stock price during the pandemic due to the trust placed in them by 

stakeholders (Huang et al., 2022).. Therefore, it can be observed that there are several 

authors who argue that organizations that implemented environmental innovation and 

sustainability practices were better prepared to face adverse external events. 
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2.2. War in Ukraine 

On February 24, 2022, the conflict between Russia and Ukraine broke out, 

generating negative economic consequences such as a drop in the supply of agricultural 

products or increased volatility in the price of energy, among others (Balsalobre-Lorente 

et al., 2023; Feng et al., 2023).. As a result of the conflict, considered the most important 

in Europe since World War II, many countries have imposed significant trade restrictions 

with Russia, which has triggered a domino effect that has awakened a feeling of 

uncertainty in many investors around the world, in addition to influencing the economic 

performance of importing and exporting countries, mainly, of oil (Adekoya et al., 2023)as 

well as energy price volatility, even leading to a doubling of natural gas prices and a 60% 

increase in oil prices (Balsalobre-Lorente et al., 2023). (Balsalobre-Lorente et al., 2023).. 

In addition, the war between Russia and Ukraine led to a drop in the supply of agricultural 

products, which significantly affected the food sector. (Feng et al., 2023). 

In this sense, authors such as Lim et al. (2022) state that this event has had a 

negative impact on companies, threatening them in terms of sustainable growth due to the 

increasing inflation rate and the reduction of their purchasing power. As a result, 

companies have seen their revenues decline, which, together with the increase in 

expenses, has led to a decrease in profits. (Prohorovs, 2022)(Prohorovs, 2022), hindering 

the prospects of achieving the Sustainable Development Goals (hereafter SDGs) 

(Balsalobre-Lorente, 2022). (Balsalobre-Lorente et al., 2023; Pereira et al., 2022).. 

Derived from the above, it can be expected that, as happened with COVID-19, companies 

will be forced to allocate a lower percentage of their resources to environmental strategies 

such as EI (Zou et al., 2020; Awan et al., 2021).  
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However, several experts have argued that this conflict can motivate companies 

to invest in more environmentally friendly strategies. Along these lines, authors such as 

Allam et al., (2022) or Schnitkey et al. (2022), have shown the concern of countries, 

especially in Europe, regarding their dependence on Russian imports, which has led 

different nations to seek alternative sources of energy imports (Balsalobre-Lorente et al., 

2023).. However, this concern is not only transferred to European countries. Allam et al. 

(2022) state that the war between Russia and Ukraine has significantly influenced gas and 

oil supply chains and prices in the G7 and BRICS countries.  

In this regard, numerous authors highlight the efforts being made by the affected 

nations to reduce this dependence, primarily on Russian oil and gas (Adekoya et al., 2023; 

Kuzemko et al., 2022; Pereira et al., 2022).. To achieve this independence, the European 

Commission has raised the renewables target for 2023, committing to double solar power 

capacity by 2025 (Kuzemko et al., 2022; European  Commission, 2022). On the other 

hand, the United States banned trading with Russia in relation to oil, liquefied natural gas 

and coal, which will necessitate the search for clean and environmentally friendly energy 

alternatives that do not interfere with the achievement of the 2030 Agenda (Allam et al., 

2022).. For this reason, it has been observed how this event has aggravated the 

environmental challenges of companies, accelerating the realization of sustainable 

investments with different scopes such as innovative energy efficiency projects or the 

substitution of fossil energies by renewable energies. In this way, it can be observed how 

the search to dispense with dependence on resources from another country derived from 

the conflict implies the need to develop innovative and sustainable environmental 

strategies. 
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Based on these events, companies have had to make strategic decisions in order 

to adapt to the environment generated by these disruptive events. This approach is in line 

with the Contingency Theory, which states that those companies that align their 

organizational resources with the environmental context in which they operate will adapt 

better than those that do not in the face of adverse external situations. (McKiernan, 1996; 

Robert Baum & Wally, 2003).  The Contingency Theory (Fiedler, 1951) explains the 

decision making carried out by organizations based on internal and external determinants 

in a particular situation, understanding internal factors as those occurring within an 

organization and external factors as those occurring outside it (Childs et al., 2022)The 

COVID-19 and the conflict between Russia and Ukraine fall within the second typology. 

Based on the above and on this theory, the following hypotheses are proposed (see 

Figure 10): 

H1: Disruptive events drive investment in EI. 

H2: Implementation of EI has a positive impact on firm performance. 

H3: Disruptive events enhance the effect of EI on firm performance.
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 Figure 10. Hypothesis Statement 

Source: The author
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3. METHODS 

Data collection and variables 

In order to test the hypotheses, it is necessary to carry out an exhaustive data 

collection to establish which items are appropriate to measure EI as completely as 

possible. For this purpose, as in chapter three, the Refinitiv Eikon database has been used. 

Based on 19 of the environmental items offered by the platform (see appendix 3), a new 

EI variable was created.  

The Benefit of Doubt (BoD) model was used to obtain this item. This model, 

which considers only outputs and represents a variant of the nonparametric frontier 

models used to measure efficiency (Cooper et al., 2007; Giménez et al., 2024), has been 

used in the literature to construct composite indicators (CI) in different contexts (Lauer 

et al., 2004; Despotis, 2005; Cherchye et al., 2008), making it possible to analyze complex 

phenomena that cannot be evaluated with a single variable, globalizing processes with 

multiple stages and sub-indicators (Maricic et al., 2019). 

Unlike other models for CI creation, the BoD proposes an alternative approach 

using data envelopment analysis (DEA) methods to obtain endogenous weights without 

prior information (Wang et al., 2015).  

Thus, following Giménez et al. (2024), we have a sample of K firms and a set of J positive 

sub-indicators to be maximized (y ϵR+
𝐽

) and H negative sub-indicators to be minimized 

(y ϵR+
𝐻). In order to measure the performance of each of the evaluated firms, the following 

directional distance function or DDF is used (Chambers et al., 1996; Oh, 2010; Giménez 

et al., 2024):  
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𝐷(𝑦,𝑏) = max (β | (y + β𝑔𝑦,b - β𝑔𝑏)) 

This function, using the vector g = (𝑔𝑦,𝑔𝑏) ϵR+
𝐽+𝐻

determines the maximum simultaneous 

increase and decrease, measured by 𝛽of the sub-indicators y and b. Although different 

methodologies have been used in the literature to determine the computation of 𝐷(𝑦,𝑏), in 

this study we are going to follow, once again, Giménez et al. (2024), who started from a 

nonparametric frontier model based on Oh (2010) in which inputs will not be considered. 

Thus, 𝐷(𝑦,𝑏) is calculated by the following linear program for firm o: 

Max θ(𝑦𝑜𝑗,𝑏𝑜ℎ) =  β 

s.t.   𝛴𝑘=1
𝑘  𝜆𝑘𝑦𝑘𝑗 ≥ 𝑦𝑜𝑗 + β𝑔𝑦  j = 1... J,  

𝛴𝑘=1
𝑘  𝜆𝑘𝑏𝑘ℎ ≤ 𝑏𝑜ℎ - β𝑔𝑏       h = 1... H  

𝜆𝑘 ≥ 0     k = 1...K. 

In this linear program, 𝑦𝑘𝑗 y 𝑏𝑘ℎ represent the sub-indicators to maximize (j) or minimize 

(h) for company k, where 𝑦𝑜𝑗 y 𝑏𝑜ℎ are the observed levels of each sub-indicator for the 

evaluated firm. In addition, β represents the maximum simultaneously achievable 

increase or decrease in the sub-indicators to maximize or minimize (Giménez et al., 

2024). 

In this context and to perform the CI calculation, the Shepard output distance is used 

(Fusco, 2015; Rogge et al., 2017; Giménez et al., 2024): 

𝐶𝐼(𝑦𝑜𝑗, 𝑏𝑜ℎ) =  
1

1 +  𝜃(𝑦𝑜𝑗, 𝑏𝑜ℎ)
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Where 𝐶𝐼(𝑦𝑜𝑗, 𝑏𝑜ℎ) ≤  1, i.e., the new EI variable will obtain a minimum value of 0 and 

a maximum value of 1. In this case, if a company obtains 𝐶𝐼(𝑦𝑜𝑗, 𝑏𝑜ℎ) =  1In this case, 

if a company obtains 1, it means that it has obtained the highest level of efficiency or, 

better said, it has reached the maximum level of EI. 

Once the EI variable was obtained, we proceeded to obtain economic performance 

variables that allow us to establish a relationship between environmental and economic-

financial variables. In this way, and following authors such as Lopes-Santos et al. (2019) 

or Khan et al. (2021), among others, the ROA, ROE and Return on Investments (hereafter 

ROI) variables were downloaded.  

These variables of accounting origin will be key to establish a relationship 

between EI and business performance. In addition, control variables related to firm size 

(SZ), corporate governance (GovS), investment in research and development (R&D), 

capital expenditures (CE) and working capital (WC) have been used. In addition, a 

dichotomous variable of origin called EU has been established, which takes the value 1 

if the company belongs to a European country and 0 otherwise. These values have been 

applied from 2019 onwards, as this was the year in which the European Green Pact was 

implemented, promoting sustainability among EU member countries (European 

Commission, 2020). 

In addition, for each of the three Hypotheses, it is necessary to obtain data that 

reflect relevant information in relation to the disruptive events that we will use in this 

Doctoral Thesis and that, as previously specified, will be the pandemic caused by 

COVID-19 and the war in Ukraine. For the first disruptive event and based on works such 

as Klumpp et al. (2022) and Giménez et al. (2024) we have proceeded to download the 
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deaths caused by the SARS-Cov-2 virus. For this purpose, the data provided by 

https://ourworldindata.org/ for the years 2020-2022 have been used. 

