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Resumen

La esencia del presente trabajo radica en comprender el fendmeno del desarrollo del producto innovador verde y cémo
se puede estar constituyendo a nivel de las empresas del sector manufacturero en beneficio del desempefio
organizacional. Por tanto, desde una perspectiva tedrico-exploratoria, con esta tesis doctoral se desea contribuir al
conocimiento mediante una propuesta de reconfiguracion sistémica organizacional enfocada a la creacién del producto
innovador verde, de tal manera que permita a las empresas del sector manufacturero mitigar y/o eliminar impactos
negativos al medio ambiente, posibilitando, asimismo, la obtencidn de ganancias financieras, procurando el desarrollo

sostenible.

Para los fines mencionados anteriormente, se constituyen tres rutas estratégicas. En primera medida, se constituye
un framework que contempla a la organizacién como un sistema abierto interrelacionado, sobre la base de
determinantes del producto innovador verde, de siete nuevas capacidades de innovacion y de cinco dimensiones
organizacionales. Seguidamente, se procede con el andlisis con relacion a qué configuracién de capacidades de
innovacion verde y dimensiones organizacionales pueden explicar un mayor logro del producto innovador verde.
Finalmente, a modo especifico se prueba si la adopcién y el uso alto de la capacidad de produccién verde y la

tecnologia como puede estar afectando al desempefio organizacional.

Los analisis exploratorios parten de dos ediciones de la Encuesta Europea de Innovacion en Produccidn, la cual es
aplicada a empresas del sector manufacturero. En esta tesis, en un primer momento, se trabajan con las sub-muestras
de Espafia y Croacia, posteriormente, con las sub-muestras de Croacia, Lituania, Espafia, Serbia, Eslovaquia,

Eslovenia y Suecia.

La tesis esta constituida por tres articulos, donde respectivamente se desarrollan los objetivos de investigacion y se
presentan los hallazgos que surgen a partir de los estudios. Los resultados advierten sobre la necesidad de una
reconfiguracion organizacional a nivel de empresas del sector productivo, estipulada sobre la base de las siete
capacidades de innovacion verde y las cinco dimensiones organizacionales analizadas, en procura de dar soporte a
los determinantes del producto innovador verde, contribuyendo de forma directa al desempefio sostenible. Asimismo,
se identifica como la capacidad de produccién verde y la tecnologia en su adopcién y sus niveles de uso alto presentan

un impacto significativo en el desempefio ambiental y en el financiero.

Por tanto, esta tesis de doctorado brinda aportes que confirman repercusiones teoricas y practicas que pueden

corresponder a oportunidades para académicos, profesionales y entidades gubernamentales. En consecuencia, esta
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investigacion entrega orientaciones sobre como utilizar estos resultados en el desarrollo de futuros trabajos de

investigacion, planes estratégicos o gubernamentales.

Palabras clave: anélisis cluster, capacidades de innovacién verde, capacidad de produccién verde, desarrollo
sostenible, desempefio ambiental, desempefio financiero, determinantes, dimensiones organizacionales, empresas
manufactureras, Encuesta Europea de Innovacién en Produccién, framework, matriz, producto innovador verde,

regresion logistica, taxonomia, tecnologia.
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Resum

L'esséncia del present treball radica a comprendre el fenomen del desenvolupament del producte innovador verd i
com es pot estar constituint a nivell de les empreses del sector manufacturer en benefici de I'exercici organitzacional.
Per tant, des d'una perspectiva teorico-exploradora, amb aquesta tesi doctoral es desitja contribuir al coneixement per
mitja d'una proposta de reconfiguracio sistémica organitzacional enfocada a la creacié del producte innovador verd,
de tal manera que permeta a les empreses del sector manufacturer mitigar i/o eliminar impactes negatius al medi

ambient, possibilitant aixi mateix I'obtencié de guanys financers, procurant el desenvolupament sostenible.

Per als fins esmentats, es constitueixen tres rutes estratégiques. En primera mesura, es constitueix un framework que
contempla a l'organitzacio com un sistema obert interrelacionat, sobre la base de determinants del producte innovador
verd, de set noves capacitats d'innovacié i de cinc dimensions organitzacionals. A continuacio, es procedeix amb
I'analisi amb relaci6 a quina configuracio de capacitats d'innovacié verda i dimensions organitzacionals poden explicar
un major exit del producte innovador verd. Finalment, a mode especific es prova si I'adopcio i I'is alt de la capacitat

de produccié verda i la tecnologia pot estar afectant I'exercici organitzacional.

Els analisis exploradores parteixen de dos edicions de I'Encuesta Europea de Innovacion en Produccion, la qual és
aplicada a empreses del sector manufacturer. En aquesta tesi, en un primer moment, es treballen amb les submostres
d'Espanyai Croacia, posteriorment, amb les submostres de Croacia, Lituania, Espanya, Sérbia, Eslovaquia, Eslovénia

i Suécia.

La tesi es constitueix de tres articles, on respectivament es desenvolupen els objectius d'investigacio i es presenten
les troballes que sorgeixen a partir dels estudis. Els resultats adverteixen sobre la necessitat d'una reconfiguracio
organitzacional a nivell d'empreses del sector productiu, estipulada sobre la base de les set capacitats d'innovacié
verda i les cinc dimensions organitzacionals analitzades, en procura de donar suport als determinants del producte
innovador verd, contribuint de forma directa a l'exercici sostenible. Aixi mateix, s'identifica com la capacitat de
producci6 verda i la tecnologia en la seua adopcié i els seus nivells d'Us alt presenta un impacte significatiu en I'exercici

ambiental i en I' financer.

Per tant, aquesta tesi de doctorat, brinda aportacions que confirmen repercussions teoriques i practiques que poden
correspondre a oportunitats per a académics, professionals i entitats governamentals. En conseqiiéncia, aquesta
investigacio entrega orientacions sobre com utilitzar aquests resultats en el desenvolupament de futurs treballs

d'investigacio, plans estratégics o governamentals.
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Paraules clau: acompliment ambiental, analisi cluster, acompliment financer, capacitats d'innovaci6 verda, capacitat
de produccio verda, determinants, dimensions organitzacionals, empreses manufactureres, Encuesta Europea de
Innovacion en Produccion, framework, matriu, producte innovador verd, regressio logistica, sustainable development,

taxonomia, tecnologia.
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Abstract

The essence of this work lies in understanding the phenomenon of the development of green product innovation and
how it can be constituted at the level of companies in the manufacturing sector for the benefit of organizational
performance. Therefore, from a theoretical-exploratory perspective, this doctoral thesis aims to contribute to knowledge
through a proposal of organizational systematic reconfiguration focused on creating green product innovations, in such
a way that it allows companies in the manufacturing sector to mitigate and/or eliminate negative impacts on the

environment, also enabling the obtaining of financial profit, and seeking sustainable development.

For the above-mentioned purposes, three strategic routes are constituted. In the first place, a framework that
contemplates the organization as an interrelated open system is constituted, based on determinants of the green
product innovation, seven new innovation capabilities, and five organizational dimensions. Next, an analysis is made
in relation to which configuration of green innovation capabilities and organizational dimensions can explain a greater
achievement of green product innovation. Finally, it specifically tests whether the adoption and high use of green

production capability and technology may be affecting organizational performance.

The exploratory analyses are based on two editions of the European Manufacturing Survey, which is applied to
companies in the manufacturing sector. In this thesis, at first, the sub-samples of Spain and Croatia were used, and

subsequently the ones from Croatia, Lithuania, Spain, Serbia, Slovakia, Slovenia, and Sweden.

The thesis consists of three articles, where the research objectives are respectively developed and the findings that
arise from the studies are presented. The results warn of the need for an organizational reconfiguration at the level of
enterprises in the productive sector, stipulated on the basis of the seven green innovation capabilities and the five
analyzed organizational dimensions, in order to support the determinants of green product innovation, contributing
directly to sustainable performance. Likewise, it is identified as the green production capacity and the technology in its

adoption and its high levels of use present a significant impact on environmental and financial performance.

Therefore, this doctoral thesis provides contributions that confirm theoretical and practical reactions that may
correspond to opportunities for academics, professionals, and government entities. Consequently, this research
provides guidance on how to use these results in the development of future research work and strategic or

governmental plans.

Keywords: cluster analysis, determinants, European Manufacturing Survey, environmental performance, financial

performance, framework, green innovation capabilities, green production capability, green product innovation, logistics
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regression, manufacturing companies, matrix, organizational dimensions, sustainable development, taxonomy,

technology.
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Capitulo 1. Introduccién

En el presente capitulo se realiza la descripcion de los antecedentes que representan las bases del desarrollo de la
tesis, para continuar con los objetivos de la investigacion, y, por Ultimo, se especifica la justificacién y estructuracién

general del documento.

1.1. Antecedentes

Desde 1987 en Londres — Inglaterra la Comisién Mundial sobre el Medio Ambiente y el Desarrollo (WCED por sus
siglas en inglés) presenté un informe poniendo de manifiesto alertas y propuestas para buscar soluciones contra la
vulnerabilidad de las personas y el temible cambio climatico que el hombre a través de sus mdltiples actividades ha
generado. No obstante, para plasmarlas identificaron la necesidad de un “nuevo concepto’, en el cual abarcar la
tendencia y el horizonte para el fomento del desarrollo social y econdémico, seleccionando uno de los principios del

Movimiento Verde, el Desarrollo Sostenible:

En esencia, es un desarrollo que satisface las necesidades y aspiraciones de la generacién actual sin
destruir los recursos necesarios para que las generaciones futuras satisfagan sus necesidades.
Contiene dos conceptos clave: en primer lugar, la idea de satisfacer las necesidades, y en particular las
necesidades de los pobres del mundo, mediante una distribucién mas equitativa de oportunidades y
recursos; en segundo lugar, el concepto de las limitaciones del crecimiento y del agotamiento de los
recursos que impone la capacidad del medio ambiente para satisfacer las necesidades futuras (Keeble,
1988, p. 20).

Lo anterior es significativo y ambicioso. Cada individuo, cada organizacion esta en la obligacion de aportar, ya que el
alcance del desarrollo sostenible depende de la responsabilidad y contribucion que cada uno haga. De lograrlo, la

calidad y condiciones de los seres humanos y del planeta serian diferentes a las actuales.

Por tanto, un foco especial presenta las empresas del sector manufacturero, dado que pueden ser las mas influyentes
en la degradacién del medio ambiente, pero a la vez, dependiendo de sus estrategias, las mayores contribuyentes
para el desarrollo sostenible. En pleno siglo XXI cuando las empresas encuentran condiciones sofisticadas para el
perfeccionamiento de su factoria, se continta presentando de manera significativa organizaciones que no contribuyen

con la mitigacion o eliminacion de materiales y procesos no respetuosos con el medio ambiental, limitando la creacién
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de productos innovadores verdes, que puedan favorecer el impacto ambiental. Por tanto, una pieza clave es
comprender y buscar soluciones a nivel organizacional de esta problematica que podria conllevar a la empresa al

alcance de la ventaja competitiva.

Bowen et. al., (2001) llama la atencidn sobre las presiones sociales en las que se encuentran sumergidas las empresas
buscando ser receptivas al medio ambiente. Igualmente, Quarshie, Salmi y Leuschner (2016) identifican como la
sostenibilidad sera cada vez mas dificil de navegar debido al crecimiento de la poblacién, los cambios en los patrones
de consumo, entre otros factores, generando un ambiente de confusion, pero al mismo tiempo la necesidad de afrontar

estas exigencias.

Por tanto, las empresas requieren reconfigurarse, prepararse e identificar como proceder y en qué dinamicas
organizacionales incurrir para mitigar — eliminar el impacto ambiental, generando el producto innovador verde, y, a la
vez, la rentabilidad econémica. Lo anterior, mediante una postura ambiental corporativa proactiva (Bowen et al., 2001),
debido a que con la situacion ambiental actual las empresas “ya no pueden ignorar o retrasar el desarrollo de una
estrategia de innovacion ecoldgica” (Dangelico, Pujari y Pontrandolfo, 2016, pag. 2). Esta coyuntura ofrece nuevas
oportunidades para las empresas, necesitando la identificacién y articulaciéon de determinantes constitutivos del
producto innovador verde, asi como, de ciertas capacidades y de dimensiones organizacionales que favorezcan a las

empresas para abordar el desafio de la innovacion sostenible.

Desglosando el precedente, ya no solo se requiere de las capacidades tradicionales y fundamentales, ahora se
encuentra necesario reconfigurar y complementar con el concepto y apropiacién hacia el verde. A la vez, dadas las
afectaciones provocadas por los diferentes hechos generadores de contaminacién, una de las necesidades es la
renovacion de la arquitectura organizacional, requiriendo la identificacion y actualizacion de dimensiones
organizacionales en el contexto de las demandas ambientales. Igualmente, como los determinantes del producto
innovador verde involucran a diferentes habilidades y areas organizacionales, éstos podrian estar afectando a la

organizacion en funcién de la constitucién de un producto ecoldgico.

Diversos esfuerzos se han llevado a cabo buscando dar solucion a la constitucién del producto innovador verde sin
obtener unanimidad sobre cudl es el deber ser y como proceder a nivel de las empresas del sector manufacturero
(Berchicci y Bodewes, 2005; Jasti, Sharma, y Karinka, 2015). Estudios identifican la importancia de las capacidades
de innovacion verde, pero se carece sobre la necesidad de su articulacion con dimensiones organizacionales en
procura de una mejor comprension y adaptacion de la empresa (Tariq, Badir, Tariq, y Bhutta, 2017). Asimismo, varias
investigaciones se centran en la caracterizacion de determinantes del producto innovador verde, pero se identifica

falencia en cuanto a su configuracién a nivel organizacional y su efecto mediante la demostracién empirica con la
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asociacion de capacidades de innovacion verde y dimensiones organizacionales como soporte para el desarrollo del

producto innovador verde, a la vez, con la falta de evidencia empirica de su impacto a nivel del desempefio.

El contexto mencionado es la base de la presente investigacion. Por tanto, partiendo de los trabajos previos de
Serrano-Garcia, Acevedo-Alvarez, Castelblanco-Gémez, y Arbeléez-Toro, (2017) y Serrano-Garcia y Robledo-
Velasquez (2013a), donde se constituye y se aplica respectivamente, una metodologia para evaluar capacidades de
innovacion tecnoldgica en instituciones universitarias, estructurada a partir de una configuracion conceptual basada
en la perspectiva de recursos y capacidades y del modelo de congruencia sistémica de la organizacion. Asimismo, del
trabajo de Pérez-Pérez, Parra, y Serrano-Garcia, (2021), donde se desarrolla un modelo de simulacion de dinamica
de sistemas para medir procesos de eco-innovacion a nivel de empresas del sector productivo. En esta tesis, teniendo
presente las bases conceptuales estudiadas en las investigaciones mencionadas y articulandolas con los nuevos
desafios organizacionales en procura del desarrollo del producto innovador verde, se desea en esta oportunidad,

contribuir al conocimiento con los siguientes tres aportes originales:

v' El primero consiste en la identificacion y categorizacién de veintidés conjuntos de determinantes del producto
innovador verde. A partir de su enfoque conceptual se procede con una taxonomia para el andlisis y repercusion
al interior de la propuesta de siete nuevas capacidades de innovacion verde y cinco dimensiones organizacionales
adaptadas al contexto verde, donde se operacionalizan en una matriz para facilitar la definicion de variables que
evallen el avance de la empresa en procura del producto innovador verde.

v' El segundo aporte, a partir de la matriz donde se ilustra la relacion estructural referente a la asociacion de las
capacidades de innovacion verde y las dimensiones organizacionales con los determinantes, se pretende
identificar qué configuracién de capacidades de innovacion verde y dimensiones organizacionales explican un
mayor logro del producto innovador verde. Lo anterior, respaldado a través de un trabajo empirico bajo la técnica
estadistica del analisis cluster, teniendo presente las sub-muestras de Espafia y Croacia de la Encuesta Europea
de Innovacion en Produccion.

v' El tercer aporte a partir del zoom realizado a la matriz y reconociendo la importancia especifica de la capacidad
de produccion verde y la dimensién organizacional tecnologia en procura de la constitucidn del producto innovador
verde, se realiza la configuracion de la capacidad de produccion articulada con tecnologia. De forma que, la
mencionada asociacion podria estar brindando soporte a determinantes del producto innovador verde como un
escenario de referencia en la gestion de la innovacién verde para impactar en el desempefio organizacional hacia
la consecucion del desarrollo sostenible. Para esta oportunidad, la evidencia empirica también es respaldada por

Encuesta Europea de Innovacion en Produccion a partir de las sub-muestras de siete paises europeos.
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Por tanto, desde una perspectiva tedrico-exploratoria con esta tesis doctoral desea contribuir al conocimiento mediante
una propuesta de reconfiguracion sistémica organizacional enfocada a la creacion del producto innovador verde. De
tal manera que permita a las empresas del sector manufacturero mitigar — eliminar impactos negativos al medio

ambiente, posibilitando asimismo la obtencién de ganancias financieras en procura del desarrollo sostenible.

1.2. Objetivos de investigacion

A continuacién, se relaciona el objetivo general y los especificos correspondientes a la presente tesis, donde se

expone la forma como se abordan los planteamientos de los diferentes problemas de investigacién detectados:
1.21. Objetivo general

Entender el fenomeno del desarrollo del producto innovador verde desde sus antecedentes hasta el impacto,
relacionado con las capacidades de innovacion verde en asocio con dimensiones organizacionales: evidencia de

acuerdo con la Encuesta Europea de Innovacién en Produccién.
1.2.2. Objetivos especificos
Para el logro del objetivo general se llevan a cabo los siguientes objetivos especificos:

a) Establecer cuales son los determinantes constitutivos del producto innovador verde.

b) Identificar cuél es la configuracion de las capacidades de innovacion verde, las dimensiones organizacionales y
los determinantes en procura del producto innovador verde.

c) Determinar qué configuracion de capacidades de innovacion verde y dimensiones organizacionales conducen al
logro del producto innovador verde.

d) Establecer el impacto de la asociacion de la capacidad de produccion verde y la dimension organizacional

tecnologia en el desempefio organizacional.

1.3. Estructura y contenido de la presente tesis

La Universitat Politécnica de Valéncia tiene estipulado la posibilidad de presentar las tesis por formato tradicional o

por compendio de articulos. Este tltimo es el caso de la presente tesis, la cual esta conformada por tres articulos, dos
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de ellos ya publicados y uno en proceso de evaluacion, todos en revistas diferentes e indexadas. No obstante, la
presentacion de esta tesis se estructura bajo un enfoque tradicional de investigacién con el propésito de entregar un

panorama claro y general. Por tanto, la tesis esta distribuida como se presenta en la Tabla 1:

Tabla 1: Estructura y contenido de la presente tesis

Se analiza y se discute los principales topicos tratados en la investigacion. Se
Revision de la literatura complementa con el planteamiento del problema, el estado del arte, la presentacion

de las brechas de investigacion y la necesidad de ser analizadas.

Preguntas de investigacion y || Se presentan las preguntas e hipbtesis de investigacion y su conexion con los tres

desarrollo de hipdtesis articulos realizados.

) Se relaciona la metodologia efectuada en la tesis, la cual fue llevada a cabo bajo
Metodologia o o o
los enfoques metodolégicos cualitativos y cuantitativos.

Se presentan los tres articulos que corresponden al desarrollo de cada objetivo de
la investigacion y sus respectivos hallazgos. La recopilacion de los tres articulos da
respuesta a cada uno de los objetivos, asi como a las preguntas de investigacion
formuladas en la tesis. Por tanto, los articulos se integran como capitulos,
Resultados o . .
conservando la version original de autor y el orden general de la tesis. Es decir, se
adapta las fuentes, el tamafio, el consecutivo de las tablas e imégenes, entre otras.
Asimismo, en el Anexo 1y Anexo 2, respectivamente, se presentan las dos

publicaciones correspondientes a la version de cada revista.

Se exponen las reflexiones en funcién de los resultados obtenidos, interpretando
Discusiones su significado, los aportes y el alcance generado con el desarrollo de la presente

tesis.

Se confirma la necesidad e importancia de la creacidn y elaboracién de la tesis,
ratificando la relevancia de los hallazgos en funcién de la gestion de la innovacion
Conclusiones para la reconfiguracién organizacional en procura de la constitucion del producto
innovador verde. Esta seccion se complementa con las limitaciones, implicaciones

y la relacién de potenciales trabajos futuros.
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A modo de sintesis en la Figura 1 se presenta un esquema donde se proyecta el alcance de cada articulo y en si la

proyeccidn general de la tesis doctoral.

Desarrollo del producto innovador verde desde sus antecedentes hasta el impacto:

evidencia de acuerdo con la Encuesta Europea de Innovacion en Produccion

4etEessssassssssssssssas . [
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Figura 1. Esquema del alcance general de la tesis doctoral
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Capitulo 2. Revision de la literatura

En este capitulo se presenta el analisis de la literatura brindando una justificacién general a los interrogantes e

identificando los dmbitos potenciales del estudio en procura de dar una vision global de la tesis.
2.1. Capacidades de innovacion de verde

La capacidad de innovacion verde parte de la visién basada en los recursos — naturales, a la vez de las capacidades
organizacionales y de gestidn, para continuar con las capacidades dinamicas, de alli a las capacidades de innovacion,

transcendiendo al enfoque verde.

Por tanto, la vision basada en los recursos se reconoce por su facultad para convertir las habilidades internas de la
organizacion en valiosas e inimitables (Barney, 1991). Esta teoria facilita la adaptabilidad de las organizaciones, de
ahi su fortaleza para la implementacién de acciones corporativas encausadas hacia el favorecimiento del medio
ambiente (Hart, 1995). Por consiguiente, se trae a colacién a la vision basada en los recursos naturales enfoque clave
de articulacién entre la actividad ambiental y econémica de la organizacién, elevando a la visién basada en los
recursos al contexto de la sostenibilidad ambiental. Lo anterior, remite a las capacidades organizativas y de gestion
haciendo referencia a habilidades que facilitan movilizar y ejecutar los planes estratégicos de la organizacion
(OECD/Eurostat, 2018), las cuales son caracterizadas por su constante evolucién, adaptaciéon y propiedades

sistémicas (Renard y St-amant, 2003).

Al igual que la empresa al ser un sistema en constante evolucion - interrelacionada - activa, se desprende de este
punto el concepto de la capacidad dinamica, la cual corresponde a una variedad de la capacidad organizativa (Renard
& St-amant, 2003) que facilita reconfigurar activos de la empresa (Teece, 2007, 2018a), estando a tono con la
transformacion y la innovacion, facultando, entre otros, la creacion de nuevos productos ecoldgicos (Teece, 2018b).
En consecuencia, la capacidad dindmica impulsa a la modernizacion y el cambio de la organizacion, surgiendo la
capacidad de innovacion, que representa las habilidades organizativas para el logro de las estrategias de innovacién
tecnologica (Burgelman, Maidique, y Wheelwright, 2004; Serrano-Garcia, Acevedo-Alvarez, Castelblanco-Gomez, y
Arbeldez-Toro, 2017; Serrano-Garcia y Robledo-Velasquez, 2013). A su vez, las capacidades de innovacién son
propicias para la adopcion de tecnologias y la creacion de nuevos productos a la luz de las necesidades actuales del
mercado (Adler y Sbenbar, 1990; Guan y Ma, 2003).
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Por tanto, para ir superando la situacion climatica actual una medida es la creacién del producto innovador verde, v,
para esto la empresa necesita apalancarse de capacidades de innovacion orientadas al verde que les permita afrontar
los desafios ecoldgicos a nivel organizacional. En atencion a lo cual surgen las capacidades de innovacion verde que
hacen referencia a las habilidades que la organizacion construye en procura de un mejor desempefio ecoldgico y
sostenible a largo plazo (Tseng, Chang, y Chen, 2019), asimismo, estan vinculadas con las oportunidades de mejora
en la eficiencia ecologica (Jakhar, Mangla, Luthra, y Kusi-Sarpong, 2019), a su vez, favorecen la comprensién de
aquéllas habilidades necesarias en procura de la reconfiguracién organizacional que favorezcan el cumplimiento de
determinantes del producto innovador verde (Tarig, Badir, Tariq, y Bhutta, 2017). De esta manera, se reconocen a las
capacidades de innovacién verde como un soporte organizacional que permite atender los actuales desafios

ecoldgicos a los cuales la empresa requiere hacer frente.

2.2. Dimensiones organizacionales

Las empresas manufactureras se caracterizan por poseer un entorno turbulento y desafiante. Quizas uno de los retos
primordiales sea afrontar las actuales exigencias para ayudar a resolver la problematica medioambiental. Esto conlleva
a repensar a la organizacién estratégicamente para la adaptacion y para ser competente ante las condiciones
cambiantes (Chiavenato, 2006; Nadler, Tushman, y Nadler, 2011; Teece, 2018a). Ante este panorama surgen las
dimensiones organizacionales para ayudar a las empresas a personificar su arquitectura y dinamizar los procesos
postulados de acuerdo al modelo y al disefio del negocio que la empresa requiera actualizar para hacer frente a estos

nuevos desafios que le favorezcan la captura y entrega de valor (Galbraith, 1982; Teece, 2018b).

Por tanto, un aspecto clave son las dimensiones organizacionales que ayudan a la transformacién de la organizacién
y ala generacion de la propuesta de valor (Foss y Saebi, 2015; Huijben, Verbong, y Podoynitsyna, 2016). Es asi como,
las dimensiones organizacionales son conceptualizadas como los componentes o elementos que favorecen el cambio
y la innovacién, identificadas en las estructuras formales, representadas por ejemplo, en los procesos y las funciones,
asi como en las informales, relacionadas con el comportamiento organizacional, los valores, la cultura, entre otros
(Daft, 2011; Herrera-Baltazar, 2015).

Sin embargo, describir cuales son los componentes que la organizacidn requiere actualizar representa un desafio
(Nadler y Tushman, 1980). Tal vez, la mision sea entonces detectar aquéllas dimensiones organizacionales que le
permita a las empresas del sector manufacturero responder estratégicamente a las actuales exigencias
medioambientales que requieren afrontar (Bhaskar y Mishra, 2017; Lin, Tseng, Chen, y Chiu, 2011; Nadler et al.,
2011).
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2.3. El producto innovador verde y sus determinantes

Dada la actual situacion ambiental uno de los desafios para las empresas del sector manufacturero es encontrar
soluciones donde les proporcione mitigar - eliminar impactos que debido a sus actividades econdmicas puedan estar
generando al medioambiente. Por tanto, una posible solucion es el disefio y la constitucion del producto innovador
verde (Salim, Ab Rahman, y Wahab, 2021), dado que es un producto con fuerte demanda por parte de clientes
contemporaneos que cuidan de la salud ambiental, asimismo, es un motor que impulsa a las empresas para obtener
por parte de las entidades gubernamentales subsidios y créditos fiscales (Long y Liao, 2021; Sana, 2020), los cuales
se convierten en incentivos para las empresas procurando por la oferta de productos verdes, que les permita la
ampliacién de la cuota del mercado (Serrano-Garcia, Bikfalvi, Llach, Arbelaez-Toro, y Garcia-Gémez, 2022). Por tanto,
el producto innovador verde, podria contribuir a la organizacién con las mejoras medioambientales que requieran

solucionar y al mismo tiempo con la obtencion de las ventajas competitivas.

Diversos autores resefian el concepto del producto innovador verde como un proceso que involucra diferentes etapas
destinadas a minimizar impactos ambientales (Lee y Kim, 2011), cobijando el ciclo de vida fisico del producto - proceso
de fabricacion - uso del producto - eliminacién, donde se involucra tres tipos clave de enfoque ambiental, como son:
material, energia y contaminacion (Dangelico y Pontrandolfo, 2010; Zhang y Li, 2019). Pese a que en la literatura se
encuentran diferentes definiciones sobre el concepto y alcance del producto innovador verde, hasta el momento no
se presenta un consenso a nivel mundial sobre su definicion (Sdrolia y Zarotiadis, 2019). Sin embargo, se infiere como
las descripciones que entrega la literatura van direccionadas a un enfoque similar: reducir y/o eliminar efectos

ambientales en su produccién, asi como en su consumo y desecho.

Por otra parte, el producto de innovador verde para su constitucion requiere de determinantes peculiares que lo hacen
diferente a un producto innovador convencional. Estos determinantes estan presentes en todas las etapas
correspondientes al disefio, creacion, fabricacién, suministro y desecho del producto (Chkanikova, 2016; De Medeiros,
Vidor, y Ribeiro, 2018; Jasti, Sharma, y Karinka, 2015). Los determinantes corresponden a argumentos - fundamentos
categorizados a modo de atributos clave que obedecen a tener un producto innovacion verde. Lo anterior, implica para
las empresas tomar acciones encaminadas a dar respuesta a los determinantes de tal manera que los conduzca a
originar productos ecoldgicos, y, en consecuencia, permita a la empresa mejorar su desempefio organizacional (Chen
y Chang, 2013; Jasti et al., 2015; Tan, Ojo, y Thurasamy, 2019).

Del precedente se podria inferir como las capacidades de innovacion verde, las dimensiones organizacionales y los

determinantes del producto innovador verde, podrian ser enfoques clave y una oportunidad latente de brindar
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respuesta por parte de las empresas del sector manufacturero, a las necesidades actuales que requieren cubrir en

materia de sostenibilidad ambiental, y, al mismo tiempo, impactar en el desempefio econdmico de la organizacién.

Sin embargo, al identificar el avance con relacion a qué determinantes caracterizan a un producto innovador verde,
se encuentran deficiencias sobre cémo se deben abordar y configurar a nivel organizacional (Jasti et al., 2015; Tarig
etal., 2017), a pesar de los diferentes esfuerzos que se han hecho por configurarlos desde diversos topicos realizados
por multiples investigadores (Albino, Balice, y Dangelico, 2009; Song, Ren, y Yu, 2018; Zhang, Liang, Feng, Yuan, y
Jiang, 2020). Requiriendo, continuar la exploracion sobre cuéles podrian ser las herramientas administrativas bajo
una vision sistémica de la organizacion, que los puedan soportar en procura de la creacién del producto innovador
verde. Es asi como, identificando la potestad que tienen las capacidades de innovacién verde para responder al
enfoque ecoldgico, se requiere detectar cuales podrian ser esas nuevas capacidades que puedan brindar soporte a
los determinantes en procura de la conformacion del producto innovador verde (Mellett, Kelliher, y Harrington, 2018;
Mousavi y Bossink, 2018). A su vez, dado que las capacidades se encuentran estrechamente relacionadas con el
disefio y la operacion de la empresa, necesitan del respaldo de dimensiones organizacionales que les permita obrar
de forma apropiada, ya que ambas herramientas administrativas se consideran interdependientes (Teece, 2018a). En
consecuencia, dados los efectos de su complementariedad, un desafio es la identificacion de cuales capacidades de
innovacion verde en conjunto con las dimensiones organizacionales, permitirian el razonamiento y ejecucién de los

determinantes a nivel organizacional que facilite la creacién del producto innovador verde.

Adicional a lo anterior, se podria inferir que el logro del producto innovador verde estaria en linea con la gestién de la
innovacion que a nivel organizacional se pudiera llevar a cabo para dar respuesta a sus determinantes. En atencion a
lo cual, se requiere la comprobacion a nivel experimental si la configuracién de capacidades de innovacion verde y
dimensiones organizacionales, podrian ser un marco de referencia de gestién de innovacion que favorezcan la

creacion de los productos innovadores verdes.

De acuerdo a la revision de la literatura se detecta como varios investigadores han realizado esfuerzos para
comprender como incorporar la sostenibilidad ambiental con el apoyo de capacidades (Andersén, 2021; Awan et al.,
2020; Bhatia y Jakhar, 2021). Sin embargo, no se identifica estudio alguno sobre cémo abordar los determinantes bajo
los pilares de las capacidades de innovacién verde en conjunto con dimensiones organizacionales que faciliten acoplar
de manera sistémica a la organizacién para brindar soporte a los determinantes del producto innovador verde. A la
vez, en la revision de la literatura se encuentran estudios a partir de conceptos gerenciales y apoyados por analisis
cuantitativos con el propésito de comprender el producto innovador verde a nivel organizacional (Akhtar et al., 2021;

Chen y Liu, 2020; Ogbeibu et al., 2020). No obstante, no se detectaron estudios exploratorios referentes a la
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configuracién de las capacidades de innovacion verde con las dimensiones organizacionales como soporte de los

determinantes a nivel de la organizacion para enfrentar el desafio de la constitucion del producto innovador verde.

2.4. Capacidad de produccion verde

La razdn de ser de las empresas del sector productivo es la creacion y oferta de productos. Sin embargo, esta practica
puede estar ocasionando cantidades abundantes de residuos y polucién (Mark, Nicholas, Chase, y Carretero Diaz,
2001), necesitando una reestructuracion en la fabricacion orientada hacia un enfoque verde como una forma de cuidar
el medioambiente. Debido a que la fabricacién verde esta vinculada con la reduccion y/o eliminacion de factores
dafiinos, en minimizar el uso de los recursos naturales, a la vez, centrando la produccién en la utilizacién de materias
primas renovables y apoyadas de las tecnologias limpias (Vrchota, Pech, Rolinek, y Bednaf, 2020), incentivando en

este sentido a la creacion del producto innovador verde.

Es asi como, llevar a cabo préacticas en la produccién para prevenir el despilfarro de los materiales, la reduccion o
eliminacién de metales téxicos, de sustancias cancerigenas o clorofluorocarburos; el ahorro adecuado del agua y de
la energia; la creacion de circuitos de reciclaje y la recuperacion de recursos residuales para ser reutilizados en la
fabricacion; la continua ejecucion del control de la calidad total enfocado en el verde; asi como el uso de las tecnologias
que favorezcan potenciar la fabricacion, entre otros (Fiksel, 1996; Vifiolas Marlet, 2005), representan capacidades en
la produccion significativas que la organizacion requiere poseer e impulsar en procura de marcar diferenciacion,
situacién que podria estar impactando en el desempefio econdmico y ambiental. En consecuencia, y dados los
desafios actuales para poner en alcance la constitucion del producto innovador verde, un enfoque clave es la posesién

de la capacidad de produccion verde a nivel de las organizaciones del sector productivo.

Por tanto, el implementar estrategias de innovacién ecoldgica podria estar favoreciendo el desempefio de la
organizacion, para lo cual las capacidades de produccién verde serian factores clave dado su potencial para la
reduccion de costos de produccidn, del consumo de energia, la reutilizacion de materiales, impactando finalmente la
eficiencia organizacional (Wang, Zhang, Zhang, y Wang, 2022). En ese sentido, la capacidad de produccién verde
podria estar directamente vinculada con la constitucién del producto innovador verde, dado que facilitaria la ejecucion
de una produccién eco-sostenible, al implicar la disminucién en gastos y afectar los impactos ambientales,

contribuyendo, por tanto, al mejoramiento de los estandares del desempefio ambiental y financiero.
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2.5. Tecnologia

De acuerdo con los fundamentos de la arquitectura organizacional es necesario tomar en consideracion el modelo de
congruencia organizacional, el cual se encuentra estructurado por dimensiones organizacionales que favorecen la
transformacién de los procesos de la empresa (David Nadler et al., 2011). Las dimensiones organizacionales hacen
referencia a la estructura organizacional, a los procesos, a las personas que integran la organizacién, a la cultura y el
comportamiento, asi como a la tecnologia, entre otros (Daft, 2011; David Nadler et al., 2011; Robledo-Velasquez,
2019), el reto es identificar de acuerdo a los desafios actuales de la organizacion, cuales pueden ser las dimensiones
Yy Su congruencia para contribuir a un mejor desempefio de la organizacion. Es asi como una de las dimensiones
organizacionales que puede estar cooperando para dar respuesta a nivel organizacional a los determinantes del

producto innovador verde es la tecnologia ecolégica, identificada desde los dispositivos, métodos técnicos y sistemas.

Se identifica que el concepto de tecnologias y procesos verdes es establecido desde la década de 1960, resultado
del movimiento ambiental de las naciones industrializadas en su aféan por el cuidado con el medio ambiente (Vrchota
et al., 2020). La tecnologia verde “se refiere a la tecnologia que puede ahorrar recursos y reducir la contaminacion
ambiental durante el proceso de produccién” (Dong, Tan, Wang, Zheng, y Hu, 2021, p. 2). Esta directamente
relacionada con la produccion verde al favorecer la reduccion de emisiones de gases de efecto invernadero (Sun, Bi,
y Yin, 2020), de los costos en la produccion, de la optimizacién de las materias primas y del tiempo de la creacion de
los productos. Debido a lo cual, es necesario que la tecnologia verde se pueda expandir a nivel de la gestion de la
manufactura verde apoyada de los disefios eco-innovadores (Seth, Rehman, y Shrivastava, 2018) de manera que
pueda impactar en el logro del producto innovador verde. Paralelamente, las tecnologias verdes podrian ser

necesarias para los objetivos financieros y ambientales de la empresa (Palmer y Truong, 2017).

Con base a los argumentos anteriores, se podria inferir como las organizaciones que puedan reconfigurar sus
capacidades de produccién verde en conjunto con la tecnologia verde para la fabricacion del producto ecoldgico,
tendrian un potencial para ser sostenibles a largo plazo impactando en su desempefio ambiental y financiero. No
obstante, se hace necesario la realizacién de mas investigaciones que permitan tener una mejor perspectiva sobre
como la tecnologia ecoldgica puedan aportar a los procesos de produccion verde contribuyendo al desempefio
organizacional (Palmer y Truong, 2017). Asimismo, es necesaria la realizacién de mas investigaciones para la
configuracién y articulacion de las capacidades que ayuden a fortalecer la fabricacion de productos innovadores verdes

y que impacten en el desempefio de la organizacién (Qiu, Jie, Wang, y Zhao, 2020; Xie, Huo, y Zou, 2019).
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En la revisidn de la literatura se encuentran diferentes esfuerzos de investigacion orientadas a las capacidades y a la
tecnologia como una medida que pueda favorecer el desarrollo del producto innovador verde para impactar en el
desemperio de la organizacion (Chen y Chang, 2013; Dangelico et al., 2016; Huang y Chen, 2022; Wang, Li, Li, y
Wang, 2021). Sin embargo, se evidencia la necesidad de realizar mas investigaciones considerando a la capacidad

de produccién y la tecnologia verde como competencias que conduzcan aln mejor desempefio organizacional.

2.6. Brechas de investigacion de la tesis

Teniendo en cuenta todo el panorama anterior, se denota la existencia de brechas de investigacién y su necesidad de
ser analizadas. En primera medida, el requerimiento de realizar mayores esfuerzos para entender bajo cuales
herramientas administrativas se podria abordar y configurar a nivel organizacional a los determinantes que conduzcan
ala creacién de productos innovadores verdes. Segundo, verificar a partir de estudios exploratorios si la configuracion
de esas herramientas administrativas podria estar facultando a la organizacién de caras al producto verde. Tercero,
se precisa de mayor investigacion para establecer el impacto de la asociacion de la capacidad de produccién verde y

la tecnologia verde en el desempefio organizacional.
En atencidn alo cual, en la Tabla 2 se describen los objetivos, las preguntas de investigacion y las hipotesis que dieron
lugar al desarrollo de la tesis, a la vez, el estudio donde se abordaron a cada en procura de superar las brechas

identificadas.

Tabla 2. Objetivos, preguntas de investigacion y desarrollo de hipétesis

Objetivo Preguntas de investigacion Estudio Titulo

Objetivo 1. Establecer
cuales son los
determinantes constitutivos
del producto innovador

i Cuales son los
Pregunta de determinantes constitutivos
investigacion1  del producto innovador

verde? Orchestrating

verde.
capabilities,

Objetivo 2. Identificar cual ¢Cuél es la configuracion organizational
es la configuracion de las de las capacidades de Estudio1  dimensions and
capacidades de innovacion innovacion ~ verde, las determinants in the
verde, las dimensiones Pregunta de dimensiones pursuit of green
organizacionales y los investigacion2  organizacionales y los product innovation.
determinantes en procura determinantes en procura
del producto innovador del producto innovador
verde. verde?
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Objetivo 3. Determinar qué
configuracién de
capacidades de innovacién
verde y  dimensiones
organizacionales conducen
al logro del producto
innovador verde.

Pregunta de
investigacion 3

¢Qué configuracion  de
capacidades de innovacién
verde y  dimensiones
organizacionales conducen
al logro del producto
innovador verde?

Capabilities and
organizational
dimensions
conducive to green
product innovation:
Evidence from
Croatian and Spanish
manufacturing firms

Estudio 2

Objetivo 4. Establecer el
impacto de la asociacién de
la capacidad de produccién
verde y la tecnologia en el
desempefio organizacional.

Hipétesis 1

Hipotesis 1a

Hipoétesis 2

Hipotesis 2a

La capacidad de
produccién verde tiene un
efecto positivo en el
desempefio.

Un alto grado de adopcién
de la capacidad de
produccién verde tiene un
efecto positivo en el
desempefio.

La tecnologia tiene un
efecto positivo en el
desempefio.

Un alto grado de adopcién
de tecnologia tiene un
efecto positivo en el
desempefio.

Performance effects
of green production
capability and
technology in
manufacturing firms

Estudio 3
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Capitulo 3. Metodologia

En este capitulo se presenta la descripcion metodolégica llevada a cabo en la tesis, la cual se clasifica en dos

componentes:

v Primer componente: metodologia bajo un enfoque cualitativo que permitid la creacion del modelo tedrico-
conceptual de la tesis. La metodologia cualitativa estd centrada especialmente en comprender las razones y
opiniones sobre un tema, para ayudar a desarrollar ideas € hipétesis de investigaciones cuantitativas (Kukkamalla
Kumar, 2020). La base de este tipo de investigacion esta focalizada en un proceso légico e inductivo, el cual no
sigue un rumbo claramente definido; asi como la recoleccién de datos, no es un procedimiento estandarizado ni
completamente previsto; a la vez, tiene un caracter interpretativo dado que procura brindar un sentido a los
hallazgos en funcién de los significados, construyendo un conocimiento y ampliando las perspectivas teoricas

(Sampieri Hernandez, Fernandez Collado, y Baptista Lucio, 2010).

v Segundo componente: metodologia cuantitativa que facilité la evaluacién exploratoria del marco conceptual, asi
como probar las hipétesis planteadas. Por metodologia cuantitativa se identifica como aquella que sigue una
estructura légico — conceptual permitiendo llevar a cabo un conjunto de procesos secuenciales y probatorios,
buscando generalizar los hallazgos con el proposito de explicar y predecir los fenémenos investigados que
contribuyan con la generacién de nuevo conocimiento (Sampieri Hernandez et al., 2010). Es decir, permite el
planteamiento de un problema, que conduce a los objetivos y preguntas de investigacion, para proseguir con la
revision de la literatura y la elaboracion de una perspectiva tedrica, continuando con la definicion de variables e
hipétesis, para ser probadas mediante métodos matematicos - estadisticos que facultan desprender una serie

conclusiones (Sampieri Herndndez et al., 2010).
3.1.  Proceso metodoldgico de la tesis

De acuerdo con las descripciones de los conceptos metodolégicos y la realizacion de la metodologia efectuada en los

tres articulos, a continuacién, se resefia el proceso metodoldgico llevado a cabo en la tesis.
3.1.1. Proceso metodolégico para el desarrollo del primer articulo

Para responder a las preguntas de investigacién formuladas en el primer estudio de la tesis, se procedié bajo una
secuencia de etapas, las cuales se relacionan en la Figura 2, para pasar a continuacion a describir a cada una

de ellas:
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Etapa 3

Etapa 1 Etapa 2 Formulacién de capacidades de

Busqueda y seleccion de e s s innovacion verde y dimensiones

estudios relacionados con los —> I?ggtclifggfrfi?qgn(iztsegglnzéﬂzgtge — Organlzauor_\ale_s para orientar a
determinantes del producto innovador verdg las organizaciones hacia el
innovador verde : producto verde innovador.

\Z

Etapa 5

Etapa 4 Framework: taxonomia y matriz
entre la articulacién de los

' Definicion del producto —_— determinantes del producto
innovador verde bajo un enfoque innovador verde, las

de gestion de la innovacion. capacidades de innovacion
verde y las dimensiones
organizacionales.

Figura 2. Etapas implementadas en el proceso metodoldgico del primer articulo

En este sentido, en este articulo se desarrollé una bisqueda exhaustiva en la literatura cientifica de determinantes
correspondientes a un producto innovador verde. A continuacion, estos determinantes fueron categorizados y
compilados en veintidos conjuntos de acuerdo con la similaridad en su significado, caracteristicas técnicas e impacto
que presentaron en las diferentes areas de la organizacidn. Luego, se identificd la forma de dar respuesta a las
necesidades de reconfiguracién actuales de la organizacion en funcién de los conjuntos de determinantes identificados
hacia el logro del producto innovador verde, al detectar y proponer siete nuevas capacidades de innovacidn verde en
asocio con cinco dimensiones organizacionales. A la vez, dado que a nivel de la literatura se encontrd definiciones del
producto innovador verde sustentadas bajo las visiones técnicas, fisicas y ambientales. En esta oportunidad, a partir
de la identificacion de los determinantes y de las capacidades de innovacion verde y las dimensiones, se procedié a
ampliar la definicién con el propésito de vincular el concepto del producto innovador verde al interior de la gestién
administrativa y de la innovacion verde. El siguiente desafio fue como a través de una taxonomia se procedié con
cada uno de los veintidés conjuntos de determinantes al establecer su impacto en una capacidad(s), en una
dimensién(s), o en las diferentes combinaciones entre ellas, para reconfigurar la organizaciéon en procura de la
constitucién del producto innovador verde. Finalmente, todo lo anterior, fue articulado en un modelo teérico-conceptual
que se operacionalizé en un matriz donde se articularon los determinantes, las capacidades de innovacion verde y las
dimensiones organizacionales, que permitan establecer de forma racional las variables (actividades) para evaluar el

modelo de gestion de la innovacién de la organizacién en funcion de la constitucién de un producto innovador verde.
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3.1.2. Proceso metodologico para el desarrollo del segundo y tercer articulo

Este desarrollo metodologico fue efectuado bajo dos secciones a correspondientes al levantamiento de la informacién

y al proceso de analisis para la obtencién de los resultados.

v"  Levantamiento de la informacion

El levantamiento de la informacion se realizd a partir de la Encuesta Europea de Innovacion en Produccién, propiedad
de un consorcio formado por centros de investigacion y universidades europeas, el cual es administrado por el
Fraunhofer Institute for Systems and Innovation Research ISI. La encuesta es estructurada bajo bloques tematicos
buscando indagar por la informacién de empresas manufactureras europeas referente a atributos y resultados a nivel
organizacional y ambiental, que permitan la comprensidn respecto a la mejora de procesos productivos, asi como el
uso de nuevas tecnologias y la aplicacién de conceptos organizativos innovadores (Fraunhofer Institute for Systems

and Innovation Research ISI, 2021). Por consiguiente, en la Tabla 3 se describe el proceso llevado a cabo para el

levantamiento de la informacidn en procura del desarrollo de los objetivos planteados.

Tabla 3. Descripcion del levamiento de la informacion para el segundo y tercer articulo

Articulo Recoleccion de los datos

Observaciones

Los datos fueron recolectados a

partir de la Encuesta Europea de
Segundo . y L
Innovacion en Produccion, edicion

2015.

* A partir de la muestra se recolecté informacién de
empresas del sector manufacturero con al menos 20
empleados, correspondiente a dos paises europeos: 101
de Espafia y 105 de Croacia.

* Las preguntas de la encuesta fueron las mismas para las
empresas del sector manufacturero de ambos paises.

+ El corte de los datos de la encuesta correspondié al afio
2015, siendo aplicada en el afio 2016.

+ Las empresas encuestadas hacen parte del sector
industrial manufacturero listadas en NACE Rev. 2,
codigos del 10 al 32.
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* A partir de la muestra se recolecté informacién de
empresas del sector manufacturero con al menos 20
empleados, correspondiente a siete paises europeos: 101
de Croacia, 199 de Lituania, 81 de Espafia, 235 de Serbia,
108 de Eslovaquia, 127 de Eslovenia y 167 de Suecia.

+ Las preguntas de la encuesta fueron formuladas y
aplicadas de forma transversal a todas las empresas del
Los datos fueron recolectados a . ) .
_ sector manufacturero de los siete paises en mencion.
partir de la Encuesta Europea de L
Tercero g 3 .| * Elcorte de los datos de la encuesta correspondio al afio
Innovacion en Produccion, edicion

2018, siendo aplicada en el afio 2019.
2018.

+ Las empresas encuestadas hacen parte del sector
industrial manufacturero listadas en NACE Rev. 2,
codigos del 10 al 33.

+ Las empresas fueron clasificadas de acuerdo con su
intensidad tecnoldgica a partir de la escala propuesta por
la Organizacion para la Cooperacion y el Desarrollo
Econdémico (OCDE).

v Proceso de analisis para la obtencion de resultados
A nivel metodologico para el tratamiento de los datos se contd con el apoyo de las técnicas estadisticas referente al

analisis cluster y a la regresion logistica ordinal. En la Figura 3 se resefia las diferentes etapas que fueron

implementadas, y, en la Tabla 4, se describe la forma como se desarrollaron las etapas para ambos articulos.
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Identificacion del problema —>
de investigacion. abordar el problema
identificado en la etapa 1.

