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Abstract:

Government agendas are increasingly focused on environmental issues, pressuring companies to
reduce the environmental impact of their activities, and innovation plays a key role in this. Substantial
evidence from academics and practitioners has revealed that technological innovation can reduce
negative environmental impact, but the role of marketing innovation in driving environmental
benefits has been overlooked by academic research. This study aims to shed light on the
environmental contribution driven by marketing innovation by examining the different roles of four
types of marketing innovation (product, promotion, placement and price) in achieving environmental
benefits, through an empirical analysis of the latest available Community Innovation Survey in
Germany and Portugal related to the period 2012-2014. In our models we consider a multinomial
outcome, namely four clusters of companies with a different combination of environmental benefits,
constructed using a Cluster Analysis conducted on Principal Component Analysis main factors. Then,
the determinants of the cluster membership are analyzed through a Multinomial Logistic Regression
model. Results show that the introduction of a marketing innovation yields environmental benefits
both within the enterprise (internal) and during the consumption or use of services and products
(external). When the four types of marketing innovation are analyzed separately, further results
emerge: only two types of innovation, in pricing and placement, were found to be significantly related
to both internal and external environmental benefits. Companies are challenged to carefully evaluate

the types of marketing innovation that should be introduced to positively impact the environment.



1. Introduction and background

In recent years, the over-exploitation of natural resources, the increase in the number of natural
disasters and rising awareness of environmental issues and the growth of world population have all
led consumers and companies to think more about how a balance between consumption requirements
and sustainability can be achieved (Garcia-Granero et al., 2018). The transition towards a clean and
circular economy is stated as a key priority of the Horizon Europe programme. Mobilizing companies
for a clean and circular economy is necessary for the abatement of greenhouse gasses. As established
by the Paris Agreement signed in December 2015 by 189 nations (O’Brien, 2018a), it is also essential
to limit the increase in global warming to well below 2°C before the end of the century. Moreover,
the Covid-19 pandemic has the potential to transform how individuals and organizations view the
world and the future, and the way they conduct their lives and daily activities (He and Harris, 2020).
Indeed, it could be a good opportunity for companies to develop authentic Corporate Social

Responsibility initiatives and address pressing environmental challenges (He and Harris, 2020).

Innovation is very important to orient companies’ efforts toward the environment in introducing new
products, new processes and new marketing and organizational activities. A growing body of
literature has focused on the role of technological innovation in leading to environmental benefits
(Mothe and Guyen, 2017). Technological innovations have been found to be pivotal in achieving
greater efficiency and sustainability (e.g., Medrano et al., 2020; Wang et al., 2021). Less attention
has been devoted to the role of non-technological innovations, such as organizational and marketing
innovations, in contributing to the environment. For example, introducing recyclable packaging for
new products or launching a new pricing system that incentivizes consumers to purchase and consume
green products could lead to significant advantages for the environment. Recent research has
highlighted that the role of marketing innovation (M]) in obtaining environmental benefits (EBs) has

been largely overlooked and the extent to which MI can positively contribute to the environment is



unknown (de Jesus et al., 2018; Medrano et al., 2020). Several studies are calling for further
investigation on the potential role of MIs in generating EBs (Mariadoss et al., 2011; Garcia-Granero
et al., 2018). Therefore, the present work addresses the aforementioned research gap and aims to
understand whether MIs could support technological innovation to achieve different types of EBs,
namely benefits internal to the company (e.g., the replacement of polluting materials with materials
that are better for the environment) and external to the company (e.g., recycling of product after
usage). To this aim, we employ data for Germany and Portugal collected via the Community
Innovation Survey (CIS) carried out in 2014, as a special section on “Innovation with environmental
benefits” was included in that wave. The present study analyses two countries, Germany and Portugal,
to explore the relationships between MI and EBs. In line with several previous studies focusing on
two or more countries (e.g., Horbach et al., 2013; Disoska et al., 2020), the consideration of two
different settings was intended to increase the robustness of the results. Germany and Portugal were
chosen for theoretical and empirical reasons. On the theoretical side, in addition to expanding the
geographical scope of empirical research in eco-innovation in Europe, the consideration of the two
countries allows us to figure out more clearly the relationship between marketing innovation and EBs
net of their contextual differences, since the two countries substantially differ in terms of their
sensitivity towards sustainability and eco-innovation and their economic and institutional
background. Germany is one of the leading countries in both sustainable development and innovation,
and has been consistently recognized as an eco-leader from 2012 to 2021 (Eco-innovation
scoreboard), having a strong tradition of societal and political awareness of sustainability challenges
(e.g., Mousavi et al., 2018). Portugal, on the other hand, has been identified as ’a close to the EU
average’ eco-performer from 2012 to 2021 (Eco-innovation scoreboard). Unlike Germany, Portugal
still lacks a solid policy framework for eco-innovation and the circular economy (Costa and Lorena,
2016; Lorena, 2018). Germany also represents one of the most important trading partners for Portugal.