On the other hand, and in relation to the second disruptive event, i.e. the war in 

Ukraine (see Table 16), a categorical and gradual variable has been created to capture the 

complexity and scope of the war in Ukraine at a global level. In this sense and for the 

year 2022, category 1 is composed of non-EU countries. These countries are not directly 

involved in the Russia-Ukraine conflict, but may experience significant side effects such 

as disruption of global supply chains, fluctuations in energy prices or changes in 

international trade flows, among others (Lin et al., 2023; Arndt et al., 2023; Derindere-

Köseoğlu et al., 2024). 

China is in category 2, as it is in an intermediate position between European and 

non-European countries in terms of impact and relationship with this war. This 

intermediate position is justified by two main aspects. On the one hand, China has a 

significant economic relationship with Russia, including relevant trade and energy 

agreements (Liu et al., 2023; Xing et al., 2023). On the other hand, China has shown a 

cautious stance on the conflict, seeking a balance between maintaining its relationship 

with Russia while aiming to maintain stable economic relations with Europe and other 

parts of the world (Blank, 2022; Chang-Liao, 2023). Thus, the Asian country's position 

reflects a situation of indirect relationship with the conflict, although it is significantly 

influenced. 

Finally, category 3 is made up of countries belonging to the EU. This value is 

justified on several grounds, including the direct impact of the conflict, direct economic 

and political effects, and regional politics and security (Darmayadi and Megits, 2023). 

First, European countries are directly involved in the crisis due to geographical proximity 
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and the development and implementation of policies in support of Ukraine, both at the 

humanitarian, military and economic levels.  

Second, European countries face direct consequences such as disruption of energy 

supplies, rising living costs due to inflation, and significant impact on the security and 

stability of member countries, which means that European economies are experiencing, 

among other things, high volatility in commodity prices (Lin et al., 2023; Henderson, 

2024). Third, the myriad Russian threats and challenges in terms of security, migration 

and regional cooperation place Europe as a region where political and defense decisions 

have been influenced by the situation in Ukraine (Genschel, 2022; Tian et al., 2023). 

3.2. Statistical models 

Once all the variables have been defined, it is necessary to establish statistical 

models to analyze the relationship between them and to contrast the hypotheses 

previously established. To do this, a series of necessary steps must be carried out to apply 

these models. 

3.2.1. Descriptive statistics 

Table 17 presents the descriptive statistics of the variables that will be used for the 

design of the models that will be shown later. On the one hand, the mean values and 

standard deviations of the numerical and percentage variables can be observed, while on 

the other hand, the frequency of the dichotomous variable used in this study can be 

observed (percentage of observations taking the value 1 for said variable).  
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Table 16: Variables definition 

Variable Abb Definition Data 

Source 

Return on Assets ROA Net operating profit for the period divided by the total 

asset (%) 

Refinitiv 

Eikon 

Return on 

Equity 

ROE Net operating profit for the period divided by the total 

equity (%) 

Refinitiv 

Eikon 

Return on 

Investment 

ROI Net operating profit for the period less adjusted taxes 

divided by the invested capital (%) 

Refinitiv 

Eikon 

EI EI Continuous variable created with BoD where 0 is the 

minimum value and 1 is the maximum value. 

Own 

elaboration 

using BoD 

EU EU Dichotomous variable that takes the value 0 if it is a non-

European country and 1 if it is a European country for 

years 2019-2022, when the European Green Deal started. 

Own 

elaboration 

Size SZ Firm size as measured by the natural logarithm of total 

assets 

Refinitiv 

Eikon 

Governance 

Pillar Score 

GovS The corporate governance pillar measures a company's 

systems and processes, which ensure that its board 

members and executives act in the best interests of its 

long-term shareholders. It reflects a company's capacity, 

through its use of best management practices, to direct 

and control its rights and responsibilities through the 

creation of incentives, as well as checks and balances in 

order to generate long term shareholder value. 

Refinitiv 

Eikon 

Research and 

Development 

R&D Represents expenses for research and development of 

new products and services by a company in order to 

obtain a competitive advantage. 

Refinitiv 

Eikon 

Capital 

Expenditures 

CE Capital Expenditures represents the sum of Purchase of 

Fixed Assets, Purchase/Acquisition of Intangibles and 

Software Development Costs for the defined fiscal 

period. 

Refinitiv 

Eikon 

Working Capital WC This item is defined as the difference between Current 

Assets and Current Liabilities for the fiscal period. 

Available for Industrial and Utility companies. 

Refinitiv 

Eikon 

Covid Cov Numerical variable measured by the number of deaths 

per Covid for the years 2020-2022 

Our World 

in Data 

Ukraine War War Categorical and stepwise variable where 1 = non-

European countries 2= China and 3 = European 

countries. 

Own 

creation 

Source: The author, Refinitiv Eikon and Our World in Data 
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Table 17: Descriptive statistics 

Variable Mean Std. dev. 

ROA (%) 3.19 7.05 

ROE (%) 6.74 14.39 

ROI (%) 4.23 9.20 

EI 0.80 0.31 

SZ 22.22 1.58 

GovS (%) 51.42 22.47 

R&D 7.46 9.55 

CE 19.14 4.38 

WC 15.93 8.24 

COVID 59999.28 137483.50 

WAR 0.29 0.66 

 Frequency (%)  

EU 14.00  

 

Descriptive statistics are very useful to know, in a generalized and summarized 

way, relevant information on each of the variables. In relation to the profitability 

variables, it can be observed that ROA has a mean value of 3.19%, while ROE has a mean 

value of 6.74% and 4.23% in the case of ROI, which shows that, on average, the 

companies generate a reasonable profitability for the data of the sample analyzed. 

However, we note that the standard deviations are considerably high, suggesting that there 

is considerable variability among these companies. 

In relation to the EI variable, it can be observed that the mean is 0.80, which 

indicates that, on average, the listed companies analyzed are achieving an optimal level 

of EI. Regarding company size, measured by the natural logarithm of total assets, it can 

be observed how there is a standard deviation of 1.58, which suggests that the size of the 

analyzed companies is comparable, which makes sense considering that all the companies 

are listed. 

The Governance Pillar Score (GovS) variable shows that the companies have an 

average score of 51.42, which places them at an intermediate level in terms of corporate 
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governance, indicating ample room for improvement. On the other hand, companies show 

significant variability in R&D investment (mean of 7.46) and in working capital (mean 

of 15.93), reflecting different approaches to innovation and operational management. In 

contrast, average investment in capital expenditures stands at 19.14, showing more 

constant investments, underlining the importance of maintaining and expanding 

productive capacity. 

In relation to disruptive events, it can be observed how the Covid variable has a 

mean value of 60,000 deaths per year, while it has an extremely high standard deviation. 

This high variability indicates an uneven impact of COVID-19 among the different 

regions studied, which can significantly influence highly relevant aspects such as the 

demand for products and services or the supply chain, among others. 

The War variable, with a mean value of 0.29 and a standard deviation of 0.66, 

suggests that most of the observations correspond to non-EU countries, with a smaller 

number of observations coming from China or Europe. This is highly relevant, as the 

geopolitical context significantly influences the economic and political stability of a 

country, which affects business decisions.  

These data are supported by the EU variable, which shows a mean value of 0.14, 

reflecting that 14% of the sample corresponds to companies belonging to EU countries. 

It should be noted that this percentage corresponds to a total of 3,606 companies from all 

over the world, so the remaining 86% corresponds to companies from non-EU countries, 

with a greater presence of US companies. 

On the other hand, the correlation matrix depicted in Table 18 shows that the 

profitability measures (ROA, ROE, ROI) are highly correlated with each other and are 
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positively associated with firm size (SZ) and capital expenditures (CE). In addition, EI 

presents a positive and moderate relationship with profitability, suggesting that higher EI 

may be associated with better financial performance. As for R&D investment, it shows a 

slight and negative correlation with profitability indicators, which could indicate that 

R&D investments do not always result in an immediate financial return.
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Table 18: Correlation matrix 

Variable ROA (%) ROE (%) ROI (%) EI EU  SZ GovS R&D CE WC COVID WAR 

ROA (%) 1 
           

ROE (%) 0.8080*** 1 
          

ROI (%) 0.9396*** 0.8261*** 1 
         

EI 0.1953*** 0.1887*** 0.1894*** 1 
        

EU 0.0461*** 0.0603*** 0.0487*** 0.1356*** 1 
       

SZ 0.1541*** 0.2036*** 0.1716*** 0.3948*** 0.0378*** 1 
      

GovS 0.0086 -0.0052 0.0070 0.0281*** 0.0795*** 0.0077 1 
     

R&D -0.0439*** -0.0516*** -0.0413*** 0.0360*** -0.0546*** 0.0730*** -0.0165* 1 
    

CE 0.1365*** 0.1410*** 0.1431*** 0.2675*** -0.0965*** 0.4691*** -0.0287*** 0.1846*** 1 
   

WC 0.0895*** 0.0643*** 0.0965*** 0.0241*** -0.0470* -0.0174 -0.0095*** 0.2344*** 0.0489*** 1 
  

COVID -0.0608*** -0.0573*** -0.0486*** -0.0834*** -0.1337*** -0.0965*** -0.0224** -0.0120 -0.1178*** 0.0291*** 1 
 

WAR 0.0128 0.0176* 0.0154* 0.1049*** 0.2290*** 0.0388*** 0.0032 0.0185* 0.0050 -0.0132 -0.1884*** 1 

Note: *p < 0.1 **p<0.05 ***p<0.001
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As for the variables related to disruptive effects, it can be observed that both have 

a relatively low correlation with the profitability variables, having a negative effect in the 

case of COVID-19 and a positive effect in the case of war. In the case of the EI variable, 

it can be observed how COVID-19 has a negative correlation, indicating that the impact 

of the pandemic might have reduced the ability of firms to eco-innovate, while the war in 

Ukraine would have the opposite effect. 

3.2.2. Tests for the choice of statistical models 

In order to choose the statistical model to be used in this chapter, it is necessary 

to apply various statistical tests that will facilitate the choice of the model that best fits 

the data analyzed and, therefore, the one that should be applied when testing the 

previously stated hypotheses (see Figure 11). 