Procesamiento de los datos
con fines de ser manipulados

Etapa 2

Etapa 3
Identificacion de variables,

Etapa 1 Identificacion de las fuentes las cuales fueron la base

de datos requeridas para

para medir los enfoques de
la investigacion.

v

Etapa 4 Etapa 5

Desarrollo de los modelos y
técnicas estadisticas para el
y validados. alcance de los objetivos.

Etapa 6

Despliegue de los hallazgos
estadisticos para el analisis,
discusion y generacién de
recomendaciones.

Figura 3. Etapas implementadas para la obtencion de resultados del segundo y tercer articulo

Tabla 4. Descripcion de las etapas implementadas correspondientes al segundo y tercer articulo

Etapa Articulo 2 Articulo 3

Determinar qué configuracion de capacidades de Establecer el impacto de la asociacién de la

1. innovacion verde y dimensiones organizacionales explican capacidad de produccion verde y la tecnologia
un mayor logro del producto innovador verde. en el desempefio organizacional.
Los datos se tomaron de la Encuesta Europea de Los datos se tomaron de la Encuesta Europea

) Innovacién en Produccion, edicion 2015. Con una de Innovacion en Produccion, edicion 2018.

" muestra total de 206 empresas correspondientes a dos Con una muestra total de 1.018 empresas

paises. correspondientes a siete paises.
Se seleccionaron las variables en representacion de los
determinantes del producto innovador verde, de acuerdo  Seleccién de las variables en representacién

3. con una matriz donde se establecié el intercepto entre de las capacidades de produccién verde y la
cada una de las capacidades de innovacion verde y las tecnologia.
dimensiones organizacionales.
Se prepararon los datos en el software licenciado SPSSy  Se preparan los datos en el software

4. el software R Project, en los cuales se procesaron los licenciado SPSS, en el cual se realizd el

datos.

procesamiento de los datos.
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El modelamiento de los datos implicé el uso de una Se empled los métodos de regresion logistica
técnica estadistica multivariada de correspondencias y logistica ordinal para la ejecucién de los

multiples, resultando cuatro cluster. modelos planteados.

El despliegue final de los cluster permitié la explicaciéon de  Los resultados de los modelos se resumen en
los grupos, identificando la interrelacion entre las variables tablas, en las cuales se proyecta

y la incidencia de las capacidades de innovacion verdey  estadisticamente si cada variable explicativa
las dimensiones organizacionales para el logro del tiene un efecto significativo en el rendimiento

producto innovador verde. organizacional.
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Abstract

There is now evidence of a growing demand for green product innovation (GPI), leading to reduced negative
environmental effects. This context is an opportunity for the organizational reconfiguration of companies in the
manufacturing sector to accommodate towards new product attributes and characteristics. Although the identification
of the determinants of GPI has advanced, their integration is still fragmented and there is limited coherence in terms of
the management approach leading to GPI development. The main purpose of this paper is the selection and
configuration of the determinants of GPI and their organization into an innovation management framework. This is
achieved by identifying and categorizing the determinants of GPI in association with green innovation capabilities (GIC)
and organizational dimensions (OD). The results provide a set of determinants of GPI, paving the way for organizational
challenges, the adaptation and definition of new GIC, and the selection of green-oriented OD. All the above is
represented in a framework showing the structural relationships and operationalized in a matrix product of the taxonomy
referring to how the determinants of GPI affect GIC and OD, thus facilitating the definition of the variables that assess
the progress of the company in pursuit of GPI. This research contributes in the field of management and organizational
theories for the managerial transition to sustainable development from the dynamics of innovation. It also widens the
scope of study for researchers, manufacturing company managers, and governmental bodies responsible for

environmental management.

* Corresponding author. Faculty of Economic and Administrative Sciences, Instituto Tecnologico Metropolitano, Cl. 54a #30-01,
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4.1. Introduction

Political, institutional, and individual actors’ growing interest in promoting environmental sustainability (Chang, 2017;
Kong, Feng, & Ye, 2016; Su, Wang, & Ho, 2017) has put pressure on the market to design innovative products with
minimal environmental impact (Hukkinen, 1995; Melander, 2018). These products, referred as green product innovation
(GPI), can potentially become a novel business opportunity for manufacturing firms, helping them to meet these new

demands and expectations.

GPI distinguishes itself from conventional innovative products (CIP) (Chen & Chang, 2013; Pons, Bikfalvi, & Llach,
2018) because the resulting products impact on socially conscious customers who are willing to pay a higher price for
them (Niedermeier, Emberger-Klein, & Menrad, 2021; Sana, 2020). It also favors the potential motivations of
governments by trying to offset the cost of achieving sustainable development (Sana, 2020; Jian Wang, Wan, & Yu,
2020). This is translated into a comparative and competitive advantage given that GPI brings benefits for firms while

helping to preserve natural resources for future generations (Pérez-Pérez et al., 2021).

However, many organizations are not yet convinced about producing and developing green products for various
reasons, including the high investment involved (Rehman Khan et al., 2018), the risk aversion when making financial
investments (Stucki, 2019), and limited government support. Also relevant is the lack of studies aimed at consolidating
GPI from organizational and management theories (Dangelico et al., 2016) and the lack of clarity on how to address
its determinants at the organizational level (Jasti et al., 2015; Tariq et al., 2017). For GPI development, every area of
the firm must be involved (Hukkinen, 1995) because the process of designing, creating, producing, and marketing

green products requires an interdisciplinary approach (Ulrich & Eppinger, 2012).

Various studies report that there are certain determinants for the production and marketing of innovative green products
(Chen & Chang, 2013; Dangelico & Pujari, 2010; Dangelico & Vocalelli, 2017; Lee & Kim, 2011; Melander, 2017; Tsai,
2012). These generally involve improving and using environmentally friendly materials (Ma et al., 2018); manufacturing
products with recycled components; reducing energy consumption; using less packaging (Chen & Chang, 2013); and
reusing, remanufacturing, and recycling inputs to reduce the harmful effects on the environment (Dangelico & Pujari,
2010).
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Studies have been conducted in fields like innovation and environmental economics and management to identify the
factors that drive organizations to develop GPI (Alharthey, 2019; Chang, 2016; Tan et al., 2019). However, there is still
a fragmented and disconnected approach to this identification (Jasti et al., 2015; Tariqg et al., 2017), hindering the
achievement, shaping, and implementation of GPI at the organizational level (Chang, 2016; Jasti et al., 2015).
Furthermore, there is no consistency among the different factors and theoretical approaches leading to its development
(Dangelico et al., 2016; El-Kassar & Singh, 2019; Jasti et al., 2015; Sdrolia & Zarotiadis, 2019).

Analyses are required to examine how firms integrate corporate sustainability with the support of organizational
management, under a systemic perspective and with a holistic vision (Engert, Rauter, & Baumgartner, 2016), thereby
strengthening the different determinants to achieve environmental sustainability. In addition, given the need to evolve
towards environmental protection, organizations must adopt new or significantly improved innovation management
systems based on organizational support models to underpin the creation, design, and implementation of the required

changes (Robledo-Velasquez, 2019).

The Resource-Based View (RBV) theory has so far been the most widely used to study how organizations manage
green innovation (Tarig et al., 2017). According to this theory, firms with the best resources and capabilities (and their
orchestration with the firms’ activities) may gain comparative and competitive advantages in terms of environmental
sustainability (Hart, 1995; Hart & Dowell, 2011; Leih, Linden, & Teece, 2015; Tariq et al., 2017; Teece, 2018a).
Nonetheless, different research studies based on RBV have so far been unable to determine how companies maintain
competitive advantages using resources and capabilities. Most works have focused on resources, while the use of
green innovation capabilities (GIC) has been little studied (Tariq et al., 2017), even though firms that opt for GPI need
new capabilities to coherently face the rigors inherent in environmental sustainability (Mellett et al., 2018; Mousavi &
Bossink, 2018).

Such capabilities, in turn, impact on the business design and operation of firms and demand the support of the
organizational dimensions (OD), given that they are interdependent (Teece, 2018a). There may therefore be
complementary and interrelated effects between GIC and the organizational driving forces involved in environmental
matters, directed towards the promotion of proactive corporate environmental practices (Bowen et al., 2001; Rodriguez
& Wiengarten, 2017). In view of all the above, the organizational capabilities and dimensions through which innovation

can be managed should be analysed to understand the determinants in pursuit of GPI at the organizational level.
Firms have become increasingly interested in gaining a greater understanding of the notion of innovation capabilities
(GIC) related to environmental sustainability. Several studies from different areas of knowledge and application fields

have been developed, especially in the productive sector (Amores-Salvado, Martin-de Castro, & Navas-Lépez, 2015;
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Ardyan, Rahmawan, Tinggi, & Ekonomi, 2017; Dangelico et al., 2016; Fan, Liu, & Zhu, 2017; Fernando, Chiappetta
Jabbour, & Wah, 2019; Gao & Zhang, 2013; Joo, Seo, & Min, 2018; Lin et al., 2011; Liu & Gong, 2018; Mellett et al.,
2018; Ramanathan, Ramanathan, & Bentley, 2018; Saenz & Atoche-Kong, 2014; Wang & Zhang, 2018; Wu, 2014; Wu
& Hu, 2015; Xu & Wang, 2018). However, to the best of the authors' knowledge, none of the research papers have
constructed GIC or studied them under strategic functional skills and pillars directed towards the creation of GPI which,

together with OD, can lead the organization to respond to the identified determinants.

Therefore, this study integrates the analysis of GIC and OD as a solution that could serve as a systemic approach to
implementing the determinants of GPI. In addition, the research aims to intervene in the structuring of the IC functional
approach with theories concerning green-oriented OD and associated with determinants that can direct the
organization towards innovation management to generate GPI. This solution means strategically configuring the GIC,
OD, and determinants to form a system of interrelated elements leading to GP! creation, which will show how they are
interconnected and complement each other under a conceptual framework that favors GPI development for the purpose

of improving firms’ economic, social, and environmental performance.

This approach aims to provide solutions to reduce environmental impacts from a corporate perspective among
manufacturing firms. Hence, the purpose of this paper, which has a conceptual focus, is to answer the following
research questions: (1) What are the constitutive determinants of GPI? and (2) What is the configuration of the GIC,

0D, and determinants in pursuit of GPI?

This paper is structured as follows. Section two provides a theoretical background, section three describes the
methodology, section four presents the results, section five contains the discussions, and section six presents the

conclusions, limitations, and future lines of work.

4.2. Theoretical background

4.2.1. Green innovation capabilities

In line with theoretical postulations, GIC characterization starts from the concept of resources and capabilities and
continues with organizational and management capabilities towards dynamic capabilities, from where it moves towards
IC with extension to the green approach. Capability refers to the ability, faculty, strength, or power to do something in
light of the proposed objectives (Renard & St-amant, 2003), where strategic management is key to adapting,
integrating, and reconfiguring these capabilities into the organization (Teece, Pisano, & Shuen, 1997). Strategy entails

organizational and management capabilities that enable a firm’s resources to be mobilized, commanded, and exploited
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to achieve its strategic objectives (OECD/Eurostat, 2018). These capabilities reflect the interactions between resources
and capabilities, which are constantly evolving and framed in systemic properties (Renard & St-amant, 2003; Teece,
2018b).

As an interrelated and dynamic system, an organization is under constant evolution and adaptation, for which it requires
certain capabilities. This is where Dynamic Capability (DC), a particular type of organizational capability, comes into
play (Renard & St-amant, 2003). DC enables opportunities to be detected and configured, and the company’s assets
to be reconfigured (Teece, 2007, 2018a). At the same time, DC acknowledges the importance of innovation, facilitating
the ability of organisations to produce new products in a more natural way and using a systemic approach (Teece,
2018b). Consequently, DC involves diversification and change, leading to the IC concept. According to Lahovnik &
Breznik (2014), IC are acknowledged as the most relevant type of DC, enabling a competitive edge to be built and

maintained.

For Burgelman, Maidique, & Wheelwright (2004), IC are an integral set of characteristics which support and make an
organisation’s technological innovation strategies flexible. IC are the organisational capabilities needed to consolidate
innovation (Serrano-Garcia et al., 2017; Serrano-Garcia & Robledo-Velasquez, 2013a). According to Guan & Ma
(2003) and Adler & Sbenbar (1990), IC allow new products to be created and processing and manufacturing
technologies to be adopted, thus satisfying the current and future needs of the market. It is recommended that IC are

defined in organizational levels to meet strategic needs and to adapt to environmental conditions (Guan et al., 2006).

An IC" extension is the green approach (Mellett et al., 2018). In this regard, GIC provide the industry with an opportunity
to improve its ecological efficiency (Jakhar et al., 2019), linking the firm’s environmental sustainability initiative with its
performance through strategies designed for this purpose (Kim, Sheu, & Yoon, 2018). The development of higher levels
of GIC helps organizations to elucidate processes, techniques, and products to reduce environmental damage (Tseng
etal., 2019) since it facilitates their understanding and discernment of the specific aspects to be adapted and improved.
GIC empower the organization to comply with environmental requirements and to become part of the emerging green

economy (Mellett et al., 2018).

Thus, GIC are regarded as alternatives that support organizations to meet current ecological needs. From this, it may
be inferred that GIC comprise organizational and dynamic capabilities that could foster GPI development and respond

to the environmental sustainability challenge. Characterizing the term GIC, capability can be represented as an

! Although in the literature, “IC” and “TIC” are frequently used to refer to a similar set of capabilities and are considered equivalent
terms, here “IC” will mostly be used to allude to innovation capabilities, in accordance with the terminology defined in the Oslo
Manual 2018 (OECD/Eurostat, 2018).
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organization’s ability to become immersed in a green-oriented strategy; innovation, as an approach to change, evolve,
and/or adapt to the green mindset; technology, as the tacit approach within innovation and the implicit and explicit
knowledge contained in solutions to environmental problems; and last, the green approach, as the organization’s
involvement and commitment to environmental care. Corporate, business and functional units could be required to
focus on a specific set of strategic green capabilities for the success of an organisation regarding environmental

practices aimed at creating ecological value.

4.2.2. Organizational dimensions for green product innovation

The existence and survival of an organization depend on its performance and response to the requirements of its
environment (Chiavenato, 2006). To this effect, the organization identifies the need to meet different challenges, among
which are social responsibility, ethical issues and the demands of the environment, to be integrated as opportunities in
their business design (Bocken, de Pauw, Bakker, & van der Grinten, 2016; Robbins & Coulter, 2014; Weerts,
Vermeulen, & Witjes, 2018). One essential requirement may be the identification and creation of an architecture in the
context of environmental demands, given the affectations triggered by different polluting factors. This paves the way
for the need to strategically link the organization’s response capacity and adaptation to the required adjustments
(Chiavenato, 2006; David Nadler et al., 2011).

Managers need to reflect on and redesign the organisation, seeking to be competent in response to changing conditions
(Teece, 2018a; Volberda, 1999). To this effect, the design of the business model is considered an inherent part of
meeting the company’s stated objectives (Foss & Saebi, 2015). The role of the design is to coordinate and control the
OD to guarantee organisational development (Patrucco, Walker, Luzzini, & Ronchi, 2019). The OD, then, can be
postulated in line with the business model and design and with the organisational and personified challenges in the
institutional task, making organisations unique and distinct. The dimensions can facilitate the structure and stimulate
the organisation to improve the processes that facilitate innovation of their goods and/or services (Galbraith, 1982;
Teece, 2018b), favouring the capture, value delivery, and compliance with the conditions required by the environment
(Chiavenato, 2006; Fjeldstad & Snow, 2018; Jaspers, Prencipe, & Van Den Ende, 2012).

In this regard, OD are a strategic point that enables value proposition activities and pragmatically supports evolution
operations, thus allowing a process transformation for the generation of value in the community (Foss & Saebi, 2015;
Huijben et al., 2016). This is how organizations may be considered to be a set of organizational dimensions,
components, and/or elements (Huijben et al., 2016; David Nadler & Tushman, 1980; Patrucco et al., 2019) that

represent the organizational design differentiation. OD may help to reduce complex phenomena and foster articulation
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within the organization in accordance with managerial needs when defining strategies (Daft, 2011; David Nadler &

Tushman, 1980) that impact GPI facilitation at the organizational level.

Within organizational design, OD may comprise both formal and informal organizational structures for the
transformation of processes and results (David Nadler et al., 2011) directed at the environmental approach, leading to
the generation of green innovation (Herrera-Baltazar, 2015; Y. C. Liao & Tsai, 2019). Nevertheless, “at this point in the
development of a science of organizations, we probably do not know the one right or best way to describe the different
components of an organization” (David Nadler & Tushman, 1980, p. 43) or, notably, to develop GPI, due to the different

organizational challenges firms face.

The task could be to identify the OD that are adaptable to new environmental demands and help to strategically
describe organizations advocating GPI development (Bhaskar & Mishra, 2017; Lin et al., 2011; David Nadler et al.,
2011), given that innovation requires a specifically designed organization (Galbraith, 1982; Song et al., 2018) where
organizational dimensions, structures, and processes act as previous and enabling requirements of innovation
(Armbruster, Bikfalvi, Kinkel, & Lay, 2008).

4.3. Methodology

To answer the research questions posed in this study, the methodology implemented here is intended to identify the
determinants of GPI, GIC, and OD, and then reconfigure them into an innovation management framework that will
serve as a proposal for organizations to deal with GP!I. The stages outlined below are derived from the methodological
designs proposed by Bolden, Waterson, Warr, Clegg, and Wall (1997) and Edison, Bin Ali, & Torkar, (2013).

4.3.1. Search and selection of studies related to the determinants of green product innovation

Two specialized databases, Scopus and Web of Science, were used in the search for publications, which was limited
to works published between 2005 and 2020 because a clear research trend into GPI is observed in this period. A
search equation that ensured a consistent and comparable search in the two databases was designed using the
following keywords: driver, determinant, ecological product, environment, factor, friendly product, green product

innovation, and practice responsive product.

The studies were selected based on the following inclusion criteria: (i) language: works and/or literature reviews
originally published in English; (i) document availability; and (iii) topic: articles that debate or provide a definition of

GPI; papers that include determinants, drivers, factors or practices affecting GPI development at the organizational
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level; and publications that present, list, or integrate determinants under conceptual frameworks in manufacturing firms,

excluding those that propose frameworks as instruments to measure and validate their concepts and connections.

Of the 1,174 papers retrieved from the initial search, only 38 met the inclusion criteria. These articles served as the
basis to generate the results and discussions on the determinants of GPI and the development of the concept.

Following Khan et al., (2021), the diagram in Figure 4 summarizes the process described above.

Figure 4. Search and reduction of the determinants of green product innovation

/ Driver, determinant,

Search descriptors used for ecological product, environment,
Search and Databases —» Scopus and !
.
reduction Web of Science the 2005-2020 period —* factor, friendly product,

green product innovation, practice,

responsive product

Articles included after Selection of articles according | .
) _ <4+— to the previously defined n=1,174 | +— Papersretrieved
reading the full paper

l inclusion criteria

Papers introducing conceptual frameworks
\ that list or integrate the determinants of GpI ——* /

at the organizational level

Source: Authors’ elaboration

4.3.2. Identification and categorization of the determinants of green product innovation

The 38 selected articles were analysed to identify the determinants, drivers, factors, and practices presented by the
authors as elements leading to GPI. This identification is justified by the fact that these determinants are key attributes
to achieve GPI. Once identified, these determinants were classified and grouped according to various aspects such as
similarity in their meaning and purpose, technical and physical characteristics, and impact on the different
organizational areas. This categorization is considered to helpful and reconfigure the organization to meet current

demands regarding GPI.

4.3.3. Formulation of green innovation capability and organisational dimension to steer

organizations towards green product innovation

Finding a way to respond to the identified sets of determinants of GPI at the organizational level was a challenging
task. According to this study, organizations would need to structure GIC and OD under an innovation management
approach to meet this innovative challenge. This is in line with the works of Robledo-Velasquez (2019), Robledo-

Velasquez et al., (2011), Serrano-Garcia and Robledo-Velasquez, (2013a), Serrano-Garcia et al., (2017), which are

69




based on the results of Guan and Ma, (2003), Yam et al., (2004) and Wang et al., (2008), who proposed and evaluated
seven IC, and also on the theoretical foundations of the OD proposed by Nadler and Tushman, (1997), and the variant

presented by Gouel, (2005) in support of the transformation processes of firms.

In accordance with the studies mentioned above and the identified sets of determinants, this study proposes extending
seven GIC to GPI as a possible strategic form of organizational reconfiguration. Furthermore, since the configuration
of OD depends on the context and the stages of organizational development (David Nadler et al., 2011), this work
proposes five OD that are superimposed on the environmental context while keeping correspondence with the proposal
of (Gouel, 2005; Nadler & Tushman, 1997). The selection of these OD is supported by previous research into different
OD in the field of environmental sustainability, potentially helping to satisfy the current need for organizational

reconfiguration considering the identified sets of determinants that favour GPI.

4.3.4. Defining green product innovation under an innovation management approach

The 38 selected articles included different definitions of GPI in technical, physical, and environmental areas, for
instance, but not in the field of organizational management. This is explained by the fact that this concept is new and
currently under development (Jasti et al., 2015; Sdrolia & Zarotiadis, 2019). Consequently, this study presents the
proposal in relation to the understanding, description, and development of a GPI depending on the sets of determinants,

GIC and DO, to characterize it within the field of business administration and innovation.

4.3.5. Framework: taxonomy and matrix of the determinants of green innovation capability and

organisational dimension

Since the determinants of GPI involve different organizational skills and areas, the next step was to establish how these
determinants could be affecting firms in terms of GPI development. Therefore, the impact of these determinants on
each of the proposed GIC and OD was analysed, based on the theoretical and conceptual approach and together with
the sets of categorized determinants. The result was a taxonomy and matrix framework. The first (taxonomy) clearly
relates and defines the determinants of GPI within the different GIC and OD, establishing a comprehensive relationship
that explains how the sets of identified determinants impact a given capability or dimension, or combinations of both,
within organizations. The second (matrix) operationalizes the relationship between determinants, GIC and DO, and
allows the organization to coherently and relationally define variables (activities) to assess its innovation management

model in terms of GPI development.
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The configuration of the taxonomy was carried out by each author considering their knowledge and experience in the
area or research, after which a consensus was reached regarding their shared classification. Last, the taxonomy
derived was refined by three business experts in green strategy and product innovation. The following factors were
taken into consideration during this process: the theoretical and conceptual focus of each of the sets of determinants;
the scope of the descriptions of the GIC, and the arguments of the DO; the theoretical referents upon which the
organisation’s capabilities and key components to develop green products were set forth; and the related key

determinants to achieve this.

4.4. Results

The results obtained with the methodology implemented to address the research questions posed in this study are

presented below.

4.4.1. Determinants of green product innovation

The determinants of GPI correspond to the antecedents, factors, drivers, and practices considered by the authors as
key components leading to and preceding the development of GPI (Chen & Chang, 2013; Tariq et al., 2017). From the
literature review, 266 proxies were found and grouped into twenty-two sets. Table 5 is an example of one of these sets
of determinants and includes the source, proxys, a brief description of the set, and its concise name. In this specific
case, the proxies are related to aspects such as energy, materials, waste, and reuse and are grouped into the reduced
and efficient use of inputs and raw materials to achieve the GPI category. The process of identifying and grouping the

twenty-two sets of determinants and their corresponding sources is presented in Table 8.

Table 5. Sample of a set of determinants

Authors Proxys Brief description Determinant
(Albino et al., 2009) Material eco-efficiency Intelligent use of resources, |Intelligent use of resources
(Albino et al., 2009) Energy efficiency represented in the use of eco-

efficient materials, their reuse and

(Dangelico & Pujari, 2010) | Reduced energy consumption )
remanufacture, and the recycling

(Dangelico & Pujari, 2010) | Reduced material use of raw  materials  and
consumables, impacting on the
(Chung & Wee, 2010) Smart use of resources
reduction of costs and favouring
(Chung & Wee, 2010) Reuse, remanufacturing, and recycling of | the creation of GP!.

used products
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(Chan, Wang, White, & | Decisions regarding the type of raw

Yip, 2013) materials, packaging, means of transport,
and disposal
(Dangelico, 2017) Reduced costs, energy consumption, and

material use to develop more innovative

green products

(Tariq et al., 2017) Reduced use of valuable input resources

(B. Y. Zhang & Li, 2019) Low impact of renewable materials,
recyclable  materials,  non-polluting
materials, materials with low-energy

content

Source: Authors’ elaboration

4.4.2. Adaptation and definition of seven new green innovation capability under the green approach

According to Joo et al. (2018, p. 6094) “the firm's environmental sustainability cannot be fully achieved without
increasing technological innovation capabilities”. Therefore, it is essential to understand, create, and protect these
capabilities in agreement with the organization, its strategic plans, and the demands of its environment (Serrano-Garcia
& Robledo-Velasquez, 2013b).

In line with the definitions stated mainly in Dangelico et al. (2016), Hart (1995), Hart and Dowell (2011), Teece et al.
(1997), Robledo-Velasquez et al. (2011), Serrano-Garcia and Robledo-Velasquez (2013a), and Serrano-Garcia et al.
(2017) and the theoretical background presented in this paper regarding GIC, and in accordance with the identified
sets of determinants, for the purpose of the present paper GIC are understood as: organizational and dynamic abilities
built and/or acquired by an organization in accordance with its strategic and operational management and aimed at
developing GPI and contributing to solving the environmental challenges. GIC must be identified and integrated into
each organizational function to respond to the new demands or necessary improvements within the context of GPI
development. As a result, this would help firms to reduce and/or eliminate the pollution they cause, thus gaining

comparative and competitive advantages.

By extending this to the sphere of organizational functions, a proposal to select, adapt, and define the seven new GIC
aimed at GPI development is presented in this study. Each GIC details the specific skills that organizations may need
to reconfigure their capabiliies to make progress in terms of innovation management, fostering the creation,

development, and marketing of sustainable technological innovations to support firms’ comparative and competitive
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advantage. Table 6 contains the name of the capability, the proposed definition, examples of responses, and relevant

references.
Table 6. Adaptation and definition of seven new green innovation capability
Capability Definition Examples References
Firms’ abilities to define prospects,
. o . Green management programs and  (J. Guan & Ma, 2003), (Yam et
policies, programs, plans, and objectives )
o philosophy. al, 2004), (J Robledo-
to avoid, improve, and/or replace the use . Guidelines for GPI development. Velasquez et al., 2011),
of  nonrenewable  materials (toxic . Organizational policies, plans, and  (Serrano-Garcia & Robledo-
GSPC: Green Materials) with cleaner resources and  opjectives oriented towards environmental  Velasquez, 2013a), (Hart,
strategic  planning  technologies, under a comprehensive  sustainability. 1995), (Block & Marash,
capability approach and throughout the product's —® Planning of environmental activiies ~ 2002), (Ulrich & Eppinger,
life cycle. Likewise, to promote and projects. 2012), (Berry & Randineli,
composting, reuse, and recycling, thus ° Programs regarding changes in the 1998)yl (Prakash,  2000),
) ) ) design, incubation, and development of green  (Ludevid, ~ 2000),  and
preventing environmental pollution and , .
products. (Dangelico & Pujari, 2010).
fostering GPI development.
. Organizational ~ values  oriented
Abilities defined in firms’ business design ~ towards environmental sustainability.
9 " o e commrorg (YA el 2004, (1 Guan
. anagement and staff's commitmen
and model, processes, management, and . Plden gt Ma, 2003), (OECD/Eurostat,
Golc: Green  Ofganizational and commercial structure. ' > 06@oPMent 2018), (Hart, 1995), (Van
o L . Green business model. )
organizational They focus on the assimilation, Hoof, 2014), (Dangelico et al.,
. . L o . Management  of radical and )
innovation application,  and  acquisiton ~ of , , ) ) 2016), (Vickers & Cordey-
. incremental  innovation  in  environmental )
capability competencies  to  address  new sustzinabil Hayes, 1999), (Dangelico &
ustainability. -
. " Pujari, 2010), and (Wee &
environmental opportunities and promote | Coordination among and motivation I ) (

systemic capacity for GPI development.

of functional groups to design and develop green

Quazi, 2005).

GR&DC: Green R&D
capability

Firms’ abilities to create ideas, design
prototypes, and develop technologies
focused on reducing and/or eliminating
the use of toxic resources and fostering
the employment of eco-efficient materials
and clean technologies, remanufacturing,
and recycling, thus favouring the
development of a new or improved green

product.

products.
. R&D approach from the very design
to the development of the green product
prototype.
. R&D activities to avoid the use of

toxic materials in production.

. R&D activities to create eco-friendly
packaging and labels.

. R&D activities to favour composting

and/or recycling of containers and packaging.

(J. Guan & Ma, 2003), (Yam et
al, 2004), (OCDE, 2015),
(Leonidou,  Katsikeas, &
Morgan, 2013), (Chung &
Wee, 2010), and (Albino et al.,

2009).
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. Changes in and optimization of the

resources used.

(J. Guan & Ma, 2003), (Yam et

Firms' abilites to develop and *® Sustainability of resources used in al, 2004), (J Robledo-
manufacture GPI based on stakeholders’  Production. Velasquez et al, 2011),
GPC: Green needs and R&D results aimed at Production inputs and ~ healthy (serrano.Garcia & Robledo-
outputs. ;
production preventing the generation of waste, P Recvaling and A Velasquez, 2013a),  (Har,
- . ecycling and reuse of materials in : :
capability minimizing the use of materials and ) 1995, (Ulich & Eppinger,
s and fostering fh / ¢ of production. 2012), (Block & Marash,
Inputs, and rostering the empioyment or Safety, hygiene, and maintenance of  2002), and (Dangelico &
eco-efficient materials and waste reuse.  |ocal production machines and  premises, Pujar, 2010)
generating the minimum waste. ’ '
. Design of ecological processes.
Firms’  abilities to learn  about o , (Yam etal, 2004), (J. Guan &
. Participation of suppliers, customers, Ma, 2003), (Yang, 2019)
environmental sustainability with a focus - ' ' ' '
and the community in GPI development. (Shevchenko, Lévesque, &
GOLRC: Green O cleaner design, production, and Brainstorming and exchange of Pagell, 2016), (Hart, 1995)
organizational packaging; ~ remanufacturing;  and  information, techniques, and experiences with (Nonaka, 1994), (Van Hoof
learning and recycling, among other aspects, through  govemments and/or nongovernmental 2014), (Vickers & Cordey-
relationship the collaboration of and continuous organizatons (NGOs) to leam  about Hayes, 1999), (Block &
capability relationship with their stakeholders to  environmental solutions. Marash, 2002), and (Albort-
improve their organizational actions and ~ * Organizational leaming programs for  porant, ~ Leal-Milan, &
compliance with environmental regulations.
favor GPI development. P g Cepeda-Carrion, 2016).
Firms’ abilities aimed at appropriately
managing, obtaining, and allocating
resources to implement R&D activities,
. . . . Strategic alliances between
thus favoring the invention of green s in th or | hasi
companies In the same sector Tor purchasing
products, the search and classification of . . (V. Guan & Ma, 2003), (Yam et
environmentally harmless inputs. al., 2004), (Vickers & Cordey-
ecological suppliers, the hiring of expert Negofiation  agreements  with Hayes, 1909), (Hart, 1095)
GRMC: Green Staff, the creation of leaming and  gyppiers certified in sustainability for the supply (Serrano-Garcia & Robledo-
resource motivation programs concerning top  of raw materials. Velasquez, 2013a), (Block &
management environmental IC. Equally, the purchase e Resource management for learning Marash, 2002), (Chung &
capability of clean technologies and different inputs ~ about and - complying  with  environmental  \yee 2010), (Ludevid, 2000),
for production, the use of eco-friendly  eguiations. (Chkanikova, 2016), and (Lee
. Resource management for creating

packaging,  the identification  of
distribution channels, and recycling and
potential remanufacturing, which, in turn,
and

boosts  the development

consolidation of GPI.

programs that foster the remanufacturing,

recycling, and/or composting of products.

&Kim, 2011).
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Firms’ abilities to redesign, publicize, and

deliver products with a value offer based
P . Availability of products with higher ~(Yam etal, 2004), (J. Guan &

on environmental sustainability through Ma, 2003), (OECD/Eurostat,

quality and preservation properties.

using  packaging, containers, and Offerings of products and packaging 2005), (Prakash, 2000),
distribution channels that reduce and/or  with reduced andfor zero harmful effects. (Vickers &  Cordey-Hayes,
GMC: Green . .
et bilit replace the wuse of nonrenewable e Product packaging that can be 1999), (Ludevid, 2000), (Tsai,

marketing capability :
resources (foxic resources) with light reused and recycled. 2012), (P. C. Lin & Huang,
) ) , . . 2012), and (Spack, Board,

andlor  recycled  materials  and ® Final products’ compliance with the

components that can be reused and/or ecological standards demanded by customers Crighton, - Kostka, & Ivory,

o . d . 2012).
composted, thus facilitating the delivery of and consumers )

GPI to customers and consumers.

Source: Authors’ elaboration

4.4.3. Organisational dimension identification and selection for green product innovation

Companies could strategically reconfigure the following OD: organizational behaviour, human talent management,
technology, environmental social responsibility, and environmental regulation. There are several other OD that
organizations might consider. However, the proposed OD are based on Gouel (2005), Nadler and Tushman, (1980),
and Nadler et al., (2011), but updated in light of organizational needs to manage innovation to achieve GPI triggers to
benefit environmental sustainability. Seeking to respond to the challenges currently faced by companies developing

GPI, definitions and characteristics of OD are given below.

4.4.3.1. Human Resources (HR)

Firms are made up of key elements to achieve profitability. One such element is human resources which, according
to Chiavenato (2009), “are beings endowed with intelligence, knowledge, abilities, personality, aspirations, and

perceptions, among others” (translation of the original in Spanish on p. 9).

In the context of compliance with environmental sustainability at the corporate level, HR Management is seen as a
powerful area because of its strength and contribution (Chams & Garcia-Blandén, 2019; Pellegrini, Rizzi, & Frey, 2018)
to achieving the organizational objectives. In recent times, this area has undergone several adjustments to meet firms’
current needs. In the words of Kramar, (2014), “sustainable HRM could be defined as the pattern of planned or
emerging HR strategies and practices intended to enable the achievement of financial, social and ecological goals
while simultaneously reproducing the HR base over a long term” (p. 1084). This area also includes actions and
regulations that support greening activities (Jackson, Schuler, & Jiang, 2014). According to Yong et al. (2019),

researchers suggest that this new scope may facilitate the transition towards sustainability by implementing a clear
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structure in the different stages (integration, organization, retention, development, and audit (Chiavenato, 2009), aimed
at achieving environmental sustainability. For this purpose, interconnection between organizational functions,

capabilities, and the environment is needed (Kramar, 2014).

4.4.3.2. Organizational Behaviour (OB)

Attitudes that safeguard individuals, groups, and organizations, supported by culture, motivation, leadership, change,
and teamwork as independent factors that influence the action (Robbins & Judge, 2009). Therefore, a large number of
individuals should become involved in coordinated actions to explore and execute activities to weaken or annihilate the
impacts of organizations on climate change and other environmental problems (Geiger, Swim, & Glenna, 2019). The
findings of Pellegrini et al., (2018) indicate that when organizations express their commitment to and promotion of
sustainability, their members orient their efforts and behaviors to achieve this goal. Therefore, through their attitudes,

convictions, and motivation, all members must work in favor of GPI development.

4.4.3.3. Technology (T)

Organizations need a technological basis to achieve their strategic and operational objectives. However, it should be
noted that technology is not exclusively limited to the concept of hardware (i.e., artifacts and machines) (Robledo-
Velasquez, 2019), but also includes a set of information which, once organized, becomes knowledge represented in
practices, experiences, skills, devices, technical methods, and systems (OECD/Eurostat, 2018; Robledo-Velasquez,

2019) that promote its application to transform functional and organizational characteristics.

Therefore, given the current environmental demands and seeking to satisfy and attract new customers, an alternative
could be to propose and adopt new green knowledge and technologies in product development manufacturing (Lisi,
Zhu, & Yuan, 2019). This includes appropriate knowledge in the area of technology innovation and represented in
‘energy-saving, pollution-prevention, waste recycling, green product designs, or corporate environmental
management” (Chen, Lai, & Wen, 2006, p. 332), requiring organizational support in terms of structure and strategy
(Adler & Sbenbar, 1990). Consequently, by combining technology, innovation, and organizational systemic techniques
under the green philosophy, improved products could be developed to satisfy the current needs of society and the

environment (Jabbour, Jugend, De Sousa Jabbour, Gunasekaran, & Latan, 2015).
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4.4.3.4. Corporate Environmental Responsibility (CER)

This approach is built upon social responsibility, which refers to the actions taken by firms for the benefit of their
stakeholders, represented in their economic, legal, ethical, and philanthropic commitments (Archie & Carroll, 1991).
This approach also currently encompasses environmental social responsibility (Siegel, 2009), which is carried out
under socially responsible strategies that seek to adequately satisfy the pressures of protecting the environment.
(Lépez-Cabarcos, Pérez-Pico, & Lopez-Pérez, 2019) and lead to the development of green products, among other
actions. Organizations must have the required capabilities to evaluate this behaviour (Siegel, 2009) based on an

articulated system that provides them with adequate support.

4.4.3.5. Environmental Regulation (ER)

Compliance with environmental regulations—which have been of paramount importance for decades—is a dynamic
aspect needed for GPI development. To this effect, regulations force companies to implement ecological measures
that favour the creation of GPI, thereby avoiding sanctions for non-compliance (Foo, Kanapathy, Zailani, & Shaharudin,
2019). Therefore, the environmental rules serve to make organisations realise and be aware of the environmental harm
they are causing (Pérez-Pérez et al., 2021). As visionaries, Porter and Linde (1995) presented their hypothesis on how
firms can respond to market needs in an eco-friendly way and how complying with environmental standards can

become an extraordinary competitive advantage for them.

According to Majumdar and Marcus (2001), such regulations are classified as flexible and inflexible. Flexible regulations
are willingly adopted by firms, based on their motivation and level of commitment to care for the environment, resulting
in product innovation and compliance with environmental obligations. Inflexible regulations, on the other hand, include
manuals and exact provisions that stifle innovation but fight against pollution. According to the results of Ramanathan
etal. (2017), flexible regulations favor imagination, creation, and innovation within organizations, and are also essential
as they can increase competitiveness at the industry level (Porter & Linde, 1995). Hence, depending on the firms’
appropriation of IC, they may be able to assimilate and respond to environmental regulations by developing
transformative solutions such as, in this case, GPI development, thus impacting on their economic profit (Saenz &
Atoche-Kong, 2014).
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4.5.  Definition of green product innovation based on green innovation capability, organisational

dimension, and its determinants.

Developing GPlI is an opportunity for manufacturing firms to protect the environment due to their reduced environmental
impacts. This alternative also favors firms’ market share and comparative and competitive advantage (Lee & Kim,
2011; Tsai, 2012). Based on these assertions, Table 7 contains a sample of definitions of a green product (GP) and
GPI.

Table 7. Green product and green product innovation definitions

Authors Green product and green product innovation definition

(Albino et al, A‘green product’ is referred to as a product designed to minimize its environmental impacts during its whole life
2009) cycle.

(Huang & Wu,

2010) Green new product success as the ability of a green new product or innovation to compete in the marketplace.

Green product innovation is a multi-faceted process wherein three key types of environmental focus — material,
energy, and pollution — are highlighted based on their major impact on the environment at different stages of the
(Dangelico &  product's physical life cycle — manufacturing process, product use, and disposal. It is important to note that not all
Pujari, 2010) products have a significant environmental footprint at each stage of the physical product life cycle, and nor does
the footprint stem from all aspects (material, energy, and pollution). However, almost all products have a significant

environmental impact in at least one of the stages.

(Lee & Kim, 2011) Green product innovation as a multi-faceted process aimed at minimizing environmental impacts while striving to
ee & Kim,
protect and enhance the natural environment by conserving energy and resources.

Green products are classified into the following seven categories based on the discussion of Grave (1992), Peattie
(1992), Makower et al. (1993), Simon (1971) and Chen (2001):
1. It must be environmental protection certified by the government.
2. It must use fewer raw materials or be readily recyclable.
(Tsai, 2012) 3. It must be harmless to animal and plant life or produce less pollution.
4. It must be capable of being repeatedly used, replenished or sustainable.
5. Its operation must consume less energy.
6. It must possess a function to reduce pollution.
7

. Its manufacturing process must produce less pollution.

(Zhang & Li, Green products are the kind of products that are designed in such a way as to have the least environmental impact

2019) during their production and consumption.

(Sdrolia &  Green is a product (tangible or intangible) that minimizes its environmental impact (direct and indirect) during its

Zarotiadis, 2019) whole life cycle, subject to the present technological and scientific status.

(Long & Liao, Eco-product innovation exerts the most significant influence on sustainability because it aims to reduce resource

2021) use and pollution throughout the entire product life cycle, from product design to disposal.

Source: Authors’ elaboration

This table clearly shows that there are different definitions of GPI and there is no consensus on a globally accepted
one for the general concept of green products (Sdrolia & Zarotiadis, 2019). “Being an entirely new industry, the

designations ‘green product 'or ‘environmentally conscious product’ cover a wide variety of different products with their
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own distinct characteristics” (Tsai, 2012, p. 117). However, all the definitions seem to have the same purpose: to reduce

and/or eliminate the environmental impacts generated by products that supposedly improve quality of life.

According to the systematic review of the literature in Sdrolia (2019), GPI is given different names such as

y o u » o« » oo

“‘environmentally conscious product’, “environmental product’, “ecological product’, “environmentally correct” or
“environmentally sustainable product’, “eco-product’, “green product’, or “sustainable product.” Based on these
definitions of GPI and the sets of identified determinants, the GIC descriptions, and the DO arguments, and for the
purpose of the present paper, what follows is the proposal regarding the understanding, description, and development

of a GPI:

It is understood that the scope of green product innovation could represent a corporate commitment where a product
is designed, created, produced, and traded with reduced or zero pollution or using non-renewable materials and light
packaging. In addition, this commitment would encourage consumers and firms to recycle and reuse it. Development
could require new innovation performance directed towards reconfiguring and strengthening the seven GIC and the
five OD for GPI. In addition, it requires a systemic approach that enables the orchestration of the corporate ecosystem

and contributes to the generation of value, corporate profits, community satisfaction, and the environment.

4.6. Framework: taxonomy and matrix

What follows is the framework, which is made up of two elements. The taxonomy, which is where the determinants of

GPlin GIC and OD are located, and the matrix, which operationalises the taxonomy.

4.6.1. Taxonomy of determinants in green innovation capability and organisational dimension

The classification of determinants in GIC and OD may mean higher organizational and managerial understanding and
may help to distinguish organizational factors where the determinant intervenes and should be available to channel

and achieve GPI.

Continuing with the elements showed in Table 8, first there is a list of the seven GPI and five OD, and second there is
a set of twenty-two associations with the respective capabilities and dimensions, given their organizational strategic

extensions aimed at establishing GPI.

For instance, determinant A, organizational policies, mission, plans, and objectives that favour GPI development,

shown in Table 8, falls within the green strategic planning capability because it represents a firm’s ability to formulate
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and define organizational environmental strategies at the strategic, tactical, and operational levels. This determinant
also impacts two organizational dimensions: human resources, since it is the staff themselves who carry out the
planning activities and implement the strategies aimed at GPI development; and environmental corporate responsibility,
because with these factor firms’ efforts are directed towards reducing and/or eliminating their negative impacts on the

environment which, in turn, yields benefits for their stakeholders.

Determinant Q, green-oriented leadership and transformative behaviour translated into corporate ethic, monitoring and
identification of new opportunities, cross-functional collaboration, and motivation and incentives for the development of
green product offerings, shown in Table 8, impacts two capabilities: green organizational innovation, which concerns
the ability established in a firm’s design, management, and structure to face new environmental opportunities and bring
them to the organization for their transformation; and green organizational learning and relationship, which refers to a
firm’s ability to learn about environmental sustainability, thus favouring the monitoring and identification of new

opportunities and the improvement of its environmental actions.

For its part, determinant Q falls within two organizational dimensions: organizational behaviour and human resources.
The first is related to the members of the firm’s commitment, culture, and behavioural and motivational efforts oriented
towards GPI development. And the second is the beings endowed with faculties and intelligence that can execute and

materialize tangible actions through cross-functional collaboration, motivation, and incentives.

With the aim of testing the suitability of the taxonomy presented in Table 8, and by means of example, some of the
theoretical referents used by the authors for the association of the sets of determinants within GIC and OD are
presented. The concise name of the drivers in italics belong to this paper, and those in inverted commas are their

similes identified in the theoretical references.

To this effect, what follows are the drivers that associated with GMC: advertising evidence of GPl is related to the factor
“clear communication of green products and brand characteristics to reduce information asymmetry” (Dangelico &
Vocalelli, 2017); monitoring the market is associated with “conducting environmental benchmarketing” (Dangelico,
2016); client demand coincides with “purchase intention” and “consumer buying decision” (Alharthey, 2019); packing,
packaging and green labelling is related to “ecolabels and packaging as key identifiers of green products” (Dangelico

& Vocalelli, 2017) and “environmentally friendly packaging and labeling green packaging” (Jasti et al., 2015).

Similarly, the determinants associated with GOLRC compare with the key factors found in papers that develop the topic
of learning and green collaboration. To this effect, human talent with green oriented competencies relates to

“development of a set of green competences” (De Medeiros, Ribeiro, & Cortimiglia, 2014); institutional relations is
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associated with “relationship management” and “partner selection” (Melander, 2017); client demand relates to
‘customer demand” (Melander, 2017); complying with environmental requlations is related with “regulations” (Melander,

2017); and acquiring knowledge is related to “knowledge access” (Melander, 2017).

The determinants associated with the HR dimension in the classification of the present paper are related to the key
factors stated in papers that develop themes associated with human resources. To this effect, human talent with green
oriented competences is associated with the determinant “employees’ competence in environmental protection”
(Chang, 2016); ecological organisational leadership with the driver “managers in the company can fully support their
employees to achieve the goals of environmental protection” (Chang, 2016); and, corporative green commitment with
“green values” (referring to individual and organizational values oriented to managing environmental sustainability)
(Chams & Garcia-Blanddn, 2019). The link between the determinants planning strategy oriented to GPI and the
acquisition of knowledge and HR is reinforced by the affirmations “human resources play a significant role in the
strategic management of the organization” (Garavan, Morley, Gunnigle, & Mcguire, 2002, p. 1) and “HRM systems
supporting knowledge-intensive teamwork are associated with greater team knowledge acquisition and team

knowledge sharing” (Chuang, Jackson, & Jiang, 2013) and (Jackson et al., 2014), respectively.

Consequently, below is a description of how each determinant impacts organizational capabilities and dimensions and
how they are related and interconnected. The analysis was carried out with each identified determinant because each
of them impacts, involves, and is linked to the organization and its functions at the environmental level. Hence, the
importance of their taxonomy and grouping, allowing them to be reconfigured and properly distributed to identify specific

actions aimed at GPI development. Table 8 shows the results of the taxonomy of determinants in GPI and OD.
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Table 8. Taxonomy of determinants in green innovation capabilities and organisational dimensions

Green Innovation Capabilities (GIC)

Organizational Dimensions (OD)

# Authors Brief description Determinant GSPC | GOIC | GR&DC | GPC | GOLRC | GRC | GMC | HR | OB | T | CER | ER
A. (Albino et al., 2009), (Janine | Formulation and implementation of | Planning oriented at GPI
Fleth De Medeiros et al., 2018), | short-, medium- and long-term policies,
(Leonidou et al, 2013), | mission, programmes, strategies, and
(Alharthey, 2019), (Dangelico, | organizational objectives, aims and
2017), (Dangelico, 2016), (Lin & | goals in procuring GPI. GSPC HR CER
Huang, 2012), (Huang, Yang, &
Wong, 2016), (Naga Vamsi
Krishna Jasti et al., 2015), (llg,
2019), (Dangelico & Pujari,
2010), and (Melander, 2017).
B. (Huang & Wu, 2010), (Wee & | Philosophies, organizational Corporate green
Quazi, 2005), (El-Kassar & | commitment, identity, culture, and commitment
Singh, 2019), (Dangelico, 2017), | corporate environmental ethic leading to
) ) ) GSPC GoIC HR OB CER
(Melander, 2017), and (Tariq et | environmental management practices.
al., 2017).
C. (Albino et al., 2009), (Jasti et al., | Planning, design, development, and Design of green
2015), (Lee & Kim, 2011), and | control of green processes and products. | processes and products | GSPC GR&DC GPC GRC T CER ER
(Tsai, 2012).
D. (Dangelico & Pujari, 2010), | Organisational management in the Organisational
(Chung & Wee, 2010), (Lee & | supply chain, administrative and | management directed at
Kim, 2011), (Tsai, 2012), (Nee & | structural support in procuring the green innovation
Quazi, 2005), (Chan etal., 2013), | generation and adoption of green GoIC GPC GOLRC GMC OB CER ER
(Jasti et al., 2015), (Dangelico, | innovation, facilitating compliance with
2017), and (Oliveira, Tan, & | environmental regulations and social
Guedes, 2018) responsibility.
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(Huang et al., 2016), (Jastietal., | Development and implementation of a Environmental
2015), and (Tariq et al., 2017). certified environmental management management system GSPC | GOIC GPC GRC CER ER
system.