Moreover, according to Flash Eurobarometer analytic report on ‘Sustainable Consumption and



Production’ (Flash EB, 2009) in the two countries consumers share almost the same awareness about

the environmental impact of products bought or used and it is in line with the EU average.

With reference to the economic and institutional background, Germany represents the largest
manufacturing economy in Europe. According to ‘Statistics on the production of manufacturing and
goods’ produced by EUROSTAT, in 2020 Germany recorded the highest value of sold production
equivalent to 29% of the EU total. Moreover, in terms of eco-innovation it has developed advanced
regulation, adopted several policy measures to address the circular economy and eco-innovations and
possesses a state-of-the-art waste infrastructure, while exhibiting high recycling rates (Bahan-
Walkowiak and Wilts, 2016; O’Brien, 2018b). Portugal, despite its increased role in some
manufacturing sectors (e.g., automobile, biotechnologies and IT), is mainly a service-based economy.
According to ‘Statistics on the production of manufacturing and goods’ produced by EUROSTAT,
in 2020 it still belongs to the group of 21 EU member states that contributed with smaller shares (up

to 3%) of the EU’s value of sold production.

On the empirical side, among the EU countries for which CIS 2014 data were available along with
the section devoted to ‘innovation with environmental benefits’, the CIS data related to Germany and
Portugal did not have missing information as far as innovation and EBs. Moreover, they displayed a

sufficient sample size.

The results of our study provide support for the importance of MI in delivering EBs within the firm
and for consumers/users: findings appear to be consistent in Germany and Portugal. Moreover,
empirical evidence points to the need to disentangle Mls, as they play a different role in contributing
to the environment. Price and placement innovations rather than other types are found to provide EBs,

with small differences between Germany and Portugal.

The original contribution of this work is threefold. First, it offers empirical evidence for a significant
relationship between the introduction of a marketing innovation and the achievement of EBs, both
internal and external to the innovative company. Second, to the best of the authors’ knowledge, this
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is the first study disentangling the role of each MI strategy in providing EBs, showing that MIs differ
in their contribution to the environment. This finding might prompt scholars to rethink how MIs
should be investigated in further research. Third, by analysing data from two countries, the present

study is able to show which type of MI has a consistent environmental role in two different contexts.

The remainder of this paper is structured as follows. First, we review previous research on EBs and
MI. Next, we present our research framework and our research questions. Then, we explain the data
collection and the analytic strategy, followed by the presentations of the results stemming from the
analysis. The paper concludes with a discussion of the results, implications for research and practice,

limitations and future research directions.

2. Literature review and conceptual development

Innovation strategies and EBs

Innovation plays a key role in reducing possible negative impacts on the environment and society
(Mariadoss et al., 2011). The Oslo Manual (OECD, 2005) conceptualizes innovation as the
implementation of a new or significantly improved product (good or service) or process, a new
marketing method, or a new organizational method in the business. Innovation is widely regarded as
a complex multi-disciplinary concept (e.g., Baregheh et al., 2009; Motjolopane, 2021) and it can
usually be classified into two major categories: technological and non-technological. Technological
innovation includes process and product innovations, and non-technological innovation entails
marketing and organisational innovations. Innovation can directly or indirectly contribute to
developing and offering products and services that minimize the negative effects on the environment
of business activities, and reduce the resource consumption in product lifecycles (Pacheco et al.,
2018). Innovations of this type prevent, reduce, and allow recovery from environmental damage and
are usually regarded as Eco-Innovations (de Jesus et al., 2018). They have been defined as “the
production, assimilation or exploitation of a product, production process, service or management or
business method that is novel to the organization (developing or adopting it) and which results,
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throughout its life cycle, in a reduction of environmental risk, pollution and other negative impacts
of resources use (including energy use) compared to relevant alternatives” (Kemp and Pearson,
2007:7). EBs of innovation may stem directly from the production of a good or service, or they may
be related to after-sale consumption or use of a good or service by the consumer (Horbach et al.,
2016). The following taxonomy can be used to identify the major EBs. EBs within the firm are
identified as: reduced use of material (ECOMAT), reduced energy consumption for production
(ECOENO), reduction in water soil pollution (ECOPOL), replacement of polluting materials with
materials that are better for the environment (ECOSUB), replacement of fossil energy with renewable
energy (ECOREP) and recycling of waste and material that is related to the production (ECOREC).
On the other hand, EBs that are achieved, due to innovations, during the consumption or use of goods
and services from the end user are identified as follows: reduction of energy consumption from the
end user (ECOENU), reduction of water, soil or air pollution (ECOPOS), recycling of product after
usage (ECOREA) and increase of product life (ECOEXT). Innovations may have EBs as their
primary objectives or as outcomes of other established goals (Horbach et al., 2016). A rich body of
literature has already highlighted the key role of technological innovations in providing EBs.
Technological innovations have been found to significantly improve the utilization efficiency of
resources and to achieve energy savings and emission reduction for companies (e.g., Miao et al.,
2018; Ghisetti and Rennings, 2014). The introduction of technological innovations has been widely
recognized as a key element in leveraging ecological and social responsibility strategies in multiple

sectors (Florici¢, 2020).