3.2.2.1. Breusch-Pagan test 

The Breusch-Pagan test is used to verify the presence of heteroscedasticity in a 

model, which will determine whether a pooled model or one with random effects should 

be used (Toha and Johl, 2021). Following Breusch and Pagan (1980), the null and 

alternative hypothesis are stated as follows:  

• Null Hypothesis (H₀): Model errors have constant variance 

(homoscedasticity), represented as. 𝐻0: 𝜎2 = 0 

• Alternative Hypothesis (H₁): Model errors have non-constant 

variance (heteroscedasticity), represented as. 𝐻0: 𝜎2 > 0 

Therefore, first of all, it will be necessary to know whether it is more convenient 

to use a random effects model or a pooled model: 
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𝑦𝑖𝑡  =  𝛽0 + 𝛽1𝑥𝑖𝑡 + 𝛾𝑖 +∈𝑖𝑡  

Where 𝑦𝑖𝑡 is the dependent variable, 𝑥𝑖𝑡 is the independent variable, 𝛾𝑖 captures 

the unobserved effects specific to each unit (in the case of a random effects model), and 

∈𝑖𝑡 is the error term. 

Secondly, it is necessary to establish a regression of the squared residuals of the 

previous model on the explanatory variables: 

∈̂2
𝑖𝑡 =  𝛼0 + 𝛼1𝑥𝑖𝑡 + 𝑢𝑖𝑡   

Where ∈̂2
𝑖𝑡  are the squared residuals of the initial model and 𝑥𝑖𝑡 are the 

explanatory variables of the model. The test follows a chi-square distribution with k 

degrees of freedom, where k is the number of explanatory variables in the regression of 

squared residuals (Breusch and Pagan, 1980). In this context, the results derived from our 

analysis and reflected in Tables 19, 20 and 21 show that, for a sample of 14,424 

observations, models with random effects are preferable in all models. 
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 Figure 11: Statistical steps to choose the correct model 
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3.2.2.2.2. Hausman test 

Once the Breusch-Pagan test has been performed, it is necessary to carry out the 

Hausman test, used to decide whether a fixed effects model is preferable to a random 

effects model (Hausman, 1978). This test compares the estimators of both models to 

determine which is more consistent, establishing whether or not the effects are correlated 

with the observable variables (Blasco and Moya, 2005). To do this, the model must first 

be estimated using fixed effects: 

𝑦𝑖𝑡  =  𝛽0 + 𝛽1𝑥𝑖𝑡 +  𝛼𝑖𝑡 +∈𝑖𝑡   

Where 𝛼𝑖𝑡 captures the unit-specific fixed effects and subsequently estimate the 

model using random effects: 

𝑦𝑖𝑡  =  𝛽0 + 𝛽1𝑥𝑖𝑡 + 𝑢𝑖𝑡 + ∈𝑖𝑡  

Where 𝑢𝑖𝑡 captures the random effects specific to each unit. We then proceed to 

compare the estimated coefficients in both models. This is calculated as: 

𝐻 = (�̂�𝐹𝐸 −  �̂�𝑅𝐸)
′
[𝑉𝑎𝑟(�̂�𝐹𝐸) −  𝑉𝑎𝑟(�̂�𝑅𝐸)]−1(�̂�𝐹𝐸 −  �̂�𝑅𝐸) 

Where �̂�𝐹𝐸 is the vector of estimated coefficients of the fixed effects model, �̂�𝑅𝐸 

is the vector of estimated coefficients of the random effects model, and 𝑉𝑎𝑟(�̂�𝐹𝐸) y 

𝑉𝑎𝑟(�̂�𝑅𝐸) are the variance-covariance matrices of the estimators of the fixed and random 

effects model, respectively. 

The test statistic follows a chi-square distribution with k degrees of freedom, 

where k is the number of estimated parameters in the model. In this context, the results 
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reflected in Tables 19 and 20 reflect that, for all models, it is preferable to use models 

with fixed effects rather than models with random effects. 

In addition to the variables described above, the country and industry effects were 

controlled for in the pooled OLS and random effects model by applying categorical 

variables due to the existence of more than one country/industry. These variables were 

not included for the analysis using the fixed-effects model, since this model eliminates 

invariant characteristics by controlling for differences between units that do not change 

over time. 

Table 19: Comparison of statistical models for Hypothesis H1 

EI 

 Pooled OLS model Random effects Fixed effects 

Var. Coef. Std.err Coef. Std.err. Coef. Std.err 

COVID -1.06e-07*** 1.56e-08 5.13e-08*** 1.10e-08 9.06e-08*** 1.13e-08 

WAR 0.016*** 0.003 0.023*** 0.002 0.025*** 0.002 

L.EU 0.087*** 0.007 0.041*** 0.008 0.025** 0.012 

L.SZ 0.060*** 0.002 0.067*** 0.002 0.086*** 0.009 

L.GovS 0.002** 0.001 0.001 0.001 -0.001 0.001 

L.R&D -0.003 0.002 0.002 0.003 0.001 0.007 

L.CE 0.007*** 0.005 0.004*** 0.006 0.002 0.008 

L.WC 0.001*** 0.002 0.001 0.003 -0.002 0.004 

_cons -0.713*** 0.032 -0.791*** 0.052 -1.139*** 0.201 

Breusch-

Pagan test 

87.95 [0.000]   

Hausman 

test 

  90.17 [0.000] 

Note: *p < 0.1 **p<0.05 ***p<0.001 
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Table 20: Comparison of statistical models for Hypothesis H2 

 

Note: *p < 0.1 **p<0.05 ***p<0.001 

 

 

 ROA ROE 

 Pooled OLS model Random effects Fixed effects Pooled OLS model Random effects Fixed effects 

Var. Coef. Std.err Coef. Std.err. Coef. Std.err Coef. Std.err Coef. Std.err. Coef. Std.err 

L.EI 3.154*** 0.192 1.008*** 0.158 0.455*** 0.171 5.102*** 0.393 1.813*** 0.350 0.731* 0.386 

COVID -1.28e-

06*** 

4.01e-

07 

5.88e-

07*** 

2.06e-

07 

1.14e-

06*** 

2.08e-

07 

-1.80e-

06** 

8.21e-

07 

1.28e-

06*** 

4.62e-

07 

2.49e-

06*** 

4.70e-

07 

WAR -0.175** 0.084 -0.044 0.036 0.0839** 0.037 -0.290* 0.171 -0.101 0.082 0.181** 0.084 

L.EU 0.805*** 0.175 0.886*** 0.182 1.0754*** 0.217 2.335*** 0.358 2.147*** 0.396 2.386*** 0.491 

L.SZ 0.260*** 0.043 0.219*** 0.066 -1.8055*** 0.168 1.158*** 0.088 1.015*** 0.136 -3.597*** 0.379 

L.GovS -0.001 0.002 -0.001 0.002 0.001 0.002 -0.012** 0.005 -0.004 0.003 -0.002 0.003 

L.R&D -0.066*** 0.006 -0.041*** 0.009 -0.020 0.014 -0.140*** 0.012 -0.093*** 0.019 -0.035 0.033 

L.CE 0.124*** 0.015 0.054*** 0.014 0.007 0.015 0.202*** 0.031 0.096*** 0.030 0.003 0.035 

L.WC 0.087*** 0.007 0.048*** 0.007 0.033*** 0.008 0.144*** 0.014 0.081*** 0.015 0.051*** 0.018 

_cons -8.301*** 0.861 -4.157*** 1.419 42.094*** 3.718 -27.689*** 1.762 -19.895*** 2.902 84.897*** 8.386 

Breusch-Pagan 

test 

142.28 [0.000]    129.66 [0.000]   

Hausman test   306.19 [0.000]   261.20 [0.000] 
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Table 20: Continuation of comparison of statistical models for Hypothesis H2 

Note: *p < 0.1 **p<0.05 ***p<0.001 

3.2.2.3. Definition of models 

Once the previous tests have been carried out, it is concluded that the most 

appropriate method to estimate our models and to be able to test the Hypotheses 

formulated is a regression with panel data and fixed effects. Therefore, the models 

designed for testing the Hypotheses are as follows: 