(Albino et al., 2009), (Dangelico | Manufacturing under the incorporation of | Manufacturing under the
& Puijari, 2010), (Chung & Wee, | practices for improving production and incorporation of
2010), (Tsai, 2012), (Tariq, Badir, | optimising  processes, and  for | environmental practices
& Chonglerttham, 2019), (Zhang | incorporating environmental attributes and attributes
& Li, 2019), (Jabbour et al., | such as recyclable material, the use of

o ) ) ) GR&DC GPC GRC CER ER
2015), (Berchicci & Bodewes, | eco efficient and less toxic material, the
2005), (Tsai, 2012), (Tariq et al., | reuse and remanufacture of raw
2019), (Song et al., 2018), (Chen | materials, using less quantity of
& Chang, 2013), and (Jabbour et | resources, and/or eliminating
al., 2015). contamination in procuring GPI.
(Tsai, 2012), (Leonidou et al., | Development and use of green Development of
2013), (Dost, Pahi, Magsi, & | techniques and technologies that environmental
Umrani, 2019), (Tariq et al., | prevent pollution for the creation, technologies
2019), (De Medeiros et al., | manufacturing, distribution, and end-of-

i ) GoIC GR&DC GPC CER ER

2018),  (Dangelico, 2017), | life of green new products.
(Berchicci & Bodewes, 2005),
(Tariq et al., 2017), and (Chen &
Chang, 2013).
(Dangelico & Pujari, 2010), | Credible advertising on communication | Evidential advertising of
(Cheung & To, 2019), (Alharthey, | platforms, showing the characteristic GPI
2019),  (ShabbirHusain & | and environmental benefits of the green GoIC GOLRC GMC
Varshney, 2019), (Spack et al., | products offered by the firm.
2012), and (Tan et al., 2019).
(Spack etal., 2012), (Leonidou et | Lighter, cleaner, and more | Packing, packaging, and
al., 2013), (Tan et al., 2019), | environmentally ~ friendly  product green labelling GR&DC GPC GRC GMC CER ER

(Chan et al., 2013), (Tariq et al.,
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2019), (Zhang & Li, 2019), and
(Alharthey, 2019).

packaging that can be recycled or

reused and/or can easily decompose.

(Lin & Huang, 2012), (Tsai,
2012), (Leonidou et al., 2013),
(Tan et al., 2019), (Yogananda &
Nair, 2019), (Melander, 2017),

The demands and preferences of clients
and consumers in terms of protecting the
environment must be present and be

complied with throughout the design,

Customer demand

(Alharthey, 2019), (Melander, | manufacturing, and distribution stages. GSPC GR&DC GPC GOLRC GMC CER ER
2018), (De Medeiros et al.,
2014), (De Medeiros et al.,
2018), (Tariq et al., 2017), and
(Cheung & To, 2019).
(De Medeiros et al., 2018) Market monitoring after product launch Monitoring the market GMC HR
to assess consumers’ satisfaction.
(Huang & Wu, 2010), (Tsai, | R&D directed at green product R&D directed at GPI
2012), (Chen & Chang, 2013), ( | innovation under the generation and
De Medeiros et al., 2018), (Tariq | implementation of original, novel, useful
et al, 2017), (Berchicci & | ideas in the whole of the product
Bodewes, 2005), (Dangelico, | lifestyle. GOIC GR&DC GPC GOLRC OB ER
2016), (Dost et al., 2019), (Wee
& Quazi, 2005), (Chan et al.,
2013), and (Dangelico & Pujari,
2010).
(Albino et al., 2009), (Dangelico | Intelligent use of resources represented Intelligent use of
& Pujari, 2010), (Chung & Wee, | in the implementation of eco efficient resources
2010), (Chan et al., 2013), (Tariq | materials, reuse, remanufacturing, and
et al., 2019), and (Zhang & Li, | the recycling of raw materials and
GSPC GPC GRC HR OB CER ER

2019).

consumables, impacting on the
reduction of costs and facilitating the

creation of GPI.
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(Wee & Quazi, 2005), (Chan et
al,, 2013), (De Medeiros et al.,

Investment of resources to comply with

social responsibility and environmental

Investment in resources

directed at green product

2018), (De Medeiros et al., | regulations. Investment in laboratories, development
2018), (Song et al., 2018), | in R&D, in cleaner technologies, in
(Huang et al., 2016), (Chen & | ecological modernization, in
Chang, 2013), (Melander, 2017), | improvements in production systems, in GSPC GRC CER ER
and (Berchicci & Bodewes, | infrastructure, in qualified human
2005). resources, in  knowledge, in
relationships, and in collective learning,
aimed at supporting GPI.
(Lee & Kim, 2011), (Chkanikova, | Collaborative ~ and  communication Institutional relations
2016), (llg, 2019), (Melander, | relationships with suppliers, customers,
2018),  (Dangelico,  2016), | consumers, environmental  groups,
(Melander, 2017), (Dangelico, | universities, research institutions, and
2017), (De Medeiros et al., | firms, among others, for the supply and
2014), and (Tariq et al., 2017). use of environmentally friendly materials Gole GR&DC GOLRC HR 08
and the design of initiatives and
developments in terms of research,
innovation, technology transfer, and
cleaner products and processes.
(El-Kassar & Singh, 2019), (llg, | Response capacity and knowledge Acquiring knowledge
2019),  (ShabbirHusain & | acquisition, dissemination, and
Varshney, 2019), (Oliveira et al., | exchange between employees and
2018), (Melander, 2018), (De | stakeholders, reflected in the elimination
Medeiros et al, 2018), | of cultural barriers, quality, best
(Dangelico, 2017), (Dangelico, | environmental ~practices, and new GoIc GR&DC GOLRC HR OB

2016), (Huang et al., 2016),
(Melander, 2017), (De Medeiros
et al., 2014), (Tariq et al., 2017),
(Lee & Kim, 2011), and (Wee &
Quazi, 2005).

materials, technologies, and resources
to favor GPI.
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(De Medeiros et al., 2018), (De
Medeiros et al, 2018),
(Dangelico, 2017), (Huang et al.,

Green-oriented leadership and
transformative behaviour translated into

corporate  ethic, monitoring  and

Ecological organizational

leadership

2016), (Chen & Chang, 2013), | identification of new opportunities, cross- GoIC GOLRC HR OB
(De Medeiros et al., 2014), and | functional collaboration, and motivation
(Tarig et al., 2017). and incentives for the development of
green product offerings.
(Wee & Quazi, 2005), (El-Kassar | Human resources with extensive Human talent with
& Singh, 2019), (De Medeiros et | knowledge on environmental competences towards
al., 2018), (De Medeiros et al., | sustainability to promote the creation GPI
2014), (Tariq et al., 2017), (Chen | and Ialignment of teams and cross.- GoIC GOLRC HR 0B
& Chang, 2013), (Melander, | functional ~ procedures and their
2017), (Chang, 2016), (Song et | communication for GPI development.
al., 2018), (Melander, 2018), and
(Huang et al., 2016).
(Albino et al., 2009), (Huang & | Corporate social responsibility as a Environmental
Wu, 2010), (Dangelico & Pujari, | philosophy, an ethical act and an responsibility
2010), (El-Kassar & Singh, | environmental ~ commitment  that
2019), (Song et al., 2018), | provides a sense of identity and allows
(ShabbirHusain & Varshney, | firms to adapt to achieve their green GSPC | GOIC OB CER
2019), (Chen & Chang, 2013), | objectives.
(Jasti et al., 2015), (Tariq et al.,
2017), (Chang, 2016), and
(Chung & Wee, 2010).
(Huang & Wu, 2010), (Dangelico | Assessment practices, such as emission |  Environmental auditing
& Pujari, 2010), (Tsai, 2012), | measurement, z:‘ruditin:q, and GoIC GPC CER ER
(Chan et al., 2013), (Melander, | environmental offset incentives at each
2018), and (Huang et al., 2016). | stage of the product's life cycle.
(Dangelico & Pujari, 2010), | Organizational responsibility from the | Responsibility throughout
(Chung & Wee, 2010), (Zhang & | product’s design until the end of its life the life cycle of the GOIC GR&DC GPC GMC OB CER
Li, 2019), (Berchicci & Bodewes, | cycle, through the incorporation of product
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2005), and (Leonidou et al.,
2013).

environmental ~ attributes  for  GPI

development.

(Dangelico & Pujari, 2010), (Lee
& Kim, 2011), (Tsai, 2012),
(Chan et al., 2013), (Song et al.,
2018), (De Medeiros et al.,
2018),  (Dangelico,  2017),
(Dangelico, 2016), (Melander,
2017), (Tariq et al., 2017), and (
De Medeiros et al., 2014).

Awareness, identification, and
compliance with environmental policies,
laws, and regulations to favour the

creation of green products.

Compliance with
environmental

regulations

GOIC

GOLRC

0B

ER

Source: Authors’ elaboration
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4.6.2. Operationalisation matrix of the green innovation capability, organisational dimension

and determinants

Taking as a reference the previous works of Robledo-Velasquez, (2020), Robledo-Velasquez et al. (2011), and

Serrano-Garcia and Robledo-Velasquez (2013a), and summarizing the results of the taxonomy of determinants

in GIC and OD postulated in Table 9, a matrix was then proposed through which the taxonomy was

operationalized, illustrating the interrelation between GIC, OD and the sets of the determinants presented in Table

9. The rows and columns represent GIC and OD, respectively, and show the location of each determinant within

the intersection of GIC and OD, including the one it is related to, thus facilitating an eventual organizational

performance that contributes to the determinants and fosters GPI development.

Table 9. Matrix of the determinants driving green product innovation development

Organizational dimensions for GPI

(GMC)

Matrix of the determinants Human Corporate
driving GPI development Resolrces Organizational Technology Environmental Environmental
(HR) Behaviour (OB) (T) Responsibility Regulation (ER)
(CER)
Green Strategic Planning [A B CE JMN,
. [A B M [B S] [CEM [E, J, M, N]
Capability (GSPC) S]
Green Organizational Innovation [B,D,L,O,P QR
o y [B, O, P,Q R] [E,G HLOPT |[BDEGSTU|[CDEGLTV]
= Capability (GOIC) us u Vv
Q
»n .
K Green R&D Capacity
= [0, P] IL,O, P, U] [C,F, G I L OP] [C,FG 1 J U [C,F, G I J L]
S (GR&DC)
S
© |  Green Production Capability [C,D,EFGIJ | [CDEFGI/
o m Ly [CEFGILMT]
S (GPC) MT, U] LM, T]
g Green Organizational learning
= and relationship capability [O,P,Q Rl | [D,L,O,P,QR] [H L OP D] D, L]
= (GOLRC)
D
=t
¢» | Green Resources Capability
M M [CEFILM [CEFIMN [CEFIMN
(GRC)
Green Marketing Capability
K ] [H 1 K] 0,1 J] D, J]

Source: Authors’ elaboration

This matrix shows how the determinants involve a capability, a dimension, or different combinations of these

within the organization. It evidences that the whole organization must work together in permanent interrelationship

between its parts and using different abilities to achieve an adequate application of the determinants leading to
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GPI. Accordingly, this matrix would favor the assessment of GPI development via a coherent definition of the

variables representing the determinants which, in turn, would fulfill both GIC and OD.

In theory, firms should achieve all the determinants of GPI. However, making progress in each of them would
allow them to gradually ascend the different levels and, at some point, fully develop GPI. Based on the proposed
classification and grouping, it could be said that what is needed to comply with the determinants is a GIC strategic
approach, together with green-oriented OD, since this provides the organization with support. This could lead to
the commercial transformation and exploitation of firms by capturing and delivering value through GPI
development. This, in turn, would encourage a context in which the organization is examined as an integral system
that favors reciprocal connection and complementarity between the organization, the capabilities, the dimensions,
and the determinants, thus boosting GPI development to have a positive impact on its economic, social, and

environmental performance.

4.7. Discussion

The objective of this study was to identify the determinants and their configuration within GIC and OD for GP!I
development. Therefore, it moves towards the unification of the constituent elements of GPI, providing twenty-
two sets of determinants and evincing a series of characteristics that specifically show the environmental factor
being fostered by turning it into an organizational challenge. This is important because it enables the identification
of which situation-capability-area each set of determinants is affecting at the organizational level to favor its
interpretation and the performance/behavior placement being considered within the organization. Similarly, useful
basic data are provided for future research to move forward in pursuit of improving the determinants needed in
GPI configuration. Additionally, this study may serve as a starting point for the implementation of other frameworks

in fields such as administration, innovation, and technology management under a green approach.

Furthermore, manufacturing companies currently need to update their capabilities to promote the achievement of
GPI to continue acquiring competitiveness in the market (Salim, Rahman, Wahab, & Muhamed, 2020). At the
same time, dynamic capabilities (DC) are necessary to favour innovation and allow companies to constantly
evolve, facilitating their adaptation to environmental demands. To this effect, DC play a moderating role,
intervening to create facilitate the creation of ecological product innovation (Long & Liao, 2021). Therefore, the
present work considers the structure of DC, which relate properties that generate innovation such as the

dynamism and evolution accomplished by means if IC.

The above explains the fact that the concepts and generalities of the seven IC are widely used nowadays to
develop and define specific characteristics in each of these capabilities to provide a solution to CPI. Nonetheless,
the descriptors of these seven IC in relation to the concept of GPI are unknown. Thus, one of the contributions of

this paper is that it finds and connects these specific and unique elements, defining each of these already
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established capabilities but relocated to the green context which, to the best of the authors’ knowledge and belief,
has not been postulated and unified by any other author. More specifically, this study shows how the seven
proposed GIC agree with key organizational abilities, which could jointly favor innovation management to respond
to the green challenge. Furthermore, the form and scope of each GIC at the administrative and green technical

levels are clearly described for easy understanding and application within the organization.

Moreover, this research proposes five OD that are part of an extension towards the green approach. Following
Nadler et al. (2011) and Gouel (2005), the formal organization dimension is represented, in this study, in the
corporate environmental responsibility and environmental regulation dimension, given that these two latter
aspects correspond to organizational agreements subject to coordination and control to ensure they are complied
with. The informal organization dimension is represented in the organizational behaviour dimension since it
appears spontaneously but affects the behaviour and results of the firm in terms of sustainability. The human
talent dimension comprises the individuals performing work activities, whose knowledge, abilities, expectations,
and motivations regarding the environment must be considered. Last, the technology dimension is represented

in the pooling of knowledge facilitating the creation of green products.

Regarding the understanding, definition and development of a GPI, we identified that to be classified as a green
product it must have certain ecological, technical and organizational characteristics that make it different from a
conventional innovative product. However, considering the findings of this paper, what is required to achieve GPI
is a systemic orientation of the organization as the facilitating entity, supported by administrative pillars such as

GIC and OD which, according to the set of determinants, could favor GPI configuration.

It is clear how the sets of determinants relate to the proposed GIC and OD, with their groupings and
interconnections in terms of how each of them affects, involves, and relates to the organization and its role in the
environmental field illustrated, thus facilitating the integrity and consistency of the determinants. Hence, the
importance of their classification and grouping within GIC and OD, as this implies a better understanding for the
organization and managers. The taxonomy proposed has practical value in terms of the identification of the
existing relations between the GIC, DO and the determinants, to produce a global vision of the factors required

for organizational reconfiguration towards GPI development.

Having shaped the taxonomy, the matrix that operationalized GIC, DO and the determinants was created, seeking
to make the interrelations and interdependencies more evident and easily understandable. This will allow the
corresponding variables to be selected and controlled in the future to measure and assess the aforementioned

association in terms of innovation management oriented towards GPI development.

Therefore, the matrix was developed as a systemic tool, given that it illustrates the interrelation between GIC, DO

and the determinants within the organisation. It is also dynamic because it can be adapted to the different variants
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and environments in which the company may find itself and it allows the variables to be updated and modified to
reach a diagnosis that enables the strategy and the actions needed to procure achieving GPI to be defined. The
matrix has been proposed from a general perspective of the organisation and based on the determinants
identified. However, faced with specific conditions, the matrix can evolve to adapt to each problem and
organizational dynamic. Consequently, the development and updating of the matrix will allow firms to move up

through the different organizational levels, leading them at some point to the full configuration of GPI.

A series of frameworks based on determinants for facing GPI at the organizational level have been proposed in
several research articles. Dangelico (2016) suggests a success factor framework for GPI development that
includes four capabilities: external integrative, technological, internal integrative, and marketing. For his part,
Melander (2018) combines the frameworks proposed by Dangelico (2016) and Melander (2017) under internal
and external capabilities and focuses on firm collaboration in the lengthening of the supply chain with suppliers
and clients for GPI development. Although there are groupings of determinants based on capabilities in these
proposals, there was still need for a specific, holistic, and strategic approach capable of containing most of the

determinants of GPI leading to organizational functions.

Tarig et al. (2017) propose a framework based on the identification of drivers (factors) and consequences
(performance) for ecological processes and products. This interrelation is carried out from the identification of
measuring and moderating variables, within which the framework resorts to linking certain capabilities and
thematic organizational approaches. However, these authors call for the structuring of organizational factors using

DC to advance in responding to the environmental challenges.

Berchicci & Bodewes (2005) present a framework that includes three organizational aspects: design
specifications, coordination and alignment within teams, and project management support. This framework
considers the lack of specificity, for instance the required research and development approach to contribute to
determinants such as clean processes and technologies, and organizational learning, evidencing the need for
knowledge regarding environmental sustainability and strategic planning linked to greening at the organizational

level, among other necessary factors for the determinants of GPI.

Jasti et al. (2015) identify principles, tools, and techniques to develop green products. Their study includes up to
80 similar elements that are then grouped in eleven strategic organizational factors. However, no GIC and OD
are considered which, according to our grouping and taxonomy, must be considered to support the determinants
of GPI. Moreover, capabilities such as research and development, resource management, and organizational
learning are not considered, and neither are dimensions such as human talent management, organizational

behaviour, social responsibility, and environmental regulation.
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The main focus of the study conducted by De Medeiros et al. (2018) is the planning, operation, and marketing of
green product development. Nevertheless, aspects such as human talent management, organizational behavior,
social responsibility, research and development, and organizational learning and relationships aimed at GPI are

not considered in their proposal.

llg (2019) proposes an analytical framework in the form of a virtuous circle for the development of ecological
materials and products in the construction industry, thus fostering ecological innovation by considering suitable
organizational approaches. However, neither the GIC concept nor research and development capability, which

contributes to research on new technologies in the construction field, are considered in these frameworks.

Considering the above, there is no conceptual scenario shown that displays how the determinants are organized
under an integral approach, supported by the seven proposed GIC and the structuring of the five identified OD,
to respond to the transformation of processes that favour innovation management oriented towards the green
approach. To the best of the authors’ knowledge and belief, this is the first research that postulates the articulation
of GIC and OD to favour innovation management and its corresponding extension to GPI. Additionally, the authors
would like to highlight that despite the number of proposed and related GIC and OD, they were brought about
under the scrutiny of the identification, grouping, and taxonomy classification of the required determinants in

pursuit of GPI.

The proposed framework, made up of the taxonomy and the matrix, considers the organization to be an
interrelated system in which the proposed foundations adjust, mutually support, and continuously coordinate to
achieve the innovation management objectives, according to the planned strategies (Nadler & Tushman, 1998).
This framework provides a structural relation of the organizational elements, allowing the strategies, functions,
and actions to be redirected to strengthen technological innovation management in pursuit of GPI creation and
development. Therefore, the proposal to organizations to be able to reconfigure themselves to achieve GPI
presented in this paper is the association of the determinants of GPI with GIC and OD, structured in the taxonomy

and operationalized in the matrix, based on innovation management.

By way of analogy, and to visualize the proposal presented in this paper in a holistic and general way, the authors
envisage the framework located in the organization as a tree, under which the structural relationship to achieve
GPI is interpreted. The roots represent GIC, whose function is to absorb the nutrients to ensure its growth.
Meanwhile, these roots connect to the trunk and the branches representing the five OD as a fundamental
component, which themselves project out in a way that maximises the absorption of energy through the leaves,
symbolising the determinants and, at the same time, satisfying the needs of the fruit, which represents the creation
of GPI. In this analogy, the fruit depends on the leaves and the branches, and the branches strongly depend on

the health of the tree trunk and the solid structural base provided by the roots. Similarly, given that the seven
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proposed GIC and five OD that make up the organizational reconfiguration make it easier for firms to adapt, the

consistency and integrity of the determinants leading to GPI development are also facilitated.

4.8. Conclusions

Nowadays, firms have a tremendous opportunity to be competitive if they become involved in GPI. However, to
do so, they need to change and reconfigure themselves based on certain organizational skills and dimensions

that would then serve as the foundations for the determinants required for GPI development.

This paper proposes the extension and adjustment of seven GIC to create and develop green products based on
the new demands of the environment. These GIC were carefully selected and arranged to guide firms to
reconfigure themselves and optimize their environmental actions. Moreover, the proposed OD are regarded as
constitutive and support elements associated with organizational changes, adaptation, and revitalization from an
environmental perspective. Hence, GIC and OD together are factors that could shape a set of organizational

adjustments required for firms to address their current responsibility in terms of developing green products.

Furthermore, after gathering and analyzing previous studies in the field, strategic determinants that influence the
development and implementation of GPI were identified and thoroughly classified. These determinants refer to
the attributes that firms should consider when they decide to address the challenge of GPI. In addition, they are
factors that require a solid base at the organizational level, leading us to identify their required connection and

association with the proposed GIC and OD.

Therefore, another outcome of this research is the classification and strategic association of the determinants of
GPI within the different GIC and OD, showing how they relate to each other and facilitating the identification of
actions inherent to innovation management to help organizations to face and address their needs in terms of GPI.
Likewise, a matrix is established, which allows organizations to assess and monitor their progress in GPI

management.

The proposed framework combines typical and necessary organizational factors. It could be seen as a roadmap
for firms to understand their organizational redesign when they are adapting and being revitalized based on the
scenarios, interdisciplinarity, and eventualities of the current context in terms of environmental sustainability. This
framework fosters links in the evolution of the organization, supported by GIC and OD, which are represented in
the innovative and technological transforming processes and abilities to meet the requirements of the

determinants and to finally deliver a GPI.

In general, this framework regards organizations as open systems of interconnected parts that facilitate their

constant adaptation to boost GPI development. Therefore, the proposed framework could become a tool for the
93



transition and/or transformation of firms towards the development of environmentally friendly products from the

innovative perspective of their new organizational commitment.

This study aims to contribute to the advancement in the organizational and technological innovation management
theories towards GPI consolidation, as well as to the research on the structuring of environmental sustainability
at the organizational level. It is especially intended for researchers, managers in the manufacturing sector, and
government bodies interested in environmental sustainability, proposing a holistic and systematic approach that
redefines the boundaries of opportunities for new competence and performance. Various studies have found all
these aspects to be missing and necessary (Dangelico et al., 2016; Engert et al., 2016; Leih et al., 2015;
Shevchenko et al., 2016; Teece, 2018a).

4.8.1. Limitations and future work

A series of limitations that can also be opportunities for further research were identified, the purpose of which is
to encourage creativity in the debate and discussion generated by our work. The first is that we did not consider
other organizational and technology management lines of theory that could also favour the strengthening and
development of GPI. Second, future research should study each GIC separately in combination with each OD to
favour GPI development, as well as design a conceptual framework from other perspectives and under different
grouping and correlation criteria. Third, given that this work mainly focused on theoretical and conceptual aspects,
itis recommended that further research converts the sets of determinants into variables that can be implemented
and controlled by firms. Fourth, the framework developed could be applied in studies whose aim is to study the
environments and the varied conditions in which the company can find itself, to ensure the advance towards the
constitution of GPI. Fifth, one aspect to consider from the basis created is the development of future empirical
research to analyze its validity and reliability in real settings, and to identify possible configurations and impacts

on organizational performance.
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Abstract

This paper aims to determine which configuration of green innovation capabilities (GICs) and organisational
dimensions (ODs) leads to achieving green product innovation (GPI). We used data collected through the
European Manufacturing Survey (EMS) from manufacturing firms in Spain and Croatia considered to be
innovators. After conducting a cluster analysis, we identified a group of firms that still develop conventional
product innovations (CPIs) and three groups of firms at different stages of GPI development. The four clusters
were characterised using different variables, or determinants of GPI, associated with seven GICs and five ODs
that favour GPI. According to the findings, all the GICs and ODs under analysis have a positive impact on GPI

development, which results in the consolidation of a framework that organisations could use to manage green

2Corresponding author. Faculty of Economic and Administrative Sciences, Instituto Tecnolégico Metropolitano, Cl. 54a #30-01,
Medellin - Colombia; Department of Business Administration and Product Design, Universitat de Girona, Montilivi campus
s/n, 17073. E-mail addresses: jakelineserrano@itm.educo - jserrano2005@gmail.com (J. Serrano), andrea.bikfalvi@Qudg.edu (A.
Bikfalvi), josep.llach@udg.edu - josep.llach@bsm.upf.edu (J. Llach), juanarbelaez@itm.edu.co - jjarbetoro@gmail.com (J.

Arbeldez)

Abbreviations: AMT-PROD additive manufacturing technologies for mass production; AUTOMAT control-automation systems for an energy efficient production;
CER Corporate Environmental Responsibility; CERT-ENER certified energy management system (EN ISO 50001, previously EN 16001); CPIs conventional products
innovation; DCs dynamic capabilities; EMS European Manufacturing Survey; ER Environmental Regulations; GICs Green Innovation Capabilities; GMC Green
Marketing Capability; GOIC Green Organisational Innovation Capability; GOLRC Green Organisational Learning and Relationship Capability; GPC Green Production
Capability; GPIs Green Product Innovations; GR&DC Green Research and Development Capability; GRMC Green Resource Management Capability; GSPC Green
Strategic Planning Capability; HR Human Resources; IMP S-E impact and performance measurements of social and environmental corporate activities; INFORMAT use
information gathered to develop or adapt current products, services or processes; INS-LIFECY instruments of life-cycle assessment (e.g., EU Ecolabel, C2C, ISO 14020);
IT-TRAINING IT-based self-study programs (e-learning) for continuous training and evaluation of production employees; LINES customer- or product-oriented
lines/cells in the factory; LOGISTIC practices to improve internal logistics (e.g., method of value stream mapping/design, changes in the spatial arrangement of the
production chain); MACHINE upgrading existing machinery or equipment (e.g., premium efficient motors [IE3], attach insulation, recuperators); NRBV Natural
Resource-Based View; OB Organisational Behaviour; ODs Organisational Dimensions; PLAN software for production planning and scheduling (e.g., ERP system); PLM
product lifecycle management system (PLM) or product/process data management; R&D-COOPR&D cooperation with customers or suppliers; RBT Resource-Based
Theory; SENSORS sensors or control elements for machines or components to allow delivery of remote services; SKILLS-PROG specific programs of competence
development; TASK integration of tasks (planning, operating or controlling functions with the machine operator); VISUAL visual management (display board in
production for work processes and work status); WORK Method of 5S (“workplace appearance and cleanliness”).
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innovation. By empirically showing the relevance of applying these constructs, this study makes contributions to
the Resource-Based Theory (RBT), along with its extension to GICs, and points to the need to associate them

with the ODs to achieve GPI towards the challenge of sustainable development.

Keywords

Determinants; green innovation capabilities; green product innovation; manufacturing firms; organisational

dimensions; sustainable development

5.1. Introduction

The current environmental issues, which call for greater environmental awareness, have become one of the most
pressing challenges faced by governments, institutions, and individuals. Firms, in particular, have had to re-
evaluate their organisational strategies to lessen their negative environmental impact. A possible solution to this
problem for manufacturing firms could be the development of green product innovations (GPIs) (Salim et al.,
2021; Shahzad et al., 2021). These products seem to be key to achieve comparative and competitive advantages
because they not only provide economic benefits but they also help to preserve natural resources for future
generations (Pérez-Pérez, Serrano-Garcia, & Arbeldez-Toro, 2020; Salim et al., 2021). In addition, GPIs could
please socially-conscious consumers (Sana, 2020) while also serving as a stimulus for businesses, which could

receive incentives such as direct subsidies and tax credits for their development (Long & Liao, 2021).

Many organisations, however, have not yet decided to develop GP!I for several reasons: (i) ecological innovation
is only considered after core business problems are addressed (Yin, Zhang, & Li, 2020); (ii) firms feel
overwhelmed by the imposed environmental regulations, which limits their willingness to voluntarily participate in
ecological activities (Collins, Lawrence, Pavlovich, & Ryan, 2007); (iii) small businesses believe that their
contribution to the green economy is insignificant (Mellett et al., 2018); (iv) there is insufficient knowledge about
why and how firms could foster corporate environmental sustainability to pursue GPI (Dangelico & Pujari, 2010);
and (v) green innovation demands corporate commitment and the implementation of environmental policies and

strategic guidelines to materialise ideas for green products (Dangelico & Pujari, 2010).

GPIs require certain determinants for their design, materialisation, production, distribution, and disposal, making
them different from conventional product innovations (CPIs) (Chkanikova, 2016; De Medeiros et al., 2018; Jasti
etal., 2015). Despite the substantial progress made in defining the determinants of GPI, their configuration at the
organisational level is considered difficult (Jasti et al., 2015; Tariq et al., 2017) because they affect several
organisational functions. Therefore, these determinants must be backed by organisational elements that enable

innovation to be managed in a way that results in GPI (Serrano-Garcia, Bikfalvi, Llach, & Arbelaez-Toro, 2021).
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Various authors have studied how the determinants of GPI can be configured at the organisational level from a
variety of research topics such as corporate environmental management (Wee & Quazi, 2005); environmental
strategies and green product development (Albino et al., 2009); firms' motivations, environmental policies, goals,
and challenges in developing and marketing GPI (Dangelico & Pujari, 2010); management of interorganisational
relationships aimed at supplying materials for green products (Cheung & To, 2019); and reference models to
develop green products at the corporate level (Berchicci & Bodewes, 2005; llg, 2019; Jasti et al., 2015; Tariq et
al., 2017). Likewise, several theories have been used for this configuration, including organisational identity (Song
et al., 2018), consumption values (Lin & Huang, 2012), the institutional theory (Zhang et al., 2020), stakeholder
involvement (Zhao, Feng, & Shi, 2018), the contingency theory (Saengchai, Rodboonsong, & Jermsittiparsert,
2019), and the resource-based theory (RBT) using green capabilities (Aboelmaged & Hashem, 2019; Albort-
Morant et al., 2016; Chen & Chang, 2013; Salim, Ab Rahman, & Abd Wahab, 2019). The RBT is well-known for
its potential to support firms in developing green products (Tarig et al., 2017). However, there are still few
theoretical and empirical studies on resource management and the use of capabilities oriented toward green
innovation (Aboelmaged & Hashem, 2019; Qiu et al., 2020; Salim et al., 2019; Sirmon, Hitt, Ireland, & Gilbert,
2011; Tariq et al., 2017; Teece, 2018a).

Moreover, further research is needed on how organisations must restructure themselves to meet the challenge
of sustainability and how the necessary adjustments can be made (Millar et al., 2012). In addition, more studies
need to be developed to determine how firms' capabilities and the orchestration of organisational assets are the
basis for efficiently managing various environmental challenges and implementing environmental sustainability
plans at the corporate level (Annunziata, Pucci, Frey, & Zanni, 2018; Dangelico et al., 2016; Serrano-Garcia et
al., 2021; Sirmon et al., 2011). From the perspective of organisational management, much uncertainty still exists
about how environmental protection or going green might become a core competence (Yusr et al., 2020).
Furthermore, most analyses based on the Natural Resource-Based View (NRBV) theory have found gaps in
empirical studies focused on product stewardship (Hart & Dowell, 2011), which refers to “practices that reduce
environmental risks or problems resulting from the design, manufacturing, distribution, use, or disposal of
products” (Berry & Rondinelli, 1998, p. 44)..

Therefore, GPI, which causes changes at the organisational level (Berchicci & Bodewes, 2005; Dugoua & Dumas,
2021), could be supported by the incorporation of differential green innovation capabilities (GICs) (Serrano-Garcia
et al., 2021), which are based on the RBT (Barney, 1991; Barney, Ketchen, & Wright, 2011), the NRBV (Hart,
1995), the dynamic capabilities (DCs) (Leih et al., 2015; Teece, 2007; Teece et al., 1997), and the innovation
capabilities (ICs?) (Tarig, Badir, Safdar, Tariq, & Badar, 2020). Nevertheless, having GICs is not enough for firms

to achieve a competitive advantage; they also need a variety of assets—or organisational dimensions (ODs)—

3 Although, in the literature, “ICs” and “TICs” are frequently employed to refer to a similar set of capabilities, we consider
them equivalent terms here. However, “ICs” will be mostly used to allude to innovation capabilities, in accordance with the
terminology defined in the Oslo Manual 2018 (OECD/Eurostat, 2018).
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(e.g., people and their knowledge, processes and procedures, strategies, environmental regulations, corporate
environmental responsibility, a structure, and an organisational behaviour) to develop and deploy their
technological capabilities (Adler & Sbenbar, 1990; David Nadler et al., 2011; Serrano-Garcia et al., 2021; Sirmon
et al., 2011; Teece, 2018a). Furthermore, within the ODs favouring innovation, the relevance of resources and
capabilities must be acknowledged (Bogers, Sund, & Villarroel, 2015). A firm's environmental strategy and
competitive advantage would therefore depend on how GPI is handled at the organisational level through the
innovative management of its determinants, as well as on how the organisational capabilities and dimensions are
intertwined to construct and achieve the organisation's strategic goals (Adler & Sbenbar, 1990; Leih et al., 2015;
Serrano-Garcia et al., 2021; Teece, 2018a; Tushman & Nadler, 1986).

All the above points to the need for more research and empirical validation on how to configure the GICs and the
ODs so that they are integrated at the organisational level and recognised for their potential to support the
determinants conducive to GPI. In the study by Serrano-Garcia et al. (2021), this aspect is also outlined as future
work. Based on the identified descriptions and difficulties, the purpose of this study is to analyse which GICs-
ODs configuration leads to achieving GPI. The contribution of this research, therefore, is the practical and
experimental orchestration of a complex structural relation between GICs, ODs and GPI to serve as a framework

of reference for the management of green innovation in achieving sustainable development.
The rest of this paper is structured as follows. Section 2 provides a theoretical background on the matter. Section
3 describes the methodology we implemented. Section 4 presents the results. Section 5 discusses the findings.

Last, Section 6 draws the conclusions and outlines the limitations and future lines of research.

5.2. Theoretical background and literature review

5.2.1. Literature review

Table 10 below is a review of the quantitative studies on managerial concepts towards an understanding of GPI.

Table 10. Review of quantitative studies on the topic of green product innovation

Authors Objective/questions Theoretical Methodology Key findings
perspectives
a. (Bhatia & Do environment regulations ~ Dynamic 96 Indian car  Findings evidence how top management

Jakhar, 2021) affect top management capabilities view manufacturing firms, commitment and organizational leaming are
commitment towards GPI?  and upper  cross-sectional survey  important when implementing GPI in response
Does organizational learning ~ echelonstheory ~ research with partial  to regulations, seeking to achieve better
mediate  between  top least squares. environmental and economic performance.
management  commitment Findings also include how organizational

and GPI practices?
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b. (Awan et al.,
2020)

c. (Zhao et al.,
2018)

d.  (Andersén,
2021)

e.  (Zhang,
Wenjuan, Kei
Tse, & Wang,
2021)

f. (Chen & Liu,
2020)

Do GPI practices enhance

performance?

How do  buyer-driven
knowledge transfer activities
affect a firm's green product
innovation via knowledge
management  capabilities?
What is the impact of buyer-

driven  knowledge transfer

activities on social
performance  improvement
through knowledge

management capabilities?
Investigate the impact of
external involvement on

green product innovation.

the
development of a relational
NRBV (RNRBV) on product

innovation by examining the

To contribute to

relationships between GPI,

green  suppliers,  and

differentiation advantage.

“How does the inter-

organizational control
mechanism contribute to the
development  of  GPI?”
“How does the adoption of
GPlimpact on organizational
performance?”

To explore the coopting and
enabling roles of customer
participation in green product
innovation in SMEs, and to
uncover the indirect impact of
customer participation

through its influence on

Absorptive
capacity as a

theoretical lens

Contingency
theory and
organizational
information
processing
theory

To consider the
extensions of the
RBV in product
the
article applies a
relational NRBV
(RNRBV)  on
product

innovation,

innovation.

Inter-
organizational
the

context:

control in
green
formal structure
and informal

structure

stakeholder
engagement

literature

Use of survey data
from 239

export-

collected
Pakistani
manufacturing

companies, application
of structural equation

models.

Employment of survey
data collected from 198
Chinese manufacturing
firms and use of
hierarchical moderated
regression analyses

Employment of survey
data collected from 305
Swedish

manufacturing firms.

small

Based on a sample of
239 senior managers
and directors in the
Chinese manufacturing

industry, testing of the

hypotheses using
structural equation
modelling.

Analysis of a sample of
195 SMEs in China
using regression

analysis

learning is a mediator between top

management commitment and GPI.

Evidences how buyer-driven knowledge
transfer activities contribute significantly to
strengthening ~ knowledge ~ management
capabilities in combination with resource

acquisition capability to achieve GPI.

Findings support the importance of client and
supplier participation to achieve GPI. Results
also show how technological uncertainty and
demand positively affect GPI.

Among the findings is a direct relationship
between GPI and the performance of the
the

influence of GPI through the creation of

organization, suggesting examining
organizational strategies. The author also
identifies how suppliers that focus on green
provisions contribute with complementary
resources that facilitate achieving GPI in the
organization, making the relation between the
organizaton and the green suppliers
essential, thereby confirming the importance
of the relation between NRBV and product
innovation.

The results show how the interaction between
formal control and social control is positive and
significant, making it essential to consider this
interaction and to follow the philosophies to
achieve a better GPI result. They also find how
the effect of GPI on financial performance is
mediated by environmental and social
performance.

The findings indicate how participation of the
interested parties, including clients, is
necessary to group and orchestrate resources
that can improve green product innovation.
they find that

participation can facilitate the exploitation of

Furthermore, the client

opportunities, and improve creativity and the
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opportunity recognition and

exploitation

capacity of the company towards producing

green products.

(Akhtar etal., To answer the question of  Market 477 SMEs managing  The results show that the market orientation
2021) ‘how market orientation orientation green production using  represented in the environmental practices
affects  green  product structural equation  affects green self-efficacy and GPI.
innovation with the mediating modelling Furthermore, their results indicate how green
role of green self-efficacy and self-efficacy has a mediating role between the
the moderating role of market orientation and GPls.
resource.”
(Ogbeibu et Investigation of the predictive ~ Green  human A cross-sectional  The results indicate that green training,
al., 2020) powers of green human  resource survey design with 229 involvement and development is a more
resource management  management leaders and significant predictor of green team creativity
(GHRM) bundles and green  (GHRM) subordinates in teams  than green recruitment and selection and
team creativity on green from the HRM and technological
product innovation. R&D departmentsof 31 turbulence.
manufacturing
Examine the roles of organizations in  The study also shows how Green Team
technological turbulence and Malaysia. Employment  Creativity positively predicts GPI. However,
environmental dynamic of partial least square  environmental dynamic capability is identified
capability. path modelling for data  as a negative predictor.
analysis.
(Agustia, Determine the effect of Research and Uses 170 companies  The results show that the intensity of research
Permatasari, research and development  development listed on the and development and GPl present a
Fauzi, & Sari, intensity (RNDI) on firm Indonesian Stock  significant effect on company performance.
2020) performance (FP) with green Exchange in the period  Likewise, the intensity of research and
product innovation (GPI) as 2013-2017, with  development presents a significant effect on
an intervening variable. regression analysis GPI.
(Zhang &  Explore whether  Stakeholder 259 Chinese  The results of this work indicate how
Zhu, 2019) environmental  pressures  theory and manufacturing firms,  consumer pressure presents a major effect on
from different stakeholders  organizational with confirmatory factor ~ GPI, while regulatory pressure is more linked
influence green innovation  learning theory and regression to GPl. Furthermore, they show how
differently and how this is analyses organizational  learning-exploration  and

further

organizational learning.

mediated by

exploitation approaches are necessary and
are mediators between the pressures of the

interested parties and green innovation.

These studies are examples of some relevant work done in the field of GPI. Previous studies, mainly using the
theoretical lenses of RBV, identify some key elements such as green human resource management, research
and development, stakeholders, formal and informal structure, market orientation, together with efforts framed
within learning, environmental regulations, strengthening of capabilities, and understanding green innovation, in
a context of technological turbulence, and with associated performance aims. The cited studies are illustrative of
a clear interest and the significant advance made towards understanding the phenomenon of GPI at the

organisational level. However, in line with the studies previously conducted, and according to our knowledge,
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there is a lack of research crossing the boundaries of the structural relation in this case of seven GICs associated
with five ODs, such as the ones included in this research, which enables obstacles to be overcome and the
promotion of a paradigm shift to pursue environmental strategies in the organisation of meeting the challenge of
GPI.

5.2.2. Conventional product innovation vs. green product innovation

Innovation is defined as “a new or improved good or service that differs significantly from the firm's previous goods
or services and that has been introduced on the market” (OECD/Eurostat, 2018, p. 21). When developing CPIs,
several characteristics must be considered, including production capacity, product conceptualisation,
organisational aptitude, and competition (Tsai, 2012). CPI, once conceived, could contribute to the creation of
green products (Berchicci & Bodewes, 2005; Pérez-Pérez et al., 2021) because innovation leads to refining
technical requirements or aligning them with consumer demands and preferences (such as overcoming current

environmental issues) (Dangelico, Nonino, & Pompei, 2021; Niedermeier et al., 2021).

Conversely, GPI is a product with a lesser environmental impact during both its production and its consumption.
This product is designed to consume less energy, generate less emissions and be produced with renewable and
environmentally friendly raw materials (Melander, 2018). It is currently widely recognised as key in business
expansion and competitiveness: society, customers, consumers, and governments perceive it as an effective
alternative to improve environmental outcomes and, consequently, individuals’ quality of life (Tariq et al., 2017).
It results from the interaction and coordination between innovation and sustainability (Dangelico & Pontrandolfo,
2010).

GPI represents a business opportunity for today's firms because it has evolved into a strategy for competitiveness
and added-value incorporation and growth. Likewise, it allows organisations from the member states of the United
Nations to contribute to the 2030 Agenda by directly tackling Sustainable Development Goal 9, which encourages

sustainable industrialisation and fosters innovation (United Nations, 2018).

5.2.3. Determinants of green product innovation

When it comes to the need to protect the environment, firms must consider a number of determinants that enable
them to eliminate barriers and paradigms and thus develop green products while also improving their
environmental, economic, and social performance (Chen & Chang, 2013; Jasti et al., 2015; Tan et al., 2019).
Serrano-Garcia et al. (2021) made headway toward unifying the determinants that characterise and distinguish
GPI and that are needed for its development and marketing. They proposed 22 sets of determinants that describe
environmental characteristics in relation to organisational challenges. These determinants help firms to

restructure themselves to meet current requirements in terms of GPI because the creation, production and
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commercialization of GPIs can facilitate the generation of businesses with the green focus that consider the strong
relation with the preservation of the environment. While these previously analysed determinants will be further
explored later in this study, they will be represented here as variables to assess their possible effect on firms'

restructuring aimed at GPI development by means of an empirical analysis.

These determinants, however, are not enough to drive GPI; they require the support of certain organisational
skills and components for their management (Serrano-Garcia et al., 2021). This is where businesses could assess
whether they need to restructure themselves to respond to the various determinants of GPI (Qiu et al., 2020).
GICs and ODs become important here because they could help firms to adapt and update to promote a direct

relationship with and respond to the determinants of GPI (Serrano-Garcia et al., 2021).

5.2.4. The resource-based theory and the dynamic capability approach

The RBT is well-known for its exceptional and powerful ability to predict and explain organisational relationships
(Barney et al., 2011). It mainly focuses on making an organisation’s internal and coordinated factors valuable,
rare, inimitable, and non-substitutable (Barney, 1991). This theory links the organization’s resources, capacities
and competitive advantage (Hart, 1995). Having said that, Renard & St-amant (2003) identify how capacity is
related to organizational aptitude to carry out processes of value creation in combination with resources (Renard
& St-amant, 2003) which, at the same time, facilitates organizational reconfiguration favouring competitive

advantage.

With the support of organisational components, this theory favours the implementation of strategies focused on
corporate environmental actions (Dangelico & Pujari, 2010; Teece, 2010) to achieve long-term advantages
(Barney, 1991). Consequently, a current challenge to consider within the organizational context that could be
addressed from RBT in association with organizational components with a green focus is the reduction of the
negative environmental impact. Therefore, a particularly important pillar for the theoretical grounding of the
present work is based on NRBV. According to Hart (1995), competitive strategy and competitive advantage based
on the firm's capabilities and the natural environment would be key in promoting environmentally-sustainable

economic activities. The NRBV therefore extends the RBT to the field of environmental sustainability.

DCs derive from the RBT (Teece, 2018a; Teece et al., 1997) and refer to the transformations causing changes
in products (Albort-Morant et al., 2016). Creating a synergy for a more successful innovation performance, DCs
favour knowledge transformation, particularly in the manufacture of green products (Salim et al., 2019). Hence,
firms must build and strengthen the DCs associated with green innovation to make progress in addressing
environmental concerns (Huang & Li, 2017), generating new and improved products and respecting the

environment from their conception to the way they are eliminated.
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5.2.5. Green innovation capabilities

The notion of IC derives from DC (Lahovnik & Breznik, 2014), a driver of innovation that enables organisations to
adapt to the market (Teece et al., 1997). ICs refers to the capabilities linked to the organisation and its
management that are coordinated to start, develop, and execute innovation (OECD/Eurostat, 2018) under a
systemic corporate approach resulting from a strategic and operational management (Serrano-Garcia et al., 2017;
Serrano-Garcia & Robledo-Velasquez, 2013a). ICs are considered a special organisational asset that allows firms

to create and sustain a competitive advantage (Guan & Ma, 2003; Yam et al., 2004).

To tackle climate change especially through the creation of GPI, organisations must use certain capabilities that
support them. Hence, the importance of the green-oriented ICs (GICs) because they could be considered as
contributors when facilitating ecological innovation (Juanru Wang, Xue, & Yang, 2019). These capabilities enable
businesses to transform their processes, thus allowing them to develop GPI (Tariq et al., 2020), as well as to
comply with environmental obligations and engage in the emerging green economy (Mellett et al., 2018). In
addition, they refer to a firm's ability to pursue an ecological and sustainable development (Tseng et al., 2019) in

a challenging environment like the current one.

GICs focus on the integration, construction, and reconfiguration of a firms' resources related to environmental
protection (Qiu et al., 2020). These capabilities, therefore, must be identified and integrated into each
organisational function for organisations to respond to the demands and adjustments necessary to achieve GPI
(Serrano-Garcia et al., 2021). Progress in the adoption of GICs helps firms to clarify their processes, techniques,
and products to reduce environmental damage (Tseng et al., 2019), as these capabilities allow them to better
understand the specific aspects that must be adapted. In this case, these capabilities favour the incorporation of
skills that lead to an organisational restructuring and that are centred on enabling compliance with the

determinants of GPI.

In this research, we consider the seven GICs proposed (Serrano-Garcia et al., 2021), which are: a) Green
Strategic Planning Capability (GSPC), b) Green QOrganisational Innovation Capability (GOIC), c) Green Research
and Development Capability (GR&DC), d) Green Production Capability (GPC), e) Green Organisational Learning
and Relationship Capability (GOLRC), f) Green Resource Management Capability (GRMC), and g) Green
Marketing Capability (GMC). These capabilities are regarded as an alternative for organisations to respond to the
determinants of GPI and to design, develop, produce, and market sustainable products. Their contribution to the
development of GPI, however, must be empirically validated. Furthermore, GICs must be further explored with
the help of organisational and managerial dimensions that allow firms to adapt to the requirements of
environmental businesses (Salim et al., 2019; Teece, 2007), thus leading them to create GPI and achieve a

sustainable competitive advantage.

104



5.2.6. Organisational dimensions

Innovation favours change within organisations (Damanpour, 1991). According to Nadler and Tushman (1999)
and Nadler et al. (2011), firms need sufficient diversity and changes in their strategies, structures, people,
processes, and organisational values to achieve different sorts of innovation. Consequently, developing GPl is a
type of innovation that involves creating and taking organisational actions aimed at preventing, minimising,

mitigating, or eliminating a firm's negative impact on the environment.

The challenge is, therefore, to create congruent organisational components that allow for the achievement of
strategic objectives that drive innovation (David Nadler & Tushman, 1980; David Nadler et al., 2011). Based on
this, firms are structured in such a way as to seek coherence between goals and innovation—a coherence that is
supported by the ODs (Galbraith, 1982). These dimensions, which involve the entire organisation, represent the
establishment of provisions concerning organisational characteristics of structure, processes, hierarchy, people,
functions, and interdepartmental relationships (Daft, 2011). Likewise, they are shaped by aspects such as values,
culture, the surroundings, and organisational behaviours (Herrera-Baltazar, 2015). Firms, therefore, should
reconsider what types of ODs would allow them to efficiently manage their work to meet their strategic goals
(David Nadler & Tushman, 1999) aimed at GPI development. By evaluating the ODs, managers can identify the
means and possible pitfalls that could be avoided to implement the environmental strategy (Rothenberg, Maxwell,
& Marcus, 1992).