Non-technological innovations in organization and marketing may also influence producers in
developing services and products that provide EBs in terms of the end user consumption process,
such as longer-lasting products (de Jesus et al., 2018). MlIs are increasingly having an environmental
impact (Garcia-Granero et al., 2018). Moreover, the EBs of innovation can be strengthened by firms'
marketing efforts (Choi and Yi, 2018). Some companies regard environmental management as a tool

for taking advantage of the market opportunities generated by environmental issues (Choi and Yi,
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2018), and the decision-making process relating to EBs is often based on customer demand (Liao and

Tsai, 2019).

MI and EBs

Resource-based theory (Barney, 1991) states that it is resources which enable companies to
successfully perform business activities and gain competitive advantage. Capabilities, part of the
firm’s resources, aim at supporting companies to better leverage their other resources, by increasing
related efficiency and productivity (Makadok, 2001). Capabilities are distinctive competencies which
competitors are unable to imitate in the short term. It is difficult for current and new competitors to
substitute them, and thus they have an intrinsic value in the market (Barney, 1991). Firm capabilities
play a critical role in the development of innovation-based sustainability strategies (Mariadoss et al.,
2011), and these include marketing capabilities which can drive commercial success of the firm’s
products and services (O'Cass and Weerawardena, 2009). Marketing capabilities have the potential
to influence all types of innovation pursued by the firm (Medase and Barasa, 2019) and they can exert
a positive effect on innovation-based sustainable strategies (Yu and Ramanathan, 2016). Pacheco et
al. (2018) posit that marketing capabilities are higher order capabilities which enable firms to benefit
from their green strategies: the EBs stemming from innovations can in fact be strengthened by
marketing (Choi and Y1, 2018). MIs are key marketing capabilities (Mariadoss et al., 2011) that can
positively influence firm performance (D’Attoma and leva, 2020) and corporate environmental

orientation (Medrano et al., 2020).

De Jesus et al. (2018) call attention to the importance of MIs in enabling new distribution channels
and forms of usage of products and services that can benefit for the environment - e.g., monthly rental
of refrigerators, washing machines, concrete mixers, and other tools such as drills, saws, and
hammers. Mls can also set up incentives for EBs in technological innovation, such as new longer-
lasting products or more efficient models (Mont, 2008). Marcon et al. (2017) identified several best

practices in MlIs that could lead to EBs. Arranz et al. (2020) found that the introduction of a MI



increases the likelihood that the company will introduce an eco-innovation in the same period. Choi
and Y1 (2018) found that adopting new marketing strategies and introducing employee training for
marketing practices increase the likelihood of introducing environmental process innovations and
environmental product innovations. Medrano et al. (2020) found that introducing a MI is positively
related to the environmental orientation of innovation activity carried out in the company. These
studies touch on the role of MI and related practices in increasing sensitivity to environmental issues
among companies bringing in innovation, but the link between MI and EBs remains underexplored
(de Jesus et al., 2018; Garcia-Granero et al., 2018). As noted above, there are multiple potential EBs
of each innovation. Although MIs are more closely related to the consumption or the end use of a
given product or service, they could also be used to encourage companies introducing technological

innovation to achieve EBs related to, for example, the production process.

We therefore formulate the following research question:

RQI1: What is the role of MI in contributing to EBs?

Recent research has found that MIs should not be considered equal, as they play different roles and
differ in their contribution to the success or failure of innovation (D’Attoma and Ieva, 2020). The
marketing mix model is a key framework for academics and practitioners in identifying and
classifying Ml strategies (Adams et al., 2019; Coviello et al., 2000). MIs have been usually classified

into four types: innovations in product, promotion, placement and price.

Innovations in product are related to changes in product design and packaging so that the aesthetics
of a product or its packaging is significantly improved (OECD, 2005). Such innovation can also lead
to EB. Mariadoss et al. (2011) highlight that innovation in packaging is the starting point for many
companies to shift marketing toward EBs, probably because packaging innovations are often safe and
cost effective but make no significant changes to products or production processes. Marcon et al.
(2017) take refill or concentrated versions of a product as an example of a type of MI in product
design and packaging that can lead to EBs, such as lower water use for detergents, or fuel savings
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when transporting a high volume of products. The introduction of recyclable packaging could also

entail significant EBs (Garcia-Granero et al., 2018).