(1) 𝐸𝐼𝑖𝑡  =  𝛽0 + 𝛽1𝐶𝑜𝑣𝑖𝑑𝑖𝑡 +  𝛽2𝑊𝑎𝑟𝑖𝑡 + 𝛽3𝐸𝑈𝑖𝑡−1 + 𝛽4𝑆𝑍𝑖𝑡−1 + 𝛽5𝐺𝑜𝑣𝑆𝑖𝑡−1 +

𝛽6𝑅&𝐷𝑖𝑡−1 + 𝛽7𝐶𝐸𝑖𝑡−1 + 𝛽8𝑊𝐶𝑖𝑡−1 + 𝛼𝑖𝑡 +∈𝑖𝑡 

(2) 𝑅𝑂𝐴/𝑅𝑂𝐸/𝑅𝑂𝐼𝑖𝑡  =  𝛽0 + 𝛽1𝐸𝐼𝑖𝑡−1 + 𝛽2𝐶𝑜𝑣𝑖𝑑𝑖𝑡 +  𝛽3𝑊𝑎𝑟𝑖𝑡 +

𝛽4𝐸𝑈𝑖𝑡−1 + 𝛽5𝑆𝑍𝑖𝑡−1 + 𝛽6𝐺𝑜𝑣𝑆𝑖𝑡−1 + 𝛽7𝑅&𝐷𝑖𝑡−1 + 𝛽8𝐶𝐸𝑖𝑡−1 + 𝛽9𝑊𝐶𝑖𝑡−1 + 𝛼𝑖𝑡 +∈𝑖𝑡 

(3) 𝑅𝑂𝐴/𝑅𝑂𝐸/𝑅𝑂𝐼𝑖𝑡  =  𝛽0 + 𝛽1(𝐶𝑜𝑣𝑖𝑑 ∗ 𝐸𝐼) + 𝛽2(𝑊𝑎𝑟 ∗ 𝐸𝐼) + 𝛽3𝐶𝑜𝑣𝑖𝑑𝑖𝑡 +

𝛽4𝑊𝑎𝑟𝑖𝑡 + 𝛽5𝐸𝐼𝑖𝑡−1 +  𝛽6𝐸𝑈𝑖𝑡−1 + 𝛽7𝑆𝑍𝑖𝑡−1 + 𝛽8𝐺𝑜𝑣𝑆𝑖𝑡−1 + 𝛽9𝑅&𝐷𝑖𝑡−1 +

𝛽10𝐶𝐸𝑖𝑡−1 + 𝛽11𝑊𝐶𝑖𝑡−1 + 𝛼𝑖𝑡 +∈𝑖𝑡 

ROI 

 Pooled OLS model Random effects Fixed effects 

Var. Coef. Std.err Coef. Std.err. Coef. Std.err 

L.EI 3.6982*** 0.2515 1.2037*** 0.2102 0.5420** 0.2276 

COVID -6.80e-07 5.24e-07 9.78e-07*** 2.73e-07 1.63e-06*** 2.77e-07 

WAR -0.1648 0.1097 -0.0326 0.0488 0.1286*** 0.0496 

L.EU 1.2610*** 0.2287 1.3922*** 0.2412 1.6990*** 0.2896 

L.SZ 0.4895*** 0.0563 0.4283*** 0.0867 -2.1970*** 0.2235 

L.GovS -0.0015 0.0033 -0.0004 0.0020 0.0004 0.0021 

L.R&D -0.0880*** 0.0081 -0.0536*** 0.0119 -0.0260 0.0194 

L.CE 0.1640*** 0.0200 0.0667*** 0.0185 0.0036 0.0207 

L.WC 0.1231*** 0.0093 0.0636*** 0.0096 0.0390*** 0.0111 

_cons -14.0124*** 1.1254 -8.3941*** 1.8553 51.6222*** 4.9400 

Breusch-Pagan  

test 

140.49 [0.000]   

Hausman test   284.14 [0.000] 
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Each of the models is designed to test each of the previously stated hypotheses. 

Thus, model (1) has the EI variable as the dependent variable, since it tries to explain 

whether the disruptive events have influenced the application of this type of innovations. 

Therefore, the independent variables are the disruptive events Covid and War, in addition 

to having EU, SZ, GovS, R&D, CE and WC as control variables. In this way, Hypothesis 

H1 can be tested. 

In the same way, model (2) has been designed to test Hypothesis H2. For this 

purpose, the financial performance metrics ROA, ROE and ROI have been established as 

dependent variables. The EI variable is established as an independent variable, which 

allows us to evaluate the impact of this type of strategies on business results, which is 

what we intend to test in Hypothesis H2. In addition, Covid, War, EU, SZ, GovS, R&D, 

CE and WC are included as control variables to adjust for the effects of other factors that 

may influence business performance. The same model will be applied for each of the 

profitability indicators individually, so we will obtain three results derived from this first 

model.  

On the other hand, in model (3), which has the same dependent variables as model 

(2), the interaction between Covid and War with the EI variable is introduced. This 

interaction allows us to evaluate whether the effect of EI on business results is modified 

in the presence of these disruptive events. Additionally, the same control variables as in 

model (2) are maintained to adjust for the effects of these factors. In this way, hypothesis 

H3 can be tested. 
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Table 21: Comparison of statistical models for Hypothesis H3 

Note: *p < 0.1 **p<0.05 ***p<0.001 

 

 

 ROA ROE 

 Pooled OLS model Random effects Fixed effects Pooled OLS model Random effects Fixed effects 

Var. Coef. Std.err Coef. Std.err. Coef. Std.err Coef. Std.err Coef. Std.err. Coef. Std.err 

COVID#EI 

4.22e-

06*** 

9.49e-

07 3.39e-07 

5.14e-

07 -4.13e-07 

5.21e-

07 

5.60e-

06*** 

1.98e-

06 1.28e-06 

1.15e-

06 9.94e-09 

1.18e-

06 

WAR#EI 1.005** 0.422 0.023 0.214 -0.197 0.215 1.989** 0.881 0.188 0.481 -0.265 0.486 

COVID 

-4.71e-

06*** 

8.19e-

07 5.87e-07 

4.33e-

07 

1.39e-

06*** 

4.40e-

07 

-7.44e-

06*** 

1.71e-

06 6.87e-07 

9.73e-

07 2.34e-06** 

9.93e-

07 

WAR -0.965** 0.383 0.022 0.194 0.250 0.196 -1.908** 0.799 -0.109 0.437 0.399 0.442 

L.EI 2.244*** 0.208 0.988*** 0.158 0.436** 0.171 3.611*** 0.433 1.677*** 0.350 0.661* 0.387 

L.EU 0.790*** 0.167 0.982*** 0.179 1.087*** 0.218 2.475*** 0.348 2.380*** 0.390 2.417*** 0.492 

L.SZ -1.539*** 0.080 -1.243*** 0.128 -0.436 0.297 -1.487*** 0.167 -1.233*** 0.268 -0.231 0.669 

L.GovS -.0007 0.002 -0.001 0.002 0.001 0.002 -0.011** 0.005 -0.004 0.003 -0.002 0.004 

L.R&D -0.106*** 0.005 -0.075*** 0.008 -0.019 0.014 -0.208*** 0.012 -0.156*** 0.018 -0.033 0.033 

L.CE 0.114*** 0.014 0.042*** 0.013 0.007 0.015 0.195*** 0.030 0.076** 0.030 0.003 0.035 

L.WC 0.056*** 0.001 0.039*** 0.007 0.034*** 0.008 0.090*** 0.014 0.062*** 0.015 0.054*** 0.018 

_cons -13.034*** 0.870 

-

14.457*** 1.475 133.203*** 28.370 -37.646*** 1.814 

-

38.056*** 3.046 290.405*** 63.972 

Breusch-Pagan 

test 

134.30 [0.000]    123.25 [0.000]   

Hausman test   52.75 [0.000]   166.72 [0.000] 



 

 
 

Table 21: Continuation of comparison of statistical models for Hypothesis H3 

Note: *p < 0.1 **p<0.05 ***p<0.001 

4. RESULTS AND DISCUSSION 

4.1. Main results 

Table 22 shows the results obtained after applying model (1) in order to test 

Hypothesis H1. The findings obtained after applying this model show that the disruptive 

events analyzed have a positive and highly significant impact on the implementation of 

EI strategies. These results indicate that both geopolitical conflicts and global health 

crises, such as the one caused by SARS-Cov-2, boost investment in environmental 

innovations. This supports Hypothesis H2 and aligns with studies such as Demirel and 

Kesidou (2011) and Zhang and Fang (2022), which argue that crises can catalyze a shift 

towards more sustainable and environmentally friendly practices in firms, driven by the 

need for resilience and adaptation. 

 

 

ROI 

 Pooled OLS model Random effects Fixed effects 

Var. Coef. Std.err Coef. Std.err. Coef. Std.err 

COVID#EI 3.64e-06*** 1.24e-06 3.64e-08 6.82e-07 -7.57e-07 6.92e-07 

WAR#EI 1.025* 0.554 -0.092 0.284 -0.348 0.286 

COVID -4.28e-06*** 1.07e-06 1.22e-06** 5.75e-07 2.14e-06*** 5.85e-07 

WAR -0.963* 0.502 0.160 0.257 0.433* 0.260 

L.EI 2.708*** 0.272 1.188*** 0.209 0.534** 0.228 

L.EU 1.337*** 0.218 1.563*** 0.236 1.764*** 0.290 

L.SZ -1.570*** 0.105 -1.213*** 0.168 -0.096 0.394 

L.GovS -0.001 0.003 -0.001 0.002 0.001 0.002 

L.R&D -0.138*** 0.007 -0.097*** 0.011 -0.025 0.019 

L.CE 0.158*** 0.019 0.053*** 0.018 0.003 0.020 

L.WC 0.083*** 0.008 0.052*** 0.009 0.041*** 0.011 

_cons -21.337*** 1.140 -22.688*** 1.931 117.795*** 37.687 

Breusch-Pagan  

test 

132.86 [0.000]   

Hausman test   172.05 [0.000] 
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Table 22: Main results using fixed-effects model for model (1) 

 EI  

Var. Coef. Std. Err 

COVID 9.06e-08*** 1.13e-08 

WAR .0256239*** .0020082 

L.EU .0258053** .0118382 

L.SZ .0862249*** .0090879 

L.GovS -.0000168 .0000872 

L.R&D .0011489 .000796 

L.CE .001296 .0008496 

L.WC -.0002328 .000456 

_cons -1.139623*** .201416 

R-square 0.1776  

sigma_u .23743355  

sigma_e .15714918  

rho  .69537812  

Note: *p < 0.1 **p<0.05 ***p<0.001 

 

Table 23 shows the results obtained after applying model (2). In this sense, it can 

be observed that the adoption of EI strategies has a significant and positive impact on 

business profitability, confirming that the implementation of EIs can improve business 

performance. This finding is in line with previous research such as Hizarci-Payne et al. 

(2020) and Horbach et al. (2012), among others, who claim that investments in 

environmental or sustainable innovations can contribute to better economic performance 

due to reduced operating costs and improvements in resource efficiency. Thus, 

Hypothesis H2 is accepted. 

Furthermore, our study reveals that COVID-19 and the war in Ukraine had a 

positive and significant effect on the profitability of the companies in the sample 

analyzed. These findings go against the findings of works such as Shen et al. (2021) or 

Bongiovanni and Fiandrino (2024), who state that COVID-19 had a significant and 

negative impact on business performance. 
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Table 23: Main results using fixed-effects model for model (2) 

 ROA  ROE  ROI  

Var. Coef. Std. Err. Coef. Std. Err. Coef. Std. Err. 