Serrano-Garcia et al., (2021) point out the need for organisations to have the following five ODs, which focus on
the innovation requirements necessary to manage the determinants of GPIl: a) Human Resources (HR), b)
Organisational Behaviour (OB), c) Technology (T), d) Corporate Environmental Responsibility (CER), and e)
Environmental Regulations (ER). The authors also emphasise the importance of relating the various ODs with

the GICs as a fundamental support and complement for firms to achieve innovation, in this case to achieve GPI.

Therefore, by means of an empirical analysis, we examine the contributions of the different ODs and GICs to the
management of the determinants of GPI as a system that would facilitate the achievement of GPI. In formulating
the environmental strategies, it is necessary to be consistent with the organisational characteristics, capacities

and operational context of the company (Rothenberg et al., 1992).

5.3. Research methodology

To fulfil the objective set out in this paper, we use a combination of the approaches proposed in (Serrano-Garcia
et al., 2021), who created a matrix associating GICs-ODs to identify and select the variables representing the

determinants. Bikfalvi, Lay, Maloca, & Waser (2013) used data collected by means of the same instrument and
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method, and conducted a similar analysis -but with a different purpose- classifying companies according to certain
characteristics by means of forming clusters. From the EMS, each of the variables corresponding to the
intersection between each capacity and dimension were then extracted. The items employed and the procedures

followed are described below.

5.3.1. Data collection

We used data from the 2015 European Manufacturing Survey (EMS) to conduct the empirical and descriptive
analysis. This survey is structured by thematic areas to measure characteristics and effects of organisational and
environmental concepts in manufacturing firms. The purpose of the EMS is to collect up-to-date information from
European firms to contribute to improving production processes. The survey’s questions are developed by the
members of a consortium made up of European research centres and universities and managed by the
Fraunhofer Institute for Systems and Innovation Research (ISI) (Fraunhofer Institute for Systems and Innovation
Research ISI, 2021).

The data provided by the EMS have been employed to analyse and execute projects under environmental
approaches. This is the case of the study carried out by Pons, Bikfalvi, and Llach (2018), who characterised
patterns between GPI and CPI in manufacturing firms. Likewise, Sartal, Llach, Vazquez, and de Castro (2017)
demonstrated that the role of environmental and information technologies in the lean manufacturing capability
can lead to a better industrial performance. For their part, Palgi¢ and Prester (2020) showed that advanced
manufacturing technologies can contribute to both firm performance and ecological innovation. Pons, Bikfalvi,
Llach, and Pal¢i¢ (2013) also mapped the adoption of technologies that help to reduce energy and resource

consumption, verifying the relationship between their implementation and the performance of manufacturing firms.

5.3.2. Sample

The data used in this study comes from 101 and 105 firms in Spain and Croatia, respectively, representing the
business population of the two nations. The samples were addressed under the same approach for three main
reasons: a) the EMS questions were equally applied in both countries, and the same criteria were considered to
select the samples; b) in 2015, Spain and Croatia were classified as moderate innovators by the European
Innovation Scoreboard, which assesses research and innovation performance across the member states of the
European Union (EU) (Hollanders et al., 2015), and c) in 2014, Spain and Croatia fell into the Average Eco-/
performers group, with scores of 111 and 91, respectively (close to the average EU score of 100), according to
the results of the Eco-Innovation Index, which evaluates eco-innovation performance in the EU member states

and promotes a holistic view of economic, environmental, and social performance (European Commission, 2021).
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The set of firms analysed here carry out the industrial manufacturing activities listed in NACE Rev. 2 (codes 10

to 32) and have at least 20 employees, see Table 11.

Table 11. Geographical, sectoral, and firm size distribution of the sample

Frequency  Percentage

Country
Spain 101 49.0
Croatia 105 51.0
Total 206
Manufacturing industry
Food products and beverages 39 18.9
Textiles, wearing apparel, leather, and related products 22 10.7
Furniture, products of wood, and articles of straw and plaiting materials 14 6.8
Paper and paper products; printing and reproduction of recorded media 15 7.3
Chemicals, rubber and plastic products, and other non-metallic mineral  products 36 17.5
Basic pharmaceutical products and pharmaceutical preparations 2 1.0
Basic metals and fabricated metal products 37 18.0
Manufacture of computer, electronic, electrical, and optical equipment 10 4.9
Machinery and equipment n.e.c. 23 1.2
Motor vehicles, trailers and semi-trailers, and other transport equipment 7 3.4
Other manufacturing industries 1 0.5
Total 206 100.0
Number of employees
Up to 49 77 374
From 50 to 249 84 40.8
250 and more 45 218
Total 206 100.0

5.3.3. Green innovation capability — dimension organisational matrix and selection of variables

representing the determinants of green product innovation

Given the several relationships between the various definitions of GICs and ODs, they must be structured using
a graphical and descriptive approach. For this reason, we constructed a matrix that established the relationship
between each GIC (in rows) and OD (in columns), extracting 61 dichotomous measurable variables from the EMS
and analytically placing them at the intersections between each GIC and OD. These variables represent the
determinants necessary for an organisational restructuring aimed at developing GPI, as proposed by (Serrano-

Garcia et al., 2021). For a more thorough understanding of the process of creating the matrix, Appendix A shows
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the classification of variables (in representation of the determinants) within a specific GIC and related to each of

the five proposed ODs, where the typology of each variable is binary (Yes/No).

5.3.4. Green product innovation - specific attributes

To evaluate GPI development, we only considered the firms that claim to have introduced completely new
products or significant technological improvements in existing products, resulting in a drop from 206 to 140 firms.
We analysed whether the new or improved products cause a lesser environmental impact when used or
discarded, as well as the environmental improvements they deliver in relation to six attributes: a) reduction of
health risks for users; b) reduction of energy consumption when in use; c) easier to maintain or to retrofit; d)
extended product lifetime; e) reduction of environmental pollution when in use; and f) improved recycling,

redemption, or disposal properties.

Firms were given a score ranging from 0 to 100 based on how many environmental improvements they achieved.
A score of 100 indicated that they had achieved all the improvements, while a score of 0 meant they had achieved
none. The GPI achievement variable was thereby created, which assigns each firm a score depending on the
number of environmental improvements it achieves in its GPI. The purpose of these attributes is to identify which

firms already create products with GPI-specific characteristics.

5.3.5. Statistical method

The next step was to perform a cluster analysis, which is a multivariate statistical technique that organises input
data by categorising cases (individuals) into homogeneous groups and delivers results from the cases that share
similar content characteristics and are classified into the four clusters (Pérez-Lopez, 2008). As a result, it is
possible to obtain as many clusters as similarities are contained and identified in the analysed data (Pérez-Lépez,
2008).

The six attributes of GPI achievement were studied using multiple correspondence analysis (MCA), given that by
their very nature the data are qualitative. The MCA results sought to study the association between the
companies, or which of them had similar responses in the six attributes. The results of the associations between
companies were used to form the clusters. The possibility of creating six groups of companies was considered,
but it was decided to stay with four groups because of the homogeneity they presented. The clusters are shown
in the dendrogram. The data were processed using the statistics software R-Project. Subsequently, the 61
variables identified in the matrix and representing the determinants necessary for an organisational restructuring
aimed at developing GPI were integrated into each cluster. The aim was to identify which variables were more

closely related to GPI development, as well as to determine the relevance or involvement of each GIC and OD.
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Additionally, we identified the main differences between the clusters and intra-clusters, in addition to the influence

of the industrial sector in the clusters to further characterise them.

5.4. Results

The results are organised below in five stages. First, the dendrogram is presented, followed by the content of the
four resulting clusters and of the determinants of GPI with GICs and ODs. Next, each of the groups and the

influence of the industrial sector in the clusters are characterised.

Following the result of the statistical process, Figure 5 is the dendrogram resulting from the hierarchical analytical
analysis of the six attributes of GP/ achievement.

Figure 5. Dendrogram of clusters, in accordance with green product innovation achievement

0.4-

Height

0.0-

Clusterl Cluster 2 Cluster 3 Cluster4

From the statistical analysis, four clusters were formed based on the number of average environmental
improvements (AEI) that the firms had implemented. Cluster 1 includes firms that had not achieved environmental
improvements in their new or improved products and that were considered to develop CPI. Although classified as
innovative, CPI do not favourably contribute to the environment. For their part, Clusters 2, 3, and 4 comprise firms
that had achieved some type of environmental improvement in their new or improved products and that are
considered to be developing GPI. The AEI of Clusters 1, 2, 3, and 4 were 0 (0 improvements), 1.6 (between 1
and 2), 3.0 (all with three improvements) and 4.4 (between 4 and 5), respectively.
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Afterwards, the 61 matrix variables related to the GICs, the ODs, and the determinants of GPI were incorporated
into the clusters. From Table 12, in 18 of the 61 variables we observed a tendency in which the percentage of

firms that use the resource described by the variable increases as the AEI value increases.

Table 12. Cluster analysis results

CPI GPI

Dimension-  Cluster 1 Cluster 2 Cluster 3 Cluster 4
Capability  (AE=Q)  (AE-1.6)  (AER3.0)  (AEI=4.4)

AEI

Variable

Variable

\VISUAL: Visual management (display board in production for work processes and OBIGFC ‘.)% . '% .% . %
work stafus)

Ts::t; I)ntegraﬁon of tasks (planning, operating or controlling functions with the machine HRIGSPC { . l% .5% .%
operator

R&D-COOP: R&D cooperation with customers or suppliers OB/GR&DC io% '4% '% %
WORK: Method of 5S ("workplace appearance and cleanliness") HR/GOIC “7% l6% .% .%

INFORMAT: Use information gathered to develop or adapt current products, services
Or processes

CER/GOLRC 50% 2% % %

SKILLS-PROG: Specific programs of competence dev elopment HR/GOLRC ‘.53% .8% -3% -2%

mapping / design, changes in the spatial arrangement of the production chain)

PLAN: Software for production planning and scheduling (e.g. ERP system) T/GSPC DS% .51 % '% .2%
LINES: Customer- or product-oriented lines/cells in the factory CER/GMC ‘I 47% l 50% lQ% .%

IMP S-E: .In?FJact and performance measurements of social and environmental CERIGSPC ‘I 30% l53% .7% .7%
corporate actvities

MACHINE: Upgreliding Iexisﬁng machinery or equipment (e.g. premium efficient TGRC ‘I 45% I 449 .50% .53%
motors (IE3), attach insulation, recuperators)

LOGISTIC: Practices to i internal  logisti .g. method of value str
ractices to improve intemal logistics (e.g. method of value stream OB/GSPC I50%

IT-TRA'ININ G: IT-bésed self-study programs (e-learning) for continuous fraining and HRIGMC 37% 50% 56% 56%
evaluation of production employees

AUTOMAT: Control-automation sy stems for an energy efficient production ER/GRC ‘I 18% I 30% I 38% I 44%
AMT-PROD: Additive manufacturing technologies for mass production T/GPC | 10% | 9% I 25% l 50%
;I;I::Ia:ger:r:;uct lifecycle management system (PLM) or product/process data ERIGSPC 12% I 16% I 19% I 28%
INS-LIFECY: Instr f li | t (e.9. EU Ecolabel, C2C, |

14(?20) CY: Instuments of life-cycle assessment (e.g. EU Ecolabel, C2C, ISO ERIGPC | 9% I 12% I 13% I 28%
SE.NSORS: Sensorslor control elements for machines or components to allow TGMC | 9% | 1% I 20% I 24%
delivery of remote services

:ZGI;(I;{;I;ENER: Certified energy management system (EN 1SO 50001, previously EN ERIGOIC 2% I 14% I 20% I 22%
N 61 45 16 18
% 44% 32% 11% 13%

Figure 6 shows the overall percentage of firms (from the sample addressed in this study) that implemented and
did not implement each variable. As can be observed, visual management (display board in production for work
processes and work status) and integration of tasks (planning, operating or controlling functions with the machine
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operator) was the most implemented practice or resource, while certified energy management systems (ISO

50001) was the least implemented one.

Figure 6. Concepts contributing to green product innovation development

VISUAL (n=137) 0,824817518
AUTOMAT (n=139) 0,726618705 |
AMT-PROD. (n=137) 0,832116788 |

PLM(1=139) 0,841726619 |
INS-LIFECY. (1=133) 0,872180451 |
SENSORS (n=134) 0873134328 |
CERT-ENERGY. (n=134) 0,888059701 |
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

BYES ONO

Table 13 presents the configuration matrix that relates the determinants of GPI to each GIC and OD. In this matrix,
each of the identified 18 variables representing the determinants are placed at the intersections between each

GIC and OD, thus showing the existing interrelationships between the components.

Table 13. Configuration matrix between the determinants of green product innovation, the green innovation

capabilities, and the organisational dimensions

Organisational Dimensions ODs

No. of

HR 0B T CER ER variables -

GICs
GSPC TASKS. LOGISTICS. PLAN. IMP S-E. PLM 5
§ &  coc WORK. CERT-ENER. 2
$ S Granc R&D-COOP. 1
é % GPC VISUAL. AMT-PRODU. INS-LIFECY. 3
£ § (GORC  SKLLSPROG, INFORMAT. 2
GRMC MACHINE. AUTOMAT. 2
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GMC IT-TRAINING. SENSORS. LINES. 3
No. of
4 3 4 3 4
variables -
ODs

Table 14 shows the practices or resources (variables) involved in each of the clusters, ordered from the highest

to the lowest percentage of companies that use or implement them, identifying the most outstanding in each

group.

Table 14. Characterisation of each cluster

CPI GPI
Cluster 1 (AEI=0.0) Cluster 2 (AEI=1.6) Cluster 3 (AEI=3.0) Cluster 4 (AEI=4.4)
% Low % Limited % Moderated % High
implementation of implementation of implementation of implementation of
practices or practices or practices or practices or
resources resources resources resources
VISUAL B VISUAL I INFORWMAT. I RraD-coOP.
R&D-COOP. [ TASKS [ WORK B visua
PLAN. B INFORMAT. B VISUAL B TASKS
WORK B skiLLsProG. I TASKS B LOGISTIC
TASKS [ WORK B LOGISTIC B WORK
skiLLs-ProG. B R&D-COOP. B PLAN. B LINES
LOGISTIC B LOGISTIC [ R&D-COOP. B INFORMAT.
INFORMAT. B IMP S-E B skiLLs-ProG. I8 PLAN.
B PLAN. [ LINES [ SKILLS-PROG.
B IT-TRAINING B IMP S-E B IMP S-E
B LINES [ IT-TRAINING [ IT-TRAINING
B MACHINE. B MACHINE. B MACHINE.
I [ B AMT-PROD.
| I B
| | I
I | I
I | i
I I ]

Each cluster was named according to the average number of variables (which include resources or and practices)
implemented by firms, and the percentage of firms that use each variable. Cluster 1, which comprises firms that
develop CPI, was called Low implementation of practices or resources because firms in this cluster used an
average of 6.10 of the 18 resources or practices under analysis. Additionally, in this cluster, only the visual

management (display board in production for work processes and work status) variable is in the fourth quartile of
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the data (75-100%), while the other variables have less percentages of firms that implement the resource or

practice.

The other three clusters, which include firms geared towards GPI development, were characterised in an
equivalent manner. Cluster 2 was named Limited implementation of practices or resources because the average
number of resources or practices used by firms in this cluster was 7.31. Only the visual management (display
board in production for work processes and work status) and integration of tasks (planning, operating or controlling
functions with the machine operator) variables were found to have an implementation above 75% in this cluster.
Cluster 3 was called Moderate implementation of practices or resources, with firms in this cluster using an average
of 9.19 resources or practices and with the integration of tasks (planning, operating or controlling functions with
the machine operator), practices to improve internal logistics (e.g. method of value stream mapping / design,
changes in the spatial arrangement of the production chain), software for production planning and scheduling
(e.g. ERP system), method of S (“workplace appearance and cleanliness”), R&D cooperation with customers or
Suppliers, visual management (display board in production for work processes and work status, and, use
information gathered to develop or adapt current products, services or processes variables having an
implementation above 75%. Last, Cluster 4 was named High implementation of practices or resources, with firms
in this cluster using an average of 10.28 resources or practices and with the integration of tasks (planning,
operating or controlling functions with the machine operator, practices to improve internal logistics (e.g. method
of value stream mapping / design, changes in the spatial arrangement of the production chain), method of 5S
(“workplace appearance and cleanliness”), R&D cooperation with customers or suppliers, visual management
(display board in production for work processes and work status), use information gathered to develop or adapt
current products, services or processes, and, customer- or product-oriented lines/cells in the factory variables

having an implementation above 75% of all the firms under analysis.

Table 14 also shows three behaviours referring to the implementation of these concepts at the inter-cluster level.
To this effect, the variables visual management (display board in production for work processes and work status),
R&D cooperation with customers or suppliers, method of 5S ("workplace appearance and cleanliness”),
integration of tasks (planning, operating or controlling functions with the machine operator), practices to improve
internal logistics (e.g. method of value stream mapping / design, changes in the spatial arrangement of the
production chain), specific programs of competence development, software for production planning and
Scheduling (e.g. ERP system), and, use information gathered to develop or adapt current products, services or
processes present an implementation of practices or improvements in greater percentages in all four clusters,

with the greatest proportion generally in clusters three and four.

At an intermediate level of implementation customer- or product-oriented lines/cells in the factory, upgrading
existing machinery or equipment (e.g. premium efficient motors (IE3), attach insulation, recuperators), IT-based

self-study programs (e-learning) for continuous training and evaluation of production employees, impact and
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performance measurements of social and environmental corporate activities stand out, while the variables
control-automation systems for an energy efficient production, product lifecycle management system (PLM) or
product/process data management, additive manufacturing technologies for mass production, instruments of life-
cycle assessment (e.g. EU Ecolabel, C2C, ISO 14020), sensors or control elements for machines or components
fo allow delivery of remote services, and, certified energy management system (ISO 50001) present an

implementation in lower proportions in all the clusters, and especially in clusters 1 and 2.

In accordance with the hierarchical clustering of the companies in the four groups, and illustrated in Table 12 and
Table 14, differences are presented regarding the implementation of practices and resources at the level of
industrial sectors. The companies in the sectors basic pharmaceutical products and pharmaceutical preparations
are all in cluster 1, or in other words they have a low implementation of practices and resources. Around 90% of
the companies in the sectors food products and beverages have low and limited levels (clusters 1 and 2) and
10% moderate and high levels (clusters 3 and 4). Regarding companies in the sectors textiles, wearing apparel,
leather, and related products, furniture, products of wood, and articles of straw and plaiting materials, paper and
paper products, printing, and reproduction of recorded media, chemicals, rubber and plastic products and other
non-metallic mineral products, machinery and equipment n.e.c., some 80% have a low or limited implementation
and 20% moderate or high levels. Around 65% of the companies in the sectors basic metals and fabricated metal
products have low and moderate levels, and 35% have high levels. Half (50%) of the companies in the sectors
motor vehicles, trailers and semi-trailers, and other transport equipment have low levels and the other half have
moderate levels. Some 30% of the companies in the sectors manufacture of computer, electronic, electrical, and

optical equipment have low and limited levels, while 80% have moderate and high levels.

5.5. Discussion

In this paper, we aim to analyse which GIC-OD configuration leads to a better GPI development. Because each
determinant of GPI, depending on its nature, is associated with each GIC and OD, and based on the result given
by the statistical process, we identify 18 key determinants. In addition, we show which GICs and ODs are the

most closely related to GPI development.

According to the results obtained in this study, the Environmental Regulations dimension is strongly associated
with GPI development. In particular, the group of firms that are in the most advanced stage of GPI are found to
highly implement practices or resources such as product lifecycle management (PLM) systems or
product/process data management, instruments of lifecycle assessment (ISO 14020 or Ecolabel), certified energy
management systems (ISO 50001), and control-automation systems for an energy efficient production, while
these resources are less implemented in firms in the CPI group. This is in line with the findings of Comoglio and

Botta (2012), who find that flexible environmental regulations, such as environmental management systems, have
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a positive effect on firms' environmental performance because they increase firms' commitment to environmental

improvement.

The Human Resources dimension also proves to be key in organisations seeking to restructure themselves to
achieve GPI. In fact, several firms in the group with the greatest advance in GP!I follow practices like Integration
of tasks (planning, operating or controlling functions with the machine operator) and implement resources such
as the method of 5S (“workplace appearance and cleanliness”), specific programs of competence development,
and IT-based self-study programs (e-learning) for continuous training and evaluation of production employees
more than those in the CPI group. This finding is consistent with that of Del Giudice and Della Peruta (2016), who
report that green human resource management (GHRM) influences firms' environmental progress. Additionally,
this result corroborates the ideas of Ubeda-Garcia et al. (2021) and Zhang, Wang, and Zhao (2019), who state
that GHRM has a positive impact on environmental management. In light of the above, firms' personnel must be
qualified in green matters and organisational practices geared towards environmental innovation management

so that organisations can strengthen skills and take on environmental management as a responsibility.

Furthermore, the Technology dimension, which includes practices like upgrading existing machinery or
equipment, as well as resources such as Software for production planning and scheduling (e.g. ERP system),
additive manufacturing technologies for mass production, and sensors or control elements for machines or
components to allow delivery of remote services, is shown to have a higher implementation in firms with the
greatest progress in GPI. According to PalCi¢ and Prester (2020), some of these technologies, which are
considered to be advanced manufacturing technologies, are positively related to the development of green
products. This is in agreement with the findings of Jabbour, Jugend, De Sousa Jabbour, Gunasekaran, and Latan

(2015), who find that the various technological advances favourably influence GPI.

The Corporate Environmental Responsibility dimension is also found to be necessary for GPI. It is supported by
practices such as impact and performance measurements of social and environmental corporate activities, use
information gathered to develop or adapt current products, services or processes; and customer- or product-
oriented lines/cells in the factory. This result is in line with that of Awan, Kraslawski, and Huiskonen (2017), who
demonstrate that social development programs and practices such as assessing the impact of processes and
management actions on the environment lead to a higher market share and an improved environmental
performance. Likewise, this corroborates the ideas of Shahzad et al. (2020), who conclude that, by efficiently
managing information or knowledge, firms can achieve greater corporate sustainability. Additionally, as stated by
Abbas (2020), corporate social responsibility integrates social and environmental concerns and is crucial to

achieve a better environmental performance.

Last, the Organisational Behaviour dimension also proves to be an important organisational aspect in boosting

environmental innovation. Resources such as practices to improve internal logistics (e.g. method of value stream
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mapping / design, changes in the spatial arrangement of the production chain), R&D cooperation with customers
or suppliers, and visual management (display board in production for work processes and work status) stand out
in this dimension. This finding is in agreement with that of Isensee, Teuteberg, Griese, and Topi (2020), who state
that there is a high interdependence between organisational behaviour and firms' level of environmental
sustainability. Hence, the need for an organisational approach towards environmental protection. This is also
supported by the study of Hallstedt, Ny, Robért, and Broman (2010), who confirm that creating an environmentally

sustainable culture within organisations is key to making progress in developing green products.

Regarding GICs, the Green Strategic Planning Capability is shown to be the most closely related to GPI
development. This points to the need to define aspects such as goals, programs, projects, activities, tasks, and
deadlines that lead firms to an organisational restructuring focused on sustainability. According to Landrum
(2018), since business-oriented corporate sustainability is not enough to address the environmental crisis,
environmental science and ecology must be integrated into firms' strategic planning to achieve progress in

managing corporate sustainability.

The Green Production Capability is found to be the second most related aspect to GPI development. This
suggests that organisations should maintain or increase their productivity levels while using biodegradable raw
materials and generating less waste and pollution (Bogue, 2014). Moreover, based on our results, the Green
Marketing Capability also influences the development of green products. This is confirmed by the study of
Guoyou, Saixing, Chiming, Haitao, and Hailiang (2013), who demonstrate that marketing pressures drive

corporate sustainability.

Likewise, the Green Organisational Innovation Capability, which is concerned with a firm's operations, is found to
help to respond to environmental concerns by incorporating and implementing GPI. This finding is in line with that
of Qiu et al. (2020), who state that GPI can be consolidated at the organisational level through its

institutionalisation, thus encouraging and leading to an organisational restructuring.

Furthermore, the Green Organisational Learning and Relationship Capability shows a positive effect on GPI
development, which concurs with the results of Karman and SavaneviCiené (2020), who report that gaining
knowledge and skills in environmental matters, cooperating with partners, and developing employee best
practices influence firms' environmental performance. Since creating GPI is often new to most organisations, the
role of organisational learning in achieving this type of innovation should be given considerable attention (Qiu et
al., 2020).

The Green Resource Management Capability also proves to influence the development of green products

because investing, for instance, in resources to strengthen ecological skills, laboratories, equipment, qualified
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personnel, and the research and development of cleaner technologies could favour the creation of GPI (Chen &
Chang, 2013; De Medeiros et al., 2014).

Last, the Green Research and Development Capability is also found to have a favourable impact on the
development of green products. This is consistent with the findings of Liao (2017), who state that green-oriented
R&D positively influences firms' environmental development. R&D plays a key role in helping firms to exploit their

existing invention skills and explore new technological creations (Tushman, 2017) that could lead to GPI.

Although some of the proposed capabilities and dimensions stand out more than the others, it does not mean
that some are more important than the others. In other words, this paper does not try to analyse the contribution
of each OD and GIC but rather their overall configuration as a systemic approach aimed at achieving GP!I. In light
of the above, all the ODs (i.e., ER, HR, T, OB, and CER) and GICs (i.e., GSPC, GOIC, GPC, GOLRC, GRC,
GMC, and GR&DC) proposed by (Serrano-Garcia et al., 2021) play a part, from their own perspective and
technical nature, in the management of the determinants leading to GPI. This results in a system of interrelated
elements, each of which contributes to the organisational restructuring necessary to transform processes and

direct them towards an innovation management conducive to GPI.

During the characterisation of the clusters, firms that already implement environmental improvements in their
products are shown to better manage their work compared to those that have not yet implemented environmental
improvements. In fact, the former extensively employ strategies such as planning, logistics, and order at work;
R&D cooperation; development of specific new production lines; and learning from accumulated experience and
errors. However, we also find that even firms with better environmental management still need to strengthen those
green-oriented determinants-variables that could lead them to better respond to GPI. Regarding the influence of
the industrial sector, differences were found in the sense that within and between sectors the companies
presented low, limited, moderate and high levels of environmental practices and improvements. More specifically,

no sector stands out in any of these levels.

5.6. Conclusions

In this paper, we analyse how the GIC-OD configuration proposed by (Serrano-Garcia et al., 2021) serves as a
reference framework for managing innovation, in an attempt to respond to the green-oriented determinants and
thereby encourage an organisational restructuring focused towards GPI development. By means of a matrix, we
establish a connection between the different GIC and OD to build a structural relationship associated with the

determinants of GPI in a practical and experimental way.

Our findings empirically confirm the positive impact of each GIC and OD on GPI development. Hence, the
framework proposed in (Serrano-Garcia et al., 2021) is found to influence the environmental management of the
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firms under analysis. For an innovation management focused on GPI development, organisations should be
considered under a systemic approach that encompasses each of the aforementioned capabilities and

dimensions and directs them towards the green purpose.

5.6.1. Theoretical and management implications

These findings evidence a series of theoretical repercussions and managerial practices that could be useful for
academics, government entities, and professionals in different fields. From an academic perspective, this
research makes contributions to the RBT, the NRBV, and the DCs, along with their extension to the GICs, and
supports the need to associate them with the ODs. Moreover, all the proposed GICs and ODs are found to be
necessary and to contribute to the design of a governance mechanism focused on an innovation management
aimed at achieving the determinants of GP! to favour environmental sustainability. This study also demonstrates
that the configuration of the seven GICs and five ODs constitutes a means to achieve GPI. It therefore opens up
new fields of research for academia to explore and further examine the relationship between GICs and ODs and

green innovation management.

Last, from the perspective of managers of manufacturing firms and government organisations interested in
environmental sustainability, we found how, as firms boost GPI development at the organisational level under the
strategic support of the different GICs and ODs, they could reduce their negative impacts and help to solve the

environmental problems they cause. This would, indeed, encourage a transition from CPI to GPI.

5.6.2. Limitations and future work

Although this study proposes and empirically validates a GIC-OD configuration for GPI development, it has
various limitations. The EMS provides representative empirical evidence and evaluates key variables in the field
of environmental management. However, since the data collected comes from a survey, the variables under
analysis are not measured directly but are limited to the responses provided by respondents. Additionally, even
though large-scale surveys can contribute to the validity and strength of the evidence in this strategic matter, it
would be interesting to include data from other countries where the EMS has also been applied, as each country
may have unique characteristics that could lead to differences in the results, to discover patterns of as yet

unobserved behaviour in the companies and industrial sectors analysed in the present document.

Furthermore, we identify a number of possible future works that could significantly contribute to this line of
research. On the basis of the link between GICs and ODs, future studies could use other variables that can be
operated and controlled by organisations to represent the determinants of GPI. Moreover, further research might
consider addressing GPI development under other conceptual perspectives (e.g., the stakeholder, contingency,

value chain, and business model theories) in combination with the GICs and the ODs. Likewise, it would be
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interesting to extend the association between the GICs and green-oriented ODs to other economic sectors, such
as the construction, health, tourism, and education sectors, which are also seeking to reduce their environmental
impact. Last, it is recommended that future studies consider different variables or criteria to evaluate the
characteristics of a constituted GPI to assess firms' environmental performance and their impact on financial

performance.
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5.7. Appendix A

Green Innovation Capabilities (GIC) and Organisational Dimensions (OD): a selection of variables in the

representation of the determinants of Green Product Innovation (GPI)

Construct Operationalization

GIC oD # Variables encuesta EMS-2015

1 Integration of tasks (planning, operating or controlling functions with the machine
HR operator)
2 Is there a separate area of responsibility for competence development and training?

3 Virtual-reality- or augmented-reality-applications for services (e.g. services supporting

OB the product, remote-training, product design for services, product presentation etc.)

(GSPO)

4 Method of Value Stream Mapping/Design
T 5 Software for production planning and scheduling (e.g. ERP system)

CER 6 Impactand performance measurements of social and environmental corporate activities

Green Strategic Planning Capability

ER 7 Product-Lifecycle-Management-System (PLM) or Product/Process Data Management
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Green Organizational Innovation

Capability (GOIC)

HR

OB

CER

ER

10

11

12

13

Method of 55 (“work place appearance and cleanliness”)

Impulses / ideas for innovations by CEO or plant management in new organizational
concepts

Impulses / ideas in production to innovate in new organizational concepts.

Systems for automation and management of internal logistics (e.g. RFID, warehouse

management systems)

Methods of assuring quality in production (e.g. preventive maintenance, Total Quality

Management, Total Productive Maintenance)

Certified energy management system (EN ISO 50001, previously EN 16001)

Green Research and Development

Capability (GR&DC)

HR

OB

CER

ER

14

15

16

17

18

19

20

Impulses / ideas in R&D /engineering for generation of new products
R&D co-operation with customers or suppliers

R&D co-operation with research organizations or research entities (e.g.

universities/institutes)
R&D co-operation with other companies (customers or suppliers excluded)
Nano-technological production processes (e.g. surface processing)

Did your factory perform Research and Development (R&D) or order R&D activities

from external partners?

Capacity expansion in R&D

Green Production Capability (GPC)

HR

OB

CER

21

22

23

24

25

26

27

28

29

30

31

Are existing competences of employees in production captured systematically?
Impulses / ideas in production for generation of new technical production processes
Impulses / ideas in production for generation of new products

In the production area, are job specifications developed for specific areas of
responsibilities?

Visual Management (Display board in production for work processes and work status)

Production/assembly of the product is carried out against the customer's order (make to

order)
Production controlling by pull principles (e.g. Internal zero-buffer principle, KANBAN)
Industrial robots for manufacturing processes (e.g. welding, painting, cutting)

Industrial robots for handling processes (e.g. depositing, assembling, sorting, packing

processes)

Additive manufacturing technologies for mass production (incl. single unit production,

small batches, spares, etc.).

Methods of continuous improvement of production processes (CIP, KAIZEN, quality

circle, PDCA, Deming circle/cycle, etc.)
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ER

32

Instruments of life-cycle assessment (e.g. EU Ecolabel, C2C, ISO-14020)

Green Organizational Learning and Relationship Capability

(GOLRCQ)

HR

OB

CER

ER

33

34

35

36

37

38

39

40

41

Do specific programs of competence development exit for single areas of
responsibilities?

Seminars, training opportunities with interdisciplinary focus (e.g. language courses,
team leadership)

On-the-job training (e.g. job rotation, workplace instructions, organized exchange of

experience with colleagues)

Digital Exchange of product/process data with suppliers / customers (Supply chain

management)
Seminars, training opportunities with activity-specific (e.g. machine maintenance)
Information offers (e.g. specialized trade fairs, external databases)

Do you use information gathered by applying digital technology further to develop or

adapt current products, services or processes?
The creation and development of the product is according to customers' specification

Participation on measures for continual quality improvement (e.g. quality circles,

groups for CIP)

Green Resource Management Capability (GRMC)

HR

OB

CER

ER

42

43

44

45

46

47

48

49

50

51

Broad-based employee financial participation schemes (e.g. employee share, profit

sharing, performance related payments)

Instruments to maintain elderly employees or their knowledge in the factory (e.g.

training programs, incentive systems, or similar)

Production co-operation (e.g for capacity compensation or for joint utilization of
machinery)

Purchasing co-operation

Premature substitution of existing machinery or equipment by new machinery or
equipment

Forecast of the replacement of existing machinery or equipment with new machinery or
equipment

Switching off components, machinery or equipment when not in use (e.g. switching off
compressed air supply, ambient light sensors to regulate lighting)

Technologies for recuperation of kinetic and process energy (e.g. waste heat recovery,

combined cold, heat and power generation)
Method for optimizing of change-over time (e.g. SMED, QCO)

Control-automation systems for an energy efficient production

Green

Marketi

HR

52

53

Ideas and impulses in customer service for the generation of new products.

IT-based self-learning programs (e-learning)
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54

OB
55
56
T 57
58
59

CER

60

ER

61

Sales / distribution co-operation
Service co-operation

Usage of the internet to support service activities (e.g. for training, documentation,

defect explanation).
Remote support for clients (User Helpdesk, Service Hotline, web platform)

Sensors or control elements for machines or components to allow delivery of remote

services

Customer- or product-oriented lines/cells in the factory (instead of task-/operation-

structured shop floors)
End of life services (e.g. recycling, disposal, taking back)

Provides its customers with maintenance and repair related to the product offered.

Note: Human Resources (HR); Organizational Behavior (OB); Technology (T); Corporate Environmental

Responsibility (CER); Environmental Regulations (ER);
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Abstract

The proclamation of the sustainable development goals is driving companies to implement protective measures
that favour the environment, thereby occupying a strategic place in the creation of green product innovation (GPI).
This new management paradigm could be impacting capabilities, techniques, technologies, efficient energy use,
and green-oriented production policies and systems. Therefore, one of the challenges is to configure green
production capabilities (GPC) coordinated with the technology dimension (TECH), because the design of
ecological products and their manufacture requires the backup of capabilities and possibly the support of green
technology. To this effect, this article aims to establish the impact of the association of GPC and TECH on
organisational performance. To do so, we test whether the adoption and high implementation of GPC and TECH
affect environmental and financial performance. Empirical evidence is supported by the European Manufacturing
Survey (EMS), using a sample of 1,018 manufacturing companies from seven European countries. Our results
show that the adoption of GPC and TECH and their high levels of implementation have a significant impact on
environmental and financial performance. Regarding the association between the implementation of GPC and
TECH, its contribution to environmental performance but not financial performance is evidenced. Furthermore, at
high levels of implementation of this association, there is no significant effect on either environmental or financial
performance. These findings drive theoretical and practical implications and provide opportunities for academics,

managers, and government bodies.
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6.1. Introduction

“‘Advances in technology and science have left no aspect of life untouched. The fourth industrial revolution has
been deeply transformative, connecting and networking the world in hitherto unimaginable ways, generating
innovation and being a driver of progress for sustainable development [...] Let us not have any illusions. It would
be easy to assume that “business as usual” would simply mean continuing as we are. That is not what will happen.
A business-as-usual approach will produce [...] disaster. [...] We need more innovation [...] and the need to work
and act together will help us seize the opportunity to correct course and shape a better future” (United Nations,
2022). These are the words and vision statement formulated by the current secretary of the UN, an institution that
has become the flagship of sustainable development. Collective action calls for all actors of regional, national,
and international eco-systems to contribute to this cause, business being highly relevant due to its capacity for
innovation. Greening innovation -in both product and process- is both a challenge and an opportunity for the

sustainability agenda.

The proclamation of the UN’s Sustainable Development Goal (United Nations, 2015), already almost a decade
ago, together with stakeholders’ increasing environmental awareness and pressure, is prompting companies to
implement environmental prevention and protection measures. Sustainable orientation is gradually being
considered as crucial, followed by a potential inclusion in the area of strategic management (He, Ding, & Yang,
2021; Suganthi, 2019) and operations. Its most material and visible effect is the creation of green product

innovation.

With business practice finding opportunities in green production techniques and products with positive
environmental impact, academic research is also devoting attention to the field. A recent trend in this field, with a
growing body of knowledge and research (Begum, Ashfag, Xia, & Awan, 2022), suggests that green innovation
could be considered a critical factor of productivity since its creation harmonizes with the reduction of costs and
greenhouse gas emissions, energy savings, use of clean technologies, and production and processing making
better use of the raw material (Dost et al., 2019; He et al., 2021). Therefore, green product innovation should
favour a company’s progress towards sustainable development (Chen et al., 2006; Lin, Tan, & Geng, 2013),
which would further contribute to reducing environmental impacts and, in consequence, favour the company’s

image, business objectives and competitive advantage.
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However, many companies are still hesitant about or distrust the value that the development of green product
innovation can provide. The literature suggests different reasons to explain this lack of conviction: (i) lack of
experience in green issues, causing core competencies to be neglected and competitiveness to be lost (Vrchota
et al., 2020); (ii) dealing with new paradigms in terms of changes in technologies, operations management and
commercial strategies (Suganthi, 2019), with a focus on the reorganization of resources and capabilities,
generating additional costs; or (iii) limiting responsiveness on the part of the company given the production
conditions, the economic situation and the real value of the integration of technologies and organizational and
operational systems (Yan & Zhang, 2021). Based on these reasons, the reorganization of resources and
capabilities seems to be a common concern to adopt this new management paradigm, although some authors
(Ikram, Sroufe, Awan, & Abid, 2021) even formulate and suggest a roadmap for green technology explicitly

making reference to organisational structure, in the first stage, and implementation, afterwards.

To gain knowledge of the management approach leading to GPI development, Serrano-Garcia et al. (2021)
identified and categorized the determinants of GPI in association with green capabilities (GIC) and organizational
dimensions (OD). Specifically, they identified seven GICs: green strategic planning capability, green
organisational innovation capability, green research and development capability, green production capability,
green organisational learning and relationship capability, green resource management capability, and green
marketing capability; and five ODs: human resources, organisational behaviour, technology, corporate
environmental responsibility, and environmental regulation. Later on, the same authors (Serrano-Garcia et al.,
2022) demonstrated how these capabilities and dimensions form a system of interrelated elements contributing
to the restructuring of organizational processes in favour of the creation of GPI. Therefore, companies that have
the ability to reconfigure their capabilities to meet the challenges of the natural environment in conjunction with
green technology could thrive in the long term by achieving sustainable competitive advantage (Celikyay &
Adiguzel, 2020; Hart, 1995; Teece, 2007). The inclusion of green technologies contributes to reducing ecological
degradation, driven by efficient production modes that contribute to the elimination of non-ecological products
(Ahmad & Wu, 2022), shaping a more efficient, ecological, and sustainable product in the long term (Lopes,

Gomes, Pacheco, Monteiro, & Santos, 2022).

Having recognized that GICs are a strategic factor for creating GPI, one of the challenges is to reconfigure green
production capability (GPC) and interrelate it with the technology organizational dimension (TECH) (Serrano-
Garcia et al., 2021) because the design of ecological products and their manufacture and production require the
support of capabilities (Hartmann & Germain, 2015). There is a lack of research on the challenges of integrating
technologies at the organizational level for the manufacture of green products (Khan, Dhir, Parida, & Papa, 2021).
There is also a demand for more research and empirical studies that describe how green technology influences
financial and environmental performance (Li, Dai, & Cui, 2020). Few studies have considered organizational
factors that link innovation in green technology to performance (Xie et al., 2019). Furthermore, it is necessary to

respond to environmental challenges vis-a-vis green technology innovation and the mechanisms that intervene
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to achieve business performance (Wang et al., 2021). A recent and comprehensive review published by (Jasti,
Jha, Chaganti, & Kota, 2022) analysing more than 900 articles on the topic of sustainable production system,
identify a series of gaps such as the need of sustainable constructs’ implementation as a coherent set instead of
individual constructs, relating them to sustainable performance, as well as providing sound evidence from multiple
sectors and several countries. However, a previous step to implementation and an important predecessor of
green manufacturing are drivers. In the list published by Mittal & Sangwan (2014) technology and organisational
resources appear as selected drivers, but they do not rank among priorities as incentives, public pressure, present
and future legislation, and public image. Positioned at the confluence of these gaps, our study aims to describe
performance effects of the association between GPC and TECH on performance, considering different nuances
of implementation. More concretely, mere implementation or rather high adoption of separate or combined
practices are tested in European companies surveyed. The empirical context for the study is built using first-hand
information provided by companies covering the entire manufacturing range of economic activities with data from
seven European countries included in the European Manufacturing Survey (EMS). The structure of this
international survey is based on thematic blocks designed to obtain information on the respective characteristics
and effects at the level of organizational and environmental concepts. Data from different rounds of the EMS have
already been used in several works under environmental approaches, including the study performed by
(Gerstlberger, Praest Knudsen, & Stampe, 2014; PalCi¢ & Prester, 2020; Pons et al., 2018, 2013; Sebo, Sebova,
& Palci¢, 2021).

This study’s overall contribution is the experimental orchestration of the relationship between green production
capability and technology in the pursuit of organizational performance, further detailed for ecological and financial
performance perspectives. The ultimate aim is to contribute to the emerging and growing body of knowledge on
green innovation, a key ingredient and a crucial mechanism towards the achievement of sustainable

development.

The article is structured as follows. In section two, the theoretical background is presented, and the hypotheses
developed. Section three describes the methodology. The results and discussions are presented in section four.

And last, in section five, the conclusions, implications, limitations and future lines of research are considered.

6.2. Theoretical background and hypothesis development

6.2.1. Literature review

This purpose of this review is to examine previous research papers in chronological order since the theory of
resource-based view (RBV) and its variants and from the theoretical approach of green technology, to understand

the progress of how to create GPI in pursuit of organizational performance. See Table 15 .
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Table 15. Review of quantitative studies on the topic of GPI performance

Theoretical

Author(s) Objective/questions perspectives Methodology Key findings

(Chen & To explore the influences of Dynamic Taiwan’s Support for how green dynamic
Chang, green dynamic capabilities capabiliies  electronics capabilities and green
2013) and green transformational theory industry  using transformational leadership are
leadership on green product structural positively related to green
development performance. equation product development

modelling performance.
(Hartmann To understand the RBV 769  Russian Identification of how integration
& relationships between manufacturers  capabilities can be exploited to
Germain, integration capabilities, and use of help improve the effects of
2015) ecological product design, structural ecological product design in
and manufacturing equation pursuit  of  manufacturing

performance modelling performance.
(Dangelico Which sustainability-oriented Sustainability- Use of survey Indicates how the creation and
et al., dynamic capability SODC are oriented data collected reconfiguration of sustainability-
2016) needed to develop green dynamic from 189 ltalian oriented dynamic capabilities
innovation and eco-design capability manufacturing  affect market performance; and
capabilities? Which of these firms, with how external resource
capabilities leads to the better confirmatory integration, internal resource
market performance of green factor analysis integration, and  resource
products? and structural building and reconfiguration
equation affect capacity for ecological
modelling. design and, consequently,
market  performance.  Also
identified is how the integration
of external resources is the only
factor that impacts capability for
ecological  innovation  and
intervenes in the link between
the integration of external
resources and market

performance.
(Andersén, To contribute to the The natural- 305 Swedish Identifies a direct relationship
2021) development of a relational resource- small between GPI and organizational
NRBV (RNRBV) on product based view manufacturing performance.  Likewise, it
innovation by examining the (N-RBV) firms using identifies how suppliers that
relationships between GPI, structural contribute green inputs facilitate
green suppliers, and equation the achievement of GPI,
differentiation advantage modelling. generating an essential alliance
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(Huang &
Chen,
2022)

(Xie et al.,
2019)

(Afum,
Sun,
Agyabeng-
Mensah, &
Baah,
2021)

(Wang et
al., 2021)

Evaluate the  coercive,
normative, mimetic
institutional pressures and
the ‘"green firm's slack",
referring to the excess of
resources available for the
implementation of green
alternatives, identifying these
resources from the
perspective of the resource-
based view (RBV) for green
product innovation success.
The company's green slack is
also examined as a mediator
between institutional
pressures and GPI.

What are the relationships
between green  process
innovation, green product
innovation, and  firms'
financial performance?

Are there any significant
interrelationships  between
green  lean  production
systems, green technology
adoption, green  product
innovation, social
sustainability ~ performance
and green competitiveness?

Do  green  technology
adoption and green product
innovation play mediation
roles between lean
production systems, social
sustainability  performance
and green competitiveness?
To test the relationships
between different types of
green technology innovation

and the similaries and
differences of their
transmission  paths  in

economic performance.

Institutional
theory and
resource-
based
perspective.

Green
technology
innovation

Green
technology

Green
technology
innovation

A sample of 170
Taiwanese
high-tech firms,
including
electrical
electronics
manufacturers,
with
confirmatory
factor analysis
and structural
equation
modelling

and

209 companies
that belong to
polluting
manufacturing
industries, using
regression
analysis.

197 managers
of
manufacturing
firms in Ghana,
using structural
equation
modelling

642  industrial
enterprises  in
China with
exploratory
factor analysis.

Verifies a positive relationship
between the analysed variables
affecting company performance,
identifying that the greater the
environmental pressure and the
extra availability of resources,
the more likely the company is to
develop  successful  green
products, resulting in better
environmental and economic
performance.

Identifies how green process
innovation has a positive impact
on green product innovation and
how the two can contribute to
financial performance, needing
to complement each other to
ensure benefits from green
technology innovation.

Findings support how green as
lean production systems present
a positive effect on the
interrelationships between green
technology  adoption, green
product innovation and green
competitiveness, but not so
much on social sustainability
performance.

Verifies how green technology
innovation  can  effectively
improve the economic
performance of enterprises.

Although there are valuable studies investigating how alternatives that may favour the development of GPI to

impact organizational performance are interrelated, the need for additional research from the RVB perspective

with its extension to GIC is identified, and particularly in this case from GPC and from the perspective of the TECH

organizational dimension, given that various studies identify technology as a tool, thus limiting its scope and
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strategic position in the organization. Therefore, the original contribution we make with this research is the

association of GPC and TECH in pursuit of the development of GPI that facilitates organizational performance.

6.2.2. Green production capability

The post-industrial system based on mass production (Mark et al., 2001) is undoubtedly an advantage for the
company. However, this behaviour may be far from compatible with the environment. In its need to offer products,
the company may be transforming its production into an excessive use of resources, converting them into massive
amounts of waste and pollution (Mark et al., 2001). Considering that current profit margins are very narrow, failure
to address environmental challenges could also lead to difficulties in surviving (Shete, Ansari, & Kant, 2020). It
is therefore necessary to opt for sustainable production, under the protection of a diligent organization and with a
strategic focus on green innovation, especially since green manufacturing consists in the creation of products
whose essence lies in the reduction and/or elimination of harmful substances and use of natural resources,
focusing production on renewable raw materials and clean technologies (Vrchota et al., 2020). Further, green
production involves the ecological design and use of packaging that is respectful to the environment, and involves
putting the 6 Rs - reduce, reuse, recycle, recover, redesign, and remanufacturing resources conservation (Seth
et al., 2018)- into practice. To this effect, green production is explicitly focused on maximizing efficiency, which
impacts on operations and productivity, favouring the creation of green products aimed at creating customer

satisfaction in pursuit of financial profit (Ikram et al., 2021; Le, 2022).

Since production is directly related to eco-efficiency, the company could acquire a competitive advantage over
traditional manufacturing industries given that green production facilitates the creation of GPI, which contributes
to environmental protection and is a competitive factor aligned with adaptation and resilience (Forés, 2019;
Serrano-Garcia, Bikfalvi, Llach, Arbelaez-Toro, et al., 2022). Consequently, companies may currently require the
design and development of green processes and products, which have a positive effect on the environment and

at the same time preserve the sustainable operation of the organization (Wang et al., 2022).