Innovations in promotion involve initiatives to raise consumer knowledge and awareness of products
and to enhance communications, through the use of new media or loyalty programs (OECD, 2005).
Innovation in promotion could also be used to achieve EBs, for example by shifting investment from
print to digital media, as print involves greater consumption of ink, paper, and other resources
(Medrano et al., 2020). Companies could also develop new loyalty programs or corporate social
responsibility programs offering monetary or non-monetary incentives to consumers to purchase
green products and to behave in an environmentally friendly manner (Kumar, 2020). Such
promotional activities could feasibly increase green purchasing behaviour or reduce resource

consumption, thus leading to EBs.

Innovations in placement involve those channels through which the products or services are
distributed and sold such as franchising and direct sales (OECD, 2005). Companies could introduce
new channels, new logistic solutions or re-design existing channels. Innovations in placement could
also deliver EBs if companies introduce new applications to optimize product delivery routes,
potentially lowering CO2 emissions (Marcon et al., 2017). Reverse logistics and recyclable collection
are another type of MI that could yield EBs, such as product re-use (Marcon et al., 2017).
Decentralized production can also reduce the impact of transportation on the environment, and e-
commerce can decrease the number of consumers driving to outlets, thus reducing pollution stemming

from multiple cars travelling to different stores (Medrano et al., 2020).

Innovation in price is related to the use of new pricing methods, for example discount systems
(OECD, 2005), which could also be used to leverage EBs. Companies could price products differently
depending on the extent to which they impact the environment, giving products with a low impact on
the environment a lower price (Medrano et al., 2020). Innovations in this area might also involve new

terms and conditions for the use of green products or services, such as rental or leasing plans.
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Consumers could pay a monthly or annual fee to rent appliances which could then be recycled or
resold, which would lead to a lower impact on the environment once they are replaced (de Jesus et

al., 2018). Sharing or pooling initiatives at a special price could also be promoted for this purpose.

Hence, all four type of MI could lead to EBs, both within and outside the company. The present study
hypothesizes that companies might increase the EBs of technological innovation by introducing an
MI. However, given the variety and the different role that MIs have been found to play in innovation
success and failure (D’Attoma and leva, 2020), we expect to find differences in how the different
types of MlIs deliver EBs. It is important to distinguish between Mls in order to identify those which

deliver most EBs. We thus formulate the following research question:

RQ2: What is the role of the four MI strategies in contributing to EBs?

To answer the two research questions, the study analyses the relationship between MIs, at aggregate

and at single level, and EBs among innovative companies.

3. Methods

3.1 Data

The study used data from the latest available wave of the CIS survey which contains information
about firm-level innovations and innovation activities for the period 2012-2014. Our empirical
analysis was made on a sample of respectively 6282 and 7083 German and Portuguese manufacturing
and service firms with more than 10 employees. This harmonized survey is run every two years in
each EU member state, as well as some EFTA countries and EU candidate countries, and data are
usually released two and half years after the end of the survey reference period. The survey is
administered by the statistics bureau of each country under the coordination of EUROSTAT and aims
to provide information on the degree of innovativeness of each sector. Questions are related to the

different types of innovation (product, process, organizational and marketing) and to various aspects
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of development of innovation. Company-specific information is also retained, including economic
sector, geographic location, number of employees, and turnover.

In CIS 2014, most questions and thus most indicators cover the reference period 2012-2014. Unlike
previous waves, CIS 2014 includes an ad-hoc module on innovations with EBs. This consists of a set
of questions focusing specifically on ten different types of innovation with EB made within the
enterprise (internal) or by the end user (external). The CIS has a focus on EBs stemming from
innovation (technological or non-technological), which allows us to outline an environmental profile
of the companies in terms of innovation. In this respect, the CIS survey is similar to the Flash
Eurobarometer-433 on “EU business innovation trends” released in 2016. But although this is a rich
source of data, it would not allow investigation of the important nuances between the roles of different
strategies MI of product, package, promotion and price, which is possible using CIS data. The CIS
survey is useful for several other reasons. To the authors’ knowledge, no other survey has combined
and accumulated so much information at the company level, which means that is widely applied
empirically (see Mairesse and Mohnen, 2010 for a review). Indeed, the CIS survey allows data to be
collected not only on the input and output of the innovation process, but also on important structural
characteristics of all the firms included in the survey. The CIS survey has also been used as a reference
framework for innovation studies in extra-European countries, such as South Korea (e.g. Lee et al.,
2019) and Chile (e.g. Geldes et al., 2017), where there is no well-established approach to measuring
and analysing innovation. The CIS survey is moreover bi-annual and large-scale, covering Europe

and providing harmonized data that allow for a comparative approach.