L.EI 0.4550*** 0.1713 0.7314* 0.3865 0.54203** 0.2276 

COVID 1.14e-06*** 2.08e-07 2.49e-06*** 4.70e-07 1.63e-06*** 2.77e-07 

WAR 0.0839** 0.0373 0.1813** 0.0842 0.1286*** 0.0496 

L.EU 1.0754*** 0.2179 2.3864*** 0.4916 1.6990*** 0.2896 

L.SZ -1.8055*** 0.1682 -3.5975*** 0.3795 -2.1970*** 0.2235 

L.GovS 0.0001 0.0016 -0.0024 0.0036 0.0004 0.0021 

L.R&D -0.0200 0.0146 -0.0352 0.0330 -0.0260 0.0194 

L.CE 0.0073 0.01564 0.0025 0.0352 0.0036 0.0207 

L.WC 0.0332*** 0.0083 0.0516*** 0.0189 0.0390*** 0.0111 

_cons 42.0945*** 3.7181 84.8973*** 8.3860 51.6222*** 4.9400 

R-square 0.0687  0.0793  0.0721  

sigma_u 7.5509   15.5226  13.5977  

sigma_e 2.8933  6.5258  3.8362  

rho 0.8719  0.8498   0.9262  

Note: *p < 0.1 **p<0.05 ***p<0.001 

 

In relation to the war in Ukraine, Kumar and Symss (2024) or Hatab and 

Lagerkvist (2024), state that periods of political instability such as those experienced 

during the war in Ukraine have a negative effect on global economies, markets and 

stability, generating financial stress in companies and leading to a worsening of business 

performance. 

However, it should be noted that our analysis is based on companies belonging to 

64 countries around the world and 11 different sectors (see chapter three). In this context, 

the COVID-19 pandemic could have significantly benefited various sectors, including the 

technology sector, accelerating the digitization of various business and personal activities. 

Thus, technology companies such as Alphabet, Amazon or Meta, which offer digital 

services, cloud storage and e-commerce services, experienced a significant increase in 

demand. 
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On the other hand, the increase in demand for medical equipment, hospital 

supplies and pharmaceuticals due to the health emergency caused companies in the 

healthcare sector to experience a massive increase in their business results. In addition, 

the non-cyclical consumer goods sector, which includes essential consumer goods such 

as food, beverages or personal care, among others, benefited significantly from the 

increase in consumption of these products due to the confinements and the need to stock 

up. 

In relation to the war in Ukraine, the geopolitical conflict had a significant impact 

on energy supply, especially in Europe, where oil and natural gas prices increased. As a 

result, energy companies located outside the affected areas benefited from an increased 

demand for alternative energy sources to the main supplier, Russia, with the United States 

being one of the countries that benefited the most. This is of vital importance considering 

that more than 37% of the companies analyzed in this study are U.S. companies. 

Thus, our results show that the disruptive events analyzed, despite having severely 

impacted the results of companies belonging to various sectors (Awan et al., 2021; Lim 

et al., 2022), have positively influenced those industries that found opportunities to thrive 

and use changes in demand trends as a factor to improve their results, which is in line 

with studies such as Wu et al. (2023) or Yahya et al. (2023), among others. 

As the last hypothesis to be tested, model (3) was applied to accept or refute 

hypothesis H3. This hypothesis aims to evaluate the impact of the interaction between the 

COVID and WAR variables with the EI variable on business results, thus being able to 

see whether the influence of EI on results has been enhanced by the presence of the 

transboundary crises selected in this chapter.  
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Table 24: Main results using fixed-effects model for model (3) 

 ROA  ROE  ROI  

Var. Coef. Std.err Coef. Std.err Coef. Std.err 

COVID#EI -4.92e-07 5.22e-07 -1.87e-07 1.18e-06 -8.98e-07 6.93e-07 

WAR#EI -0.2230 0.2160 -0.3304 0.4872 -0.3940 0.2869 

COVID 1.53e-

06*** 

4.41e-07 2.67e-

06*** 

9.94e-07 2.33e-

06*** 

5.85e-07 

WAR 0.2826 0.1965 0.4767 0.4434 0.4796* 0.2611 

L.EI 0.4696*** 0.1719 0.7387* 0.3878 0.5686** 0.2284 

L.EU 1.0814*** 0.2180 2.3919*** 0.4917 1.7098*** 0.2896 

L.SZ -1.8091*** 0.1683 -3.5998*** 0.3796 -2.2036*** 0.2236 

L.GovS 0.0001 0.0016 -0.0024 0.0036 0.0005 0.0021 

L.R&D -0.0206 0.0146 -0.0362 0.0330 -0.0271 0.0194 

L.CE 0.0065 0.0156 0.0014 0.0353 0.0022 0.0208 

L.WC 0.0333*** 0.0083 0.0516*** 0.0189 0.0392*** 0.0111 

_cons 42.1777*** 3.7189 84.9617*** 8.3881 51.7724*** 4.9407 

R-square 0.0247  0.081  0.073  

sigma_u  9.8212  15.534  9.821  

sigma_e 3.8440  6.526  3.844  

rho 0.8671  0.849  0.867  

Note: *p < 0.1 **p<0.05 ***p<0.001 

In this sense, the results shown in Table 24 show that, contrary to what authors 

such as Hermundsdottir et al. (2022) or Huang et al. (2022) argue, the positive influence 

of EI on potential outcomes was not enhanced by the disruptive events, but quite the 

opposite. In addition to presenting a negative coefficient, indicating this detrimental 

impact, it is worth mentioning that the interacting variables that have been proposed to 

test hypothesis H3 are not significant. For this reason, this hypothesis has to be rejected, 

suggesting that the pandemic caused by COVID-19 and the war in Ukraine have not 

enhanced the effect of EI on business results. 

Finally, it can be observed how in each of the two Hypotheses raised, EU 

membership shows a positive and significant effect on the adoption of these innovations, 

highlighting an inclination in favor of investment in sustainable strategies by EU member 

countries, as also pointed out by Melece and Hazners (2017), Sikandar et al. (2023) or 

Costantini et al. (2023).  
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For more than a decade, the EU has increased its efforts to promote the green 

transition. In 2011, the EI Action Plan (Eco-AP) was established to turn environmental 

innovation into an engine for growth and jobs (European Commission, 2011).  However, 

the turning point came in 2019 when the European Green Pact was launched, presenting 

itself as a comprehensive strategy that seeks to achieve climate neutrality by 2050. This 

Pact promotes a sustainable, modern and competitive economy that includes ambitious 

policies on energy, transport and emissions reduction (European Commission, 2019).  

In this context, it is particularly relevant to note that the European Green Pact was 

launched at the beginning of COVID-19. To counteract these effects, the EU implemented 

a recovery plan composed of the NextGenerationEU program, earmarking €806.9 billion 

for post-pandemic recovery that will foster resilience, R&D investments and just 

transition, among others (European Commission, 2020). In addition, the Multiannual 

Financial Framework 2021-2027, with a budget of more than €1.2 trillion, allocates 

around 30% of the funds to boost the transition to a sustainable, net-zero emission 

economy. 

On the other hand, the Fit for 55 packages, presented in 2021, is focused on 

reducing greenhouse gas emissions by 55% by 2030, where the transport and energy 

sectors are presented as key sectors. In addition, the EU proposes the Social Climate Fund 

to mitigate the social impact of these transformations (Erbach and Jensen, 2022). In this 

context, it is logical to see how EU countries have key incentives to invest in EIs. 
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Figure 12: Distribution of NextGeneration EU Funds. 

 

Source: NextGeneration EU Funds 

4.2. Robustness check 

To ensure the validity and reliability of the results obtained, a robust analysis will 

be carried out, which will include additional testing and consideration of possible external 

factors that may influence the results. This robust analysis will seek to ensure that the 

conclusions derived from the panel regression are robust and applicable in a broader 

context. 

In studies using panel data, fixed effects models are commonly applied to control 

for unobserved unit-specific heterogeneities (such as individuals, firms, or countries) 

(Papke and Wooldridge, 2023). However, to ensure that the results of these models are 

reliable, it is essential to assess the presence of problems such as heteroskedasticity and 

adjust the model according to the findings (Stock and Watson, 2008; Verardi and Wagner, 

2011). 
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Considering that the fixed effects model is  

𝑦𝑖𝑡  =  𝛽0 + 𝛽1𝑥𝑖𝑡 + 𝛼𝑖𝑡 +∈𝑖𝑡  this model assumes that the fixed effects 𝛼𝑖𝑡are correlated 

with 𝑥𝑖𝑡and is therefore eliminated by transforming 𝛼𝑖𝑡 by transforming within the 

individual differences of the panel units (Verardi and Wagner, 2011; Vogelsang, 2012). 

To determine whether heteroscedasticity exists in the model, the Wald test for 

heteroscedasticity has to be performed. Heteroscedasticity implies that the variance of the 

error term is not constant across observations. ∈𝑖𝑡 is not constant across observations. 

In this sense, following Vogelsang (2012) and considering the null hypothesis. 

𝐻0 : 𝑅𝛽 = 𝑟, the Wald test can be defined as: 

𝑊𝑎𝑙𝑑 = (𝑅�̂� − 𝑟)
′
[𝑅�̂�(�̂�𝑅′]−1 (𝑅�̂� − 𝑟), 

where (𝑅�̂� − 𝑟)
⬚

is the difference between the constrained and estimated values 

and [𝑅�̂�(�̂�𝑅′]−1 represents the inverse matrix of the variance of the constraints. 