Production practices to avoid material losses due to leakage or overuse to reduce or eliminate the presence of
heavy metals, carcinogenic substances or chlorofluorocarbons; the use of technologies that help to optimize
production, control overall quality, and save water and energy; and the creation of recycling circuits and the
recovery of residual resources to be used in production, among others (Fiksel, 1996; Vifiolas Marlet, 2005), are
valuable production capabilities currently needed by the organization in pursuit of the competitive advantage that
allows financial and environmental performance to be impacted, since the creation and implementation of
environmental solutions depends significantly on the capabilities possessed by the organization (Bhupendra &
Sangle, 2016). This is consistent with Barney (1991), whose RBV identifies resources and capabilities as valuable
and determinants of competitive advantage, facilitating the formulation and implementation of strategies that lead

to process efficiency and effectiveness, thereby empowering the bases for creating GP!I.
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From the RBV perspective, when creating GPI the company can accumulate unique and valuable knowledge
resources, giving them the advantage and creating difficulties for competitors, consequently impacting on the
performance of the company (Barney, 1991; Xie et al., 2019). In this regard, it is key to involve the natural
resource-based view (NRBV) (Hart, 1995), which identifies how resources and capabilities oriented towards green
production could be an organizational tool that favours environmental protection, meaning a future competitive
advantage. A necessary feature to this effect is the dynamism focused on green innovation, calling on dynamic
capabilities (DCs) that represent the potential for adapting resources and competencies to the companies’ various
evolution and developmental challenges (Teece, 2007). Next, and with the aim of responding to the challenge of
innovation, innovation capabilities (ICs) emerge from DCs, corresponding to the integration of technological
innovation and capability (Rhodes, 2018), as commented in (Yoo, Choo, & Lee, 2018). According to the Oslo
Manual, ICs are the organizational and managerial capabilities to mobilize, command and exploit resources in
pursuit of the creation, development and introduction of technological innovations in new or improved products
(goods or services), production processes, and company marketing and organization (OECD/Eurostat, 2005,
2018).

Therefore, and given the current challenge of companies to take environmental sustainability on board, a strategic
approach of ICs is their orientation towards the green (GIC). In light of the determinants of GPI, Serrano-Garcia

et al., (2021) propose an original notion about GICs:

“[GICs] are understood as organisational and dynamic abilities built and/or acquired by an
organization in accordance with its strategic and operational management and aimed at developing
GPI and contributing to solving the environmental challenges. GIC must be identified and integrated
into each organisational function to respond to the new demands or necessary improvements within
the context of GPI development. As a result, this would help firms to reduce and/or eliminate the

pollution they cause, thus gaining comparative and competitive advantages” (p. 5).

GICs influence sustainable competitive advantages (Mellett et al., 2018). To this effect, from the manufacturing
function, the deployment of GPC could be required to facilitate the redesign, transformation and support of
resources and processes towards formulating the organization’s environmental strategy in pursuit of the
development of GPI, hence the need for and importance of distinguishing and possessing GPC. Serrano-Garcia
et al., (2021) propose an original notion about GPC: "firms' abilities to develop and manufacture GPI based on
stakeholders' needs and R&D results aimed at preventing the generation of waste, minimizing the use of materials
and inputs, and fostering the employment of eco-efficient materials and waste reuse" (p. 6); and in a way where
manufacturing executives and the company management identify GPC as a strategic tool and generator of

competitive advantage in the current environment.
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Previous research by Andersén, (2021) and Hartmann & Germain, (2015) identifies the probability of financial
and environmental performance being associated with companies’ capabilities to innovate in pursuit of green
development. Similarly, previous studies highlight the substantial benefits of the green innovation strategy,
boosting performance and represented in green production capacity that facilitates reduced production costs and
energy consumption and the reuse of materials, ultimately impacting on organizational efficiency (Wang et al.,
2022). Since green innovation is considered an organizational phenomenon that involves the potential to design,
develop and launch new sustainable products in the market, GPC could be directly linked to the development of
GPI because this would facilitate the operability of an eco-sustainable production, meaning lowered expenses
and environmental impacts, thereby contributing to the improvement of environmental and financial performance
standards. To this effect, in line with the previous approach, we believe that GPC is associated with the

performance of the organization and the following hypothesis is formulated:

H1: The adoption of green production capability has a positive effect on performance.

To complement the above hypothesis, we want to distinguish between different degrees of adoption regarding
the capabilities implemented. This may be possible because the EMS categorizes the estimate of the degree of
adoption of capabilities as "low" (recently introduced, without reaching full potential), "medium" (partial adoption)
or "high" (adoption close to total potential), allowing the company to identify the degree of actual adoption of
capabilities in relation to the level identified as potential for the company. Based on adoption categories and

emerging from this approach, we would expect to confirm H1a:

H1a: A high degree of adoption of green production capability has a positive effect on performance.

6.2.3. Technology

Under the notion of organizational architecture, the manager is required to consider a model of organizational
congruence supported by organizational dimensions that facilitates the transformation of processes in the
company (David Nadler et al., 2011). Organizational dimensions are made up of people, the structure, processes,
technology, culture, and organizational behaviour (Daft, 2011; David Nadler et al., 2011; Robledo-Velasquez,
2019). Therefore, the challenge is to detect what dimensions and their congruence improve company
performance (David Nadler et al., 2011). In line with the results of Serrano-Garcia et al., (2021) and Serrano-
Garcia et al., (2022) on the characterization of the five organizational dimensions, in this article we focus on TECH
from devices, technical methods and systems as part of an organizational strategy vis-a-vis the challenge of
responding to the constitutive determinants of GPI. To this effect, and in brief, in pursuit of implementing green
product design and creation strategies, the use of technology coordinated with the company structure, system,

resources, and capacities is essential (Celikyay & Adiguzel, 2020).
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The catastrophic increase in environmental pollution in recent decades, the use of energy inefficient technologies
(Khan, Kaur, Jabeen, & Dhir, 2021) and managers’ understanding of reliance on current technologies may be
generating incompatibility in terms of advancing towards the manufacture of green products (Dost et al., 2019).
In turn, technology should not be considered strictly as the net description of the "artifact", but as the sum of
knowledge and skills that enables the transformation of organizational processes to modify traditional
manufacturing in an approach of separation and unpacking, enabling recycling, waste management, reuse, and
a reduction in energy consumption, harmful substances and materials (Fiksel, 1996), all key determinants in the
achievement of GPI (Albino et al., 2009; Berchicci & Bodewes, 2005; Jabbour et al., 2015). The transfer and
acquisition of clean technology and environmentally friendly management methods are also needed (Vifiolas
Marlet, 2005), identifying technology as a strategic factor for optimizing the design, production, and development
of green products; requiring the establishment of a planning system to understand the importance of the transfer
of green technology and the identification of possible financial effects (lkram et al., 2021); and, given that the
implementation of green technology could be impacting on improving the corporate image, reducing the
environmental impact, increasing participation in the capital market and boosting corporate financing (Ma, Zhang,
&Yin, 2021). The research by Shahzad, Qu, Rehman, & Zafar, (2022) suggests how innovative green technology
can be a simple process for implementation, facilitating the capacities required in green production and enabling

long-term financial results.

The concept of green technologies and processes was introduced in the 1960s, emerging from the international
activism of the environmental movements of industrialized nations, and gaining popularity thanks to the Kyoto
Protocol, the Copenhagen Conferences, and the Paris Agreement of the United States Nations Framework
Convention on Climate Change (Vrchota et al., 2020). Green technology “refers to technology that can save
resources and reduce environmental pollution during the production process” (Dong et al., 2021, p. 2).
Furthermore, technological orientation could be interpreted as the possibility of opening companies up to new
ideas and the tendency to adopt technologies for the development of ecological products (Celikyay & Adiguzel,
2020). For its part, ecological technology is directly related to the application of green innovation to launch the
resulting ecological products in the market, in line with the concept of sustainable development (Wang et al.,
2021). The use of green technologies therefore enables the introduction of green processes in production,
favouring the environmental impact (Vrchota et al., 2020). Green technology innovation is recognized as a
necessary and contributing factor for the reduction of greenhouse gas emissions (Sun et al., 2020), and
implementing innovation in pollution prevention technologies can impact on achieving green products (Dost et al.,
2019). In synchronicity with the current dynamic environment, not considering the development of technology
would be disastrous for the viability of businesses that seek to take care of the environment with their actions
(Le, 2022). Thus, the role of technology must be further expanded to facilitate the management of green
manufacturing, from eco-innovative designs to the reduction and recycling of waste, emissions, and energy,
among others (Seth et al., 2018). Similarly, green technologies could play a vital role in balancing the economic

objectives of the company and environmental protection (Palmer & Truong, 2017). There is an imperative need
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to develop clean and ecological technologies that lead to the reduction of pollution and emissions, favouring

production processes (Erzurumlu & Erzurumlu, 2013; S. J. Khan, Kaur, et al., 2021).

Palmer & Truong (2017) identify the lack of attention to understanding how upgrades in green technology can
contribute in a commercially and environmentally viable approach. From the financial perspective of innovation,
green technology can also achieve an unprecedented level of performance in reducing resources, production and
operating costs; improving the quality of processes, the manufactured product, and the scalability and response
of new products; achieving more efficient management of manufacturing data; improving communication between
departments; and increasing market share, which could lead to an impact on productivity resulting in production
efficiency (Llach Pagés, Bikfalvi, & de Castro Vila, 2009; Wang et al., 2021), prompting the creation of a market
accepted offer of GPI that can impact the environmental and financial performance of the company. According to
Yin, Zhang, Li, & Dong (2021), “systematic innovation of green technology is the key to implement green

manufacturing, and it is hugely significant to promote high-quality financial development” (p. 1).

Therefore, in light of the above, we believe that TECH is associated with organizational performance, implying

the following hypothesis:
H2: The adoption of technology has a positive effect on performance.

To complement the above hypothesis, we want to distinguish between the different degrees of adoption of the

technologies implemented, in which case we expect the following hypothesis to be confirmed:

H2a: A high degree of adoption of technology has a positive effect on performance.

6.3. Methodology and measurement

6.3.1. Data collection

For the evaluation and empirical analysis, we proceeded using data collected from the EMS 2018 edition, which
is the sum of thematic blocks that seek to measure attributes and impacts at the level of organizational,
environmental, and technological concepts. The objective of the survey is to obtain information on production
processes, asking companies in the manufacturing sector about the use of new technologies and innovative
organizational concepts. The survey questions are decided by the participants of a consortium made up of
European research centres and universities, administered by the Fraunhofer Institute for Systems and Innovation

Research ISI. EMS-2018 was answered by approximately 3,250 manufacturing companies from 15 European
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countries: Germany, Switzerland, Austria, Croatia, Slovenia, Spain, the Netherlands, Denmark, Portugal,
Sweden, Serbia, Lithuania, Slovakia, the Czech Republic, and Norway (Fraunhofer Institute for Systems and

Innovation Research ISI, 2021).

Various research projects associated with environmental approaches have been carried out based on the data
gathered in different versions of the EMS. Under empirical evidence, and using a sample of manufacturing
companies in Spain, Llach, Castro, Bikfalvi, & Marimon (2012) present the relationship between implementing
the environmental management system and organizational innovations. From a sample of 335 manufacturing
companies in Denmark, Gerstlberger, Praest Knudsen, & Stampe (2014) study the interaction between product
innovation and energy efficiency measures in pursuit of the generation of strategies for sustainable development.
Using the Spain and Slovenia samples, PalCi¢, Pons, Bikfalvi, Llach, & Buchmeister (2013) map the relationship
between the adoption of technologies in pursuit of energy reduction and the consumption of resources in the
production of the manufacturing companies evaluated. Based on the samples from France, the Netherlands,
Slovenia, Spain and Croatia, with a total of 763 firms, Sartal, Llach, Vazquez, & de Castro (2017) investigate the
contribution of environmental and information technologies to lean manufacturing (LM) capability to achieve better
performance. Under the empirical evidence of a sample of 206 manufacturing companies in Spain and Croatia,
Serrano-Garcia et al., (2022) analyse what configuration of green innovation capabilities and organizational

dimensions leads to achieving green product innovation.

6.3.2. Sample

The data sample in this article is represented by n = 1,018 companies, corresponding to the sub-samples of
Croatia (101), Lithuania (199), Spain (81), Serbia (235), Slovakia (108), and Slovenia (127), and Sweden (167).
Five criteria were considered in selecting and organising the samples of the seven countries under study: a) the
sample selection approach and the EMS questions were applied across the board to all seven countries; b)
according to the result of the Global Innovation Index, which calculates the indices referring to inputs - capabilities
for the generation of innovation, and the results for innovation of the economies of 126 countries analyzed in the
2018 version, which found how in Europe, and specifically at the level of the countries observed in this paper
(Sweden, Spain, Slovenia, Slovakia, Lithuania, Croatia and Serbia with efficiency ratios of 0.82, 0.7, 0.74, 0.74,
0.63, 0.7, 0.63, respectively), the countries present scores close to each other, exceeding the median 0.61 for
efficiency in innovation of the evaluated countries, which is above 50% of the efficiency of the group of evaluated
countries (Cornell University; INSEAD; WIPO, 2018); c) according to the European Innovation Scoreboard, which
presents the comparative results classified into four categories- leader, strong, moderate and modest - in terms
of research and innovation in European countries. For the year 2018, Sweden ranks as a leader in innovation;
Slovenia is in the range of strong innovators; and Croatia, Slovakia, Spain, Lithuania, and Serbia are moderate

innovators (Hollanders & Es-Sadki, 2018), showing how the seven countries evaluated are located in the upper
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ranks of innovative countries, positioning them as promoters of innovation in favor of economic development at
European level; d) according to the results of the Environmental Performance Index, which measures the behavior
of 180 countries based on two environmental policy objectives, divided into ten thematic categories and projected
onto 24 indicators with a score from 0 to 100, where 0 indicates the worst performance and 100 the best
performance. Thus, for the year 2018, Sweden ranks fifth with a score of 80.51, Spain 12t with 78.39, Slovakia
28t with 70.60, Lithuania 29t with 69.33, Slovenia 34t with 67.57, Croatia 415t with 65.45, and Serbia 84t with
57.49. These results show how the countries in question occupy important positions in the achievement of the
established objectives in pursuit of a good general environmental performance (Wendling, Emerson, Esty, Levy,
& de Sherbinin, 2018); e) the total number of companies analyzed is located within the manufacturing industrial

sector listed in NACE Rev. 2, codes 10 to 33, with at least 20 employees.

Table 16 relates the descriptive statistics of the sample, following the Organization for Economic Cooperation and
Development classification and according to the technological intensity identified based on the investment in R&D
of the manufacturing industries (Galindo-Rueda & Verger, 2016). It is inferred that the companies with the largest
participation, both at the industrial sector level and in terms of the number of samples, are located in low-
technology followed by medium-low-technology industries. The highest number of average employees is in the
medium-high-technology sector, denoting a lower share of the classification of industrial sectors with respect to
medium-low and low-technology industries. Manufacturing industries that have medium-high intensity and high-
technology industries are only minimally different from medium-low and low-technology Industries in the adoption
of GPC. Companies that have high-technology industries present a better TECH than the industrial sectors that
have a greater number of average employees and a greater grouping of manufacturing sectors. Furthermore, it
is inferred how investment in R&D of companies that are classified in the different levels of technological intensity
is also reflected positively in both GPC and TECH.

Table 16. Descriptive features of the sample by technological intensity

Low- Medium-low- Medium-high- High-
technology  technology technology technology
Industries industries industries industries
NACE 10-18, 31 19,22-25,32,33 20, 27-30 21,26
N 339 291 211 40
Average number of employees 142 119 188 130
Average green production capability 4 4 5 5
Average TECH organisational dimension 3 4 4 5
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6.3.3. The measures

6.3.3.1. Dependents variables: environmental performance and financial performance

In this study, organizational performance was determined via the measurement of environmental performance
and financial performance. To measure environmental performance, objectives need to be identified and the
execution of green processes and products needs to be monitored. The variable used to measure environmental
performance was whether new or improved products generate an improvement in environmental impact during
use or when discarded, with the option of a dichotomous response corresponding to a YES / NO selection.
Environmental performance can refer to actions such as the selection and use of clean raw materials in the
production process; the maximization of materials; energy and water; the control of atmospheric emissions and
the reduction of hazardous substances; the prolongation of the useful life of the product; and the coherent
management of waste, among others (Asociacion Espafiola de Normalizacion y Certificacion - EANOR, 2010;
Madden, Young, Kevin, & Hall, 2006).

For financial performance, the variable considered was return of sales (ROS), which corresponds to the ratio that
calculates the profitability related to sales operations, allowing the operational efficiency of the company to be
evaluated. ROS is calculated as the net profit divided by sales for the period assessed and expressed as a
percentage. A positive ROS shows how the company is moving towards its operational efficiency since it shows
the amount of profitability obtained by each unit of sales revenue (Llach Pagés et al., 2009). Since the EMS asked
about the value of ROS in ranges and not in unit values, for the object of this study ROS was preserved in a
categorized way in the ranges of 1 for ROS 0%-2%, 2 for ROS > 2%-5%, 3 for ROS 5%-10%, and 4 for ROS >
10%.

6.3.3.2. Independent variables: green production capability and technology

The variables referring to the organization of production and management/-controlling were considered to
measure GPC. The variables related to production control, automation and robotics, additive manufacturing
technologies, and energy efficiency technologies were used to measure TECH. The list of variables is presented
in Table 17. For both GPC and TECH, the variables are a dichotomous response corresponding to the selection
of YES / NO and are characterized in terms of the utilization of levels of potential use corresponding to low,

medium, or high use, only for when the answer is YES.
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Table 17. Green production capability and technology incluidas en European Manufacturing Survey

Green production capability

Technology

1. STANDARDIZED INSTRUCTIONS:
Standardized and detailed work instructions
(e.g., standard operation procedures SOP,
MOST).

2. MEASURES TO IMPROVE: Measures to
improve internal logistics (e.g., Value Stream
Mapping/Design, changed spatial
arrangements of production steps).

3. FIXED PROCESS: Fixed process flows to
reduce setup time or optimize change-over
time (e.g., SMED, QCO).

4. (e.g., ERP system).

5. TASK: Integration of tasks (planning,
operating, or controlling functions with the
machine operator)

6.  PRODUCTION CONTROLLING: Production
controlling following the Pull principle (e.g.,
KANBAN, Internal zero-buffer principle).

7. DISPLAY: Display boards in production to
illustrate work processes and work status
(e.g., Visual Management).

8. METHODS OF ASSURING: Methods of
assuring quality in production (e.g., CIP,
TQM, SixSigma, preventive maintenance).

9.  CERTIFIED QUALITY: Certified quality
standards (e.g., ISO 900xx)

10.  CERTIFIED ENERGY: Certified energy
management system (e.g., EN ISO 50001)

1. METHODS MATHEMATICAL: Methods of
operation management for mathematical
analyses of production (e.g., regression
analysis, queening models).

12. CERTIFIED ENVIRONMENTAL: Certified
environmental management system (e.g., EN
ISO 14001).

PLM: Product-Lifecycle-Management-
Systems (PLM) or Product/Process Data
Management

1.

10.

1.

12.

13.

DEVICES: Mobile/wireless devices for
programming and controlling facilities and
machinery (e.g., tablets).

DIGITAL SOLUTIONS: Digital solutions to
provide drawings, work schedules or work
instructions directly on the shop floor.

PLAN: Software for production planning and
scheduling

DIGITAL EXCHANGE: Digital Exchange of
product/process data with suppliers / customers
(Electronic Data Interchange EDI).

CONTROL SYSTEM: Near real-time production
control system (e.g., Systems of centralized
operating and machine data acquisition, MES).
LOGISTIC: Systems for automation and
management of internal logistics (e.g.,
Warehouse management systems, RFID).
VIRTUAL REALITY: Virtual Reality or simulation
for product design or product development (e.g.,
FEM, Digital Prototyping, computer models).
INDUSTRIAL ROBOTS MANUFACTURING:
Industrial robots for manufacturing processes
(e.g., welding, painting, cutting).

INDUSTRIAL ROBOTS ASSEMBLING:
Industrial robots for handling processes (e.g.,
depositing, assembling, sorting, packing
processes, AGV).

TECHNOLOGIES FOR PROTOTYPING: 3D
printing technologies for prototyping (prototypes,
demonstration models, 0 series).

TECHNOLOGIES FOR MANUFACTURING: 3D
printing technologies for manufacturing of
products, components and forms, tools, etc.
TECHNOLOGIES RE-USE: Technologies for
recycling and re-use of water (e.g., water
recirculating system).

TECHNOLOGIES RECUPERATE: Technologies
to recuperate kinetic and process energy (e.g.,
waste heat recovery, energy storage).

Likewise, and following the methodology proposed by Llach Pagés et al (2009) and Pons et al., (2013), Table 18

presents the variable SUM_GPC, which takes values between zero and twelve and corresponds to the count of

the total capabilities applied. We proceeded in a similar way for the levels of SUM_TECH, the high levels of

SUMHIGH_GPC and SUMHIGH_TECH.
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Table 18. Description of SUM_GPC - SUMHIGH_GPC and SUM_TECH - SUMHIGH_TECH

Variables Construction Variable Values
SUM_GPC Total capabilities used, representing the number of
chosen green capabilities that the company has
implemented. For N =12, which is the maximum

SUMHIGH_GPC Total capabilities that have a high level of use, number of capabilities analyzed
representing the number of chosen capabilities that
have a high level of adoption in the enterprise.
SUM_TECH Total technologies used, representing the number of

chosen technologies that the company has
implemented. For N = 13, which is the maximum

SUMHIGH_TECH  Total technologies that have a high level of use, number of technologies analyzed
representing the number of technologies chosen
that have a high level of adoption in the enterprise.

6.3.3.3. Control variables

Seeking to control the heterogeneity of the industry and the company (Dangelico et al., 2016), two control
variables were present in the model: the number of employees and the technological intensity of the industry. The
size of the company was selected given that it may be impacting productivity and therefore technological
innovation and financial performance (Bridoux & Stoelhorst, 2014). Its measurement was calculated from the
number of employees. The classifications listed in NACE Rev. 2, codes 10 to 33, were taken to identify the
technology-intensive industry, since this reflects the classification regarding technological development and
structural changes in the European community (Eurostat European Commission, 2008). Its measurement was
projected according to the level of intensity of research and development, in line with the classification reported
by the Organization for Economic Co-operation and Development corresponding to the year 2016 (Galindo-
Rueda & Verger, 2016).

6.3.3.4. Statistical modelling

The environmental variable was labeled with the values YES and NO, applying binary logistic regression, with
SUM_GPC, SUM_TECH, SUMHIGH_GPC, SUMHIGH_TECH as the independent and the control variables. ROS
was categorized in the previously described ranges, and for this dependent variable the ordinal logistic regression
was executed. For both types of regression, the pseudo R? was used, following the method proposed by Cox and
Snell and Nagelkerke, since the higher the result of R?, the degree to which the independent variables explain
the dependent variable is determined. Statistical modeling was performed with the original data from the samples

of the seven countries, using SPSS Statistics version 24©.

Figure 7 presents the analytical framework where modeling is projected in six sequences for both environmental

and financial performance.
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Figure 7. Analytical framework of the research

[ Environmental performance (vodeis 1106)
SUM_GPC SUMHIGH_GPC SUM_TECH SUMHIGH_TECH SUM_GPC SUMHIGH_GPC
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6.4. Results and discussion

6.4.1. Descriptive analysis

Figure 8 of implementation of GPC in the companies surveyed. Standardized and detailed work instructions (e.g.,
standard operation procedures SOP, MOST) with 77%, followed by Certified quality standards (e.g., ISO 900xx)
with 69%, Methods of assuring quality in production with 61% and Display boards in production to illustrate work
processes and work status with 53%, show that of the twelve capabilities for the GPC these four are the most
implemented in organizations. The opposite occurs with capabilities: Production controlling following the Pull
principle (e.g., KANBAN, Internal zero-buffer principle), Product-Lifecycle-Management-Systems (PLM) or
Product/Process Data Management, Certified energy management system (e.g., EN ISO 50001) do not exceed

30% in their implementation, which draws attention considering that they could be strategic capabilities in pursuit
of GPI.
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STANDARDIZED WORK INSTRUCTIONS (n=945)
CERTIFIED QUALITY (n=945)
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Figure 8. Used of green production capability

Regarding the levels of the use of GPC (low, medium, and high) presented in Figure 9 it is identified how some
capabilities that have a high implementation are related to a high level of use. To this effect, Certified quality
Standards (e.g., ISO 900xx) presents a high level of use of 66% compared to the implementation of GPC at 61%,
followed by Certified environmental management system (e.g., EN ISO 14001) with a 61% level of implementation
compared to the implementation of GPC, at 69%. Furthermore, Figure 8 shows that 69% of companies implement

Certified quality standards (e.g., ISO 900xx), and of these 66% implement it at a high level, as identified in Figure

9, observing a correspondence between implementation and use at high levels.
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Figure 9. Implementation degree of green production capability

Figure 10 lists the percentages of TECH implementation. Software for production planning and scheduling (e.g.,
ERP system) ranks as the most implemented at 60%, followed by Digital solutions to provide drawings, work
schedules or work instructions directly on the shop floor with 46%, and Digital Exchange of product/process data
with suppliers/customers with 44%. 3D printing technologies for prototyping with 18% and 3D printing

technologies for manufacturing of products, components and forms, tools, efc., with 12%, are the least

implemented.
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SOFTWARE FOR PRODUCTION (n=914) 60% 40%
DIGITAL SOLUTIONS FOR THE SHOP FLOOR (n=906) 46% 54%
DIGITAL EXCHANGE OF DATA (n=898) 44% 56%
CONTROL SYSTEMS (n=903) 37% 63%
MOBILE/WIRELESS DEVICES (n=912) 33% 67%
INDUSTRIAL ROBOTS FOR MANUFACTURING (n=918) 31% 69%
VIRTUAL REALITY OR SIMULATION (n=902) 26% 74%
TECHNOLOGIES FOR WATER RE-USE (n=884) 26% 74%
SYSTEMS FOR INTERNAL LOGISTICS (n=908) 25% 75%
INDUSTRIAL ROBOTS FOR HANDLING (n=913) 25% 75%
TECHNOLOGIES TO RECUPERATE ENERGY (n=892) 24% 76%
3D FOR PROTOTYPING (n=903) 18% 82%
3D FOR MANUFACTURING (n=901) | 12% 88%
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Figure 10. Used of technology

Regarding the results of the use of TECH corresponding to low, medium, and high presented in Figure 11, it is
observed that Software for production planning and scheduling (e.g., ERP system) presents the highest level of
use with 57%, compared to the lowest percentage of 19% corresponding to 3D printing technologies for the
manufacturing of products, components, and forms, tools, etc. Retaining a high level, Industrial robots for
manufacturing processes and Digital solutions to provide drawings, work schedules or work instructions directly

on the shop floor take second place in terms of the technology most used in companies, with 42%.
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SOFTWARE FOR PRODUCTION (n=509) 7% 36% 57%
INDUSTRIAL ROBOTS FOR MANUFACTURING (n=211) 17% 41% 42%
DIGITAL SOLUTIONS FOR THE SHOP FLOOR (n=387) 20% 38% 42%
VIRTUAL REALITY OR SIMULATION (n=215) 23% 37% 40%
INDUSTRIAL ROBOTS FOR HANDLING (n=191) 25% 38% 38%
TECHNOLOGIES FOR WATER RE-USE (n=180) 17% 44% 38%
DIGITAL EXCHANGE OF DATA (n=352) 21% 45% 34%
CONTROL SYSTEM (n=308) 19% 47% 34%
SYSTEMS FOR INTERNAL LOGISTICS (n=204) 24% 42% 34%
TECHNOLOGIES TO RECUPERATE ENERGY (n=177) 27% 41% 33%
MOBILE/WIRELESS DEVICES (n=736) 24% 47% 28%
3D FOR PROTOTYPING (n=121) 40% 40% 20%
3D FOR MANUFACTURING (n=83) 34% 47% 19%
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Figure 11. Implementation degree of technology

6.4.2. Impact of green production capability and technology on organizational performance

The following section presents the results and discussion, with the aim of contributing with new knowledge relating
to the adoption of green production capability and technology, together with their high levels of implementation,

to know their contribution to organizational performance.

6.4.2.1. Exploring the relationship between green production capability, technology, their level

of usage and environmental performance

Table 19 presents the results of the models implemented to test the relationship between green production
capability, technology and their levels of usage, in conjunction with the control variables, to determine the impact
on environmental performance, taking into account the significant value of * p value <0.1, ** value of p<0.05, and
*** value of p<0.01, which determine the explanation of the dependent variable with respect to the independent
ones. The results given using the SPSS® software in terms of beta values (B), 8 index values, the constant for

the analysis and interpretation of the results of the models are also presented.

Model 1 includes the SUM_GPC variable, while model 2 includes the variable SUMHIGH_GPC, and both models
integrate the control variables. The results show that the values of the exponentials of 8 in SUM_GPC and
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SUMHIGH_GPC are 1.1751 and 1.1609, respectively, indicating that these variables have a significant impact on
environmental performance. In both models, the control variable industry technological intensity explains the
impact with respect to the dependent variable since it is significant at p<0.01. As for the values of R2 Cox and
Snell and NagelKerke, Model 1 behaves better than Model 2, which means that Model 1 has greater goodness
of fit with respect to the dependent variable. These results support how GPC is a key factor in the development
of GPI, showing that manufacturing products with renewable materials and minimizing the use of inputs has a
positive impact on environmental performance. These findings are consistent with Wang et al. (2021), who find
that design and manufacturing in an ecological way are key business processes in pursuit of organizational
performance. Therefore, having a high use of SUM_GPC positively impacts the implementation of a coherent

environmental strategy.

The SUM_TECH and SUMHIGH_TECH variables were processed in Model 3 and Model 4, together with the
control variables. The two variables have a respective incidence of 1.1317 and 1.1045 times more likely to have
a significant impact on environmental performance. For both models, the variable industry technological intensity
has a significant impact on this performance p<0.01. The goodness of fit values of Cox and Snell and Nagelkerke
that best describe the dependent variables are the ones presented in Model 3, as opposed to Model 4, indicating
that this model explains to a greater degree the behaviour of environmental performance. The results obtained
indicate how innovation in technologies aimed at prevention and the reduction of non-renewable resources
implies the production of green products. This means that the sustainable innovation measures that organizations
can implement to reduce their environmental impact also improve the company’s production processes (Wei, Li,
Liu, & Du, 2022). These findings also coincide with Forés (2019), who identifies how several empirical studies
find a positive impact of green technology on environmental performance, derived from the measures developed
based on the prevention of pollution and the healthy use of resources. Therefore, considering these results, the
implementation of a high level of green technologies contributes to the reduction of environmentally destructive

substances by linking green technology in the manufacture of products.

Last, Model 5 is presented, which includes the variables SUM_GPC, SUM_TECH and the control variables,
showing that SUM_GPC and SUM_TECH are 1.1334 and 1.0768 times more likely, respectively, to have a
significant impact on environmental performance. Another variable that has a significant effect on both models is
industry technological intensity. Following the sequence, the SUMHIGH_GPC variable of Model 6 is 1.1441 times
more likely to significantly impact environmental performance. To this effect, the variables used in Model 5 explain
to a greater degree the percentage of independent variables that impact environmental performance, based on
the significant values presented in the model. These relationships are most significant in the case of the

implementation of SUM_GPC and SUM_TECH, as with industry technological intensity.

In summary, regarding the goodness of fit delivered by all the models, the one with the best R2 values is Model

5, indicating that this model better explains the behavior of the dependent variable. Therefore, considering our
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results, it is identified that high levels of adoption of green technologies in combination with green innovation
capabilities may be causing the deviation of important resources and capabilities in core areas of the business,

causing a lower impact on environmental performance.

Table 19. Environmetal performance - regression models SUM_GPC, SUM_TECH, SUMHIGH_GPC and
SUMHIGH_TECH

Model 1 B Exp(8) Model 2 B Exp(B)
SUM_GPC 0.1614* 11751 SUMHIGH_GPC 0.1492** 1.1609
Industry technological intensity ~ 0.2470*** 1.2802  Industry technological intensity ~ 0.2858*** 1.3309
Number of employees 0.0005 1.0005  Number of employees 0.0005* 1.0005
Constant -1.5740*** Constant -1.2378*

Rz Cox y Snell 0.0699 Rz Cox y Snell 0.0564

Rz NagelKerke 0.0939 R2 NagelKerke 0.0757

Model 3 B Exp(8) Model 4 B Exp(B)
SUM_TECH 0.1237*** 11317 SUMHIGH_TECH 0.0994** 1.1045
Industry technological intensity ~ 0.2610*** 1.2982  Industry technological intensity ~ 0.3071*** 1.3595
Number of employees 0.0005 1.0005  Number of employees 0.0007* 1.0007
Constant -1.4023*** Constant -1.1820

R2 Cox y Snell 0.0611 R2 Cox y Snell 0.0430

R2 NagelKerke 0.0820 R2 NagelKerke 0.0578

Model 5 B Exp(8)  Model 6 B Exp(B)
SUM_GPC 0.1252*** 11334  SUMHIGH_GPC 0.1346** 1.1441
SUM_TECH 0.0740* 1.0768  SUMHIGH_TECH 0.0313 1.0318
Industry technological intensity ~ 0.2358* 1.2659  Industry technological intensity ~ 0.2938*** 1.3415
Number of employees 0.0003 1.0003  Number of employees 0.0005 1.0005
Constant -1.6760*** Constant -1.2758***

Rz Cox y Snell 0.0776 Rz Cox y Snell 0.0565

R2 NagelKerke 0.1042 R2 NagelKerke 0.0759

Significant in * p<0.1 value; ** p<0.05 value; p<0.01 value.

It is generally observed that the variables evaluated are identified as predictors contributing to environmental
performance, except for number of employees, the impact of which is only identified in Models 2 and 4. How the
implementation of SUM_GPC, SUMHIGH_GPC, SUM_TECH and SUMHIGH_TECH is an excellent measure in
pursuit of a good environmental performance is inferred. This result agrees with the findings of Seth et al., (2018),
who identify that by understanding and applying drivers of green manufacturing and green technology, strategic
organizational benefits manifested in eco-efficiency can be obtained. Our result also concurs with Afum et al.,
(2021), who identify a unique contribution made by developing ecological products, improved corporate image

and the generation of ecological competitiveness.

Regarding the association of SUMHIGH_GPC, Industry technological intensity and SUMHIGH_TECH, it is
observed that this does not contribute to the model for good environmental performance. This result is in line with
the findings of Forés, (2019), who identifies how high levels of adoption of ecological technologies can affect
production capabilities that are respectful of the environment, but do not generate a significant impact on

environmental performance.
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Therefore, we can conclude that for environmental performance the adoption of GPC and its high level of
implementation, even when in association with TECH, satisfy hypotheses H1 and H1a; the adoption of
SUM_TECH, its high implementation and its association with SUM_GPC satisfy hypotheses H2 and H2a; but the
association between SUMHIGH_GPC and SUMHIGH_TECH does not satisfy hypothesis H2a.

In summary, this study contributes to the literature and to practice with new knowledge about the association of
green production capability, technology, and their levels of implementation in environmental performance. In this
regard, the adoption of green production capability in association with technology contributes directly to
environmental performance. However, and as we explore next in the association of high levels of implementation,

it is observed that technology does not have a significant impact on environmental performance.

6.4.3. Exploring the relationship between green production capability, technology, their level

of usage and financial performance

Next, Table 20, Table 21y Table 22 present the results of the models that seek to test the relationship between
green production capability, organizational dimension technology and their levels of usage, in conjunction with

the control variables, to determine the impact on financial performance.

Model 7 includes the SUM_GPC variable and the control variables as predictors of ROS. It can be observed that
SUM_GPC increases the probability of having a ROS greater than 5% and greater than or equal to 10%, while
the control variables reveal that they are weak predictors of financial performance. In terms of SUM_GPC, which
has a positive effect on ROS, this result confirms the arguments presented by Hartmann & Germain, (2015) and
Wang et al., (2021), who identify that reconfiguring capacities for the design and manufacture of green products
leads to the strengthening of the organization, whose reputation, economic performance, and ecological image

improve.

The opposite happens in Model 8, where the technological industry intensity is a contributing variable for financial
performance; that is, the greater the participation of industrial sectors, the greater the probability of having a better
performance in ROS greater than or equal to 10%. A similar thing happens with SUMHIGH_GPC, where it is
identified that the greater the use, the higher the percentage of the achievement of ROS p<0.1; that is, it is
possible to show how the implementation of green production capabilities can be an influential factor in the pursuit
of good financial performance. These results are consistent with the findings of Clarkson, Li, Richardson, &
Vasvari, (2011), who identify how companies that choose to improve their capabilities towards green development
can experience improvements in their financial resources. This is how companies with high capabilities focused

on a proactive environmental strategy are associated with better financial performance (Clarkson et al., 2011).
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Table 20. Financial performance - regression models SUM_GPC and SUMHIGH_GPC

ROS Ranges (2%-5%) (5%-10%) (>10%)
Model 7 B Exp®) | B Exp®) | B Exp (8)
SUM_GPC 0.0658 1.10680 | 0.1089* 1.1151 0.1021* 1.1075
Industry technological intensity ~ 0.0153 1.0154 | 0.1034 1.1089 | 0.2291 1.2574
Number of employees -0.0002 0.9998 | -0.0003 0.9997 | -0.0007 0.9993
Constant -0.0646 -0.1583 -0.7729

R2 Cox y Snell 0.0184

R2 NagelKerke 0.0197

Model 8 B Exp®) | B Exp®) | B Exp (8)
SUMHIGH_GPC 0.0537 1.0552 | 01569** 1.1698 | 0.1299* 1.1387
Industry technological intensity ~ 0.0374 1.0382 | 0.1232 1.1311 0.2522* 1.2869
Number of employees -0.0002 0.9998 | -0.0003 0.9997 | -0.0007 0.9993
Constant 0.0587 -0.0245 -0.6210

R2 Cox y Snell 0.0224

R2 NagelKerke 0.0240

*kk

Reference category, ROS (0-2%). Significant in * p<0.1 value; ** p<0.05 value; *** p<0.01 value.

Table 21 presents Model 9, which includes the variable SUM_TECH, which affects ROS with an incidence of
occurrence of 1.13 times in the range of 5% to 10%, and 1.10 times when the range is greater than or equal to
10%. However, the control variables for this model show that they are not a good predictor for higher performance.
Furthermore, Table 21 presents Model 10, where it is observed that increasing SUMHIGH_TECH increases the
probability of having a ROS greater than 5%, while having a high industrial-technological intensity increases the
probability of having an impact greater than or equal to 10% in ROS. This result is consistent with the studies by
Forés, (2019) and He et al., (2021), which identify that beyond a certain level of adoption, green technology can
represent a high cost of implementation, which can make it difficult to manage, requiring high investment and

extensive financial support.

Table 21. Financial performance - regression models SUM_TECH and SUMHIGH_TECH

ROS Ranges (2%-5%) (5%-10%) (>10%)
Model 9 B Ex®) B Exp® 8 Exp (8)
SUM_TECH 0.0857*  1.0895 | 0.1222***  1.1300 | 0.1002** 1.1053
Industry technological intensity -0.0258 09746 | 0.0751 1.0780 | 0.2111 1.2351
Number of employees -0.0003  0.9997 | -0.0004 0.9996 | -0.0007 0.9993
Constant 0.0493 0.0006 -0.6034

Rz Cox y Snell 0.0218

R2 NagelKerke 0.0234

Model 10 B Ex®) B Exp® 8 Exp(B)
SUMHIGH_TECH -0.0059  0.9942 | 0.1209* 11285 | 0.1106 1.1170
Industry technological intensity 0.0343  1.0349 | 0.1359 1.1455 | 0.2651* 1.3036
Number of employees -0.0001  0.9999 | -0.0002 0.9998 | -0.0007 0.9993
Constant 0.2211 0.1477 -0.4965

R2 Cox y Snell 0.0202

R2 NagelKerke 0.0216

Reference category, ROS (0-2%). Significative in * value of p<0.1; ** value of p<0.05; *** value of p<0.01.

147



Last, Table 22 shows the results of the association of the SUM_GPC variables, SUM_TECH, and their levels of
implementation together with the control variables. Model 11, which includes the sum of green production
capability and technology, shows that the variable SUM_TECH increases the probability of having an impact on
ROS greater than 5% and up to 10%, because innovation in green technology can contribute to improving energy
efficiency (Shahzad et al., 2022). These technologies also play an important role among the financial objectives,
with the requirement of protecting the natural world (Palmer & Truong, 2017). These results show that SUM_GPC
and the control variables are not significant contributors to the model. It can be identified how, regarding the
variables SUM_GPC and the industry technological intensity, the greater the participation in these, the greater
the possibility of increasing ROS, thereby improving financial performance. Therefore, we can conclude that only
the variable SUM_TECH contributes to the model. Similarly, in Model 12, when changing from the sums to a high
level of implementation together with the control variables, there is a minimal difference compared to Model 11,

wherein only the variable industry technological intensity is significant for a ROS of over 10%.

Considering the results, the combination of SUM_GPC, and SUM_TECH was expected to have a significant
impact on financial performance. We believe that this combination could be affected by various factors such as
the need for production capacities that the company needs to reconfigure oriented to green development; the
implementation of programs related to the minimization of waste; the consumption of natural resources and
energy; the cost of renewable raw materials; and the acquisition of insurance premiums and environmental
regulations (Vifiolas Marlet, 2005). At the same time, for the organization the complexity involved in the
management of green technology implies a change of customs and paradigms, as well as high investment to
acquire technology and the organizational reconfiguration of its capabilities. All the above affects financial
performance. SUMHIGH_GPC and SUMHIGH_TECH together do not have a positive effect either, showing

coherence with the previous results.

Table 22. Financial performance - regression models SUM_GPC, SUM_TECH, SUMHIGH_GPC and SUMHIGH_TECH

Rangos del ROS (2%-5%) (5%-10%) (>10%)
Model 11 B Exp® | B8 Exp(8) | 8 Exp(8)
SUM_GPC 0.0159  1.0161 | 0.0359 1.0366 | 0.0449 1.0459
SUM_TECH 0.0790  1.0822 | 0.1102**  1.1164 | 0.0807 1.0841
Industry technological intensity -0.0309  0.9695 | 0.0571 1.0588 | 0.1984 1.2195
Number of employees -0.0004  0.9996 | -0.0005 0.9995 | -0.0008 0.9992
Constant 0.0139 -0.0787 -0.6817

R2 Cox y Snell 0.0237

R2 NagelKerke 0.0254

Model 12 B Exp(8) | 8 Exp(8) | 8 Exp(8)
SUMHIGH_GPC 0.0546  1.0561 | 0.1077 11137 | 0.0757 1.0786
SUMHIGH_TECH -0.0360 0.9646 | 0.0755 1.0785 | 0.0726 1.0753
Industry technological intensity 0.0260  1.0263 | 0.1112 11176 | 0.2520* 1.2866
Number of employees -0.0002  0.9998 | -0.0003 0.9997 | -0.0008 0.9992
Constant 0.1862 0.0651 -0.5326

R2 Cox y Snell 0.0260

R2 NagelKerke 0.0278

Reference category, ROS (0-2%). Significant in * p<0.1 value; ** p<0.05 value; *** p<0.01 value.
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Therefore, we can conclude that H1 and H1a, contrasted in Models 7 and 8, are accepted. Likewise, Models 9
and 10 confirm H2 and H2a. Regarding the association of SUM_GPC and SUM_TECH, contrasted in Model 11,
H1 is not accepted, whereas H2 is. The opposite result is obtained for the association of high implementation

contrasted in Model 12, the findings of which indicate that H1a and H2a cannot be accepted.

In conclusion, the present study makes an important contribution to the knowledge of green production
capabilities, technology and their levels of implementation in pursuit of better financial performance, allowing us
to show that these factors are contributing positively in this respect. Regarding the association of green production
capabilities and technology, it is shown how only the adoption of the latter contributes to improved financial

performance, while the association of its high implementation does not contribute significantly.

6.5. Conclusions and theoretical and management implications

Following the suggestions for future research raised in Serrano-Garcia et al., (2021) and Serrano-Garcia et al.,
(2022) in relation to the separate analysis and statistical validation of each of the seven green innovation
capabilities in association with each of the five organizational dimensions to identify their impact on organizational
performance, in this research we carried out an exploratory analysis of the association of green production
capability, the technology organizational dimension and their respective levels of implementation, seeking to
determine their impact on environmental and economic performance. We did so by recognizing the need for a
series of determinants focused on the green. This in turn implies the reconfiguring of capabilities and dimensions
that allow green innovation to be managed in pursuit of improving organizational performance, leading to

competitive advantage.

According to the evidence collected by the European Manufacturing Survey 2018 edition, referring to the
manufacturing companies studied in Croatia, Lithuania, Spain, Serbia, Slovakia, Slovenia, and Sweden, we
identified how, based on the percentage of implementation of green production capability, technology, and their
level of implementation, the variables are being adopted at different levels to improve environmental and financial
performance. This fact is especially relevant because greater implementation could be aimed at improving
financial performance, in particular given that, based on the percentages identified when analysing the most
implemented variables, an impact on environmental performance is generally reflected. This suggests that, as a
strategic resource, companies in the manufacturing sector are earmarking financial resources for the creation
and adoption of green technologies, both software and/or hardware, and for investment to constitute or
reconfigure their current green production capacity, as a dynamic approach that will lead their improved

organizational performance.
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One of the outstanding findings of the present study is the decisive relationship between technology and
environmental and financial performance. This is because ecological technologies can be a fundamental tool for
implementing strategies relating to green production processes in line with the financial and ecological aims of

companies in the manufacturing sector.

The same can be said for green production capability, which is being adopted in most manufacturing companies
given that it significantly impacts on environmental and financial performance. Our results show how green
production capability is relevant for achieving organizational performance, suggesting the need for its
implementation in processes related to the reduction and/or elimination of harmful materials and to the use and
optimization of renewable raw materials to ensure alignment with the constitution of GPI in pursuit of competitive

advantage.

Another aspect to highlight is the result regarding high levels of implementation, which shows how the high
implementation of green production capability has a significant impact on both environmental and financial
performance. This finding has important implications given that it shows how the perspective of the resource-
based view is an excellent framework for implementing environmental solutions in manufacturing firms, confirming
its potential as a facilitator for reconfiguring green creation and production processes in relation to the
performance of the organization. The same happens with the high implementation of technology, which has a
significant impact on both environmental and financial performance. This finding, therefore, is a challenge for
companies, academia, and government agents in pursuit of ongoing incentivization towards an increased
implementation of green technology as a contribution to the creation of green production innovation, which
resonates on financial performance. Consequently, and in accordance with the findings of Begum, Ashfaq, Xia,
& Awan, (2022), a key aspect for the question in hand is the ongoing and adequate training of human talent in
the area of environmental sustainability and the management of green technologies, such that employees can
become more involved and play a greater and more effective part in the creation of green processes and products,
with the support of a higher degree of implementation of green technology, which will impact positively on financial

performance.

Another finding is how the association of the adoption of green production capability and technology is contributing
to better environmental performance. This is especially relevant given that it confirms how production capabilities
aimed at preventing the generation of waste, the use of eco-efficient materials and the reuse of waste (Serrano-
Garcia et al., 2021) lead to the creation of green production innovation. Furthermore, technology intervenes in
reducing the resources used and pollution, decreasing environmental impacts and favouring the green production

process, which merges with reputation and organizational image, as well as with green competitiveness.

Contrarily, and again in regard to the association of green production capability and technology, it can be seen

how this does not contribute significantly to improving financial performance, having detected the weakness that
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the only significant variable is technology. Nonetheless, the possibility of this performance impacting positively,
though to a lesser degree, only by improving the percentage of implementation of green production capability is
presented. In this regard, how to seek the strengthening of green production capability in association with the
organizational dimension of technology is an outstanding contribution, as both alternatives tend to become key
organizational tools, facilitating manufacturing processes and reducing pollution, the cost of materials and even
taxes, and formulating environmental regulations to support sustainable competitive advantage, resulting in

financial impact.

The present research, based on a subsample of 1,018 companies in the manufacturing sectors of seven
European countries and structured under a statistical model, makes relevant contributions to the field of
management and organizational theories, as well as to business practice for managerial reconfiguration and
transition directed towards sustainable development from the authentic operation of green innovation. In
summary, we have tested and proven the following assumption: the adoption and high level of implementation of
green production capability and technology has a positive effect on environmental and financial performance. In
association, this adoption also has a significant impact on environmental performance but not on financial
performance. However, for high levels of implementation it was identified that this association is not decisive for
the two types of performance given that only green production capability contributes to environmental

performance.

6.6. Implications for scholars, managers, and policy makers

Our findings confirm theoretical and practical implications that may correspond to opportunities for academics,
practitioners, and government entities. Regarding the theoretical contributions of this research, the theoretical
approach of green production capability and the approach of green technology are analysed, identifying them as
necessary to study the achievement of green product innovation. In turn, these theoretical approaches shed light
on how green technology is contributing to the impact on environmental and financial performance. Notably, the
radicality of green production capability is identified as a support for the determinants of green product innovation,
benefiting environmental and financial performance. Therefore, from an academic perspective, this article
contributes to the resource-based view, the natural resource-based view, and dynamic capabilities, with its
extension to green innovation capabilities and more specifically to green production capabilities, providing solid
exploratory evidence of their positive relationship with organizational performance. This was achieved by verifying
how production capabilities directed towards reducing/eliminating the use of elements that are harmful to the
environment, no longer using natural resources and optimizing the use of biodegradable raw materials, among
others, favour the achievement of sustainable production and impact organizational performance. This research
also contributes to advancing knowledge about how technology is an essential resource in the pursuit of financial

performance.
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In terms of contributions for managers of manufacturing companies, the results of this study show the need to
implement green innovation capabilities. Specifically, and according to the present results, it is identified how
green production capability impacts on organizational performance. Therefore, it is recommended that managers
continue to strengthen the implementation and high use of this capability to continue with the good environmental
and financial performance that allows them to strengthen the positioning of their comparative and competitive
advantages. In addition, and with respect to technology, it is identified that its implementation is necessary to
achieve environmental and financial performance, but that special care must be taken in terms of its high level of
implementation since at a certain level of adoption technology does not significantly contribute to performance.
Based on these findings, a call is made for manufacturing companies to continue implementing green production

capability and technology as strategic and differentiating factors that advance organizational performance.