3.2 Variables and measures
The analysis was restricted to companies which engaged in technological innovation, including on-
going innovations and those innovations which were abandoned or suspended before completion.
Restricting the sample to largely technologically innovative firms enables us to focus on the degree
of eco-innovativeness in innovation. Following the structure of the CIS data, we defined our

dependent variable as firm membership of one of the clusters obtained on the basis of EBs.
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Independent variables were constructed in the light of extant empirical analysis of drivers of eco-
innovation which are taken to be regulatory push-pull factors, demand, technology conditions and

firm-specific factors (Rennings, 2000).

Three variables describe the effect of regulatory push-pull factors. The first dummy variable,

[REGULATIONS], captures the effect of existing or expected in the future environmental regulations
in driving the decision to introduce innovations with EBs. It includes existing ‘environmental
regulations, existing environmental taxes, charges or fees, environmental regulation or taxes expected
in the future’. Second, a dummy variable [INCENTIVES] captures the importance of ‘Government
grants, subsidies or other financial incentives for environmental innovation’. The dummy variable

[FUNDING] shows whether the company has received public support for innovation.

As the demand-pull factor, we consider the ‘current or expected market demand for
environmental innovations’ proxied in the variable [DEMAND]. Demand from environmentally
conscious customers is expected to drive (Caravella and Crespi, 2020; Triguero et al., 2013) and
increase (e.g., Triguero et al., 2013; Liao and Tsai, 2019) the introduction of eco-innovation,

especially in markets close to end consumers (Doran and Ryan, 2012).

Technology-push factors are related to the development of technological and organizational

capabilities, and we proxy the firm technological capabilities necessary for eco-innovation in different
variables. The level of cooperation [COOP_SCALED] is defined as the number of partners with which
the company undertakes active cooperation on innovation (see D’Attoma and Pacei, 2020). R&D
status is captured by innovation intensity [RALLX RAT] which represents the ratio of total
expenditure on innovation. We also consider organizational innovation [ORG_INN] as an alternative
type of non-technological innovation, as highlighted in previous studies (Arranz et al., 2020). Finally,
we proxy technological capabilities with the percentage of employees holding a tertiary degree
[EMPUD]. It has been shown that highly qualified employees contribute to developing new products

and processes (Cainelli et al., 2015; Horbach, 2008), making eco-innovation (Horbach, 2016;
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Bitencourt et al., 2019) and solving potential problems in compliance with new environmental

regulations (Canon de Francia et al., 2007).

Firm-specific factors complete the set of explanatory variables. They consist of size, group
membership [GP], degree of internationalization [FM], proxied by the foreign market focus in the
sale of goods and/or services, export behaviour, the employee growth rate [EMP_GROWTH] and the
turnover growth rate [TURN_GROWTH]. The economic sector, manufacturing vs service, is proxied

by [MANUFACTURING].

Besides the four main clusters of drivers, we also consider the appropriability regime, proxied by a
scaled variable [APPROPRIABILITY], which captures the form of protection adopted (D’Attoma
and Pacei, 2020). Finally, with reference to our research questions, we test the role of MI and its four
different strategies, design and packaging, promotion, placement, and pricing. Each strategy was

represented by a dummy that assumed the value 1 if it was introduced during the reference period.

3.3 The construction of the dependent variable

3.3.1 Germany

The dependent variable is constructed using Cluster Analysis (CA) (Everitt, 1993) conducted on
factors retained after a Principal Component Analysis (PCA), which puts companies into homogenous
groups with respect to the EBs of their innovation activity. The CIS survey collects information on
EBs that are related to each other. Therefore, this results in a complex set of data that is difficult to
interpret. Hence, we reduce the number of variables while maintaining the information content
through a PCA. PCA (see Jolliffe and Cadima, 2016 for a review) is usually conducted on a set of
correlated variables in order to reduce these variables to a smaller set of factors, which are by
definition orthogonal. The number of significant principal components (j=1,...,m) is then chosen

according to certain criteria. PCA appears particularly appropriate for our empirical analysis as, with
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reference to Germany, EBs were found to be highly and positively correlated” in that some types of
EBs tend to be adopted together. For instance, German innovating firms achieving more than one EB
are in the majority (about 68%). Operationally, PCA consists of replacing the original set of variables
with the Principal Components (PCs) summarizing the original variability. All EBs were measured
on the same scale, so normalization was not necessary for the variables used in the PCA. Following
1) the Kaiser criterion (Braeken and van Assen, 2017; Kaiser, 1960) whereby the component with
corresponding eigenvalue (A) >1 is retained; and ii) the cumulative percentage of the total variance
criterion (Joliffe, 2005), which consists of selecting the number of components that explains an
established variance threshold level included around the range 70-90%, we selected the first two PCs

with A >1 (1,=5.7317 and 1,=1.1572). This explains around 69% of the original variability (Figure
1).
Figure 1. PCA results (Germany)
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The profile plot (Figure 2) shows the correlations between each PC retained and the ten EBs. The
first PC (solid blue line) is strongly positively correlated with all EBs. This correlation indicates that

this PC represents an overall positive general attitude toward EBs. The first PC was thus labelled

2 The tetrachoric correlation matrix is available upon request.
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‘General attitude towards EBs’. The second PC (red line) is moderately positively correlated with all
internal EBs and negatively correlated with all external EBs, thus highlighting the contrast between
internal and external benefits. The second PC was thus labelled ‘Internal vs External EBs’: innovative
firms that obtain internal EBs tend not to obtain external EBs, and vice versa. On the one hand, there
is general interdependence between EBs, which probably reflects knowledge spillovers. On the other
hand, this interdependence moves in opposite directions when internal and external EBs are compared

separately, which implies that different knowledge spillovers may underly the two types of benefit.