The heteroscedasticity test statistic follows a distribution of χ2. In our case, the 

probability value Prob > χ2 = 0.0000 in all cases, suggesting that the null hypothesis of 

homoscedasticity is rejected. Since the hypothesis 𝐻0  was rejected, the results indicate 

the presence of heteroscedasticity, so applying the fixed effects model without taking this 

problem into account could lead to inconsistencies in the variance of the estimators. To 

correct for this, the fixed effects model has to be estimated by adjusting the robust 

standard errors, which are consistent in the face of heteroscedasticity. 

The adjustment is performed through the robust variance-covariance matrix of 

White (1982), which adjusts the standard errors of the model coefficients and allows 

estimating a robust variance in the face of heteroscedasticity (Bera et al., 2002): 
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�̂�(�̂�) = (𝑋′𝑋)−1(∑ 𝑋𝑖�̂�𝑖𝑡𝑋𝑖)(𝑋′𝑋)−1 𝑁
𝑖=1 , 

where X is the matrix of explanatory variables, �̂�𝑖𝑡 the estimated residuals of the model 

and �̂�(�̂�) is the robust variance-covariance matrix of the estimators.  �̂�. 

This adjustment ensures that the standard errors obtained are consistent even in 

the presence of heteroscedasticity. Thus, the hypothesis tests and confidence intervals for 

the coefficients are reliable, even when the error variance is not constant across panel 

units. 

4.2.1. Robustness check for hypotheses H1 and H2 

Table 25: Robustness check using White variance-covariance matrix for model (1) 

 White variance-covariance matrix Tobit model 

 EI 

Var. Coef. Robust Std. Err Coef. Std. Err 

COVID 9.06e-08*** 1.22e-08 5.92e-08*** 1.30e-08 

WAR 0.0256*** 0.0018 0.0244*** 0.0022 

L.EU 0.0258*** 0.0066 0.0431*** 0.0099 

L.SZ 0.0862*** 0.0145 0.0832*** 0.0030 

L.GovS -0.0001 0.0001 0.0001 0.0001 

L.R&D 0.0011 0.0009 0.0006 0.0004 

L.CE 0.0012 0.0011 0.0042*** 0.0008 

L.WC -0.0002 0.0004 0.0005 0.0004 

_cons -1.1396*** 0.3224 -1.1530*** 0.06504 

R-square 0.1776    

sigma_u 0.2374  0.2646  

sigma_e 0.1571  0.1765  

rho 0.6953   0.6920   

Log 

likelihood 

  -1979.8818  

Note: *p < 0.1 **p<0.05 ***p<0.001 

Thus, after verifying the presence of heteroscedasticity in the fixed effects model 

using the Wald heteroscedasticity test and after correcting for this problem by estimating 

robust standard errors, the results of the fixed effects model are robust and statistically 

valid for model (1), where an additional analysis is performed using the Tobit model in 

which the country and industry effect is controlled. This model is used to facilitate 
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efficient and consistent estimates of the coefficients by applying the maximum likelihood 

method (Martínez-Ferrero et al., 2015). Thus, it is confirmed that disruptive events 

encourage the implementation of EI strategies as stated in Hypothesis H1. 

On the other hand, the same steps have been followed to check the 

heteroscedasticity and robustness of model (2), which allows us to verify the validity of 

the results obtained after applying this model. Thus, Table 25 shows that the results are 

consistent, suggesting that, after correcting for heteroscedasticity problems, the analyzed 

companies that implemented EI strategies experienced an improvement in their results. 

Table 26: Robustness check using White variance-covariance matrix for model (2) 

 ROA ROE ROI 

Var. Coef. Std. Err. Coef. Std. Err. Coef. Std. Err. 

L.EI .4550448*** .1713692 .731404* .3865116 .5420387** .2276863 

COVID 1.14e-06*** 2.08e-07 2.49e-06*** 4.70e-07 1.63e-06*** 2.77e-07 

WAR .0839608** .0373561 .1813852** .0842542 .128611*** .0496325 

L.EU 1.075444*** .2179759 2.386457*** .4916297 1.699088*** .2896093 

L.SZ -1.80554*** .1682729 -3.597577*** .379528 -2.197012*** .2235724 

L.GovS .0001104 .0016057 -.002452 .0036215 .0004954 .0021333 

L.R&D -.0200101 .0146552 -.0352739 .0330537 -.0260268 .0194713 

L.CE .0073413 .0156443 .0025657 .0352846 .0036118 .0207855 

L.WC .0332806*** .0083966 .0516289*** .018938 .0390823*** .011156 

_cons 42.09454*** 3.718151 84.89737*** 8.386037 51.62225*** 4.940048 

R-square 0.0687  0.0793  0.0721  

sigma_u 7.5509477   15.522606  13.597741  

sigma_e 2.893381  6.5258243  3.836262  

rho .87197049  .84980345   .92627372  

Note: *p < 0.1 **p<0.05 ***p<0.001 

4.2.2. Robustness check for hypothesis H3: an exploratory analysis 

Similarly, Table 27 shows the robustness of model (3) for hypothesis H3. 

However, the results obtained are not conclusive, as there are several variables that differ 

in terms of the level of significance with respect to the main results. In this context, it 

should be noted that the present analysis has been conducted for the years 2018-2022, as 

specified at the beginning of the chapter, which might not fully capture the influence of 

the war in Ukraine, as well as other economic and geopolitical factors that have emerged 
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during the year 2023, which would lead us to incorporate additional analysis that would 

yield significant results.  

Table 27: Robustness check using White variance-covariance matrix for model (3) 

 ROA  ROE  ROI  

Var. Coef. 

Robust 

Std. Err Coef. 

Robust 

Std. Err Coef. 

Robust 

Std. Err 

COVID#EI -4.92e-07 4.63e-07 -1.87e-07 1.20e-06 -8.98e-07 6.66e-07 

WAR#EI -0.223* 0.0199 -0.330 0.423 -0.394* 0.159 

COVID 

1.53e-

06*** 4.08e-07 2.67e-06** 1.06e-06 

2.33e-

06*** 5.88e-07 

WAR 0.282 0.183 0.476 0.388 0.479** 0.239 

L.EI 0.469** 0.219 0.738* 0.445 0.568** 0.286 

L.EU 1.081*** 0.239 2.391*** 0.675 1.709*** 0.362 

L.SZ -1.809*** 0.274 -3.599*** 0.634 -2.203*** 0.353 

L.GovS 0.001 0.002 -0.002 0.005 0.001 0.002 

L.R&D -0.020** 0.009 -0.036 0.025 -0.027** 0.012 

L.CE 0.006 0.019 0.001 0.035 0.002 0.024 

L.WC 0.033*** 0.011 0.051* 0.026 0.039*** 0.014 

_cons 42.177*** 6.097 84.961*** 1.403 51.772*** 7.824 

R-square 0.0712   0.0815   0.073  

sigma_u 9.821   15.534   9.821  

sigma_e 3.844   6.526   3.844  

rho 0.867   0.849   0.867  

Note: *p < 0.1 **p<0.05 ***p<0.001 

Therefore, it is necessary to analyze the effect that these disruptive events have 

had on EI and on business results in the medium-long term since, in line with authors 

such as Aibar-Guzmán and Frías-Aceituno (2021), this relationship does not have an 

immediate effect, as the influence of these events requires a broader temporal analysis, 

especially the war in Ukraine, since it arose during the last period analyzed.  

In this sense, and due to the time limitations encountered in the analysis of this 

hypothesis, it has not been possible to carry out an exhaustive validation of the hypothesis. 

Therefore, we propose its implementation as a preliminary exploratory analysis, to serve 

as a precedent for a more rigorous examination in future research. This approach will 

allow the hypothesis to be addressed with the level of detail necessary in subsequent 

studies, thus ensuring greater robustness in the results. 
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5. CONCLUSIONS AND IMPLICATIONS 

This chapter has examined the impact of EI on business performance during 

turbulent periods, as well as the influence of COVID-19 and the war in Ukraine on this 

performance and on the implementation of environmental innovation strategies. For this 

purpose and using the fixed effects model as the main model after applying Breusch-

Pagan and the Hausman test, three models corresponding to three different Hypotheses 

have been developed. In addition to this main analysis, a robust analysis has been 

performed including additional tests such as the Wald test and the White test, to guarantee 

the validity and robustness of the results obtained. 

The results show that, using the fixed effects model, the two Hypotheses put 

forward in this study are accepted. First, Hypothesis H1 is accepted by observing that 

both COVID-19 and the war in Ukraine have positively influenced the implementation 

of EI, suggesting that the occurrence of these disruptive events has encouraged the 

development and implementation of environmental strategies within companies, thus 

showing that crises can be seen as a factor that encourages the path towards more 

sustainable practices that allow companies to be more resilient and adaptive to turbulent 

environments. Furthermore, the application of EI has a significant and positive influence 

on the results of the analyzed companies, suggesting that the companies that applied this 

type of innovations observed an improvement in their business results, thus accepting 

Hypothesis H2.  

In this context, the present study makes several practical and theoretical 

contributions. From a theoretical point of view, the findings obtained in this chapter 

provide robustness to the results obtained by previous studies related to the positive 

influence of EI on business performance. In this sense, the results obtained after the 

application of the different models show that the application of EI is particularly 
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beneficial in contexts of transboundary crises caused by disruptive events. Moreover, 

these events have a positive influence on the application of this type of innovation. On 

the other hand, Contingency Theory argues that the management and effectiveness of 

certain strategies depend on contextual factors.  

Thus, the present study finds significant evidence of the impact of positive EI on 

business performance along with the effect of disruptive events that enhance EI. 

Furthermore, the use of the BoD model for the creation of a new EI variable allows 

researchers to observe a new way of measuring environmental performance in firms, 

enabling them to conduct new analyses that contribute to the elucidation of discrepancies 

that exist in this field of study. 

From a practical point of view, the results obtained from the analysis suggest that 

the implementation of environmental innovation strategies not only has direct benefits on 

economic and financial performance but is also a key tool for managing risk and 

strengthening resilience in times of crisis. These findings provide corporate leaders with 

insight into how, in an increasingly volatile world where transboundary crises are the 

order of the day, incorporating EI into the strategic core of companies makes them better 

prepared for unforeseen challenges, ensuring not only their survival, but also their long-

term success. 