Our findings are valuable for formulating government policies since they identify the need for manufacturing
companies to persist with the promotion of green production capability and technology as a solution to reducing
harm to the environment. In this regard, governments must offer incentives so that companies can acquire green
production capabilities and the necessary technology to proceed towards the creation of green production
innovation, with a view to improving organizational performance and impacting on sustainable development. This
promotion is also in line with environmental regulations and is therefore a way for companies, society and the

state to comply with and benefit from them.

6.7. Limitations and future work

A series of research opportunities are identified from the limitations presented by the current research, calling for
future studies to pursue creativity and debate for the creation of green product innovation directed towards

organizational performance:

a) In this research, we worked under the theoretical contextualization of green production capability and
technology. Other theoretical lenses of industrial organization and technology management could also be
considered. b) In this research, the variable number of employees only contributed to environmental performance
in statistical models two and four. Therefore, more studies are required to evaluate the contribution of this variable
to organizational performance. c) The hypotheses of the present paper were accepted. However, it was not
statistically evident that the overall effect of the association between green production capability and the adoption
of technology have a significative impact on economic performance. Furthermore, it was shown how, at high
levels of use, this association does not have a significant impact on environmental and financial performance
since it was observed in the association to determine environmental performance that only green production
capability significantly contributes to the model. Therefore, more research is required to corroborate or contradict
these results, and other statistical and analytical methods that can account for different options that allow the

framework proposed in this research to be tested must be considered. d) In this research, we focus on several
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existing technologies and capabilities. Consequently, new research should include new technologies and
capabilities that emerge in the market to identify whether they also have an impact on organizational performance.
e) Globally, sustainability is regarded from social, ecological and economic perspectives (Mittal and Sangwan,
2014). The current research covers only the last two, while do not disposing of social sustainability measures -as
other authors Awan et al., 2018; Awan, 2019- although do recognising their high importance, relevance and value.
f) In this research we collect data on the manufacturing sector, so future studies could consider other sectors to
broaden the context of this investigation and to verify further sectoral patterns. g) Although we worked with the
sub-samples of seven European countries, a subsequent investigation could include data from the other eight
sub-samples of the EMS to have a more robust sample that further enhances the research and allows the results
of the first seven countries to be transposed to the other eight countries to carry out comparative analyses. h)
Data collection from companies is a complex process and companies are invited to identify the importance of
reporting the information consulted and to increase participation by providing effective responses. In this way,
information systems are strengthened, and academics can process these data to generate recommendations for

companies in the productive sector more effectively, to contribute to sustainable progress.
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Capitulo 7. Discusién

En la siguiente seccion se relacionan las contribuciones correspondientes a cada uno de los tres articulos que

conforman la presente tesis:
7.1.  Contribucion del primer articulo

En el primer articulo se explora cuales son los determinantes constitutivos del producto innovador verde y cual
es la configuracion de capacidades de innovacion verde, dimensiones organizacionales y determinantes en

busqueda del producto innovador verde.

En consecuencia, se aporta con la identificacion y unificacién de veintidoés conjuntos de determinantes del
producto innovador verde a partir de los cuales se hace referencia a qué aspecto medioambiental se esta
promoviendo, transformados en desafios organizacionales. En este sentido, se amplia el campo del
conocimiento al determinar caracteristicas propias de la innovacion, articulada, asimismo, con los factores

inherentes de la sostenibilidad ambiental de forma que conlleven a la constitucién de un producto verde.

Seguidamente, se aporta con la actualizacidn y definicidn de siete nuevas capacidades de innovacion orientadas
al verde. Mas estratégicamente, las siete capacidades propuestas son adaptadas y definidas a las diferentes
competencias de la organizacién, donde se caracteriza la forma y alcance tanto a nivel administrativo y en si el
tecnicismo verde, de tal manera que puedan ser asimiladas y puestas en funcionamiento dentro de la
organizacion, facilitando la concrecion del planteamiento ecologico. Bajo este enfoque se amplia el campo del
conocimiento a la teoria de la vision basada en los recursos, la visidon basada en los recursos naturales y a las
capacidades dindmicas, con su extension en las capacidades de innovacion verde, al extender y robustecer las
diferentes definiciones y aplicaciones de las capacidades hacia la innovacion y al verde, para sopesar el rigor de

la ecologizacién a nivel organizacional.

A continuacién, se ensamblan cinco dimensiones organizacionales que forman parte de una extensién hacia el
verde, propuestas bajo un modelo de congruencia sistémica para ayudar hacia la reconfiguracion organizacional.
Este ensamble de dimensiones organizacionales proviene de los argumentos sobre como la organizacion es
vista a través de un sistema de elementos interrelacionados que mediante la congruencia permiten la
transformacién de los procesos. En la presente tesis son actualizadas bajo el contexto contemporaneo de la
organizacion de caras a la creacion del producto innovador verde, como una forma de contribuir al fortalecimiento

de la competitividad en procura del desarrollo sostenible.
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De acuerdo con lo anterior, se contribuye con una taxonomia donde se presenta una relacién que explica como
los conjuntos de determinantes impactan a una capacidad, una dimension o a las diferentes combinaciones de
éstas al interior de la organizacion. Por tanto, con la taxonomia se suministra una vision global de factores
requeridos para la reconfiguracién organizacional hacia el desarrollo del producto innovador verde, brindandole
una pauta al administrador desde qué area de la organizacion puede actuar para responder a los determinantes

y, de esta manera tener una mayor factibilidad para crear el producto innovador verde.

Del resultado de la taxonomia se deriva una matriz, la cual se constituye como una herramienta administrativa y
de caracter sistémico, que permite operacionalizar las relaciones entre las capacidades de innovacién verde,
dimensiones organizacionales y los determinantes, facultando la seleccién y el control de variables, para medir
y evaluar la asociacion en términos de gestion de la innovacion orientada al desarrollo de producto innovador

verde.

Todo lo anterior, genera un framework que contempla a la organizacién como un sistema abierto interrelacionado,
donde cada uno de los fundamentos propuestos se ajustan, se apoyan y se coordinan. Por tanto, se aporta con
un novedoso modelo administrativo enfocado en la gestién de la innovacién verde bajo un enfoque sistémico,
buscando dar respuesta a los requerimientos de los determinantes del producto innovador verde. Con este
framework se contribuye al conocimiento, asi como al personal del redisefio y tomadores de decisiones, una
relacion estructural de elementos de la organizacién que le permite redireccionar las estrategias, las funciones y
las acciones, para fortalecer la gestion de la innovacion tecnolégica en el interés de la creacion y desarrollo del

producto innovador verde.

7.2. Contribucién del segundo articulo

En el segundo articulo se determina qué configuracién de capacidades de innovacién verde y dimensiones
organizacionales conduce al logro del producto innovador verde. Es asi como, partiendo de la operacionalizacidn
de la matriz y con apoyo del trabajo exploratorio, con el cual se identificd a un grupo de empresas que desarrollan
aun innovaciones de productos convencionales y tres grupos de empresas en diferentes etapas de desarrollo
del producto innovador verde. Se permitio reconocer dieciocho determinantes clave del producto ecoldgico donde
se muestra qué capacidades de innovacion verde y dimensiones organizacionales estan asociadas con la

obtencién del producto innovador verde.

Por tanto, en esta investigacién se evidencia cémo todas las siete nuevas capacidades de innovacién verde:
capacidad de planeacion estratégica verde, capacidad de innovacion organizacional verde, capacidad de
produccion verde, capacidad de investigacion y desarrollo verde, capacidad de aprendizaje y relacionamiento

organizacional verde, capacidad de gestion de recursos y capacidad de marketing verde, en conjunto con las
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cinco dimensiones organizacionales: regulacion ambiental, recursos humanos, tecnologia, comportamiento
organizacional y responsabilidad ambiental corporativa, aportan cada una, desde su dptica y condicién técnica,

a la gestion de los determinantes conducentes a la concepcion del producto innovador verde.

En consecuencia, esta investigacion revela un sistema de elementos interrelacionados donde se evidencia como
cada una de sus partes aportan a la reconfiguracion organizacional para responder a la transformacion de los
procesos encaminados a la gestion de innovacién del producto innovador verde. Por tanto, se revela como el
framewok propuesto en Serrano-Garcia et al., (2021) es un instrumento administrativo que permite aportar a la
gestién de la innovacion hacia la constitucién de la gestion ambiental. Esto conlleva a identificar como es
necesario tomar en consideracion a la organizacién bajo un enfoque sistémico, donde se tenga en cuenta a cada
una de las capacidades de innovacion verde y dimensiones organizacionales analizadas, para la gestion de

innovacién enfocada hacia el desarrollo del producto innovador verde.

7.3. Contribucion del tercer articulo

En el tercer articulo se establece si la adopcion y el uso alto de la capacidad de produccién verde y tecnologia
afectan al desempefio ambiental y al financiero. En atencién a lo cual, a partir de una submuestra de empresas
manufactureras de siete paises europeos y con el apoyo del analisis exploratorio, se identifica como las hipétesis

formuladas fueron aceptadas.

Por tanto, el desarrollo de la investigacidn permitié evidenciar como la adopcion de la capacidad de produccion
verde y sus altos niveles de uso si contribuyen al desempefio ambiental y econémico, respaldando de esta
manera la comprensidn e importancia del fenémeno de la capacidad de produccion verde para las empresas del
sector manufacturero. Es asi como, se revela que contar con una capacidad de produccion enfocada en la
disminucién o eliminacion de sustancias cancerigenas, de recursos naturales, de desechos, por una forma de
produccion limpia, donde se optimicen los recursos, el uso de materiales renovables, la puesta en marcha de las
6 Rs, permiten la constitucion del producto innovador verde, impactando de forma directa al desempefio
organizacional. En consecuencia, consolidandose la capacidad de produccion verde como una capacidad clave

para los procesos de produccion verde en procura del desarrollo sostenible.

Asimismo, se evidencia como la adopcién de la tecnologia y sus niveles de uso alto aportan hacia el desempefio
ambiental y financiero, mostrando la trascendencia de las tecnologias verdes para los procesos productivos
ecoldgicos. Por tanto, se confirma con esta investigacion como disponer de tecnologias contribuye a la
transformacién de los procesos tradicionales hacia el disefio y creacidn procesos de produccién ecolégicos,
contribuyendo al ahorro de recursos, aminorar o reducir los efectos ambientales y los desechos, facilitando un
uso correcto y el reciclaje de materiales, la reduccién de recursos y costos en la manufactura, entre otros,
facultando el disefio y la fabricacién de productos verdes. Debido a lo cual, se constata a la tecnologia verde
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como un componente estratégico organizacional que influye en la mejora del desempefio ambiental, en la imagen

de la empresa, en ganar cuota de mercado, redundando de forma significativa en el desempefio de la empresa.

Respecto a la asociacién, otra evidencia que entrega la presente tesis es como la articulacion en la adopcion de
la capacidad de produccién verde y la tecnologia si contribuyen a un mejor desempefio ambiental. Este resultado
es un punto determinante para la gestién de la innovacién verde, ya que se demuestra como la asociacién de
estos dos factores son necesarios para la optimizacién del proceso de fabricacion, favoreciendo el despliegue

de condiciones de eficiencia y eficacia en la produccion verde para impactar en el desempefio ambiental.

Sin embargo, la asociacion en la adopcion de la capacidad de produccion verde y la tecnologia no contribuyen
de manera significativa al desempefio financiero. Asimismo, se revela como la asociacion en sus usos altos no
muestran un impacto significativo en el desempefio ambiental y en el financiero. Lo anterior significando la
necesidad de continuar esta linea de estudio para identificar de qué manera la asociacién en mencion podria

estar afectando de manera positiva al desempefio de la organizacion.
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Capitulo 8. Conclusiones, implicaciones, limitaciones y trabajo futuro

Dada la actual situacion ambiental, las empresas del sector manufacturero tienen un gran desafio, pero a la vez,
una gran oportunidad de ser mas competitivas mediante la incursion al mercado de productos innovadores
verdes. Una forma posible de lograrlo podria ser mediante la reconfiguracién de las capacidades y dimensiones
organizacionales, sirviendo de cimientos para los determinantes orientados al desarrollo de productos verdes.
Por tanto, con esta tesis se pretende entender el fenémeno del desarrollo del producto innovador verde desde
sus antecedentes hasta el impacto relacionado con las capacidades de innovacion verde en asocio con
dimensiones organizacionales: evidencia desde la Encuesta Europea de Innovacion en Produccion. Es asi
como, en busqueda de este objetivo general se desarrollan tres objetivos especificos de investigacion a partir de
los cuales, se presentan las respectivas conclusiones. Para finalizar este capitulo, se exponen las limitaciones,

las implicaciones y los trabajos futuros.

Por consiguiente, a partir de una busqueda cautelosa de trabajos de investigacion se identificd como varios
articulos proponen una serie de framework basados en determinantes para respaldar a nivel organizacional la
creacion del producto innovador verde. Sin embargo, no se evidencia un escenario donde se identifique como
se podria organizar determinantes de dicho producto sujeto a un enfoque sistémico, apoyado en las siete
capacidades de innovacion verde y la estructuracion de las cinco dimensiones organizacionales identificadas.
Por tanto, esta es la primera investigacion en articular las siete nuevas capacidades de innovacion verde y la
estructuracién de las cinco dimensiones organizacionales postuladas en beneficio de la creacién del producto
ecoldgico. Lo anterior, estratégicamente desarrollado a partir de la identificacién, agrupacion y taxonomia de los

determinantes requeridos para el desarrollo del producto innovador verde.

Del precedente se deriva una matriz, la cual se operacionaliza al extraer de la Encuesta Europea de Innovacion
en Produccidn sesenta y un variables medibles en representacion de los determinantes del producto innovador
verde, y ubicadas analiticamente en las intersecciones de cada capacidad de innovacion verde y dimensidn
organizacional, lo cual empiricamente se evidencia bajo la conformacion de cuatro cluster y la identificacion de
18 determinantes clave, donde hace presencia las siete capacidades de innovacién verde en conjunto con las
cinco dimensiones organizacionales, confirmando su impacto positivo para el desarrollo del producto innovador
verde. Lo anterior, constata cdmo esta configuracion es un marco de referencia sistémico para la gestién de la
innovacion verde. Por tanto, se concluye como las nuevas siete nuevas capacidades de innovacion verde y las
cinco dimensiones organizacionales son un soporte estratégico de los determinantes causando una

reconfiguracion organizacional para contribuir en la creacion del producto innovador verde.

Realizando un zoom de la matriz respecto de la asociacion de determinantes, las capacidades de innovacién

verde y las dimensiones organizacionales, y de acuerdo con las sugerencias de trabajos futuros propuestos en
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Serrano-Garcia et al., (2021) and Serrano-Garcia et al., (2022), con relacion al analisis por separado y de forma
empirica de cada una de las capacidades de innovacion verde en combinacion con cada una de las dimensiones
organizacionales. Se procede a seleccionar el intercepto de la capacidad de produccion verde y la dimensidn
organizacional tecnologia con el proposito de identificar su impacto en el desempefio organizacional. Por tanto,
con el apoyo del modelo estadistico de regresion logistica y las sub-muestras representativas de siete paises
europeos, donde cada pais entrega caracteristicas y comportamientos Unicos y diferentes, se identifica como la
capacidad de produccién verde y la tecnologia contribuyen de manera directa al desempefio de la organizacion.
A la vez, la asociacion de la capacidad de produccion verde y la tecnologia en su adopcién presentan impacto
positivo en el desempefio ambiental, pero se constata que no tiene impacto en el financiero. Igualmente, la
asociacion de la capacidad de produccién verde y la tecnologia en sus usos altos no presentan un impacto

positivo en el desempefio ambiental y en el financiero.

8.1. Implicaciones

A continuacion, se formulan implicaciones para empresas del sector manufacturero, creadores de politicas

gubernamentales y la academia.

8.1.1. Implicaciones para las empresas manufactureras

La problematica ambiental es uno de los desafios imperiosos que las empresas del sector manufacturero
requieren afrontar actualmente, viendo la necesidad de reevaluar sus estrategias organizacionales, volcandose
a considerar la creacion y comercializacion del producto innovador verde. Estos productos revelan ser esenciales
cuando de ventajas comparativas y competitivas se refiere, debido a que contribuyen al cuidado de los recursos
naturales, y, a la vez, generan recursos financieros para la empresa. Por tanto, a la luz de los hallazgos de esta
investigacion, implica por parte de las empresas, repensar - incorporar una nueva reconfiguracion organizacional
sistémica, apoyada estratégicamente de las nuevas siete capacidades de innovacion verde y las cinco
dimensiones organizacionales en procura de la constitucién del producto innovador verde. Convirtiendo esta
reconfiguracion en una herramienta administrativa para la transicion y/o transformacién hacia la gestién de la
innovacion verde, de manera que se vea reflejado como una solucién para reducir problemas medioambientales,

impactando, asimismo, al desempefio ambiental y al financiero.

8.1.2. Implicaciones para la academia

El escenario actual medioambiental manifiesta una necesidad urgente de poner en marcha préacticas
organizacionales que conduzcan a la constitucion de productos ecoldgicos. Para este reto es fundamental los

aportes que los académicos pueden brindar al respecto. En consecuencia, es vital continuar con la conformacién
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de evidencias que faciliten comprender como redisefiar, qué gestion realizar, como cambiar los paradigmas
comportamentales y qué ajustar a nivel organizacional para abordar la innovacién verde en procura de un
desemperio sostenible. En ese sentido, de acuerdo con los resultados de la presente investigacion, se evidencia
empiricamente contribuciones a la Resource - Based Theory, a la Natural - Resource-Based View y a las
Dynamics Capabilities, enfocadas con su extension a las capacidades de innovacion verde, y, sustentando,
asimismo, el requerimiento de asociarlas a las dimensiones organizacionales, como un mecanismo que favorece
cumplir con los determinantes del producto innovador verde. Por tanto, se abre un sin nimero de posibilidades
y nuevos campos de investigacion para que la academia continte explorando la relacion entre cada una de las
capacidades de innovacion verde y las dimensiones organizacionales buscando comprender su tecnicismo,
comportamiento y qué otros aportes podrian brindar en procura de satisfacer a los determinantes del producto

innovador verde, y, al desempefio de la organizacion impactando amigablemente al medioambiente.

8.1.3. Implicaciones para los creadores de politicas gubernamentales

Las entidades gubernamentales a nivel mundial son una pieza clave para el favorecimiento de la proteccién del
medioambiente. A este respecto, son los llamados a continuar la formulacién e impulso de politicas
gubernamentales que ayuden a las empresas a crear los productos innovadores verdes. Por tanto, el presente
trabajo trae consigo perspectivas necesarias de reconfiguracion organizacional a nivel de las empresas del sector
productivo, donde los gobiernos podrian estar promoviendo la constitucion del producto innovador verde. En ese
sentido, implica por parte de las entidades gubernamentales ampliar los beneficios financieros de forma que las
empresas del sector en mencion, puedan acceder a estos estimulos, permitiéndoles aumentar las inversiones
necesarias que faculte la reconfiguracion organizacional enfocada al verde. Asimismo, mediante la creacién de
politicas referentes a la formulacion de capacitaciones que puedan ayudar a las empresas a identificar y llevar a

cabo la forma en cdmo deben reconfigurarse hacia la creacién del producto ecoldgico.

8.1.4. Limitaciones y trabajo futuro

A continuacion, se presenta una sucesion de limitaciones convertidas en oportunidades. La finalidad es promover

la inventiva para la discusion y puesta en marcha de investigaciones futuras a partir del trabajo realizado.

En esta investigacion no se experimenté con otras orientaciones tedricas organizacionales y de gestion
tecnoldgica que podrian estar favoreciendo la constitucion del producto ecolégico, dado que se trabajé con un
ambicioso abanico de capacidades de innovacion verde y dimensiones organizacionales, las cuales fueron
propuestas y relacionadas bajo la identificacion, agrupacién y taxonomia de determinantes requeridos para el
logro del producto innovador verde. Por tanto, incorporar mas enfoques tedricos en la presente investigacion, se

hubiese convertido es un desafio superior y con un alcance que la tesis no lograria cobijar. Es asi como, para
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futuras investigaciones se recomienda abordar el desarrollo de producto innovador verde en combinacion o de
forma individual con las siete capacidades de innovacién verde y las cinco dimensiones organizacionales
propuestas en esta tesis, acompafiadas de otras perspectivas conceptuales, por ejemplo, las teorias de las
partes interesadas, la teoria de la contingencia, la teoria institucional, la cadena de valor y el modelo de negocio,

entre otras, que puedan contribuir hacia el avance del desarrollo sostenible.

Por ofra parte, se logré identificar como la asociacién de las siete capacidades de innovacion verde con cada
una de las dimensiones organizacionales favorece a la constitucidn del producto innovador verde. Por tanto, se
propone continuar la investigacion en forma separada con cada una de ellas, tanto para la innovacién de
productos, asi como su ampliacién para el analisis de los procesos ecoldgicos. Asimismo, el framework propuesto
se sugiere ser aplicado en aquellas investigaciones que desee estudiar el entorno y variaciones internas de la
empresa en procura de la constitucion de productos ecoldgicos, utilizando a la vez, otras técnicas estadisticas
diferentes a las aplicadas en la presente investigacion. Asimismo, se sugiere que el framework se estudie-

actualice a partir de otras agrupaciones tedricas y enlaces estructurales.

Sobre la base creada en el primer articulo, un aspecto a considerar es la realizacion de mayor cantidad de
investigacion empirica para identificar las posibles configuraciones y su impacto respectivo en el desempefio
ambiental y econdmico. Asimismo, y de acuerdo al vinculo identificado entre capacidades de innovacién verde y
dimensiones organizacionales, se recomienda a investigaciones futuras, experimentar con otras variables-
enfoques que las organizaciones requieran operar y controlar simulando asi a los determinantes constitutivos
del producto innovador verde. Iguaimente, seria aportante para el desarrollo sostenible, estudiar la asociacion
entre las capacidades de innovacion verde y las dimensiones organizacionales en diferentes renglones
economicos como el de agricultura, la ganaderia, la construccion, el comercio, la salud, el turismo, entre otros,

los cuales poseen también afan en reducir su impacto ambiental.

Referente al apoyo empirico, este trabajo se basa a partir de la Encuesta Europea de Innovacién en Produccion
que entrega evidencia empirica representativa, facultando la evaluacion de variables clave en el campo de la
administracion de la empresa, la produccion y la gestién ambiental. Sin embargo, la recoleccion de informacién
referente a la medicion de las variables se procesa directamente con el director de la empresa o del director de
produccion, no contando con la participacion directa de los empleados. Por tanto, un aspecto a recomendar seria
mayor particién de empleados que estén directamente involucrados con cada uno de los procesos evaluados,
dado que asi posiblemente entregarian mayores aportes y una mejor vision del desempefio de las empresas
respecto a las variables consultadas, facultando lo anterior, a obtener resultados mas significativos a las

diferentes investigaciones que se apoyen en Encuesta Europea de Innovacion en Produccion.

En la misma linea, la cantidad de paises y el numero de empresas que cobija las diferentes versiones de

Encuesta Europea de Innovacién en Produccién, podria estar generando validez y solidez acerca de los
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resultados de las respectivas variables evaluadas. No obstante, y aun cuando se combinan los datos de los
diferentes paises, se encuentra un nimero limitado de respuestas por parte de las empresas consultadas,
generando posibles limitaciones en los resultados. Por tanto, se recomienda que las empresas en la medida de
lo posible hacer un mayor esfuerzo en el momento de diligenciar la informacion solicitada en la Encuesta Europea
de Innovacién en Produccién, dado que esto podria reducir los posibles sesgos y los datos faltantes, ayudando

por tanto a la academia para dar origen a interpretaciones y recomendaciones mas elocuentes con la realidad.
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ARTICLE INFO ABSTRACT

Handling Editor: Dr. Govindan Kannan There is now evidence of a growing demand for green product innovation (GPI), leading to reduced negative
environmental effects. This context is an opportunity for the organizational reconfiguration of companies in the
manufacturing sector to accommodate these new product attributes and characteristics. Although the identifi-
cation of the determinants of GPI has improved, its characterization is still fragmented and there is limited

coherence in terms of the administrative approach leading to GPI development. The main purpose of this paper is

Keywords:
Green innovation capabilities
Organizational dimensions

Determinant . . . . . o . .

etermunants . the selection and configuration of the determinants of GPI and their organization into an innovation management
Green product innovation o ) ) . o ) ) o N
Taxonomy model. This is achieved by identifying and categorizing the determinants of GPI in association with green
Matrix innovation capabilities (GIC) and organizational dimensions (OD). The results provide a set of determinants of
Manufacturing firms GPI, paving the way for organizational challenges, the adaptation and definition of new GIC, and the selection of
Sustainability green-oriented OD. All the above is represented in a framework showing the structural relationships and oper-
Environment ationalized in a matrix product of the taxonomy referring to how the determinants of GPI affect GIC and OD, thus
Framework.

facilitating the definition of the variables that assess the progress of the company in pursuit of GPIL. This research
contributes in the field of management and organizational theories for the managerial transition to sustainable
development from the dynamics typical of innovation. It also widens the scope of study for researchers,
manufacturing company managers, and governmental bodies responsible for environmental management.

1. Introduction

Political, institutional, and individual actors’ growing interest in
promoting environmental sustainability (Chang, 2017; Kong et al.,
2016; Su et al., 2017) has put pressure on the market to design inno-
vative products with minimal environmental impact (Hukkinen, 1995;
Melander, 2018). These products, referred to as green product innova-
tion (GPI), can potentially become a novel business opportunity for
manufacturing firms, helping them to meet these new demands and
expectations.

GPI distinguishes itself from conventional innovative products (CIP)
(Chen and Chang, 2013; Pons et al., 2018) because the resulting prod-
ucts impact on socially conscious customers who are willing to pay a
higher price for them (Niedermeier et al., 2021; Sana, 2020). It also

favors the potential motivations of governments by trying to offset the
cost of achieving a sustainable development (Sana, 2020; Wang et al.,
2020). This is translated into a comparative and competitive advantage
given that GPI brings benefits for firms while helping to preserve natural
resources for future generations (Pérez-Pérez et al., 2021).

However, many organizations are not yet convinced about producing
and developing green products for various reasons, including the high
investment involved (Rehman Khan et al., 2018), the risk aversion when
making financial investments (Stucki, 2019), and limited government
support. Also relevant is also the lack of studies aimed at consolidating
GPI from organizational and management theories (Dangelico et al.,
2016) and the lack of clarity on how to address its determinants at the
organizational level (Jasti et al., 2015; Tariq et al., 2017). For GPI
development, every area of the firm must be involved (Hukkinen, 1995)
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because the process of designing, creating, producing, and marketing
green products requires an interdisciplinary approach (Ulrich and
Eppinger, 2012).

Various studies report that there are certain determinants for the
production and marketing of innovative green products (Chen and
Chang, 2013; Dangelico and Pujari, 2010; Dangelico and Vocalelli,
2017; Lee and Kim, 2011; Melander, 2017; Tsai, 2012). These generally
involve improving and using environmentally friendly materials (Ma
et al, 2018); manufacturing products with recycled components;
reducing energy consumption; using less packaging (Chen and Chang,
2013); and reusing, remanufacturing, and recycling inputs to reduce the
harmful effects on the environment (Dangelico and Pujari, 2010).

Studies have been conducted in fields like innovation and environ-
mental economics and management to identify the factors that drive
organizations to develop GPI (Alharthey, 2019; Chang, 2016; Tan et al.,
2019). However, there is still a fragmented and disconnected approach
to this identification (Jasti et al., 2015; Tariq et al., 2017), hindering the
achievement, shaping, and implementation of GPI at the organizational
level (Chang, 2016; Jasti et al., 2015). Furthermore, there is no consis-
tency among the different factors and theoretical approaches leading to
its development (Dangelico et al., 2016; El-Kassar and Singh, 2019; Jasti
et al., 2015; Sdrolia and Zarotiadis, 2019).

Further analyses are required to examine how firms integrate
corporate sustainability with the support of organizational manage-
ment, under a systemic perspective and with a holistic vision (Engert
et al., 2016), thereby strengthening the different determinants to ach-
ieve environmental sustainability. Furthermore, given the need to
evolve towards environmental protection, organizations must adopt
new or significantly improved innovation management systems based
on organizational support models to underpin the creation, design, and
implementation of the required changes (Robledo-Velasquez, 2019).

The Resource-Based View (RBV) theory has so far been the most
widely used to study how organizations manage green innovation (Tariq
et al., 2017). According to this theory, firms with the best resources and
capabilities (and their orchestration with the firms’ activities) may gain
comparative and competitive advantages in terms of environmental
sustainability (Hart, 1995; Hart and Dowell, 2011; Leih et al., 2015;
Tariq et al., 2017; Teece, 2018a). Nonetheless, different research studies
based on RBV have so far been unable to determine how companies
maintain competitive advantages using resources and capabilities. Most
works have focused on resources, while the use of green innovation
capabilities (GIC) has been little studied (Tariq et al., 2017), even
though firms that opt for GPI need new capabilities to coherently face
the rigors inherent in environmental sustainability (Mellett et al., 2018;
Mousavi and Bossink, 2018).

Such capabilities, in turn, impact on the business design and opera-
tion of firms and demand the support of the organizational dimensions
(OD), given that they are interdependent (Teece, 2018a). There may
therefore be complementary and interrelated effects between GIC and
the organizational driving forces involved in environmental matters,
directed towards the promotion of proactive corporate environmental
practices (Bowen et al., 2001; Rodriguez and Wiengarten, 2017). In view
of all the above, the organizational capabilities and dimensions through
which innovation can be managed should be analysed to understand the
determinants in pursuit of GPI at the organizational level.

Firms have become increasingly interested in gaining a greater un-
derstanding of the notion of innovation capabilities (IC) related to
environmental sustainability. Several studies from different areas of
knowledge and application fields have been developed, especially in the
productive sector (Amores-Salvado et al., 2015; Ardyan et al., 2017;
Dangelico et al., 2016; Fan et al., 2017; Fernando et al., 2019; Gao and
Zhang, 2013; Joo et al., 2018; Lin et al., 2011; Liu and Gong, 2018;
Mellett et al., 2018; Ramanathan et al., 2018; Saenz and Atoche-Kong,
2014; Wang and Zhang, 2018; Wu, 2014; Wu and Hu, 2015; Xu and
Wang, 2018). However, to the best of the authors’ knowledge, none of
the research papers have constructed GIC or studied them under
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strategic functional skills and pillars directed towards the creation of GPI
which, together with OD, can lead the organization to respond to the
identified determinants.

Therefore, this study integrates the analysis of GIC and OD as a so-
lution that could serve as a systemic approach to implementing the
determinants of GPI. In addition, the research aims to intervene in the
structuring of the IC functional approach with theories concerning
green-oriented OD and associated with determinants that can direct the
organization towards innovation management to generate GPI. This
solution means strategically configuring the GIC, OD, and determinants
to form a system of interrelated elements leading to GPI creation, which
will show how they are interconnected and complement each other
under a conceptual framework that favors GPI development for the
purpose of improving firms’ economic, social, and environmental
performance.

This approach aims to provide solutions to reduce environmental
impacts from a corporate perspective among manufacturing firms.
Hence, the purpose of this paper, which has a conceptual focus, is to
answer the following research questions: (1) what are the constitutive
determinants of GPI? and (2) What is the configuration of the GIC, OD,
and determinants in pursuit of GPI?

This paper is structured as follows. Section two provides a theoretical
background, section three describes the methodology, section four
presents the results, section five contains the discussions, and last sec-
tion six presents the conclusions, limitations, and future lines of work.

2. Theoretical background
2.1. Green innovation capabilities

In line with theoretical postulations, GIC characterization starts from
the concept of resources and capabilities and continues with organiza-
tional and management capabilities towards dynamic capabilities, from
where it moves towards IC with extension to the green approach.
Capability refers to the ability, faculty, strength, or power to do some-
thing in light of the proposed objectives (Renard and St-amant, 2003),
where strategic management is key to adapting, integrating, and
reconfiguring these capabilities into the organization (Teece et al.,
1997). Strategy entails organizational and management capabilities that
enable a firm’s resources to be mobilized, commanded, and exploited to
achieve its strategic objectives (OECD/Eurostat, 2018). These capabil-
ities reflect the interactions between resources and capabilities, which
are constantly evolving and framed in systemic properties (Renard and
St-amant, 2003; Teece, 2018b). As an interrelated and dynamic system,
an organization is under constant evolution and adaptation, for which it
requires certain capabilities. This is where Dynamic Capability (DC), a
particular type of organizational capability, comes into play (Renard
and St-amant, 2003). DC enables opportunities to be detected and
configured, and the company’s assets to be reconfigured (Teece, 2007,
2018a). At the same time, DC acknowledges the importance of innova-
tion, facilitating the ability of organizations to produce new products in
a more natural way and using a systemic approach (Teece, 2018b).
Consequently, DC involves diversification and change, leading to the IC
concept. According to Lahovnik and Breznik (2014), IC are acknowl-
edged as the most relevant type of DC, enabling a competitive edge to be
built and maintained.

For Burgelman, Maidique and Wheelwright (2004), IC are an integral
set of characteristics which support and make an organization’s tech-
nological innovation strategies flexible. IC are the organizational capa-
bilities needed to consolidate innovation (Serrano-Garcia et al., 2017;
Serrano-Garcia and Robledo-Velasquez, 2013a). According to Guan and
Ma (2003) and Adler and Sbenbar (1990), IC allow new products to be
created and processing and manufacturing technologies to be adopted,
thus satisfying the current and future needs of the market. It is recom-
mended that IC are defined in organizational levels to meet strategic
needs and to adapt to environmental conditions (Guan et al., 2006).
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An IC extension is the green approach (Mellett et al., 2018). In this
regard, GIC! provide the industry with an opportunity to improve its
ecological efficiency (Jakhar et al., 2019), linking the firm’s environ-
mental sustainability initiative with its performance through strategies
designed for this purpose (Kim et al., 2018). The development of higher
levels of GIC helps organizations to elucidate processes, techniques, and
products to reduce environmental damage (Tseng et al., 2019) since it
facilitates their understanding and discernment of the specific aspects to
be adapted and improved. GIC empower the organization to comply
with environmental requirements and to become part of the emerging
green economy (Mellett et al., 2018).

Thus, GIC are regarded as alternatives that support organizations to
meet current ecological needs. From this, it may be inferred that GIC
comprise organizational and dynamic capabilities that could foster GPI
development and respond to the environmental sustainability challenge.
Characterizing the term GIC, capability can be represented as an orga-
nization’s ability to become immersed in a green-oriented strategy;
innovation, as an approach to change, evolve, and/or adapt to the green
mindset; technology, as the tacit approach within innovation and the
implicit and explicit knowledge contained in solutions to environmental
problems; and last, the green approach, as the organization’s involve-
ment and commitment to environmental care. Corporate, business and
functional units could be required to focus on a specific set of strategic
green capabilities for the success of an organization regarding envi-
ronmental practices aimed at creating ecological value.

2.2. Organizational dimensions for GPI

The existence and survival of an organization depend on its perfor-
mance and response to the requirements of its environment (Chiavenato,
2006). To this effect, the organization identifies the need to meet
different challenges, among which are social responsibility, ethical is-
sues and the demands of the environment, to be integrated as oppor-
tunities in their business design (Bocken et al., 2016; Robbins and
Coulter, 2014; Weerts et al., 2018). One essential requirement may be
the identification and creation of an architecture in the context of
environmental demands, given the affectations triggered by different
polluting factors. This paves the way for the need to strategically link the
organization’s response capacity and adaptation to the required ad-
justments (Chiavenato, 2006; Nadler et al., 2011). Managers need to
reflect on and redesign the organization, seeking to be competent in
response to changing conditions (Teece, 2018a; Volberda, 1999). To this
effect, the design of the business model is considered an inherent part of
meeting the company’s stated objectives (Foss and Saebi, 2015). The
role of the design is to coordinate and control the OD to guarantee
organizational development (Patrucco et al., 2019). The OD, then, can
be postulated in line with the business model and design and with the
organizational and personified challenges in the institutional task,
making organizations unique and distinct. The dimensions can facilitate
the structure and stimulate the organization to improve the processes
that facilitate innovation of their goods and/or services (Galbraith,
1982; Teece, 2018b), favouring the capture, value delivery, and
compliance with the conditions required by the environment (Chiave-
nato, 2006; Fjeldstad and Snow, 2018; Jaspers et al., 2012).

In this regard, OD are a strategic point that enables value proposition
activities and pragmatically supports evolution operations, thus allowing a
process transformation for the generation of value in the community (Foss
and Saebi, 2015; Huijben et al., 2016). This is how organizations may be
considered to be a set of organizational dimensions, components, and/or
elements (Huijben et al., 2016; Nadler and Tushman, 1980; Patrucco et al.,

1 Although in the literature, “IC” and “TIC” are frequently used to refer to a
similar set of capabilities and are considered equivalent terms, here “IC” will
mostly be used to allude to innovation capabilities, in accordance with the
terminology defined in the Oslo Manual 2018 (OECD/Eurostat, 2018).
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2019) that represent the organizational design differentiation. OD may
help to reduce complex phenomena and foster articulation within the
organization in accordance with managerial needs when defining strate-
gies (Daft, 2011; Nadler and Tushman, 1980) that impact GPI facilitation
at the organizational level.

Within organizational design, OD may comprise both formal and
informal organizational structures for the transformation of processes
and results (Nadler et al., 2011) directed at the environmental approach,
leading to the generation of green innovation (Herrera-Baltazar, 2015;
Liao and Tsai, 2019). Nevertheless, “at this point in the development of a
science of organizations, we probably do not know the one right or best
way to describe the different components of an organization” (Nadler
and Tushman, 1980, p. 43) or, notably, to develop GPI, due to the
different organizational challenges firms face.

The task could be to identify the OD that are adaptable to new envi-
ronmental demands and help to strategically describe organizations
advocating GPI development (Bhaskar and Mishra, 2017; Lin et al., 2011;
Nadler et al., 2011), given that innovation requires a specifically designed
organization (Galbraith, 1982; Song et al., 2018) where organizational
dimensions, structures, and processes act as previous and enabling re-
quirements of innovation (Armbruster et al., 2008).

3. Methodology

To answer the research questions posed in this study, the method-
ology implemented here is intended to identify the determinants of GPI,
GIC, and OD, and then reconfigure them into an innovation manage-
ment framework that will serve as a proposal for organizations to deal
with GPI. The stages outlined below are derived from the methodolog-
ical designs proposed by Bolden et al. (1997) and Edison et al. (2013).

3.1. Stage 1. Search and selection of studies related to the determinants of
GPI

Two specialized databases, Scopus and Web of Science, were used in
the search for publications, which was limited to works published be-
tween 2005 and 2020 because a clear research trend into GPI is observed
in this period. A search equation that ensured a consistent and compa-
rable search in the two databases was designed using the following
keywords: driver, determinant, ecological product, environment, factor,
friendly product, green product innovation, and practice responsive
product.

The studies were selected based on the following inclusion criteria:
(i) language: works and/or literature reviews originally published in
English; (ii) document availability; and (iii) topic: articles that debate or
provide a definition of GPI; papers that include determinants, drivers,
factors or practices affecting GPI development at the organizational
level; and publications that present, list, or integrate determinants under
conceptual frameworks in manufacturing firms, excluding those that
propose frameworks as instruments to measure and validate their con-
cepts and connections.

Of the 1174 papers retrieved from the initial search, only 38 met the
inclusion criteria. These articles served as the basis to generate the re-
sults and discussions on the determinants of GPI and the development of
the concept. Following Khan et al. (2021), the diagram in Fig. 1 sum-
marizes the process described above.

3.2. Stage 2. Identification and categorization of the determinants of GPI

The 38 selected articles were analysed to identify the determinants,
drivers, factors, and practices presented by the authors as elements
leading to GPI. This identification is justified by the fact that these de-
terminants are key attributes to achieve GPI. Once identified, these
determinants were classified and grouped according to various aspects
such as similarity in their meaning and purpose, technical and physical
characteristics, and impact on the different organizational areas. This
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Fig. 1. Search and reduction of the determinants of GPIL
Source: Authors’ elaboration

categorization is considered to help direct and reconfigure the organi-
zation to meet current demands regarding GPI.

3.3. Stage 3. Formulation of GIC and OD to steer organizations towards
GPI

Finding a way to respond to the identified sets of determinants of GPI
at the organizational level was a challenging task. According to this
study, organizations would need to structure GIC and OD under an
innovation management approach to meet this innovative challenge.
This is in line with the works of Robledo-Velasquez (2019), Robledo--
Velasquez et al. (2011), Serrano-Garcia and Robledo-Velasquez (2013a),
Serrano-Garcia et al. (2017), which are based on the results of Guan and
Ma (2003), Yam et al. (2004) and Wang et al. (2008), who proposed and
evaluated seven IC, and also on the theoretical foundations of the OD
proposed by Nadler and Tushman (1997), and the variant presented by
Gouel (2005) in support of the transformation processes of firms.

In accordance with the studies mentioned above and the identified
sets of determinants, this study proposes extending seven GIC to GPI as a
possible strategic form of organizational reconfiguration. Furthermore,
since the configuration of OD depends on the context and the stages of
organizational development (Nadler et al., 2011), this work proposes
five OD that are superimposed on the environmental context while
keeping correspondence with the proposal of (Gouel, 2005; Nadler and
Tushman, 1997). The selection of these OD is supported by previous
research into different OD in the field of environmental sustainability,
potentially helping to satisfy the current need for organizational
reconfiguration considering the identified sets of determinants that
favor GPIL.

3.4. Stage 4. Defining GPI under an innovation management approach

The 38 selected articles included different definitions of GPI in
technical, physical, and environmental areas, for instance, but not in the
field of organizational management. This is explained by the fact that
this concept is new and currently under development (Jasti et al., 2015;
Sdrolia and Zarotiadis, 2019). Consequently, this study presents the
proposal in relation to the understanding, description, and development
of a GPI depending on the sets of determinants, GIC and OD, to char-
acterize it within the field of business administration and innovation.

3.5. Stage 5. Framework: taxonomy and matrix of the determinants of
GIC and OD

Since the determinants of GPI involve different organizational skills
and areas, the next step was to establish how these determinants could
be affecting firms in terms of GPI development. Therefore, the impact of

these determinants on each of the proposed GIC and OD was analysed,
based on the theoretical and conceptual approach and together with the
sets of categorized determinants. The result was a taxonomy and matrix
framework. The first (taxonomy) clearly relates and defines the de-
terminants of GPI within the different GIC and OD, establishing a
comprehensive relationship that explains how the sets of identified de-
terminants impact a given capability or dimension, or combinations of
both, within organizations. The second (matrix) operationalizes the
relationship between determinants, GIC and OD, and allows the orga-
nization to coherently and relationally define variables (activities) to
assess its innovation management model in terms of GPI development.

The configuration of the taxonomy was carried out by each author
considering their knowledge and experience in the area or research,
after which a consensus was reached regarding their shared classifica-
tion. Last, the taxonomy derived was refined by three business experts in
green strategy and product innovation. The following factors were taken
into consideration during this process: the theoretical and conceptual
focus of each of the sets of determinants; the scope of the descriptions of
the GIC, and the arguments of the OD; the theoretical referents upon
which the organization’s capacities and key components to develop
green products were set forth; and the related key determinants to
achieve this.

4. Results

The results obtained with the methodology implemented to address
the research questions posed in this study are presented below.

4.1. Determinants of GPI

The determinants of GPI correspond to the antecedents, factors,
drivers, and practices considered by the authors as key components
leading to and preceding the development of GPI (Chen and Chang,
2013; Tariq et al., 2017). From the literature review, 266 proxies were
found and grouped into 22 sets. Table 1 is an example of one of these sets
of determinants and includes the source, proxys, a brief description of
the set, and its concise name. In this specific case, the proxies are related
to aspects such as energy, materials, waste, and reuse and are grouped
into the reduced and efficient use of inputs and raw materials to achieve
the GPI category. The process of identifying and grouping the 22 sets of
determinants and their corresponding sources is presented in Table 4.

4.2. Adaptation and definition of seven new GIC under the green
approach

According to Joo et al. (2018, p. 6094) “the firm’s environmental
sustainability cannot be fully achieved without increasing technological
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Table 1
Sample of a set of determinants.
Authors Proxys Brief description Determinant
Albino et al. Material eco-efficiency Intelligent use of Intelligent
(2009) resources, represented use of
Albino etal.  Energy efficiency in the use of eco- resources
(2009) efficient materials,
Dangelico Reduced energy their reuse and
and consumption remanufacture, and
Pujari the recycling of raw
(2010) materials and
Dangelico Reduced material use consumables,
and impacting on the
Pujari reduction of costs and
(2010) favouring the creation
Chung and Smart use of resources of GPIL
Wee
(2010)
Chung and Reuse, remanufacturing,
Wee and recycling of used
(2010) products
Chan et al. Decisions regarding the
(2013) type of raw materials,
packaging, means of
transport, and disposal
Dangelico Reduced costs, energy
(2017) consumption, and
material use to develop
more innovative green
products
Tariq et al. Reduced use of valuable
(2017) input resources
Zhang and Low impact of
Li (2019) renewable materials,

recyclable materials,
non-polluting materials,
materials with low-
energy content

Source: Authors’ elaboration.

innovation capabilities”. Therefore, it is essential to understand, create,
and protect these capabilities in agreement with the organization, its
strategic plans, and the demands of its environment (Serrano-Garcia and
Robledo-Velasquez, 2013b).

In line with the definitions stated mainly in Dangelico et al. (2016),
Hart (1995), Hart and Dowell (2011), Teece et al. (1997), Robledo--
Velasquez et al. (2011), Serrano-Garcia and Robledo-Velasquez, 2013a,
and Serrano-Garcia et al. (2017) and the theoretical background pre-
sented in this paper regarding GIC, and in accordance with the identified
sets of determinants, for the purpose of the present paper GIC are un-
derstood as organizational and dynamic abilities built and/or acquired by an
organization in accordance with its strategic and operational management
and aimed at developing GPI and contributing to solving the environmental
challenges. GIC must be identified and integrated into each organizational
function to respond to the new demands or necessary improvements within the
context of GPI development. As a result, this would help firms to reduce
and/or eliminate the pollution they cause, thus gaining comparative and
competitive advantages.

By extending this to the sphere of organizational functions, a pro-
posal to select, adapt, and define the seven new GIC aimed at GPI
development is presented in this study. Each GIC details the specific
skills that organizations may need to reconfigure their capabilities to
make progress in terms of innovation management, fostering the crea-
tion, development, and marketing of sustainable technological in-
novations to support firms’ comparative and competitive advantage.
Table 2 contains the name of the capability, the proposed definition,
examples of responses, and relevant references.

4.3. OD identification and selection for GPI

Companies could strategically reconfigure the following OD:
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organizational behavior, human talent management, technology, envi-
ronmental social responsibility, and environmental regulation. There
are several other OD that organizations might consider. However, the
proposed OD are based on Gouel (2005), Nadler and Tushman (1980),
and Nadler et al. (2011), but updated in light of organizational needs to
manage innovation to achieve GPI triggers to benefit environmental
sustainability. Seeking to respond to the challenges currently faced by
companies developing GPI, definitions and characteristics of OD are
given below.

4.3.1. Human resources (HR)

Firms are made up of key elements to achieve profitability. One such
element is human resources which, according to Chiavenato (2009),
“are beings endowed with intelligence, knowledge, abilities, personal-
ity, aspirations, and perceptions, among others” (translation of the
original in Spanish on p. 9).

In the context of compliance with environmental sustainability at the
corporate level, HR Management is seen as a powerful area because of its
strength and contribution (Chams and Garcia-Blandon, 2019; Pellegrini
et al., 2018) to achieving the organizational objectives. In recent times,
this area has undergone several adjustments to meet firms’ current
needs. In the words of Kramar (2014), “sustainable HRM could be
defined as the pattern of planned or emerging HR strategies and prac-
tices intended to enable the achievement of financial, social and
ecological goals while simultaneously reproducing the HR base over a
long term” (p. 1084). This area also includes actions and regulations that
support greening activities (Jackson et al., 2014). According to Yong
et al. (2019), researchers suggest that this new scope may facilitate the
transition towards sustainability by implementing a clear structure in
the different stages (integration, organization, retention, development,
and audit (Chiavenato, 2009)), aimed at achieving environmental sus-
tainability. For this purpose, interconnection between organizational
functions, capabilities, and the environment is needed (Kramar, 2014).

4.3.2. Organizational behavior (OB)

Attitudes that safeguard individuals, groups, and organizations,
supported by culture, motivation, leadership, change, and teamwork as
independent factors that influence the action (Robbins and Judge,
2009). Therefore, a large number of individuals should become involved
in coordinated actions to explore and execute activities to weaken or
annihilate the impacts of organizations on climate change and other
environmental problems (Geiger et al., 2019). The findings of Pellegrini
etal. (2018) indicate that when organizations express their commitment
to and promotion of sustainability, their members orient their efforts
and behaviors to achieve this goal. Therefore, through their attitudes,
convictions, and motivation, all members must work in favor of GPI
development.