Figure 2. Profile plot (Germany).
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Following a tandem approach (Markos et al., 2019), a CA was then conducted applying the k-means
algorithm first proposed by MacQueen (1967) and using as cluster variates the two PCs retained. The
k-means algorithm is a partitional clustering algorithm where first the number of clusters is specified
in advance, then each cluster is associated with a centroid, and then each unit is assigned to the cluster
with the closest centroid. At each step of the iterative algorithm, the sum of the distance of each
element from the centroid of its cluster is evaluated and minimized. The re-allocation of each unit to
the closest centroid is repeated until a suitable stabilisation of the groups is reached (i.e., centroids do

not change). To evaluate the quality of the clustering process, the error of each data point is calculated
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by computing the squared Euclidean distance to the closest centroid, and then the total sum of the

squared errors (SSE) is computed as in (1):

SSE = Y= Yier d?(xi, %) (1)

where X; = [Xy;, ..., X,;] is the centroid (namely the vector of means) of group / and x; =

[Xi1, ..., Xip] is the vector of coordinates of company i and p is the number of cluster variates.

Because the number of clusters is not known beforehand, different numbers of clusters were tested
and the resulting SSE evaluated using the heuristic elbow method (Ng, 2012), i.e. plotting the SSE as
a function of the number of clusters, and picking the elbow of the curve as the number of clusters to
use. This method suggests K=4 as the initial number of clusters (Figure 3). At K=4 an increase in K

will cause a very small decrease in the SSE, while a decrease in K will sharply increase the SSE.

Figure 3: SSE trend (Germany)
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Moreover, we used the segment interpretability (Bertsimas et al., 2021; Horel et al., 2020; De Keyser
etal., 2015) as a supplementary selection criterion and the identification of 4 meaningful clusters was
confirmed. The interpretation of clusters was conducted using the mean scores for each retained

component (Figure 4).
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Figure 4. Results of CA (Germany)
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As shown in Figure 4, the first cluster displays a very low mean in both retained components and
identifies the biggest group of companies (N=946) with very low overall attitude toward EBs.
Consequently, the contrast between internal vs external EBs (‘NO EBs’) is not so clear. The second
cluster scores very high on the first PC, identifying 363 companies that carry out generally all types
of eco-innovations (‘ALL EBs ‘). The third cluster has above-average values on both the first and
second components, giving a group of 494 companies which have a medium general attitude towards
EB innovations along the trajectory of internal EBs (‘/NTERNAL EBs’). Finally, the fourth cluster
has above-average values on the first PC and below-average values on the second, thus identifying a
group of 306 companies which have a medium attitude towards EB innovations along the external
EBs trajectory (‘EXTERNAL EBs’). Figure 5 reports percentages of each EB achieved by different

clusters and confirms the interpretation of clusters reported above.
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Figure 5. Frequencies of EBs achieved by clusters (Germany)
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3.3.2 Portugal

The dependent variable was constructed following the same methodology as in Germany. First, PCA
was conducted on the set of correlated indicators of innovations with EBs. Also for Portugal,
innovations with EBs were found to be correlated, as some types of EBs tend to be obtained jointly’.
The correlation coefficients* indicate a high and strong positive interdependence among EB
innovations, as certain types of EB also tend to be generated together. About 67% of innovating

companies present more than one EB.

PCA on the 10 EBs was implemented and the first two components retained; these explained around
74% of the original variability. As showed by the profile plot (Figure 6), the first PC represents a

general eco-innovation attitude as it shows positive coefficients on all 10 EBs. The second PC

3 As for Germany, normalization of these indicators was not required; all were measured on the same scale.
# Correlation results are available upon request
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represents a polarization of internal EBs (negative coefficients) vs external EBs (positive
coefficients). Therefore, as for Germany, the first PC was labelled ‘General attitude toward EBs’ and

the second was labelled ‘Internal vs External EBs’.
Figure 6. Profile plot (Portugal).
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CA was then conducted by applying the k-means algorithm and using as cluster variates the two

retained PCs. Using the elbow method (Figure 7) we again selected k=4 and obtained the convergence

of the algorithm.
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Figure 7: SSE trend (Portugal)