However, this study has some limitations that should be considered when 

interpreting the results and that should be commented on. First, the variability of the 

results obtained between the different models may be due to the different assumptions 

that each of the models makes about the data analyzed. In this sense, endogeneity or 

unobserved heterogeneity may be factors influencing the results depending on the model 

applied. In addition, some models may be more sensitive to outlier or censored data and 
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capture nonlinear effects differently, as well as complex interactions between variables. 

This is especially relevant in turbulent contexts such as the transboundary crises caused 

by the COVID-19 pandemic or the war in Ukraine as major disruptive events, which may 

explain the discrepancies between the results obtained. 

On the other hand, the analysis has been conducted for a sample of 3,606 listed 

companies from around the world and across industries, which may dilute the specific 

effects that EI strategies and disruptive events could have on different industries. This 

generalist approach could lead to an average approach in which the particularities of each 

sector are not adequately reflected in the results. In addition, the present analysis has been 

conducted for the years 2018-2022, as specified at the beginning of the chapter, which 

might not fully capture the influence of the war in Ukraine, as well as other economic and 

geopolitical factors that have emerged during 2023. This limitation could be observed in 

the exploratory analysis conducted for hypothesis H3, the results of which are reflected 

in Table 27. This preliminary analysis, which will allow us to continue with this analysis 

in future stages, is proposed as a future line of research to be considered within the scope 

of the study. 

In addition, future research may be aimed at deepening the understanding of how 

EI may influence different industrial sectors and national contexts in relation to the global 

crises described in this study. Furthermore, the relationship between EI and digital 

transformation is a topic of relevance in the current global context, as it would allow 

observing how the application of advanced technologies such as artificial intelligence 

(AI) and big data could eventually enhance the development and implementation of 

strategies aimed at sustainable development. 
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On the other hand, it is interesting to carry out a comparative analysis between 

countries to observe how different policies, regulations and economic contexts influence 

the adoption and effectiveness of this type of innovation. This could help identify best 

practices and policies that facilitate the implementation of EI around the world.  

In relation to the last limitation presented in this chapter, analyzing the impact that 

disruptive events have had on the adoption of EI by the year 2023 is of particular 

relevance, taking into account the emergence of new transboundary crises that have not 

been taken into account in this study, such as the Israeli-Palestinian conflict.
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1. CONCLUSIONS AND IMPLICATIONS 

Throughout this doctoral thesis, three main objectives have been set to address the 

emerging need to establish a clear relationship between EI and business performance. To 

this end, a knowledge framework has been established to understand where science is 

heading in this field of study and what are the main factors that condition the impact of 

EI on business performance. In addition, an innovative classification system has been 

developed based on a DMI capable of assessing EI from a multidimensional and 

multilevel perspective. Finally, a comprehensive analysis has been conducted on how 

transboundary crises triggered by disruptive events have influenced both EI and 

performance, exploring the intensification of EI in response to these events and how they 

impact corporate strategic decisions. 

In this context, the findings obtained throughout this Thesis lead us to some highly 

relevant conclusions. On the one hand, Chapter II concludes that, although there is no 

unanimous consensus on the influence of EI, most researchers highlight a positive impact, 

either in terms of profitability or in the market value of companies. This chapter concludes 
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with a series of external factors that can have a significant influence on this impact, such 

as the size of the company, the country and the environment in which the company 

operates. Thus, larger companies with more resources are more likely to invest in 

sustainability strategies, as are those that operate in an economic and institutional context 

that encourages the implementation of these initiatives. 

Chapter III, which analyzes environmental performance in terms of EI at the 

regional, industry and company levels, concludes that Europe and Asia are the leading 

regions in terms of EI, especially in the product and process dimensions. It is worth noting 

that industries such as energy are lagging in this aspect, highlighting the need to improve 

their performance. At the corporate level, Koninklijke Philips and Hitachi stand out as 

having a high level of EI. 

Finally, Chapter IV, after conducting a statistical analysis of the impact of EI on 

business performance considering the influence of disruptive events such as COVID-19 

and the war in Ukraine for the period 2018-2022, presents three main conclusions. Firstly, 

it can be observed that both COVID-19 and the war in Ukraine have had a positive and 

significant impact on the implementation of EI, indicating that the transboundary crises 

caused by these events have led companies to invest in EI, reinforcing the idea that 

turbulent periods can be an opportunity to advance corporate sustainability. Secondly, the 

study shows that the implementation of EI has a positive and significant effect on firm 

performance. Finally, the results obtained in the last hypothesis raised show that the 

pandemic caused by COVID-19 and the war in Ukraine have not enhanced the effect of 

EI on business results, thus rejecting hypothesis H3. 

In this context, this doctoral thesis makes a significant contribution to the previous 

literature from a theoretical and practical point of view. From a theoretical point of view, 



Measuring the impact of transboundary disruptive crises on eco-innovation and firm performance 

through advanced composite indicator construction techniques 

 

147 
 

this study presents, through a systematic review and a bibliometric analysis, a contextual 

framework to guide researchers in understanding the impact of EI on business 

performance, establishing resources, capabilities and the institutional environment as key 

elements when implementing this type of strategies. In this way, it contributes to the 

Resources and Capabilities theory, as well as to the Institutional theory.  

On the other hand, the application of novel methodologies such as the creation of 

an innovative dominance-based classification system, as well as a new EI variable using 

the BoD model, presents a highly relevant contribution to previous literature. 

Furthermore, the findings obtained show that the external context and events such as the 

pandemic caused by COVID-19 and the war between Russia and Ukraine significantly 

influence the development, implementation and effectiveness of environmental strategies, 

thus contributing to the Contingency theory. 

From a practical point of view, establishing the various factors that can influence 

the relationship between EI and business performance provides simple and clear 

guidelines for business managers to understand how such innovations can influence both 

the performance of their companies and the behavior of investors. Moreover, the 

establishment of a classification system at the regional, industry (macro-level) and 

company (micro-level) levels is of particular relevance to policymakers and managers 

who are interested in understanding and improving the environmental performance of 

companies from a broad, multidimensional point of view. 

Finally, by stressing that EI not only improves economic performance, but also 

strengthens business resilience, managers of companies whose characteristics resemble 

those of the sample analyzed can see how, in the face of unforeseen situations, eco-
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innovative strategies can position organizations to face these types of challenges and 

ensure their success in the medium and long term. 

2. LIMITATIONS AND FUTURE LINES OF RESEARCH 

Despite making a significant contribution from both a theoretical and practical 

point of view, this doctoral thesis has a series of limitations that must be considered and 

that have been developed in the conclusion’s sections of the different chapters. Thus, the 

systematic review was based exclusively on Scopus and WOS, which could have 

excluded relevant studies not included in these sources. In addition, the use of general 

keywords in the search, as well as the selection criteria applied, could have removed 

valuable research from this study. Furthermore, the bibliometric analysis was performed 

with VOSviewer, which limited the possibility of performing an alternative analysis with 

other bibliometric tools. 

In relation to the selection of variables for the creation of the EI ranking, it was 

based on the Refinitiv Eikon database, which may have restricted the analysis by not 

considering other databases such as Bloomberg or Morningstar, among others, widely 

used in the literature. In addition, the fact that the ranking was based on the year 2020 

prevents its comparison over different periods, which would allow for a more 

comprehensive analysis. 

Finally, regarding the statistical analysis between EI and corporate results, as well 

as the influence of disruptive events on both, it is important to highlight that such analysis 

was performed on a global sample of listed companies belonging to various sectors, which 

could dilute the specific effects of EI and disruptive events in particular sectors, as well 

as not capturing other events that have arisen ex post, such as the Israeli-Palestinian 

conflict in 2023. 
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In this context, several lines of research that could be developed in the future can 

be identified. Firstly, and in relation to bibliometric analysis, there are several key areas, 

such as the role of government policies, CE and education in the promotion of EI 

strategies, as well as their economic impact. On the other hand, it is of particular relevance 

to analyze how technological innovations facilitate businesses to move towards CE and 

sustainability, as well as to measure their environmental impact. In addition, analyzing 

how AI can help companies in implementing EI strategies is a particularly relevant topic 

considering the constant evolution of this type of tools. 

Secondly, in relation to the creation of the dominance-based ranking, it would be 

interesting to extend the time horizon to several years, which will allow us to observe 

significant changes in periods before and after the disruptive events analyzed in this 

thesis. In this way, identifying trends in the evolution of environmental performance in 

regions, industries and companies around the world can be interesting to observe how 

organizations act taking into account the context in which they are framed. Regarding the 

multidimensional analysis of EI, AI is again interesting, as studies could be conducted on 

how this technology can influence the development of each of the EI areas, especially in 

the process dimension. 

Finally, and in relation to the statistical analysis developed in Chapter IV, 

performing a specific analysis of EI on business performance may shed light on this field 

of study, as it will be possible to study in a more comprehensive way how disruptive 

events have influenced specific regions and industries. Moreover, based on the previously 

stated limitation, analyzing this effect in years beyond 2022, where the effects of the 

Russia-Ukraine conflict and the Israeli-Palestinian conflict could be better observed, 

could yield results that will substantially enrich those obtained in this study.
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APPENDICES 

Appendix 1: Definition of the items selected for analysis 

Item Definition 

Environmental Products Does the company report on at least one product line or service that is designed to have positive effects on 

the environment or which is environmentally labeled and marketed? 

Environmental Asset Under 

Management 

Does the company report on assets under management which employ environmental screening criteria or 

environmental factors in the investment selection process? 

Product Environmental Responsible Use Does the company report about product features and applications or services that will promote responsible, 

efficient, cost-effective and environmentally preferable use? 