4.3.3. Technology (T)

Organizations need a technological basis to achieve their strategic
and operational objectives. However, it should be noted that technology
is not exclusively limited to the concept of hardware (i.e., artifacts and
machines) (Robledo-Velasquez, 2019), but also includes a set of infor-
mation which, once organized, becomes knowledge represented in
practices, experiences, skills, devices, technical methods, and systems
(OECD/Eurostat, 2018; Robledo-Velasquez, 2019) that promote its
application to transform functional and organizational characteristics.

Therefore, given the current environmental demands and seeking to
satisfy and attract new customers, an alternative could be to propose and
adopt new green knowledge and technologies in product development
manufacturing (Lisi et al., 2019). This includes appropriate knowledge
in the area of technology innovation and represented in “energy-saving,
pollution-prevention, waste recycling, green product designs, or
corporate environmental management” (Chen et al., 2006, p. 332),
requiring organizational support in terms of structure and strategy
(Adler and Sbenbar, 1990). Consequently, by combining technology,
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Table 2

Adaptation and definition of seven new GIC.
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Capability

Definition

Examples

References

GSPC: Green strategic
planning capability

GOIC: Green
organizational
innovation capability

GR&DC: Green R&D
capability

GPC: Green production
capability

GOLRC: Green
organizational
learning and
relationship
capability

GRMC: Green resource
management
capability

GMC: Green marketing
capability

Firms’ abilities to define prospects, policies,
programs, plans, and objectives to avoid,
improve, and/or replace the use of nonrenewable
materials (toxic materials) with cleaner resources
and technologies, under a comprehensive
approach and throughout the product’s life cycle.
Likewise, to promote composting, reuse, and
recycling, thus preventing environmental
pollution and fostering GPI development.

Abilities defined in firms’ business design and
model, processes, management, and
organizational and commercial structure. They
focus on the assimilation, application, and
acquisition of competencies to address new
environmental opportunities and promote
systemic capacity for GPI development.

Firms’ abilities to create ideas, design prototypes,
and develop technologies focused on reducing
and/or eliminating the use of toxic resources and
fostering the employment of eco-efficient
materials and clean technologies,
remanufacturing, and recycling, thus favouring
the development of a new or improved green
product.

Firms’ abilities to develop and manufacture GPI
based on stakeholders’ needs and R&D results
aimed at preventing the generation of waste,
minimizing the use of materials and inputs, and
fostering the employment of eco-efficient
materials and waste reuse.

Firms’ abilities to learn about environmental
sustainability with a focus on cleaner design,
production, and packaging; remanufacturing;
and recycling, among other aspects, through the
collaboration of and continuous relationship with
their stakeholders to improve their organizational
actions and favor GPI development.

Firms’ abilities aimed at appropriately managing,
obtaining, and allocating resources to implement
R&D activities, thus favoring the invention of
green products, the search and classification of
ecological suppliers, the hiring of expert staff, the
creation of learning and motivation programs
concerning top environmental IC. Equally, the
purchase of clean technologies and different
inputs for production, the use of eco-friendly
packaging, the identification of distribution
channels, and recycling and potential
remanufacturing, which, in turn, boosts the
development and consolidation of GPI.

Firms’ abilities to redesign, publicize, and deliver
products with a value offer based on
environmental sustainability through using
packaging, containers, and distribution channels
that reduce and/or replace the use of
nonrenewable resources (toxic resources) with
light and/or recycled materials and components
that can be reused and/or composted, thus
facilitating the delivery of GPI to customers and
consumers.

Green management programs and philosophy.
Guidelines for GPI development.
Organizational policies, plans, and objectives
oriented towards environmental
sustainability.

Planning of environmental activities and
projects.

Programs regarding changes in the design,
incubation, and development of green
products.

Organizational values oriented towards
environmental sustainability.

Management and staff’s commitment to GPI
development.

Green business model.

Management of radical and incremental
innovation in environmental sustainability.
Coordination among and motivation of
functional groups to design and develop green
products.

R&D approach from the very design to the
development of the green product prototype.
R&D activities to avoid the use of toxic
materials in production.

R&D activities to create eco-friendly pack-
aging and labels.

R&D activities to favor composting and/or
recycling of containers and packaging.
Changes in and optimization of the resources
used.

Sustainability of resources used in production.
Production inputs and healthy outputs.
Recycling and reuse of materials in
production.

Safety, hygiene, and maintenance of local
production machines and premises, generating
the minimum waste.

Design of ecological processes.

Participation of suppliers, customers, and the
community in GPI development.
Brainstorming and exchange of information,
techniques, and experiences with governments
and/or nongovernmental organizations
(NGOs) to learn about environmental
solutions.

Organizational learning programs for
compliance with environmental regulations.
Strategic alliances between companies in the
same sector for purchasing environmentally
harmless inputs.

Negotiation agreements with suppliers
certified in sustainability for the supply of raw
materials.

Resource management for learning about and
complying with environmental regulations.
Resource management for creating programs
that foster the remanufacturing, recycling,
and/or composting of products.

Availability of products with higher quality
and preservation properties.

Offerings of products and packaging with
reduced and/or zero harmful effects.

Product packaging that can be reused and
recycled.

Final products’ compliance with the ecological
standards demanded by customers and
consumers.

(Guan and Ma, 2003), (Yam et al., 2004), (
Robledo-Velasquez et al., 2011), (Serrano-Garcia
and Robledo-Velasquez, 2013a), (Hart, 1995), (
Block and Marash, 2002), (Ulrich and Eppinger,
2012), (Berry and Randinelli, 1998), (Prakash,
2000), (Ludevid, 2000), and (Dangelico and
Pujari, 2010).

(Yam et al., 2004), (Guan and Ma, 2003), (
OECD/Eurostat, 2018), (Hart, 1995), (Van Hoof,
2014), (Dangelico et al., 2016), (Vickers and
Cordey-Hayes, 1999), (Dangelico and Pujari,
2010), and (Wee and Quazi, 2005).

(Guan and Ma, 2003), (Yam et al., 2004), (OCDE,
2015), (Leonidou et al., 2013), (Chung and Wee,
2010), and (Albino et al., 2009).

(Guan and Ma, 2003), (Yam et al., 2004), (
Robledo-Velasquez et al., 2011), (Serrano-Garcia
and Robledo-Velasquez, 2013a), (Hart, 1995), (
Ulrich and Eppinger, 2012), (Block and Marash,
2002), and (Dangelico and Pujari, 2010).

(Yam et al., 2004), (Guan and Ma, 2003), (Yang,
2019), (Shevchenko et al., 2016), (Hart, 1995), (
Nonaka, 1994), (Van Hoof, 2014), (Vickers and
Cordey-Hayes, 1999), (Block and Marash, 2002),
and (Albort-Morant et al., 2016).

(Guan and Ma, 2003), (Yam et al., 2004), (
Vickers and Cordey-Hayes, 1999), (Hart, 1995), (
Serrano-Garcia and Robledo-Velasquez, 2013a),
(Block and Marash, 2002), (Chung and Wee,
2010), (Ludevid, 2000), (Chkanikova, 2016),
and (Lee and Kim, 2011).

(Yam et al., 2004), (Guan and Ma, 2003), (
OECD/Eurostat, 2005), (Prakash, 2000), (
Vickers and Cordey-Hayes, 1999), (Ludevid,
2000), (Tsai, 2012), (Lin and Huang, 2012), and
(Spack et al., 2012).

Source: Authors’ elaboration.
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innovation, and organizational systemic techniques under the green
philosophy, improved products could be developed to satisfy the current
needs of society and the environment (Jabbour et al., 2015).

4.3.4. Corporate environmental responsibility (CER)

This approach is built upon social responsibility, which refers to the
actions taken by firms for the benefit of their stakeholders, represented
in their economic, legal, ethical, and philanthropic commitments
(Archie and Carroll, 1991). This approach also currently encompasses
environmental social responsibility (Siegel, 2009), which is carried out
under socially responsible strategies that seek to adequately satisfy the
pressures of protecting the environment (Lopez-Cabarcos et al., 2019).
and lead to the development of green products, among other actions.
Organizations must have the required capabilities to evaluate this
behavior (Siegel, 2009) based on an articulated system that provides
them with adequate support.

4.3.5. Environmental regulation (ER)

Compliance with environmental regulations—which have been of
paramount importance for decades—is a dynamic aspect needed for GPI
development. To this effect, regulations force companies to implement
ecological measures that favor the creation of GPI, thereby avoiding
sanctions for non-compliance (Foo et al., 2019). Therefore, the envi-
ronmental rules serve to make organizations realise and be aware of the
environmental harm they are causing (Pérez-Pérez et al., 2021). As vi-
sionaries, Porter and Van der Linde (1995) presented their hypothesis on
how firms can respond to market needs in an eco-friendly way and how
complying with environmental standards can become an extraordinary
competitive advantage for them.

According to Majumdar and Marcus (2001), such regulations are
classified as flexible and inflexible. Flexible regulations are willingly
adopted by firms, based on their motivation and level of commitment to
care for the environment, resulting in product innovation and compli-
ance with environmental obligations. Inflexible regulations, on the other
hand, include manuals and exact provisions that stifle innovation but
fight against pollution. According to the results of Ramanathan et al.
(2017), flexible regulations favor imagination, creation, and innovation
within organizations, and are also essential as they can increase
competitiveness at the industry level (Porter and Van der Linde, 1995).
Hence, depending on the firms’ appropriation of IC, they may be able to
assimilate and respond to environmental regulations by developing
transformative solutions such as, in this case, GPI development, thus
impacting on their economic profit (Saenz and Atoche-Kong, 2014).

4.4. Definition of GPI based on GIC, OD, and its determinants

Developing GPI is an opportunity for manufacturing firms to protect
the environment due to their reduced environmental impacts. This
alternative also favors firms’ market share and comparative and
competitive advantage (Lee and Kim, 2011; Tsai, 2012). Based on these
assertions, Table 3 contains a sample of definitions of a green product
(GP) and GPI.

This table clearly shows that there are different definitions of GPI and
there is no consensus on a globally accepted one for the general concept
of green products (Sdrolia and Zarotiadis, 2019). “Being an entirely new
industry, the designations ‘green product ‘or ‘environmentally conscious
product’ cover a wide variety of different products with their own
distinct characteristics”(Tsai, 2012) (p. 117). However, all the defini-
tions seem to have the same purpose: to reduce and/or eliminate the
environmental impacts generated by products that supposedly improve
quality of life.

According to the systematic review of the literature in Sdrolia and
Zarotiadis (2019), GPIis given different names such as “environmentally
conscious product”, “environmental product”, “ecological product”,
“environmentally correct” or “environmentally sustainable product”,

LTI

“eco-product”, “green product”, or “sustainable product.”
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Table 3
GP and GPI definitions.

Authors GP and GPI definitions

Albino et al. (2009) A ‘green product’ is referred to as a product designed to
minimize its environmental impacts during its whole life
cycle.

Green new product success as the ability of a green new
product or innovation to compete in the marketplace.
Green product innovation is a multi-faceted process
wherein three key types of environmental focus — material,
energy, and pollution — are highlighted based on their major
impact on the environment at different stages of the
product’s physical life cycle — manufacturing process,
product use, and disposal. It is important to note that not all
products have a significant environmental footprint at each
stage of the physical product life cycle, and nor does the
footprint stem from all aspects (material, energy, and
pollution). However, almost all products have a significant
environmental impact in at least one of the stages.

Green product innovation as a multi-faceted process aimed
at minimizing environmental impacts while striving to
protect and enhance the natural environment by conserving
energy and resources.

Green products are classified into the following seven
categories based on the discussion of Grave (1992), Peattie
(1992), Makower et al. (1993), Simon (1971), and Chen
(2001):

1. It must be Environmental Protection Certified by the
government.

2. It must use fewer raw materials or be readily recyclable.
3. It must be harmless to animal and plant life or produce
less pollution.

4. It must be capable of being repeatedly used, replenished
or sustainable.

5. Its operation must consume less energy.

6. It must possess a function to reduce pollution.

7. Its manufacturing process must produce less pollution.
Green products are the kind of products that are designed in
such a way as to have the least environmental impact
during their production and consumption.

Green is a product (tangible or intangible) that minimizes
its environmental impact (direct and indirect) during its
whole life cycle, subject to the present technological and
scientific status.

Eco-product innovation exerts the most significant
influence on sustainability because it aims to reduce
resource use and pollution throughout the entire product
life cycle, from product design to disposal.

Huang and Wu (2010)

Dangelico and Pujari
(2010)

Lee and Kim (2011)

Tsai (2012)

Zhang and Li (2019)

Sdrolia and Zarotiadis
(2019)

Long and Liao (2021)

Source: Authors’ elaboration.

Based on these definitions of GPI and the sets of identified de-
terminants, the GIC descriptions, and the OD arguments, and for the
purpose of the present paper, what follows is the proposal regarding the
understanding, description, and development of a GPI:

It is understood that the scope of green product innovation could
represent a corporate commitment where a product is designed, created,
produced, and traded with reduced or zero pollution or using non-
renewable materials and light packaging. In addition, this commit-
ment would encourage consumers and firms to recycle and reuse it.
Development could require new innovation performance directed to-
wards reconfiguring and strengthening the seven GIC and the five OD for
GPL In addition, it requires a systemic approach that enables the
orchestration of the corporate ecosystem and contributes to the gener-
ation of value, corporate profits, community satisfaction, and the
environment.

4.5. Framework: taxonomy and matrix
What follows is the framework, which is made up of two elements.

The taxonomy, which is where the determinants of GPI in GIC and OD
are located, and the matrix, which operationalizes the taxonomy.



J. Serrano-Garcia et al.

Table 4
Taxonomy of determinants in GIC and OD.
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# Authors Brief description Determinant Green Innovation Capabilities (GIC) Organizational Dimensions
(oD)
GSPC GOIC GR&DC GPC GOLRC GRC GMC HR OB T CER ER
A (Albino et al., Formulation and Planning GSPC HR CER
2009), (Janine Fleth  implementation of oriented at GPI
De Medeiros et al., short-, medium- and
2018), (Leonidou long-term policies,
et al., 2013), ( mission, programmes,
Alharthey, 2019), ( strategies, and
Dangelico, 2017), ( organizational
Dangelico, 2016), ( objectives, aims and
Lin and Huang, goals in procuring GPIL.
2012), (Huang
et al., 2016), (Jasti
et al., 2015), (Ilg,
2019), (Dangelico
and Pujari, 2010),
and (Melander,
2017).
B. (Huang and Wu, Philosophies, Corporate green GSPC  GOIC HR OB CER
2010), (Wee and organizational commitment
Quazi, 2005), ( commitment, identity,
El-Kassar and Singh,  culture, and corporate
2019), (Dangelico, environmental ethic
2017), (Melander, leading to
2017), and (Tariq environmental
et al., 2017). management
practices.
C. (Albino et al., Planning, design, Design of green GSPC GR&DC  GPC GRC T CER ER
2009), (Jasti et al., development, and processes and
2015), (Lee and control of green products
Kim, 2011), and ( processes and
Tsai, 2012). products.
D. (Dangelico and Organizational Organizational GoIC GPC  GOLRC GMC OB CER ER
Pujari, 2010), ( management in the management
Chung and Wee, supply chain, directed at green
2010), (Lee and administrative and innovation
Kim, 2011), (Tsai, structural support in
2012), (Wee and procuring the
Quazi, 2005), (Chan  generation and
et al., 2013), (Jasti adoption of green
et al., 2015), ( innovation, facilitating
Dangelico, 2017), compliance with
and (Oliveira et al., environmental
2018) regulations and social
responsibility.
E. (Huang et al., Development and Environmental GSPC  GOIC GPC GRC T CER ER
2016), (Jasti et al., implementation of a management
2015), and (Tariq certified system
et al., 2017). environmental
management system.
F. (Albino et al., Manufacturing under Manufacturing GR&DC  GPC GRC T CER ER
2009), (Dangelico the incorporation of under the
and Pujari, 2010), ( practices for incorporation of
Chung and Wee, improving production environmental
2010), (Tsai, 2012), and optimising practices and
(Tariq et al., 2019), processes, and for attributes
(Zhang and Li, incorporating
2019), (Jabbour environmental
et al., 2015), and ( attributes such as
Berchicci and recyclable material,
Bodewes, 2005), ( the use of eco efficient
Tsai, 2012), (Tariq and less toxic material,
et al., 2019), (Song the reuse and
et al., 2018), (Chen remanufacture of raw
and Chang, 2013), materials, using less
and (Jabbour et al., quantity of resources,
2015). and/or eliminating
contamination in
procuring GPIL.
G. (Tsai, 2012), ( Development and use Development of GOIC GR&DC  GPC T CER ER

Leonidou et al.,
2013), (Dost et al.,
2019), (Tariq et al.,
2019), (Janine Fleth

of green techniques
and technologies that
prevent pollution for
the creation,

environmental
technologies

(continued on next page)
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Table 4 (continued)
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# Authors Brief description Determinant Green Innovation Capabilities (GIC) Organizational Dimensions
(oD)
GSPC GOIC GR&DC GPC GOLRC GRC GMC HR OB T CER ER
De Medeiros et al., manufacturing,
2018), (Janine distribution, and end-
Fleith De Medeiros of-life of green new
et al., 2018), ( products.
Dangelico, 2017), (
Berchicci and
Bodewes, 2005), (
Tariq et al., 2017),
and (Chen and
Chang, 2013).
H. (Dangelico and Credible advertising Evidential GOIC GOLRC GMC T
Pujari, 2010), ( on communication advertising of
Cheung and To, platforms, showing the ~ GPI
2019), (Alharthey, characteristic and
2019), ( environmental
ShabbirHusain and benefits of the green
Varshney, 2019), ( products offered by the
Spack et al., 2012), firm.
and (Tan et al.,
2019).
L (Spack et al., 2012), Lighter, cleaner, and Packing, GR&DC  GPC GRC GMC T CER ER
(Leonidou et al., more environmentally packaging, and
2013), (Tan et al., friendly product green labelling
2019), (Chan et al., packaging that can be
2013), (Tariq et al., recycled or reused
2019), (Zhang and and/or can easily
Li, 2019), and ( decompose.
Alharthey, 2019).
J. (Lin and Huang, The demands and Customer GSPC GR&DC GPC GOLRC GMC CER ER
2012), (Tsai, 2012), preferences of clients demand
(Leonidou et al., and consumers in
2013), (Tan et al., terms of protecting the
2019), (Yogananda environment must be
and Nair, 2019), ( present and be
Melander, 2017), ( complied with
Alharthey, 2019), ( throughout the design,
Melander, 2018), ( manufacturing, and
De Medeiros et al., distribution stages.
2014), (Janine Fleth
De Medeiros et al.,
2018), (De Medeiros
et al., 2014), (Tariq
et al., 2017), and (
Cheung and To,
2019).
K. (Janine Fleth De Market monitoring Monitoring the GMC HR T
Medeiros et al., after product launchto  market
2018) assess consumers’
satisfaction.
L. (Huang and Wu, R&D directed at green  R&D directed at GOIC GR&DC GPC GOLRC OB T ER
2010), (Tsai, 2012), product innovation GPI
(Chen and Chang, under the generation
2013), and (Janine and implementation of
Fleith De Medeiros original, novel, useful
et al., 2018), (Tariq ideas in the whole of
et al., 2017), ( the product lifestyle.
Berchicci and
Bodewes, 2005), (
Dangelico, 2016), (
Dost et al., 2019), (
Wee and Quazi,
2005), (Chan et al.,
2013), and (
Dangelico and
Pujari, 2010).
M.  (Albino et al,, Intelligent use of Intelligent use of ~ GSPC GPC GRC HR OB T CER ER

2009), (Dangelico
and Pujari, 2010), (
Chung and Wee,
2010), (Chan et al.,
2013), (Tariq et al.,
2019), and (Zhang
and Li, 2019).

resources represented
in the implementation
of eco efficient
materials, reuse,
remanufacturing, and
the recycling of raw
materials and

resources

(continued on next page)
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Table 4 (continued)
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# Authors Brief description Determinant Green Innovation Capabilities (GIC) Organizational Dimensions
(oD)
GSPC GOIC GR&DC GPC GOLRC GRC GMC HR OB T CER ER
consumables,
impacting on the
reduction of costs and
facilitating the
creation of GPI.

N. (Wee and Quazi, Investment of Investment in GSPC GRC CER ER
2005), (Chan et al., resources to comply resources
2013), (Janine Fleth  with social directed at green
De Medeiros et al., responsibility and product
2018), (Janine environmental development
Fleith De Medeiros regulations.
et al., 2018), (Song Investment in
et al., 2018), ( laboratories, in R&D,

Huang et al., 2016), in cleaner

(Chen and Chang, technologies, in

2013), (Melander, ecological

2017), and ( modernization, in

Berchicci and improvements in

Bodewes, 2005). production systems, in
infrastructure, in
qualified human
resources, in
knowledge, in
relationships, and in
collective learning,
aimed at supporting
GPL

0. (Lee and Kim, Collaborative and Institutional GOIC  GR&DC GOLRC HR OB T
2011), ( communication relations
Chkanikova, 2016), relationships with
(1lg, 2019), ( suppliers, customers,

Melander, 2018), ( consumers,

Dangelico, 2016), ( environmental groups,

Melander, 2017), ( universities, research

Dangelico, 2017), ( institutions, and firms,

De Medeiros et al., among others, for the

2014), and (Tariq supply and use of

et al., 2017). environmentally
friendly materials and
the design of
initiatives and
developments in terms
of research,
innovation,
technology transfer,
and cleaner products
and processes.

P. (El-Kassar and Response capacity and ~ Acquiring GOIC GR&DC GOLRC HR OB T
Singh, 2019), (Ilg, knowledge knowledge
2019), ( acquisition,

ShabbirHusain and dissemination, and
Varshney, 2019), ( exchange between
Oliveira et al., employees and

2018), (Melander, stakeholders, reflected
2018), (Janine in the elimination of
Fleith De Medeiros cultural barriers,

et al., 2018), ( quality, best
Dangelico, 2017), ( environmental
Dangelico, 2016), ( practices, and new
Huang et al., 2016), materials,

(Melander, 2017), ( technologies, and

De Medeiros et al., resources to favor GPIL
2014), (Tariq et al.,

2017), (Lee and

Kim, 2011), and (

Wee and Quazi,

2005).

Q. (Janine Fleth De Green-oriented Ecological GOoIC GOLRC HR OB
Medeiros et al., leadership and organizational
2018), (Janine transformative leadership

Fleith De Medeiros
et al., 2018), (
Dangelico, 2017), (

behavior translated
into corporate ethic,
monitoring and

10
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Table 4 (continued)
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# Authors Brief description Determinant Green Innovation Capabilities (GIC) Organizational Dimensions
(oD)
GSPC GOIC GR&DC GPC GOLRC GRC GMC HR OB T CER ER
Huang et al., 2016), identification of new
(Chen and Chang, opportunities, cross-
2013), (De Medeiros functional
et al., 2014), and ( collaboration, and
Tariq et al., 2017). motivation and
incentives for the
development of green
product offerings.
R. (Wee and Quazi, Human resources with Human talent GOIC GOLRC HR OB
2005), (El-Kassar extensive knowledge with
and Singh, 2019), on environmental competences
(Janine Fleth De sustainability to towards GPI
Medeiros et al., promote the creation
2018), (De Medeiros and alignment of
et al., 2014), (Tariq teams and cross-
et al., 2017), (Chen functional procedures
and Chang, 2013), ( and their
Melander, 2017), ( communication for
Chang, 2016), (Song ~ GPI development.
et al., 2018), (
Melander, 2018),
and (Huang et al.,
2016).
S. (Albino et al., Corporate social Environmental GSPC GOIC OB CER
2009), (Huang and responsibility as a responsibility
Wu, 2010), ( philosophy, an ethical
Dangelico and act, and an
Pujari, 2010), ( environmental
El-Kassar and Singh, ~ commitment that
2019), (Song et al., provides a sense of
2018), ( identity and allows
ShabbirHusain and firms to adapt to
Varshney, 2019), ( achieve their green
Chen and Chang, objectives.
2013), (Jasti et al.,
2015), (Tariq et al.,
2017), (Chang,
2016), and (Chung
and Wee, 2010).
T. (Huang and Wu, Assessment practices, Environmental GOIC GPC T CER ER
2010), (Dangelico such as emission auditing
and Pujari, 2010), ( measurement,
Tsai, 2012), (Chan auditing, and
et al., 2013), ( environmental offset
Melander, 2018), incentives at each
and (Huang et al., stage of the product’s
2016). life cycle.
U. (Dangelico and Organizational Responsibility GOIC GR&DC  GPC GMC OB CER
Pujari, 2010), ( responsibility from the  throughout the
Chung and Wee, product’s design until life cycle of the
2010), (Zhang and the end of its life cycle,  product
Li, 2019), (Berchicci through the
and Bodewes, incorporation of
2005), and ( environmental
Leonidou et al., attributes for GPI
2013). development.
V. (Dangelico and Awareness, Compliance with GOIC GOLRC OB ER

Pujari, 2010), (Lee
and Kim, 2011), (
Tsai, 2012), (Chan
et al., 2013), (Song
et al., 2018),
(Janine Fleith De
Medeiros et al.,
2018), (Dangelico,
2017), (Dangelico,
2016), (Melander,
2017), (Tariq et al.,
2017), and (De
Medeiros et al.,
2014).

identification, and
compliance with
environmental
policies, laws, and
regulations to favor
the creation of green
products.

environmental
regulations

Source: Authors’ elaboration.
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Table 5
Matrix of the determinants driving GPI development.
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Matrix of the determinants driving GPI development

Organizational dimensions for GPI

Human Organizational Technology (T) Corporate Environmental Environmental
Resources Behavior (OB) Responsibility (CER) Regulation (ER)
(HR)
Green Innovation Green Strategic Planning Capability [A, B, M] [B, S1 [C, E, M] [A,B,C,E, J, M, N, S] [E, J, M, N]
Capabilities (GIC) (GSPQC)
Green Organizational Innovation [B, O, P, Q,R] [B,D,L,0,P, Q,R, [E,G,H,L, O, [B,D,E,G,S, T, U] [C,D,E G,L, T, V]
Capability (GOIC) U, S, U, V] P, T]
Green R&D Capacity (GR&DC) [0, P] [L, O, P, U] [C,F,G,LLO, [C,F,G,1,J,U] [C,F, G, 1, J,L]
P]
Green Production Capability [M] [D, L, U] [C,EFGLL, [C,D,EF,G,LJ,M,T,U] [C,D,EFGLJ L,
(GPC) M, T] M, T]
Green Organizational learning [0, P, Q, R] [D,L, O, P, Q,R] [H, L, O, P] [D] [D, L]
and relationship capability
(GOLRC)
Green Resources Capability (GRC) [M] [M] [C,E, F, I, M] [C,E, F, I, M, N] [C,E, F, I, M, N]
Green Marketing Capability [K] [D] [H, I, K] [D, I, J] [D,L, J]

(GMC)

Source: Authors’ elaboration.

4.5.1. Taxonomy of determinants in GIC and OD

The classification of determinants in GIC and OD may mean higher
organizational and managerial understanding and may help to distin-
guish organizational factors where the determinant intervenes and
should be available to channel and achieve GPI.

Continuing with the elements showed in Table 4, first there is a list of
the seven GPI and five OD, and second there is a set of twenty-two as-
sociations with the respective capabilities and dimensions, given their
organizational strategic extensions aimed at establishing GPI.

For instance, determinant A, organizational policies, mission, plans,
and objectives that favor GPI development, shown in Table 4, falls within
the green strategic planning capability because it represents a firm’s ability
to formulate and define organizational environmental strategies at the
strategic, tactical, and operational levels. This determinant also impacts
two organizational dimensions: human resources, since it is the staff
themselves who carry out the planning activities and implement the
strategies aimed at GPI development; and environmental corporate re-
sponsibility, because with this factor firms’ efforts are directed towards
reducing and/or eliminating their negative impacts on the environment
which, in turn, yields benefits for their stakeholders.

Determinant Q, green-oriented leadership and transformative behavior
translated into corporate ethic, monitoring and identification of new oppor-
tunities, cross-functional collaboration, and motivation and incentives for the
development of green product offerings, shown in Table 4, impacts two
capabilities: green organizational innovation, which concerns the ability
established in a firm’s design, management, and structure to face new
environmental opportunities and bring them to the organization for
their transformation; and green organizational learning and relationship,
which refers to a firm’s ability to learn about environmental sustain-
ability, thus favoring the monitoring and identification of new oppor-
tunities and the improvement of its environmental actions.

For its part, determinant V falls within two organizational dimensions:
organizational behavior and human resources. The first is related to the
members of the firm’s commitment, culture, and behavioral and motiva-
tional efforts oriented towards GPI development. And the second is the
beings endowed with faculties and intelligence that can execute and
materialize tangible actions through cross-functional collaboration, moti-
vation, and incentives.

With the aim of testing the suitability of the taxonomy presented in
Table 4, and by means of example, some of the theoretical referents used
by the authors for the association of the sets of determinants within GIC
and OD are presented. The less common name of the drivers in italics
belong to this paper, and those in inverted commas are their similes
identified in the theoretical references.

To this effect, what follows are the drivers that associated with GMC:
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advertising evidence of GPI is related to the factor “clear communication
of green products and brand characteristics to reduce information
asymmetry”(Dangelico and Vocalelli, 2017); monitoring the market is
associated with “conducting environmental benchmarketing” (Dange-
lico, 2016); client demand coincides with “purchase intention” and
“consumer buying decision” (Alharthey, 2019); packing, packaging and
green labelling is related to “ecolabels and packaging as key identifiers of
green products” (Dangelico and Vocalelli, 2017) and “environmentally
friendly packaging and labeling green packaging” (Jasti et al., 2015).

Similarly, the determinants associated with GOLRC compare with
the key factors found in papers that develop the topic of learning and
green collaboration. To this effect, human talent with green oriented
competencies relates to “development of a set of green competences” (De
Medeiros et al., 2014); institutional relations is associated with “rela-
tionship management” and “partner selection” (Melander, 2017); client
demand relates to “customer demand” (Melander, 2017); complying with
environmental regulations is related with “regulations” (Melander, 2017);
and acquiring knowledge is related to “knowledge access” (Melander,
2017).

The determinants associated with the HR dimension in the classifica-
tion of the present paper are related to the key factors stated in papers that
develop themes associated with human resources. To this effect, human
talent with green oriented competences is associated with the determinant
“employees’ competence in environmental protection” (Chang, 2016);
ecological organizational leadership with the driver “managers in the com-
pany can fully support their employees to achieve the goals of environ-
mental protection” (Chang, 2016); and, corporative green commitment with
“green values” (referring to individual and organizational values oriented
to managing environmental sustainability) (Chams and Garcia-Blandon,
2019). The link between the determinants planning strategy oriented to GPI
and the acquisition of knowledge and HR is reinforced by the affirmations
“human resources play a significant role in the strategic management of
the organization” (Garavan et al., 2002, p. 1) and “HRM systems sup-
porting knowledge-intensive teamwork are associated with greater team
knowledge acquisition and team knowledge sharing” (Chuang et al., 2013)
and (Jackson et al., 2014), respectively.

Consequently, below is a description of how each determinant im-
pacts organizational capabilities and dimensions and how they are
related and interconnected. The analysis was carried out with each
identified determinant because each of them impacts, involves, and is
linked to the organization and its functions at the environmental level.
Hence, the importance of their taxonomy and grouping, allowing them
to be reconfigured and properly distributed to identify specific actions
aimed at GPI development. Table 4 shows the results of the taxonomy of
determinants in GPI and OD.
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4.5.2. Operationalisation matrix of the CIV, OD and determinants

Taking as a reference the previous works of Robledo-Velasquez
(2020), Robledo-Velasquez et al. (2011), and Serrano-Garcia and
Robledo-Velasquez, 2013a, and summarizing the results of the taxon-
omy of determinants in GIC and OD postulated in Table 4, a matrix was
then proposed through which the taxonomy was operationalized, illus-
trating the interrelation between GIC, OD and the sets of the de-
terminants presented in Table 5. The rows and columns represent GIC
and OD, respectively, and show the location of each determinant within
the intersection of GIC and OD, including the one it is related to, thus
facilitating an eventual organizational performance that contributes to
the determinants and fosters GPI development.

This matrix shows how the determinants involve a capability, a
dimension, or different combinations of these within the organization. It
evinces that the whole organization must work together in permanent
interrelationship between its parts and using different abilities to ach-
ieve an adequate application of the determinants leading to GPL
Accordingly, this matrix would favor the assessment of GPI development
via a coherent definition of the variables representing the determinants
which, in turn, would fulfill both GIC and OD.

In theory, firms should achieve all the determinants of GPI. However,
making progress in each of them would allow them to gradually ascend
the different levels and, at some point, fully develop GPI. Based on the
proposed classification and grouping, it could be said that what is
needed to comply with the determinants is a GIC strategic approach,
together with green-oriented OD, since this provides the organization
with support. This could lead to the commercial transformation and
exploitation of firms by capturing and delivering value through GPI
development. This, in turn, would encourage a context in which the
organization is examined as an integral system that favors reciprocal
connection and complementarity between the organization, the capa-
bilities, the dimensions, and the determinants, thus boosting GPI
development to have a positive impact on its economic, social, and
environmental performance.

5. Discussion

The objective of this study was to identify the determinants and their
configuration within GIC and OD for GPI development. Therefore, it
moves towards the unification of the constituent elements of GPI,
providing 22 sets of determinants and evincing a series of characteristics
that specifically show the environmental factor being fostered by turning it
into an organizational challenge. This is important because it enables the
identification of which situation-capability-area each set of determinants
is affecting at the organizational level to favor its interpretation and the
performance/behavior placement being considered within the organiza-
tion. Similarly, useful basic data are provided for future research to move
forward in pursuit of improving the determinants needed in GPI config-
uration. Additionally, this study may serve as a starting point for the
implementation of other frameworks in fields such as administration,
innovation, and technology management under a green approach.

Furthermore, manufacturing companies currently need to update
their capacities to promote the achievement of GPI to continue acquiring
competitiveness in the market (Salim et al., 2020). At the same time, DC
are necessary to favor innovation and allow companies to constantly
evolve, facilitating their adaptation to environmental demands. To this
effect, DC play a moderating role, intervening to create facilitate the
creation of ecological product innovation (Long and Liao, 2021).
Therefore, the present work considers the structure of DC, which relate
properties that generate innovation such as the dynamism and evolution
accomplished by means if IC.

The above explains the fact that the concepts and generalities of the
seven IC are widely used nowadays to develop and define specific
characteristics in each of these capabilities to provide a solution to CPI.
Nonetheless, the descriptors of these seven IC in relation to the concept
of GPI are unknown. Thus, one of the contributions of this paper is that it
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finds and connects these specific and unique elements, defining each of
these already established capabilities but relocated to the green context
which, to the best of the authors’ knowledge and belief, has not been
postulated and unified by any other author. More specifically, this study
shows how the seven proposed GIC agree with key organizational abil-
ities, which could jointly favor innovation management to respond to
the green challenge. Furthermore, the form and scope of each GIC at the
administrative and green technical levels are clearly described for easy
understanding and application within the organization.

Moreover, this research proposes five OD that are part of an exten-
sion towards the green approach. Following Nadler et al. (2011) and
Gouel (2005), the formal organization dimension is represented, in this
study, in the corporate environmental responsibility and environmental
regulation dimension, given that these two latter aspects correspond to
organizational agreements subject to coordination and control to ensure
they are complied with. The informal organization dimension is repre-
sented in the organizational behavior dimension since it appears sponta-
neously but affects the behavior and results of the firm in terms of
sustainability. The human talent dimension comprises the individuals
performing work activities, whose knowledge, abilities, expectations,
and motivations regarding the environment must be considered. Last,
the technology dimension is represented in the pooling of knowledge
facilitating the creation of green products.

Regarding the understanding, definition and development of a GPI,
we identified that to be classified as a green product it must have certain
ecological technical and organizational characteristics that make it
different from a conventional innovative product. However, considering
the findings of this paper, what is required to achieve GPI is a systemic
orientation of the organization as the facilitating entity, supported by
administrative pillars such as GIC and OD which, according to the set of
determinants, could favor GPI configuration.

It is clear how the sets of determinants relate to the proposed GIC and
OD, with their groupings and interconnections in terms of how each of
them affects, involves, and relates to the organization and its role in the
environmental field illustrated, thus facilitating the integrity and consis-
tency of the determinants. Hence, the importance of their classification
and grouping within GIC and OD, as this implies a better understanding for
the organization and managers. The taxonomy proposed has practical
value in terms of the identification of the existing relations between the
GIC, OD and the determinants, to produce a global vision of the factors
required for organizational reconfiguration towards GPI development.

Having shaped the taxonomy, the matrix that operationalized GIC,
OD and the determinants was created, seeking to make the interrelations
and interdependencies more evident and easily understandable. This
will allow the corresponding variables to be selected and controlled in
the future to measure and assess the aforementioned association in
terms of innovation management oriented towards GPI development.

Therefore, the matrix was developed as a systemic tool, given that it
illustrates the interrelation between GIC, OD and the determinants
within the organization. It is also dynamic because it can be adapted to
the different variants and environments in which the company may find
itself and it allows the variables to be updated and modified to reach a
diagnosis that enables the strategy and the actions needed to procure
achieving GPI to be defined. The matrix has been proposed from a
general perspective of the organization and based on the determinants
identified. However, faced with specific conditions, the matrix can
evolve to adapt to each problem and organizational dynamic. Conse-
quently, the development and updating of the matrix will allow firms to
move up through the different organizational levels, leading them at
some point to the full configuration of GPIL

A series of frameworks based on determinants for facing GPI at the
organizational level have been proposed in several research articles.
Dangelico (2016) suggests a success factor framework for GPI develop-
ment that includes four capabilities: external integrative, technological,
internal integrative, and marketing. For his part, Melander (2018)
combines the frameworks proposed by Dangelico (2016) and Melander
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(2017) under internal and external capabilities and focuses on firm
collaboration in the lengthening of the supply chain with suppliers and
clients for GPI development. Although there are groupings of de-
terminants based on capabilities in these proposals, there was still need
for a specific, holistic, and strategic approach capable of containing most
of the determinants of GPI leading to organizational functions.

Tariq et al. (2017) propose a framework based on the identification
of drivers (factors) and consequences (performance) for ecological
processes and products. This interrelation is carried out from the iden-
tification of measuring and moderating variables, within which the
framework resorts to linking certain capabilities and thematic organi-
zational approaches. However, these authors call for the structuring of
organizational factors using DC to advance in responding to the envi-
ronmental challenges.

Berchicci and Bodewes (2005) present a framework that includes
three organizational aspects: design specifications, coordination and
alignment within teams, and project management support. This frame-
work considers the lack of specificity, for instance the required research
and development approach to contribute to determinants such as clean
processes and technologies, and organizational learning, evidencing the
need for knowledge regarding environmental sustainability and stra-
tegic planning linked to greening at the organizational level, among
other necessary factors for the determinants of GPI.

Jasti et al. (2015) identify principles, tools, and techniques to
develop green products. Their study includes up to 80 similar elements
that are then grouped in eleven strategic organizational factors. How-
ever, no GIC and OD are considered which, according to our grouping
and taxonomy, must be considered to support the determinants of GPIL.
Moreover, capabilities such as research and development, resource
management, and organizational learning are not considered, and
neither are dimensions such as human talent management, organiza-
tional behavior, social responsibility, and environmental regulation.

The main focus of the study conducted by Janine Fleth De Medeiros
et al. (2018a,b) is the planning, operation, and marketing of green
product development. Nevertheless, aspects such as human talent
management, organizational behavior, social responsibility, research
and development, and organizational learning and relationships aimed
at GPI are not considered in their proposal.

Ilg (2019) proposes an analytical framework in the form of a virtuous
circle for the development of ecological materials and products in the
construction industry, thus fostering ecological innovation by consid-
ering suitable organizational approaches. However, neither the GIC
concept nor research and development capability, which contributes to
research on new technologies in the construction field, are considered in
these frameworks.

Considering the above, there is no conceptual scenario shown that
displays how the determinants are organized under an integral
approach, supported by the seven proposed GIC and the structuring of
the five identified OD, to respond to the transformation of processes that
favor innovation management oriented towards the green approach. To
the best of the authors’ knowledge and belief, this is the first research
that postulates the articulation of GIC and OD to favor innovation
management and its corresponding extension to GPI. Additionally, the
authors would like to highlight that despite the number of proposed and
related GIC and OD, they were brought about under the scrutiny of the
identification, grouping, and taxonomy classification of the required
determinants in pursuit of GPIL

The proposed framework, made up of the taxonomy and the matrix,
considers the organization to be an interrelated system in which the
proposed foundations adjust, mutually support, and continuously co-
ordinate to achieve the innovation management objectives, according to
the planned strategies (Nadler and Tushman, 1998). This framework
provides a structural relation of the organizational elements, allowing
the strategies, functions, and actions to be redirected to strengthen
technological innovation management in pursuit of GPI creation and
development. Therefore, the proposal to organizations to be able to
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reconfigure themselves to achieve GPI presented in this paper is the
association of the determinants of GPI with GIC and OD, structured in
the taxonomy and operationalized in the matrix, based on innovation
management.

By way of analogy, and to visualize the proposal presented in this
paper in a holistic and general way, the authors envisage the framework
located in the organization as a tree, under which the structural rela-
tionship to achieve GPI is interpreted. The roots represent GIC, whose
function is to absorb the nutrients to ensure its growth. Meanwhile,
these roots connect to the trunk and the branches representing the five
OD as a fundamental component, which themselves project out in a way
that maximises the absorption of energy through the leaves, symbolising
the determinants and, at the same time, satisfying the needs of the fruit,
which represents the creation of GPI. In this analogy, the fruit depends
on the leaves and the branches, and the branches strongly depend on the
health of the tree trunk and the solid structural base provided by the
roots. Similarly, given that the seven proposed GIC and five OD that
make up the organizational reconfiguration make it easier for firms to
adapt, the consistency and integrity of the determinants leading to GPI
development are also facilitated.

6. Conclusions

Nowadays, firms have a tremendous opportunity to be competitive if
they become involved in GPI. However, to do so, they need to change and
reconfigure themselves based on certain organizational skills and di-
mensions that would then serve as the foundations for the determinants
required for GPI development.

This paper proposes the extension and adjustment of seven GIC to
create and develop green products based on the new demands of the
environment. These GIC were carefully selected and arranged to guide
firms to reconfigure themselves and optimize their environmental ac-
tions. Moreover, the proposed OD are regarded as constitutive and
support elements associated with organizational changes, adaptation,
and revitalization from an environmental perspective. Hence, GIC and
OD together are factors that could shape a set of organizational adjust-
ments required for firms to address their current responsibility in terms
of developing green products.

Furthermore, after gathering and analyzing previous studies in the
field, strategic determinants that influence the development and
implementation of GPI were identified and thoroughly classified. These
determinants refer to the attributes that firms should consider when they
decide to address the challenge of GPI. In addition, they are factors that
require a solid base at the organizational level, leading us to identify
their required connection and association with the proposed GIC and
OD.

Therefore, another outcome of this research is the classification and
strategic association of the determinants of GPI within the different GIC
and OD, showing how they relate to each other and facilitating the
identification of actions inherent to innovation management to help
organizations to face and address their needs in terms of GPI. Likewise, a
matrix is established, which allows organizations to assess and monitor
their progress in GPI management.

The proposed framework combines typical and necessary organiza-
tional factors. It could be seen as a roadmap for firms to understand their
organizational redesign when they are adapting and being revitalized
based on the scenarios, interdisciplinarity, and eventualities of the
current context in terms of environmental sustainability. This frame-
work fosters links in the evolution of the organization, supported by GIC
and OD, which are represented in the innovative and technological
transforming processes and abilities to meet the requirements of the
determinants and to finally deliver a GPL

In general, this framework regards organizations as open systems of
interconnected parts that facilitate their constant adaptation to boost
GPI development. Therefore, the proposed framework could become a
tool for the transition and/or transformation of firms towards the
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development of environmentally friendly products from the innovative
perspective of their new organizational commitment.

This study aims to contribute to the advancement in the organiza-
tional and technological innovation management theories towards GPI
consolidation, as well as to the research on the structuring of environ-
mental sustainability at the organizational level. It is especially intended
for researchers, managers in the manufacturing sector, and government
bodies interested in environmental sustainability, proposing a holistic
and systematic approach that redefines the boundaries of opportunities
for new competence and performance. Various studies have found all
these aspects to be missing and necessary (Dangelico et al., 2016; Engert
et al., 2016; Leih et al., 2015; Shevchenko et al., 2016; Teece, 2018a).

6.1. Limitations and future work

A series of limitations that can also be opportunities for further
research were identified, the purpose of which is to encourage creativity
in the debate and discussion generated by our work. The first is that we
did not consider other organizational and technology management lines
of theory that could also favor the strengthening and development of
GPI. Second, future research should study each GIC separately in com-
bination with each OD to favor GPI development, as well as design a
conceptual framework from other perspectives and under different
grouping and correlation criteria. Third, given that this work mainly
focused on theoretical and conceptual aspects, it is recommended that
further research converts the sets of determinants into variables that can
be implemented and controlled by firms. Fourth, the framework devel-
oped could be applied in studies whose aim is to study the environments
and the varied conditions in which the company can find itself, to ensure
the advance towards the constitution of GIP. Fifth, one aspect to
consider from the basis created is the development of future empirical
research to analyze its validity and reliability in real settings, and to
identify possible configurations and impacts on organizational
performance.
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Abstract

This paper aims to determine which configuration of green innovation capabilities
(GICs) and organisational dimensions (ODs) leads to achieving green product innova-
tion (GPI). We used data collected through the European Manufacturing Survey
(EMS) from manufacturing firms in Spain and Croatia considered to be innovators.
After conducting a cluster analysis, we identified a group of firms that still develop
conventional product innovations (CPls) and three groups of firms at different stages
of GPI development. The four clusters were characterised using different variables,
or determinants of GPI, associated with seven GICs and five ODs that favour GPI.
According to the findings, all the GICs and ODs under analysis have a positive impact
on GPI development, which results in the consolidation of a framework that organisa-
tions could use to manage green innovation. By empirically showing the relevance of
applying these constructs, this study makes contributions to the Resource-Based
Theory (RBT), along with its extension to GICs, and points to the need to associate
them with the ODs to achieve GPl towards the challenge of sustainable

development.

KEYWORDS
determinants, green innovation capabilities, green product innovation, manufacturing firms,
organisational dimensions, sustainable development
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Manufacturing Survey; ER, Environmental Regulations; GICs, Green Innovation Capabilities; GMC, Green Marketing Capability; GOIC, Green Organisational Innovation Capability; GOLRC, Green
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1 | INTRODUCTION

The current environmental issues, which call for greater environmental
awareness, have become one of the most pressing challenges faced
by governments, institutions and individuals. Firms, in particular, have
had to re-evaluate their organisational strategies to lessen their
negative environmental impact. A possible solution to this problem for
manufacturing firms could be the development of green product inno-
vations (GPIs) (Salim et al., 2021; Shahzad et al., 2021). These products
seem to be key to achieve comparative and competitive advantages
because they not only provide economic benefits but they also help
to preserve natural resources for future generations (Pérez-Pérez
et al., 2020; Salim et al., 2021). In addition, GPIs could please socially
conscious consumers (Sana, 2020) while also serving as a stimulus for
businesses, which could receive incentives such as direct subsidies
and tax credits for their development (Long & Liao, 2021).

Many organisations, however, have not yet decided to develop
GPI for several reasons: (i) Ecological innovation is only considered
after core business problems are addressed (Yin et al., 2020); (ii) firms
feel overwhelmed by the imposed environmental regulations, which
limits their willingness to voluntarily participate in ecological activities
(Collins et al., 2007); (iii) small businesses believe that their contribution
to the green economy is insignificant (Mellett et al., 2018); (iv) there is
insufficient knowledge about why and how firms could foster
corporate environmental sustainability to pursue GPI (Dangelico &
Pujari, 2010) and (v) green innovation demands corporate commitment
and the implementation of environmental policies and strategic guide-
lines to materialise ideas for green products (Dangelico & Pujari, 2010).

GPIs require certain determinants for their design, materialisation,
production, distribution and disposal, making them different from con-
ventional product innovations (CPIs) (Chkanikova, 2016; de Medeiros
et al., 2018; Jasti et al., 2015). Despite the substantial progress made
in defining the determinants of GPI, their configuration at the
organisational level is considered difficult (Jasti et al., 2015; Tariq
et al, 2017) because they affect several organisational functions.
Therefore, these determinants must be backed by organisational
elements that enable innovation to be managed in a way that results
in GPI (Serrano-Garcia et al., 2021).

Various authors have studied how the determinants of GPI can be
configured at the organisational level from a variety of research topics
such as corporate environmental management (Wee & Quazi, 2005);
environmental strategies and green product development (Albino
et al, 2009); firms' motivations, environmental policies, goals and
challenges in developing and marketing GPI (Dangelico & Pujari, 2010);
management of interorganisational relationships aimed at supplying
materials for green products (Cheung & To, 2019) and reference
models to develop green products at the corporate level (Berchicci &
Bodewes, 2005; llg, 2019; Jasti et al., 2015; Tariq et al., 2017). Like-
wise, several theories have been used for this configuration, including

organisational identity (Song et al., 2018), consumption values (Lin &
Huang, 2012), the institutional theory (Zhang et al., 2020), stakeholder
involvement (Zhao et al., 2018), the contingency theory (Saengchai
et al., 2019) and the resource-based theory (RBT) using green capabili-
ties (Aboelmaged & Hashem, 2019; Albort-Morant et al., 2016; Chen &
Chang, 2013; Salim et al., 2019). The RBT is well known for its poten-
tial to support firms in developing green products (Tariq et al., 2017).
However, there are still few theoretical and empirical studies on
resource management and the use of capabilities oriented toward
green innovation (Aboelmaged & Hashem, 2019; Qiu et al., 2020; Salim
et al., 2019; Sirmon et al., 2011; Tariqg et al., 2017; Teece, 2018).

Moreover, further research is needed on how organisations must
restructure themselves to meet the challenge of sustainability and
how the necessary adjustments can be made (Millar et al., 2012). In
addition, more studies need to be developed to determine how firms'
capabilities and the orchestration of organisational assets are the
basis for efficiently managing various environmental challenges and
implementing environmental sustainability plans at the corporate
level (Annunziata et al., 2018; Dangelico et al., 2016; Serrano-Garcia
et al, 2021; Sirmon et al, 2011). From the perspective of
organisational management, much uncertainty still exists about how
environmental protection or going green might become a core
competence (Yusr et al., 2020). Furthermore, most analyses based
on the Natural Resource-Based View (NRBV) theory have found gaps
in empirical studies focused on product stewardship (Hart & Dowell,
2011), which refers to ‘practices that reduce environmental risks or
problems resulting from the design, manufacturing, distribution, use,
or disposal of products’ (Berry & Rondinelli, 1998, p. 44).

Therefore, GPI, which causes changes at the organisational level
(Berchicci & Bodewes, 2005; Dugoua & Dumas, 2021), could be
supported by the incorporation of differential green innovation capa-
bilities (GICs) (Serrano-Garcia et al., 2021), which are based on the
RBT (Barney, 1991; Barney et al., 2011), the NRBV (Hart, 1995), the
dynamic capabilities (DCs) (Leih et al., 2015; Teece, 2007; Teece
et al., 1997) and the innovation capabilities (ICs*) (Tariq et al., 2020).
Nevertheless, having GICs is not enough for firms to achieve a
competitive advantage; they also need a variety of assets—or
organisational dimensions (ODs)—(e.g., people and their knowledge,
processes and procedures, strategies, environmental regulations, cor-
porate environmental responsibility, a structure and an organisational
behaviour) to develop and deploy their technological capabilities
(Adler & Sbenbar, 1990; Nadler et al., 2011; Serrano-Garcia et al.,
2021; Sirmon et al., 2011; Teece, 2018). Furthermore, within the ODs
favouring innovation, the relevance of resources and capabilities
must be acknowledged (Bogers et al., 2015). A firm's environmental
strategy and competitive advantage would therefore depend on how
GPl is handled at the organisational level through the innovative man-
agement of its determinants, as well as on how the organisational
capabilities and dimensions are intertwined to construct and achieve the
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organisation's strategic goals (Adler & Sbenbar, 1990; Leih et al.,, 2015;
Serrano-Garcia et al., 2021; Teece, 2018; Tushman & Nadler, 1986).

All the above points to the need for more research and empirical
validation on how to configure the GICs and the ODs so that they are
integrated at the organisational level and recognised for their potential
to support the determinants conducive to GPIl. In the study by
Serrano-Garcia et al. (2021), this aspect is also outlined as future work.
Based on the identified descriptions and difficulties, the purpose of this
study is to analyse which GICs-ODs configuration leads to achieving
GPI. The contribution of this research, therefore, is the practical and
experimental orchestration of a complex structural relation between
GICs, ODs and GPI to serve as a framework of reference for the man-
agement of green innovation in achieving sustainable development.

The rest of this paper is structured as follows. Section 2 provides
a theoretical background on the matter. Section 3 describes the meth-
odology we implemented. Section 4 presents the results. Section 5
discusses the findings. Last, Section 6 draws the conclusions and out-
lines the limitations and future lines of research.

2 | THEORETICAL BACKGROUND AND
LITERATURE REVIEW

21 | Literature review

Table 1 below is a review of the quantitative studies on managerial
concepts towards an understanding of GPI.

These studies are examples of some relevant work done in the
field of GPI. Previous studies, mainly using the theoretical lenses of
RBV, identify some key elements such as green human resource man-
agement, research and development, stakeholders, formal and infor-
mal structure, market orientation, together with efforts framed within
learning, environmental regulations, strengthening of capabilities and
understanding green innovation, in a context of technological turbu-
lence, and with associated performance aims. The cited studies are
illustrative of a clear interest and the significant advance made
towards understanding the phenomenon of GPI at the organisational
level. However, in line with the studies previously conducted, and
according to our knowledge, there is a lack of research crossing the
boundaries of the structural relation in this case of seven GICs associ-
ated with five ODs, such as the ones included in this research, which
enables obstacles to be overcome and the promotion of a paradigm
shift to pursue environmental strategies in the organisation of meet-

ing the challenge of GPI.

2.2 | Conventional product innovation vs. green
product innovation

Innovation is defined as ‘a new or improved good or service that
differs significantly from the firm's previous goods or services and
that has been introduced on the market” (OECD/Eurostat, 2018,
p. 21). When developing CPls, several characteristics must be

considered, including production capacity, product conceptualisation,
organisational aptitude and competition (Tsai, 2012). CPI, once con-
ceived, could contribute to the creation of green products (Berchicci &
Bodewes, 2005; Pérez-Pérez et al., 2021) because innovation leads to
refining technical requirements or aligning them with consumer
demands and preferences (such as overcoming current environmental
issues) (Dangelico et al., 2021; Niedermeier et al., 2021).

Conversely, GPI is a product with a lesser environmental impact
during both its production and its consumption. This product is
designed to consume less energy, generate less emissions and be pro-
duced with renewable and environmentally friendly raw materials
(Melander, 2018). It is currently widely recognised as key in business
expansion and competitiveness: society, customers, consumers and
governments perceive it as an effective alternative to improve environ-
mental outcomes and, consequently, individuals' quality of life (Tarig
et al., 2017). It results from the interaction and coordination between
innovation and sustainability (Dangelico & Pontrandolfo, 2010).

GPI represents a business opportunity for today's firms because it
has evolved into a strategy for competitiveness and added-value
incorporation and growth. Likewise, it allows organisations from the
member states of the United Nations to contribute to the 2030
Agenda by directly tackling Sustainable Development Goal 9, which
encourages sustainable industrialisation and fosters innovation
(United Nations, 2018).

2.3 | Determinants of green product innovation
When it comes to the need to protect the environment, firms must con-
sider a number of determinants that enable them to eliminate barriers
and paradigms and thus develop green products while also improving
their environmental, economic and social performance (Chen & Chang,
2013; Jasti et al., 2015; Tan et al., 2019). Serrano-Garcia et al. (2021)
made headway toward unifying the determinants that characterise
and distinguish GPI and that are needed for its development and
marketing. They proposed 22 sets of determinants that describe
environmental characteristics in relation to organisational challenges.
These determinants help firms to restructure themselves to meet cur-
rent requirements in terms of GPI because the creation, production and
commercialization of GPIs can facilitate the generation of businesses
with the green focus that consider the strong relation with the preserva-
tion of the environment. While these previously analysed determinants
will be further explored later in this study, they will be represented here
as variables to assess their possible effect on firms' restructuring aimed
at GPI development by means of an empirical analysis.

These determinants, however, are not enough to drive GPI; they
require the support of certain organisational skills and components for
their management (Serrano-Garcia et al., 2021). This is where busi-
nesses could assess whether they need to restructure themselves to
respond to the various determinants of GPI (Qiu et al., 2020). GICs
and ODs become important here because they could help firms to
adapt and update to promote a direct relationship with and respond
to the determinants of GPI (Serrano-Garcia et al., 2021).
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TABLE 1

Authors

a. Bhatia and
Jakhar (2021)

b. Awanetal.
(2020)

c. Zhaoetal
(2018)

d. Andersén
(2021)

Wam

SERRANO-GARCIA ET AL.

Objective/questions

Do environment regulations
affect top management
commitment towards
GPI?Does organisational
learning mediate between
top management
commitment and GPI
practices?Do GPI
practices enhance
performance?

How do buyer-driven
knowledge transfer
activities affect a firm's
green product innovation
via knowledge
management capabilities?
What is the impact of
buyer-driven knowledge
transfer activities on
social performance
improvement through
knowledge management
capabilities?

Investigate the impact of

external involvement on
green product innovation.

To contribute to the
development of a
relational NRBV (RNRBV)
on product innovation by
examining the
relationships between
GPI, green suppliers, and
differentiation advantage.

Review of quantitative studies on the topic of GPI

Theoretical perspectives

Dynamic capabilities view

and upper echelons
theory

Absorptive capacity as a

theoretical lens

Contingency theory and

organisational information
processing theory

To consider the extensions

of the RBV in product
innovation, the article
applies a relational NRBV
(RNRBV) on product
innovation.

Methodology

96 Indian car manufacturing

firms, cross-sectional
survey research with
partial least squares.

Use of survey data collected
from 239 Pakistani
export-manufacturing
companies, application of
structural equation
models.

Employment of survey data
collected from 198
Chinese manufacturing
firms and use of
hierarchical moderated
regression analyses

Employment of survey data
collected from 305 small
Swedish manufacturing
firms.

Key findings

Findings evidence how top

management commitment
and organisational
learning are important
when implementing GPI
in response to
regulations, seeking to
achieve better
environmental and
economic performance.
Findings also include how
organisational learning is
a mediator between top
management commitment
and GPI.

Evidences how buyer-driven

knowledge transfer
activities contribute
significantly to
strengthening knowledge
management capabilities
in combination with
resource acquisition
capability to achieve GPI.

Findings support the

importance of client and
supplier participation to

achieve GPI. Results also
show how technological
uncertainty and demand
positively affect GPI.

Among the findings is a

direct relationship
between GPI and the
performance of the
organisation, suggesting
examining the influence
of GPI through the
creation of organisational
strategies. The author
also identifies how
suppliers that focus on
green provisions
contribute with
complementary resources
that facilitate achieving
GPI in the organisation,
making the relation
between the organization
and the green suppliers
essential, thereby
confirming the
importance of the relation
between NRBV and
product innovation.
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TABLE 1 (Continued)

Authors Objective/questions

e. Zhangetal. ‘How does the inter-
(2021) organisational control

mechanism contribute to
the development of
GPI?’‘How does the
adoption of GPI impact
on organizational
performance?’

f. Chen and
Liu (2020)

To explore the coopting and
enabling roles of
customer participation in
green product innovation
in SMEs, and to uncover
the indirect impact of
customer participation
through its influence on
opportunity recognition
and exploitation

g.  Akhtaretal. To answer the question of
(2021) “how market orientation

affects green product
innovation with the
mediating role of green
self-efficacy and the
moderating role of
resource.”

h.  Ogbeibu
et al. (2020)

Investigation of the
predictive powers of
green human resource
management (GHRM)
bundles and green team
creativity on green
product innovation.
Examine the roles of
technological turbulence
and environmental
dynamic capability.

Theoretical perspectives

Inter-organisational control

in the green context:
Formal structure and
informal structure

Stakeholder engagement

literature

Market orientation

Green human resource
management (GHRM)

Methodology

Based on a sample of 239

senior managers and
directors in the Chinese
manufacturing industry,
testing of the hypotheses
using structural equation
modelling.

Analysis of a sample of 195

SMEs in China using
regression analysis

477 SMEs managing green

production using
structural equation
modelling

A cross-sectional survey

design with 229 leaders
and subordinates in teams
from the HRM and R&D
departments of 31
manufacturing
organisations in Malaysia.
Employment of partial
least square path
modelling for data
analysis.

L WILEY |7

Key findings

The results show how the
interaction between
formal control and social
control is positive and
significant, making it
essential to consider this
interaction and to follow
the philosophies to
achieve a better GPI
result. They also find how
the effect of GPI on
financial performance is
mediated by
environmental and social
performance.

The findings indicate how
participation of the
interested parties,
including clients, is
necessary to group and
orchestrate resources
that can improve green
product innovation.
Furthermore, they find
that the client
participation can facilitate
the exploitation of
opportunities, and
improve creativity and the
capacity of the company
towards producing green
products.

The results show that the
market orientation
represented in the
environmental practices
affects green self-efficacy
and GPI. Furthermore,
their results indicate how
green self-efficacy has a
mediating role between
the market orientation
and GPIs.

The results indicate that
green training,
involvement and
development is a more
significant predictor of
green team creativity than
green recruitment and
selection and
technological turbulence.
The study also shows
how Green Team
Creativity positively
predicts GPI. However,
environmental dynamic
capability is identified as a
negative predictor.

(Continues)
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TABLE 1 (Continued)

Authors Objective/questions

Determine the effect of

Theoretical perspectives

Methodology Key findings

The results show that the

Agustia
et al. (2020)

research and
development intensity
(RNDI) on firm
performance (FP) with

Research and development

Uses 170 companies listed

on the Indonesian Stock
Exchange in the period
2013-2017, with
regression analysis

intensity of research and
development and GPI
present a significant
effect on company

green product innovation
(GPI) as an intervening
variable.

Explore whether
environmental pressures
from different theory
stakeholders influence
green innovation
differently and how this is
further mediated by
organisational learning.

j. Zhang and
Zhu (2019)

24 | The resource-based theory and the dynamic
capability approach

The RBT is well known for its exceptional and powerful ability to pre-
dict and explain organisational relationships (Barney et al., 2011). It
mainly focuses on making an organisation's internal and coordinated
factors valuable, rare, inimitable and non-substitutable (Barney, 1991).
This theory links the organisation's resources, capacities and
competitive advantage (Hart, 1995). Having said that, Renard and
St-amant (2003) identify how capacity is related to organisational
aptitude to carry out processes of value creation in combination with
resources (Renard & St-amant, 2003) which, at the same time, facili-
tates organisational reconfiguration favouring competitive advantage.

With the support of organisational components, this theory
favours the implementation of strategies focused on corporate envi-
ronmental actions (Dangelico & Pujari, 2010; Teece, 2010) to achieve
long-term advantages (Barney, 1991). Consequently, a current chal-
lenge to consider within the organisational context that could be
addressed from RBT in association with organisational components
with a green focus is the reduction of the negative environmental
impact. Therefore, a particularly important pillar for the theoretical
grounding of the present work is based on NRBV. According to
Hart (1995), competitive strategy and competitive advantage based
on the firm's capabilities and the natural environment would be key in
promoting environmentally sustainable economic activities. The NRBV
therefore extends the RBT to the field of environmental sustainability.

DCs derive from the RBT (Teece, 2018; Teece et al., 1997) and
refer to the transformations causing changes in products (Albort-

Stakeholder theory and
organisational learning

performance. Likewise,
the intensity of research
and development
presents a significant
effect on GPI.

The results of this work
indicate how consumer
pressure presents a major
effect on GPI, while
regulatory pressure is
more linked to GPI.
Furthermore, they show
how organisational
learning-exploration and
exploitation approaches
are necessary and are
mediators between the
pressures of the
interested parties and
green innovation.

259 Chinese manufacturing
firms, with confirmatory
factor and regression
analyses

Morant et al., 2016). Creating a synergy for a more successful innova-
tion performance, DCs favour knowledge transformation, particularly
in the manufacture of green products (Salim et al., 2019). Hence, firms
must build and strengthen the DCs associated with green innovation
to make progress in addressing environmental concerns (Huang &
Li, 2017), generating new and improved products and respecting the

environment from their conception to the way they are eliminated.

2.5 | Green innovation capabilities

The notion of IC derives from DC (Lahovnik & Breznik, 2014), a driver
of innovation that enables organisations to adapt to the market
(Teece et al., 1997). ICs refers to the capabilities linked to the organi-
sation and its management that are coordinated to start, develop and
execute innovation (OECD/Eurostat, 2018) under a systemic corpo-
rate approach resulting from a strategic and operational management
(Serrano-Garcia et al., 2017; Serrano-Garcia & Robledo-
Velasquez, 2013). ICs are considered a special organisational asset
that allows firms to create and sustain a competitive advantage
(Guan & Ma, 2003; Yam et al., 2004).

To tackle climate change especially through the creation of GPI,
organisations must use certain capabilities that support them. Hence,
the importance of the green-oriented ICs (GICs) because they could
be considered as contributors when facilitating ecological innovation
(Wang et al., 2019). These capabilities enable businesses to transform
their processes, thus allowing them to develop GPI (Tariq et al., 2020)
and to comply with environmental obligations and engage in the
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emerging green economy (Mellett et al., 2018). In addition, they refer
to a firm's ability to pursue an ecological and sustainable development
(Tseng et al., 2019) in a challenging environment like the current one.

GICs focus on the integration, construction and reconfiguration
of a firms' resources related to environmental protection (Qiu
et al., 2020). These capabilities, therefore, must be identified and
integrated into each organisational function for organisations to
respond to the demands and adjustments necessary to achieve GPI
(Serrano-Garcia et al., 2021). Progress in the adoption of GICs helps
firms to clarify their processes, techniques and products to reduce
environmental damage (Tseng et al., 2019), as these capabilities allow
them to better understand the specific aspects that must be adapted.
In this case, these capabilities favour the incorporation of skills that
lead to an organisational restructuring and that are centred on
enabling compliance with the determinants of GPI.

In this research, we consider the seven GICs proposed
(Serrano-Garcia et al., 2021), which are (a) Green Strategic Planning
Capability (GSPC), (b) Green Organisational Innovation Capability
(GOIC), (c) Green Research and Development Capability (GR&DC),
(d) Green Production Capability (GPC), (e) Green Organisational Learning
and Relationship Capability (GOLRC), (f) Green Resource Management
Capability (GRMC) and (g) Green Marketing Capability (GMC). These
capabilities are regarded as an alternative for organisations to respond
to the determinants of GPI and to design, develop, produce and mar-
ket sustainable products. Their contribution to the development of
GPI, however, must be empirically validated. Furthermore, GICs must
be further explored with the help of organisational and managerial
dimensions that allow firms to adapt to the requirements of environ-
mental businesses (Salim et al., 2019; Teece, 2007), thus leading them
to create GPI and achieve a sustainable competitive advantage.

2.6 | Organisational dimensions

Innovation favours change within organisations (Damanpour, 1991).
According to Nadler and Tushman (1999) and Nadler et al. (2011),
firms need sufficient diversity and changes in their strategies, struc-
tures, people, processes and organisational values to achieve different
sorts of innovation. Consequently, developing GPI is a type of innova-
tion that involves creating and taking organisational actions aimed at
preventing, minimising, mitigating or eliminating a firm's negative
impact on the environment.

The challenge is, therefore, to create congruent organisational
components that allow for the achievement of strategic objectives
that drive innovation (Nadler et al., 2011; Nadler & Tushman, 1980).
Based on this, firms are structured in such a way as to seek coherence
between goals and innovation—a coherence that is supported by the
ODs (Galbraith, 1982). These dimensions, which involve the entire
organisation, represent the establishment of provisions concerning
organisational characteristics of structure, processes, hierarchy,
people, functions and interdepartmental relationships (Daft, 2011).
Likewise, they are shaped by aspects such as values, culture, the sur-

roundings and organisational behaviours (Herrera-Baltazar, 2015).

Firms, therefore, should reconsider what types of ODs would allow
them to efficiently manage their work to meet their strategic goals
(Nadler & Tushman, 1999) aimed at GPI development. By evaluating
the ODs, managers can identify the means and possible pitfalls that
could be avoided to implement the environmental strategy
(Rothenberg et al., 1992).

Serrano-Garcia et al. (2021) point out the need for organisations
to have the following five ODs, which focus on the innovation require-
ments necessary to manage the determinants of GPI: (a) Human
Resources (HR), (b) Organisational Behaviour (OB), (c) Technology (T),
(d) Corporate Environmental Responsibility (CER) and e) Environmental
Regulations (ER). The authors also emphasise the importance of relating
the various ODs with the GICs as a fundamental support and comple-
ment for firms to achieve innovation, in this case to achieve GPI.

Therefore, by means of an empirical analysis, we examine the
contributions of the different ODs and GICs to the management of
the determinants of GPI as a system that would facilitate the achieve-
ment of GPI. In formulating the environmental strategies, it is neces-
sary to be consistent with the organisational characteristics, capacities
and operational context of the company (Rothenberg et al., 1992).

3 | RESEARCH METHODOLOGY

To fulfil the objective set out in this paper, we use a combination of
the approaches proposed in Serrano-Garcia et al. (2021), who created
a matrix associating GICs-ODs to identify and select the variables rep-
resenting the determinants. Bikfalvi et al. (2013) used data collected
by means of the same instrument and method and conducted a
similar analysis—but with a different purpose—classifying companies
according to certain characteristics by means of forming clusters.
From the EMS, each of the variables corresponding to the intersection
between each capacity and dimension were then extracted. The items

employed and the procedures followed are described below.

3.1 | Data collection
We used data from the 2015 European Manufacturing Survey (EMS)
to conduct the empirical and descriptive analysis. This survey is struc-
tured by thematic areas to measure characteristics and effects of
organisational and environmental concepts in manufacturing firms.
The purpose of the EMS is to collect up-to-date information from
European firms to contribute to improving production processes. The
survey's questions are developed by the members of a consortium
made up of European research centres and universities and managed
by the Fraunhofer Institute for Systems and Innovation Research (ISI)
(Fraunhofer Institute for Systems and Innovation Research 1SI, 2021).
The data provided by the EMS have been employed to analyse
and execute projects under environmental approaches. This is the
case of the study carried out by Pons et al. (2018), who characterised
patterns between GPI and CPI in manufacturing firms. Likewise, Sartal

et al. (2017) demonstrated that the role of environmental and
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information technologies in the lean manufacturing capability can lead
to a better industrial performance. For their part, Pal¢i¢ and Prester
(2020) showed that advanced manufacturing technologies can con-
tribute to both firm performance and ecological innovation. Pons et al.
(2013) also mapped the adoption of technologies that help to reduce
energy and resource consumption, verifying the relationship between

their implementation and the performance of manufacturing firms.

3.2 | Sample
The data used in this study come from 101 and 105 firms in Spain and
Croatia, respectively, representing the business population of the two
nations. The samples were addressed under the same approach for
three main reasons: (a) The EMS questions were equally applied in
both countries, and the same criteria were considered to select the
samples; (b) in 2015, Spain and Croatia were classified as moderate
innovators by the European Innovation Scoreboard, which assesses
research and innovation performance across the member states of the
European Union (EU) (Hollanders et al., 2015) and (c) in 2014, Spain
and Croatia fell into the Average Eco-l performers group, with scores of
111 and 91, respectively (close to the average EU score of 100),
according to the results of the Eco-Innovation Index, which evaluates
eco-innovation performance in the EU member states and promotes a
holistic view of economic, environmental and social performance
(European Commission, 2021).

The set of firms analysed here carries out the industrial
manufacturing activities listed in NACE Rev. 2 (codes 10 to 32) and

have at least 20 employees; see Table 2.

3.3 | GIC-OD matrix and selection of variables
representing the determinants of GPI

Given the several relationships between the various definitions of
GICs and ODs, they must be structured using a graphical and descrip-
tive approach. For this reason, we constructed a matrix that
established the relationship between each GIC (in rows) and OD
(in columns), extracting 63 dichotomous measurable variables from
the EMS and analytically placing them at the intersections between
each GIC and OD. These variables represent the determinants neces-
sary for an organisational restructuring aimed at developing GPI, as
proposed by Serrano-Garcia et al. (2021). For a more thorough under-
standing of the process of creating the matrix, Appendix A shows the
classification of variables (in representation of the determinants)
within a specific GIC and related to each of the five proposed ODs,
where the typology of each variable is binary (Yes/No).

3.4 | GPl-specific attributes

To evaluate GPI development, we only considered the firms that claim

to have introduced completely new products or significant technological

TABLE 2 Geographical, sectoral and firm size distribution of the
sample

Frequency Percentage
Country
Spain 101 49.0
Croatia 105 51.0
Total 206
Manufacturing industry
Food products and beverages & 18.9
Textiles, wearing apparel, leather and 22 10.7
related products
Furniture, products of wood, and 14 6.8
articles of straw and plaiting
materials
Paper and paper products; printing 15 7.3
and reproduction of recorded media
Chemicals, rubber and plastic 36 17.5
products and other non-metallic
mineral products
Basic pharmaceutical products and 2 1.0
pharmaceutical preparations
Basic metals and fabricated metal 37 18.0
products
Manufacture of computer, electronic, 10 4.9
electrical and optical equipment
Machinery and equipment n.e.c. 23 11.2
Motor vehicles, trailers and semi- 7 34
trailers and other transport
equipment
Other manufacturing industries 1 0.5
Total 206 100.0
Number of employees
Up to 49 77 374
From 50 to 249 84 40.8
250 and more 45 21.8
Total 206 100.0

improvements in existing products, resulting in a drop from 206 to
140 firms. We analysed whether the new or improved products cause
a lesser environmental impact when used or discarded, as well as the
environmental improvements they deliver in relation to six attributes:
(a) reduction of health risks for users; (b) reduction of energy consump-
tion when in use; (c) easier to maintain or to retrofit; (d) extended
product lifetime; (e) reduction of environmental pollution when in use
and (f) improved recycling, redemption or disposal properties.

Firms were given a score ranging from O to 100 based on how
many environmental improvements they achieved. A score of 100 indi-
cated that they had achieved all the improvements, while a score of
0 meant they had achieved none. The GPI achievement variable was
thereby created, which assigns each firm a score depending on the
number of environmental improvements it achieves in its GPI. The
purpose of these attributes is to identify which firms already create

products with GPI-specific characteristics.
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3.5 | Statistical method

The next step was to perform a cluster analysis, which is a multivariate
statistical technique that organises input data by categorising cases
(individuals) into homogeneous groups and delivers results from the
cases that share similar content characteristics and are classified into
the four clusters (Pérez-Lopez, 2008). As a result, it is possible to
obtain as many clusters as similarities are contained and identified in
the analysed data (Pérez-Lépez, 2008).

The six attributes of GPI achievement were studied using multiple
correspondence analysis (MCA), given that by their very nature the
data are qualitative. The MCA results sought to study the association
between the companies, or which of them had similar responses in
the six attributes. The results of the associations between companies
were used to form the clusters. The possibility of creating six groups
of companies was considered, but it was decided to stay with four
groups because of the homogeneity they presented. The clusters are
shown in the dendrogram. The data were processed using the statis-
tics software R-Project. Subsequently, the 61 variables identified in
the matrix and representing the determinants necessary for an
organisational restructuring aimed at developing GPI were integrated
into each cluster. The aim was to identify which variables were more
closely related to GPI development and to determine the relevance or
involvement of each GIC and OD. Additionally, we identified the main
differences between the clusters and intra-clusters, in addition to the
influence of the industrial sector in the clusters to further

characterise them.

4 | RESULTS

The results are organised below in five stages. First, the dendrogram
is presented, followed by the content of the four resulting clusters
and of the determinants of GPI with GICs and ODs. Next, each of the

groups and the influence of the industrial sector in the clusters are
characterised.

Following the result of the statistical process, Figure 1 is the den-
drogram resulting from the hierarchical analytical analysis of the six
attributes of GPI achievement.

From the statistical analysis, four clusters were formed based on
the number of average environmental improvements (AEI) that the
firms had implemented. Cluster 1 includes firms that had not achieved
environmental improvements in their new or improved products and
that were considered to develop CPI. Although classified as innova-
tive, CPIs do not favourably contribute to the environment. For their
part, Clusters 2-4 comprise firms that had achieved some type of envi-
ronmental improvement in their new or improved products and that
are considered to be developing GPI. The AEl of Clusters 1-4 were
0 (0 improvements), 1.6 (between 1 and 2), 3.0 (all with three
improvements) and 4.4 (between 4 and 5), respectively.

Afterwards, the 61 matrix variables related to the GICs, the ODs
and the determinants of GPI were incorporated into the clusters.
From Table 3, in 18 of the 61 variables, we observed a tendency in
which the percentage of firms that use the resource described by the
variable increases as the AEl value increases.

Figure 2 shows the overall percentage of firms (from the sample
addressed in this study) that implemented and did not implement each
variable. As can be observed, visual management (display board in
production for work processes and work status) and integration of
tasks (planning, operating or controlling functions with the machine
operator) were the most implemented practice or resource, while cer-
tified energy management systems (ISO 50001) was the least
implemented one.

Table 4 presents the configuration matrix that relates the deter-
minants of GPI to each GIC and OD. In this matrix, each of the identi-
fied 18 variables representing the determinants is placed at the
intersections between each GIC and OD, thus showing the existing

interrelationships between the components.

04-
I
202-
I
0.0-
FIGURE 1 Dendrogram of
clusters, in accordance with GPI Cluster1
achievement

Cluster 2 Cluster 3 Cluster4

85U8017 SUOWIWOD SAIERID (dedl|dde auyy Aq peuenob aJe Sapie O 8SN JO S8|nJ o AkeigiTaulIuQ AB]I/MW UO (SUORIPUOD-PUR-SLLIBI WD A8 | Im Ake.d1jBul{Uo//SdnL) SUORIPUOD pue SWwie 1 841 88S *[2202/TT/60] Uo Ariqiiauliuo Ae|im ‘(-oueAnge ) aqnopesy Aq #TOE880/Z00T OT/I0P/W00 A8 | Aleiq1ul|uoy/:sdny Wwiolj pepeoiumod ‘2 ‘220z ‘980660T



SERRANO-GARCIA ET AL.

2776 Busi Strat
2776 | \WLEY_Bissinen

TABLE 3 Cluster analysis results

Variable

CPI GPI
Dimension- Cluster1 Cluster2 Cluster3  Cluster 4
Capability  (AF0) (AEF1.6) (AEE3.0) (AEE4.4)
AEI

VISUAL: Visual management (display board in production for

work processes and work status)
TASK: Integration of tasks (planning, operating or controlling

functions with the machine operator)

R&D-COOP: R&D cooperation with customers or suppliers
WORK: Method of 55 ("workplace appearance and cleanliness")

INFORMAT: Use information gathered to develop or adapt

current products, services or processes

SKILLS-PROG: Specific programs of competence development

LOGISTIC: Practices to improve internal logistics (e.g. method

of value stream mapping / design, changes in the spatial
PLAN: Software for production planning and scheduling (e.g. ERP

system)
LINES: Customer- or product-oriented lines/cells in the factory

IMP S-E: Impact and performance measurements of social and
environmental corporate activities

MACHINE: Upgrading existing machinery or equipment (e.g.
premium e fficient motors (IE3), attach insulation, recuperators)
IT-TRAINING: IT-based self-study programs (e-learning) for
continuous training and evaluation of production employees
AUTOMAT: Control-automation systems for an energy efficient
production

AMT-PROD: Additive manufacturing technologies for mass
production
PLM: Product
product/process data management

INS-LIFECY: Instruments of life-cycle assessment (e.g. EU

Ecolabel, C2C, ISO 14020)
SENSORS: Sensors or control elements for machines or

lifecycle management system (PLM) or

components to allow delivery of remote services
CERT-ENER: Certified energy management system (EN ISO

50001, previously EN 16001)
N
%

Variable

OB/GPC .%
HR/GSPC '3%

OB/GR&DC .0%

HR/GOIC '7%

CER/GOLRC 0% % o %

HR/GOLRC '3%

OB/GSPC !0%
T/GSPC .8%
CER/GMC I47%

CER/GSPC I 30%

T/GRC I45%

I37%

J

HR/GMC
ER/GRC
T/GPC | 10%
ER/GSPC I 12% I 16%
ER/GPC | 9%
|

9% | 11%

T/GMC 20% I 24%

ER/GOIC 4% 14% 20% I 22%
61 45 16 18

44% 32% 11% 13%

Table 5 shows the practices or resources (variables) involved in

each of the clusters, ordered from the highest to the lowest percent-
age of companies that use or implement them, identifying the most
outstanding in each group.

Each cluster was named according to the average number of vari-
ables (which include resources or and practices) implemented by firms
and the percentage of firms that use each variable. Cluster 1, which
comprises firms that develop CPI, was called Low implementation of
practices or resources because firms in this cluster used an average of

6.10 of the 18 resources or practices under analysis. Additionally, in

this cluster, only the visual management (display board in production for
work processes and work status) variable is in the fourth quartile of the
data (75-100%), while the other variables have less percentages of
firms that implement the resource or practice.

The other three clusters, which include firms geared towards GPI
development, were characterised in an equivalent manner. Cluster 2
was named Limited implementation of practices or resources because
the average number of resources or practices used by firms in this
cluster was 7.31. Only the visual management (display board in produc-

tion for work processes and work status) and integration of tasks
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IT-TRAINING (n=137) | 46% 54%
AUTOMAT. (n=139) | T 73%
AMT-PROD. (n-137) | IR LA/ 83%
PLM (n=139) 0 L) 84%
INS-LIFECY. (n=133) ‘ 87%
SENSORS (n=134) | L EL R7%
ERT-ENERGY. (n=134) | DNELJIN 89%
0% 20% 40% 60% 80% 100%
@EYES ONO
FIGURE 2 Concepts contributing to GPI development
TABLE 4 Configuration matrix between the determinants of GPI, the GICs, and the ODs
Organisational Dimensions (ODs)
No. of
HR OB T CER ER variables - GICs
Green GSPC TASKS. LOGISTICS. PLAN. IMP S-E. PLM 5
'(':’a";‘glt:gzs Golc WORK. CERT-ENER. 2
(GICs) GR&DC R&D-COOP. 1
GPC VISUAL. AMT-PRODU. INS-LIFECY. 3
GOLRC SKILLS-PROG. INFORMAT. 2
GRMC MACHINE. AUTOMAT. 2
GMC IT-TRAINING. SENSORS. LINES. 3
No. of variables - ODs 4 8 4 3 4

(planning, operating or controlling functions with the machine operator)
variables were found to have an implementation above 75% in this
cluster. Cluster 3 was called Moderate implementation of practices or
resources, with firms in this cluster using an average of 9.19 resources
or practices and with the integration of tasks (planning, operating or
controlling functions with the machine operator), practices to improve
internal logistics (e.g., method of value stream mapping/design, changes
in the spatial arrangement of the production chain), software for produc-

tion planning and scheduling (e.g., ERP system), method of 5S (workplace

appearance and cleanliness), R&D cooperation with customers or sup-
pliers, visual management (display board in production for work processes
and work status and use information gathered to develop or adapt cur-
rent products, services or processes variables having an implementation
above 75%. Last, Cluster 4 was named High implementation of practices
or resources, with firms in this cluster using an average of 10.28
resources or practices and with the integration of tasks (planning, oper-
ating or controlling functions with the machine operator, practices to

improve internal logistics (e.g., method of value stream mapping/design,
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TABLE 5 Characterisation of each cluster
CPI GPI
Cluster 1 (AEI=0.0) Cluster 2 (AEI=1.6) Cluster 3 (AEI=3.0) Cluster 4 (AEI=4.4)
% Low % Limited % Moderated % High
implementation implementatio implementation implementation
of practices or n of practices of practices or of practices or
TesSoOUurces OT resources Tesources Tesources

VISUAL - VISUAL - INFORMAT. - R&D-COOP.
R&D-cOOP. [ TASKS I work B visuaL
PLAN. [ INFORMAT. [ VISUAL B T1ASKS
WORK B sxauusrroc. B Tasks B oaistic
TASKS I work I iocistic [ woORrRk
SKILLS-PROG. - R&D-COOP. . PLAN. . LINES
LOGISTIC I wcsnc | R&p-coor. [ INFORMAT.
INFORMAT.  [§ 1vpsE B  sxaisrroc. @ PLaN
LINES B PLAN. B unes B sxuisrroc.
MACHINE P I-TRAINING [ MPsE B IMPS-E
IT-TRAINING [ LINES P ITTRAINING [ IT-TRAINING
IMPS-E P MACHINE. [§ MACHINE. [ MACHINE.

P P autoMAT. | AMT-PRODU.

| P P AUTOMAT.

| i B

| i [ INS-LIFECY.

| | i SENSORS

| | I

changes in the spatial arrangement of the production chain), method of
5S (workplace appearance and cleanliness), R&D cooperation with cus-
tomers or suppliers, visual management (display board in production for
work processes and work status), use information gathered to develop or
adapt current products, services or processes and customer- or product-
oriented lines/cells in the factory variables having an implementation
above 75% of all the firms under analysis.

Table 5 also shows three behaviours referring to the implementa-
tion of these concepts at the inter-cluster level. To this effect, the var-
iables visual management (display board in production for work processes
and work status), R&D cooperation with customers or suppliers, method
of 5S (workplace appearance and cleanliness), integration of tasks
(planning, operating or controlling functions with the machine operator),
practices to improve internal logistics (e.3., method of value stream
mapping/design, changes in the spatial arrangement of the production
chain), specific programs of competence development, software for
production planning and scheduling (e.g., ERP system) and use informa-
tion gathered to develop or adapt current products, services or processes
present an implementation of practices or improvements in greater

percentages in all four clusters, with the greatest proportion generally

in clusters three and four. At an intermediate level of implementation,
customer- or product-oriented lines/cells in the factory, upgrading exis-
ting machinery or equipment (e.g., premium efficient motors [IE3], attach
insulation, recuperators), IT-based self-study programs (e-learning) for
continuous training and evaluation of production employees, impact and
performance measurements of social and environmental corporate activi-
ties stand out, while the variables control-automation systems for an
energy efficient production, product lifecycle management system (PLM)
or product/process data management, additive manufacturing technolo-
gies for mass production, instruments of life-cycle assessment (e.g., EU
Ecolabel, C2C, ISO 14020), sensors or control elements for machines or
components to allow delivery of remote services and certified energy
management system (ISO 50001) present an implementation in lower
proportions in all the clusters, and especially in clusters 1 and 2.

In accordance with the hierarchical clustering of the companies in
the four groups, and illustrated in Tables 3 and 5, differences are pres-
ented regarding the implementation of practices and resources at the
level of industrial sectors. The companies in the sectors basic pharma-
ceutical products and pharmaceutical preparations are all in cluster 1, or

in other words, they have a low implementation of practices and
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resources. Around 90% of the companies in the sectors food products
and beverages have low and limited levels (clusters 1 and 2) and 10%
moderate and high levels (clusters 3 and 4). Regarding companies in
the sectors, textiles, wearing apparel, leather, and related products, furni-
ture, products of wood, and articles of straw and plaiting materials, paper
and paper products, printing, and reproduction of recorded media,
chemicals, rubber and plastic products and other non-metallic mineral
products, machinery and equipment n.e.c., some 80% have a low or lim-
ited implementation and 20% moderate or high levels. Around 65% of
the companies in the sectors basic metals and fabricated metal products
have low and moderate levels, and 35% have high levels. Half (50%)
of the companies in the sectors motor vehicles, trailers and semi-trailers
and other transport equipment have low levels and the other half have
moderate levels. Some 30% of the companies in the sectors manufac-
ture of computer, electronic, electrical and optical equipment have low

and limited levels, while 80% have moderate and high levels.

5 | DISCUSSION

In this paper, we aim to analyse which GIC-OD configuration leads to
a better GPl development. Because each determinant of GPI,
depending on its nature, is associated with each GIC and OD, and
based on the result given by the statistical process, we identify 18 key
determinants. In addition, we show which GICs and ODs are the most
closely related to GPI development.

According to the results obtained in this study, the Environmental
Regulations dimension is strongly associated with GPI development. In
particular, the group of firms that are in the most advanced stage of
GPI are found to highly implement practices or resources such as
product lifecycle management (PLM) systems or product/process data
management, instruments of lifecycle assessment (ISO 14020 or
Ecolabel), certified energy management systems (ISO 50001) and con-
trol-automation systems for an energy efficient production, while these
resources are less implemented in firms in the CPI group. This is in line
with the findings of Comoglio and Botta (2012), who find that flexible
environmental regulations, such as environmental management sys-
tems, have a positive effect on firms' environmental performance
because they increase firms' commitment to environmental
improvement.

The Human Resources dimension also proves to be key in
organisations seeking to restructure themselves to achieve GPI. In
fact, several firms in the group with the greatest advance in GPI follow
practices like integration of tasks (planning, operating or controlling
functions with the machine operator) and implement resources such as
the method of 5S (workplace appearance and cleanliness), specific
programs of competence development and IT-based self-study programs
(e-learning) for continuous training and evaluation of production
employees more than those in the CPI group. This finding is consistent
with that of del Giudice and Della Peruta (2016), who report that
green human resource management (GHRM) influences firms' envi-
ronmental progress. Additionally, this result corroborates the ideas of
Ubeda-Garcia et al. (2021) and Zhang et al. (2019), who state that

GHRM has a positive impact on environmental management. In light
of the above, firms' personnel must be qualified in green matters and
organisational practices geared towards environmental innovation
management so that organisations can strengthen skills and take on
environmental management as a responsibility.

Furthermore, the Technology dimension, which includes practices
like upgrading existing machinery or equipment, as well as resources
such as software for production planning and scheduling (e.g., ERP
system), additive manufacturing technologies for mass production and
sensors or control elements for machines or components to allow
delivery of remote services, is shown to have a higher implementation
in firms with the greatest progress in GPI. According to Palci¢ and
Prester (2020), some of these technologies, which are considered to
be advanced manufacturing technologies, are positively related to the
development of green products. This is in agreement with the findings
of Jabbour et al. (2015), who find that the various technological
advances favourably influence GPI.

The Corporate Environmental Responsibility dimension is also
found to be necessary for GPI. It is supported by practices such as
impact and performance measurements of social and environmental cor-
porate activities, use information gathered to develop or adapt current
products, services or processes and customer- or product-oriented lines/
cells in the factory. This result is in line with that of Awan et al. (2017),
who demonstrate that social development programs and practices
such as assessing the impact of processes and management actions
on the environment lead to a higher market share and an improved
environmental performance. Likewise, this corroborates the ideas of
Shahzad et al. (2020), who conclude that, by efficiently managing
information or knowledge, firms can achieve greater corporate sus-
tainability. Additionally, as stated by Abbas (2020), corporate social
responsibility integrates social and environmental concerns and is
crucial to achieve a better environmental performance.

Last, the Organisational Behaviour dimension also proves to be an
important organisational aspect in boosting environmental innovation.
Resources such as practices to improve internal logistics (e.g., method of
value stream mapping/design, changes in the spatial arrangement of the
production chain), R&D cooperation with customers or suppliers, and
visual management (display board in production for work processes and
work status) stand out in this dimension. This finding is in agreement
with that of Isensee et al. (2020), who state that there is a high
interdependence between organisational behaviour and firms' level of
environmental sustainability, hence the need for an organisational
approach towards environmental protection. This is also supported by
the study of Hallstedt et al. (2010), who confirm that creating an envi-
ronmentally sustainable culture within organisations is key to making
progress in developing green products.

Regarding GICs, the Green Strategic Planning Capability is shown
to be the most closely related to GPI development. This points to the
need to define aspects such as goals, programs, projects, activities,
tasks and deadlines that lead firms to an organisational restructuring
focused on sustainability. According to Landrum (2018), since
business-oriented corporate sustainability is not enough to address

the environmental crisis, environmental science and ecology must be
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integrated into firms' strategic planning to achieve progress in manag-
ing corporate sustainability.

The Green Production Capability is found to be the second most
related aspect to GPI development. This suggests that organisations
should maintain or increase their productivity levels while using bio-
degradable raw materials and generating less waste and pollution
(Bogue, 2014). Moreover, based on our results, the Green Marketing
Capability also influences the development of green products. This is
confirmed by the study of Guoyou et al. (2013), who demonstrate that
marketing pressures drive corporate sustainability.

Likewise, the Green Organisational Innovation Capability, which is
concerned with a firm's operations, is found to help to respond to
environmental concerns by incorporating and implementing GPI. This
finding is in line with that of Qiu et al. (2020), who state that GPI can
be consolidated at the organisational level through its
institutionalisation, thus encouraging and leading to an organisational
restructuring.

Furthermore, the Green Organisational Learning and Relationship
Capability shows a positive effect on GPI development, which concurs
with the results of Karman and Savaneviciené (2020), who report that
gaining knowledge and skills in environmental matters, cooperating
with partners and developing employee best practices influence firms'
environmental performance. Since creating GPI is often new to most
organisations, the role of organisational learning in achieving this type
of innovation should be given considerable attention (Qiu
et al.,, 2020).

The Green Resource Management Capability also proves to influ-
ence the development of green products because investing, for
instance, in resources to strengthen ecological skills, laboratories,
equipment, qualified personnel and the research and development of
cleaner technologies could favour the creation of GPl (Chen &
Chang, 2013; de Medeiros et al., 2014).

Last, the Green Research and Development Capability is also found
to have a favourable impact on the development of green products.
This is consistent with the findings of Liao (2017), who state that
green-oriented R&D positively influences firms' environmental devel-
opment. R&D plays a key role in helping firms to exploit their existing
invention skills and explore new technological creations
(Tushman, 2017) that could lead to GPI.

Although some of the proposed capabilities and dimensions stand
out more than the others, it does not mean that some are more impor-
tant than the others. In other words, this paper does not try to analyse
the contribution of each OD and GIC but rather their overall configu-
ration as a systemic approach aimed at achieving GPI.

In light of the above, all the ODs (i.e., ER, HR, T, OB and CER) and
GICs (i.e., GSPC, GOIC, GPC, GOLRC, GRC, GMC and GR&DC) proposed
by (Serrano-Garcia et al., 2021) play a part, from their own perspective
and technical nature, in the management of the determinants leading
to GPI. This results in a system of interrelated elements, each of which
contributes to the organisational restructuring necessary to transform
processes and direct them towards an innovation management condu-
cive to GPI.

During the characterisation of the clusters, firms that already
implement environmental improvements in their products are shown
to better manage their work compared to those that have not yet
implemented environmental improvements. In fact, the former exten-
sively employ strategies such as planning, logistics and order at work;
R&D cooperation; development of specific new production lines and
learning from accumulated experience and errors. However, we also
find that even firms with better environmental management still need
to strengthen those green-oriented determinants-variables that could
lead them to better respond to GPI. Regarding the influence of the
industrial sector, differences were found in the sense that within and
between sectors the companies presented low, limited, moderate and
high levels of environmental practices and improvements. More spe-

cifically, no sector stands out in any of these levels.

6 | CONCLUSIONS

In this paper, we analyse how the GIC-OD configuration proposed by
(Serrano-Garcia et al., 2021) serves as a reference framework for man-
aging innovation, in an attempt to respond to the green-oriented
determinants and thereby encourage an organisational restructuring
focused towards GPI development. By means of a matrix, we establish
a connection between the different GIC and OD to build a structural
relationship associated with the determinants of GPI in a practical and
experimental way.

Our findings empirically confirm the positive impact of each GIC
and OD on GPI development. Hence, the framework proposed in
Serrano-Garcia et al. (2021) is found to influence the environmental
management of the firms under analysis. For an innovation manage-
ment focused on GPI development, organisations should be consid-
ered under a systemic approach that encompasses each of the
aforementioned capabilities and dimensions and directs them towards

the green purpose.

6.1 | Theoretical and management implications

These findings evidence a series of theoretical repercussions and
managerial practices that could be useful for academics, government
entities and professionals in different fields. From an academic per-
spective, this research makes contributions to the RBT, the NRBV and
the DCs, along with their extension to the GICs, and supports the
need to associate them with the ODs. Moreover, all the proposed
GICs and ODs are found to be necessary and to contribute to the
design of a governance mechanism focused on an innovation manage-
ment aimed at achieving the determinants of GPI to favour environ-
mental sustainability. This study also demonstrates that the
configuration of the seven GICs and five ODs constitutes a means to
achieve GPI. It therefore opens up new fields of research for academia
to explore and further examine the relationship between GICs and

ODs and green innovation management.
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Last, from the perspective of managers of manufacturing firms
and government organisations interested in environmental sustain-
ability, we found how, as firms boost GPI development at the
organisational level under the strategic support of the different GICs
and ODs, they could reduce their negative impacts and help to solve
the environmental problems they cause. This would, indeed, encour-
age a transition from CPI to GPI.

6.2 | Limitations and future work

Although this study proposes and empirically validates a GIC-OD
configuration for GPI development, it has various limitations. The
EMS provides representative empirical evidence and evaluates key
variables in the field of environmental management. However, since
the data collected come from a survey, the variables under analysis
are not measured directly but are limited to the responses provided
by respondents. Additionally, even though large-scale surveys can
contribute to the validity and strength of the evidence in this strategic
matter, it would be interesting to include data from other countries
where the EMS has also been applied, as each country may have
unique characteristics that could lead to differences in the results, to
discover patterns of as yet unobserved behaviour in the companies
and industrial sectors analysed in the present document.

Furthermore, we identify a number of possible future works that
could significantly contribute to this line of research. On the basis of
the link between GICs and ODs, future studies could use other
variables that can be operated and controlled by organisations to
represent the determinants of GPIl. Moreover, further research might
consider addressing GPI development under other conceptual per-
spectives (e.g., the stakeholder, contingency, value chain and
business model theories) in combination with the GICs and the ODs.
Likewise, it would be interesting to extend the association between
the GICs and green-oriented ODs to other economic sectors, such as
the construction, health, tourism and education sectors, which are
also seeking to reduce their environmental impact. Last, it is
recommended that future studies consider different variables or
criteria to evaluate the characteristics of a constituted GPI to assess
firms' environmental performance and their impact on financial

performance.
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