Renewable/Clean Energy Products Does the company develop products or technologies for use in the clean, renewable energy (such as wind, 

solar, hydro and geo-thermal and biomass power)? 

Eco-Design Products Does the company report on specific products which are designed for reuse, recycling or the reduction of 

environmental impacts? 

Waste Reduction Initiatives Does the company report on initiatives to recycle, reduce, reuse, substitute, treat or phase out total waste? 

Environmental Materials Sourcing  Does the company claim to use environmental criteria (e.g., life cycle assessment) to source or eliminate 

materials? 

e-Waste Reduction Does the company report on initiatives to recycle, reduce, reuse, substitute, treat or phase out e-waste? 

Water Technologies Does the company develop products or technologies that are used for water treatment, purification or that 

improve water use efficiency? 

Noise Reduction Does the company develop new products that are marketed as reducing noise emissions? 

Nuclear Does the company construct nuclear reactors, produce nuclear energy or is active in another way in the 

nuclear energy industry? 

Equator Principles Is the company a signatory of the Equator Principles (commitment to manage environmental issues in project 

financing)? 

Environmental Project Financing Does the company claim to evaluate projects on the basis of environmental or biodiversity risks as well? 



 

 
 

Organic Products Initiatives Does the company report or show initiatives to produce or promote organic food or other products? 

CSR Sustainability Committee  Does the company have a CSR committee or team? 

CSR Sustainability Reporting  Does the company publish a separate CSR/H&S/Sustainability report or publish a section in its annual report 

on CSR/H&S/Sustainability? 

Environment Management Team  Does the company have an environmental management team? 

Environment Management Training  Does the company train its employees on environmental issues? 

Environmental Supply Chain 

Management  

Does the company use environmental criteria (ISO 14000, energy consumption, etc.) in the selection process 

of its suppliers or sourcing partners? 

Green Buildings  Does the company report about environmentally friendly or green sites or offices? 

Policy Emissions  Does the company have a policy to improve emission reduction? 

Targets Emissions  Has the company set targets or objectives to be achieved on emission reduction? 

Environmental Restoration Initiatives  Does the company report or provide information on company-generated initiatives to restore the 

environment? 

Environmental Partnerships  Does the company report on partnerships or initiatives with specialized NGOs, industry organizations, 

governmental or supra-governmental organizations, which are focused on improving environmental issues? 

Env Supply Chain Partnership 

Termination  

Does the company report or show to be ready to end a partnership with a sourcing partner, if environmental 

criteria are not met? 

Source: Refinitiv Eikon  
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Appendix 2: Grouping of industries according to the Refinitiv Eikon classification 

Industry 

 

Components 

Academic & Educational Services - Professional & Business Education 

- Schools, Colleges & Universities 

- Miscellaneous Educational Service Providers 

Basic Materials - Chemicals 

- Mineral Resources 

- Applied Resources 

Consumer Cyclicals - Automobiles & Auto Parts 

- Cyclical Consumer Products 

- Retailers 

Consumer Non-Cyclicals - Food & Beverages 

- Personal & Household Products & Services 

- Food & Drug Retailing 

- Consumer Goods Conglomerates 

Energy - Energy – Fossil Fuels 

- Renewable Energy 

- Uranium 

Financial - Banking & Investment Services 

- Insurance 

- Collective Investments 

- Investment Holding Companies 

Healthcare - Healthcare Services & Equipment 

- Pharmaceuticals & Medical Research 

Industrials - Industrial Goods 

- Industrial & Commercial Services 

- Transportation 

Real Estate - Residential & Commercial REITs 

- Real Estate Operations 

Technology - Technology Equipment 

- Software & IT Services 

- Financial Technology (Fintech) & 

Infrastructure 

- Telecommunications Services 

Utilities - Multiline Utilities 

- Water & Related Utilities 

- Natural Gas Utilities 

- Electric Utilities & IPPs 

Source: Refinitiv Eikon 



 

 
 

Appendix 3: Definition of the variables obtained for the creation of the EI variable through 

the BoD 

Variable Definition 

EnvironmentManagementTeamScor Does the company have an environmental 

management team? In scope are any team that 

performs the functions dedicated to environmental 

issues; an individual or team at any level composed 

of employees, even if the name of the team is 

different performing implementation of the 

environmental strategy; it is important to understand 

that the members of the team include employees of 

the company, who are operational on a day to day 

basis and are not the board committees (directors). 

EnvMatSourcingScore Does the company claim to use environmental 

criteria (e.g., life cycle assessment) to source or 

eliminate materials? 

GreenBuildingsScore Does the company report about environmentally 

friendly or green sites or offices? Office/green site 

where the company engages in some operations; 

LEED/BREEAM certifications for its own building; 

major refurbishments to improve the environmental 

aspects of sites/buildings/offices; the building has to 

be operational at least at the end of the fiscal year; if 

building is under construction then grade as “false”. 

EnvSupplyChainManagementScore Does the company use environmental criteria (ISO 

14000, energy consumption, etc.) in the selection 

process of its suppliers or sourcing partners? Data 

can also be on existing suppliers who were selected 

using some environmental criteria. 

EnvSupplyChPartnerTermScore Does the company report or show to be ready to end 

a partnership with a sourcing partner, if 

environmental criteria are not met? 

PolicyEmissionsScore Does the company have a policy to improve emission 

reduction? In scope are the various forms of 

emissions to land, air or water from the company’s 

core activities; processes, mechanisms or programs 

in place as to what the company is doing to reduce 

emissions in its operations; systems or a set of 

formal, documented processes for controlling 

emissions and driving continuous improvement. 

eWasteReductionScore Does the company report on initiatives to recycle, 
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reduce, reuse, substitute, treat or phase out e-waste? 

Any initiatives which the company has put in place 

to reduce e-waste; e-waste is used as a generic term 

embracing all types of waste containing electrically 

powered components; e-waste may contain 

hazardous materials which require special handling 

and recycling methods; includes all products covered 

under WEEE (waste electrical and electronic 

equipment) regulations like fluorescent tubes, 

sodium lamps, computers, mobiles, telephones, fax 

machines, copiers, printers, washing machines, 

dryers, refrigerators, air-conditioners, televisions, 

VCR/DVD/CD players, wi-fi sets, radios, drills, 

electric saws, sewing machines, batteries, toner 

cartridges. 

EnvRestInitiativeScore Does the company report or provide information on 

company-generated initiatives to restore the 

environment? Any initiatives to restore the 

environment like restoration, rehabilitation, clean up 

and remediation activities; company’s own operation 

disturbing the environment and restoring the same 

later is not qualified as restoration initiatives. 

EnvironmentalProductsScore Does the company report on at least one product line 

or service that is designed to have positive effects on 

the environmental or which is environmentally 

labeled and marketed? In focus are the products and 

services that have positive environmental effects, or 

marketed as which solve environment problems. 

NoiseReductionScore Does the company develop new products that are 

marketed as reducing noise emissions? Products that 

have been specifically designed to reduce noise 

emissions or marketed as emitting less noise; in 

scope include also those companies which are 

retailing such products which are emitting less noise. 

EnvironmentalAssetsUnderMgtS Does the company report on assets under 

management which employ environmental screening 

criteria or environmental factors in the investment 

selection process? Relevant to asset management 

companies; SRI (socially responsible investment) 

and ethical funds are under our consideration. 

EqPrincOrEnvProjFinancingScore Is the company a signatory of the Equator Principles 

(commitment to manage environmental issues in 

project financing) or does it claim to evaluate 



 

 
 

projects on the basis of environmental or biodiversity 

risks as well? 

NuclearProductionScore Percentage of total energy production from nuclear 

energy. Relevant to companies involved in the 

generation of electricity; nuclear production = energy 

produced from nuclear/total energy * 100 

OrganicProductsInitiativesSco Does the company report or show initiatives to 

produce or promote organic food or other products? 

Relevant for companies in food industries, 

agricultural produce, and chemicals (organic 

fertilizers), textile & apparels (which use 

biodegradable materials including organic fibers); in 

scope data also include on the companies that are 

involved in promoting organic food in their retail 

chain. 

RenCleanEnergyProdScore Does the company develop products or technologies 

for use in the clean, renewable energy (such as wind, 

solar, hydro and geo-thermal and biomass power)? In 

scope, we also include data on the financing of 

renewable energy projects; if a utility company is 

deriving at least 25% of the power produced or 

revenue from clean technologies or energy. 

WaterTechnologiesScore Does the company develop products or technologies 

that are used for water treatment, purification or that 

improve water use efficiency? In scope are the 

products or services addressing water purification or 

greater water conservation or efficiency; also 

includes companies providing technologies/software 

to detect water leaks. 

CSRSustainabilityCommitteeSco Does the company have a CSR committee or team? 

Board level or Senior management committee 

responsible for decision making on CSR strategy. 

CSRSustainabilityReportingSco Does the company publish a separate 

CSR/H&S/Sustainability report or publish a section 

in its annual report on CSR/H&S/Sustainability? 

Any separate extra-financial report in which the 

company reports on the environmental and social 

impact of its operations; web-based non-financial 

reports are also considered if data is updated yearly; 

integrated annual report with sustainability data is 

qualified information; CSR section from the annual 

report must consist of substantial data; exceptionally, 



 

199 
 

if company report quantitative data exclusively in 

less than 5 pages can also be considered; CSR reports 

published bi-annually, current year when there is no 

report then data measure is answered “False”; data 

only on community-focused report whit community-

related activities of the company, answer is “False”. 

EcoDesignScore Does the company report on specific products which 

are designed for reuse, recycling or the reduction of 

environmental impacts? Products that have been 

specifically designed with the goal of being recycled, 

reused or which are disposed of without negatively 

impacting the environment; there must be some 

discussion of environmental concerns during the 

product design. Based on this definition, the Score 

has been created using the variables 

Renewable/Clean Energy Products, Environmental 

Materials Sourcing and e-Waste reduction. 

Source: Refinitiv Eikon 