SSE

As shown in Figure 8, the first cluster has above-average values on the first PC and below-average
values on the second PC, thus identifying a group of 621 companies which have a medium attitude
towards innovation EBs, especially along the trajectory of internal EBs (‘/NTERNAL EBs’). The
second cluster has above-average values on both the first and the second components, establishing a
group of 601 companies showing a medium general attitude towards innovation EBs along the
trajectory of external EBs (‘EXTERNAL EBs’). The third cluster displays a mean close to zero in both
retained PCs, and identifies the biggest group of companies (N=1770) with no general attitude
towards EBs and consequent null contrast between internal vs external EBs (‘NO EBs’). The fourth
cluster scores very high on the first PC, identifying 547 companies which generally achieve all types

of EBs (‘ALL EBs’).
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Figure 8. Results of CA (Portugal)
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Figure 9 reports percentages of each EB achieved by different clusters and confirms the interpretation

of clusters reported above.

Figure 9. Frequencies of EBs achieved by clusters (Portugal)
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3.4 The estimated model

Having constructed the dependent variable, we evaluate the role of MI in shaping firm membership
of the four clusters. We are interested in a multinomial outcome, in other words, clusters of companies
with different levels of EBs: ‘no EBs’, ‘all EBs’, ‘internal EBs’ and ‘external EBs’. The
characteristics of the four groups are analysed through a multinomial logistic regression model which
estimates the probability of belonging to cluster j given a set of company characteristics. Cluster
membership is represented by the vector y = [y4, V2, V3, ¥4] which has the following binary (mutually

exclusive) elements:

1 if the company belongs to cluster 'NO EBs'
Y1 = 0 otherwise
1 if the company belongs to cluster 'ALL EBs'
Y2 = otherwise
1 if the company belongs to cluster 'INTERNAL EBs'
Y3 = otherwise
1 if the company belongs to cluster 'EXTERNAL EBs '
Ya = 0 otherwise

The multinomial logit model (MNL) (McFadden,1973) is then estimated, as described in Greene
(2018). The basic probability model for choice between J+1 alternatives is based on a random utility

model:
Uij = BjX; + &; (2)
where ¢;;, with j=0, ...,J, have independent type 1 extreme value distributions, and:

observedy; =jif Uy > Uy, Vk #j 3)
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The disturbances in this framework are assumed to be independently and identically distributed with

identical extreme value distribution; the cumulative distribution function is F (ej) =

exp(— exp(—ej)). Based on this specification, choice probabilities are defined as in (4):

exp(BjX;)

Prob (y; = j|X;) =
(yl ]l l) Z§=1(ﬁ],'Xi)

(4)

In our analysis y; = j denotes the unordered category representing the cluster belonging (=1, ...,J )
of company ‘7’, B; is the coefficient vector fort the outcome y;” and X; is the row vector of observed

values of the explanatory variables for the company i.
4. Results

Table 1 displays the results of the two multinomial models with reference to Germany: Model 1
includes an aggregate measure of MI and Model 2 includes the four MIs. Where M1 is considered as
an aggregate measure, introducing it increased the likelihood of belonging to Cluster 2 (companies
that achieve both internal and external EBs) and Cluster 4 (companies that achieve external EBs)
rather than Cluster 1 (companies that achieve low or no EBs) which is used as a reference category.
Therefore, introducing MI was found to be significantly related to EBs which are both internal and
external and to EBs which are only external to the company. Focusing on the type of MI, innovations
in price and in placement both increased the likelihood of being in Cluster 2 rather than Cluster 1.
Innovation in placement also increased the likelihood of being in Cluster 4 rather than Cluster 1.
Finally, innovation in placement was also found to be weakly related with the likelihood of being in
Cluster 3 (companies that achieve mostly internal EBs) rather than Cluster 1. Innovations in product
design and packaging and innovation in promotion did not play any role. Table 2 displays the results

of the two multinomial models (Model 3 and 4) for Portugal, which show MI respectively as an

5 The model is unidentified in the sense that there is more than one solution to ﬁ; which leads to the same probabilities
Prob (y; = j|X;). Therefore, to identify the model one of B; is arbitrarily set to zero (say ). As a consequence, the
remaining coefficients will measure the change relative to the y; = 1 group.
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aggregate measure and as the four separate types. Model 3 shows that MI increases the likelihood of
being in the cluster of companies achieving both internal and external EBs (in the case of Portugal,
Cluster 4) and the likelihood of being in the cluster of companies obtaining only external EBs (in the
case of Portugal, Cluster 4), rather than in the cluster of companies that achieve low or no EBs (in the
case of Portugal, Cluster 3). Results from Model 3 were thus consistent with results from Model 1
(Germany). Model 4 revealed which of the MlIs explain the above patterns. Specifically, innovation
in price was found to be related to a higher likelihood of being in Cluster 4 (companies that achieve
both internal and external EBs), rather than in Cluster 3. Weak support was found for the relationship
between innovation in product design and packaging and the probability of being in Cluster 4 rather
than Cluster 3. Price innovation increased the likelihood of being in Cluster 2, rather than Cluster 3,
in other words price innovation increased the likelihood of obtaining external EBs. No other types of
MI were found to be significant. Empirical evidence related to price innovation was consistent across
Germany and Portugal, while innovation in placement was significant in Germany but did not play
any role in Portugal. Portugal also revealed a weak role of product packaging and design innovation
in explaining EBs. Table 3 and Figure 10 and 11 summarize results for RQ1 and RQ2 with reference

to both Germany and Portugal.
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Table 3:

Summary of findings with reference to each research question

Research question

Germany

Portugal

RQ1: role of MI
with respect to EBs

Introducing a MI increases the
likelihood to achieve both internal and
external EBs or external EBs only

Introducing a MI increases the likelihood
to achieve both internal and external EBs
or external EBs only

RQ2: role of MI
strategies with
respect to EBs

MI in price: it increases the likelihood
to achieve both internal and external
EBs

MI in placement: it increases the
likelihood to achieve both internal and
external EBs, external EBs only and
internal EBs only (weak support for the
latter)

MI in design and packaging: no role

MI in promotion: no role

MI in price: it increases the likelihood to
achieve both internal and external EBs and
external EBs only

MI in placement: no role

MI in design and packaging: it increases
the likelihood to achieve both internal and
external EBs (weak support)

MI in promotion: no role

Figure 10. Role of MI and MI strategies with respect to EBs (Germany)

The role of M

The rele of Packaging

The role of Promotion

\\\\\\\

The role of Price
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Figure 11. Role of MI and MI strategies with respect to EBs (Portugal)

The role of Mi The role of Promotion
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The role of Placement The role of Packaging The role of Price.

5. Discussion and conclusions

5.1 Contributions to theory and practice

Our study attracts academic attention on the positive environmental contribution driven by marketing
capabilities. Our findings contribute to the literature on environmental innovation: this is the first
work offering empirical evidence highlighting the role of MI in leveraging EBs both at the aggregate

level and at the level of each MI type, as we discuss below.

Results show that in both Germany and Portugal innovative companies introducing a MI were more
likely to achieve EBs, and thus provide a reliable answer to RQ1. The environmental benefits obtained
are mostly external, in other words for end users/consumers, or both external and within the company.
This empirical evidence is in line with resource-based theory and points to the role of marketing
capabilities in leveraging technological innovations to achieve EBs. As previously stated by Pacheco

et al. (2018) and Yu and Ramanathan (2016), marketing capabilities appear to be enablers for
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companies aiming to extract benefits from technological innovation. Our results expand findings from
Medrano et al. (2020) which relate MI with environmental orientation by highlighting the relationship
between MIs and EBs. Moreover, our findings offer empirical evidence supporting the identification
of a link between best practices in MIs and EBs as hypothesized by Marcon et al. (2017). M1 is thus
important in obtaining external EBs, for example, by encouraging recycling of products after use,

increasing product life, or replacing polluting with environmentally friendly materials.

RQ2 challenges the assumption that all MI strategies play the same role in leveraging EBs, and results
from Germany and Portugal consistently reveal that not all MIs are equally important for the
environment. First, the key role of innovation in price in obtaining both external and internal EBs
emerges. New pricing systems based on the environmental friendliness of products and services, and
rental or sharing plans, or innovations which extend the life of a product, are best practices in price
innovation, contributing positively to environmental conservation. In Portugal, price innovation is
found to contribute to external EBs only, but it contributes to both internal and external ones in
Germany. Previous work has discussed at the theoretical level the role of price innovation in
contributing to the environment (e.g. Medrano et al., 2020; de Jesus et al., 2018). To our knowledge,
the present paper is the first study offering empirical evidence supporting the positive role of price

innovation in achieving EBs.

Evidence from Germany and Portugal is somewhat inconsistent regarding innovation in placement.
Placement innovation involves the delivery of products to shops or to end consumers: delivery can
be optimized to reduce pollution, and thus generate EBs. Decentralized distribution of items and
enabling local stores to manage recycled items are an additional possible way of obtaining EBs.
Findings are in line with previous studies suggesting the potential positive role of placement
innovation towards the environment (Marcon et al., 2017; Medrano et al., 2020). In Germany,

placement innovation contributes to all types of EB, but it is not as significant in Portugal. Differences
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between Germany and Portugal in terms of distribution networks, in sensitivity towards innovation

and in levels of environmental awareness may explain this difference.

Only in Portugal weak support was found for the role of product and packaging design in leveraging
EBs. Unlike previous studies (e.g., Mariadoss et al., 2011), our findings suggest that packaging need
not necessarily be the first step in a company’s journey towards an environmental orientation.
Moreover, innovations in design and packaging could also be driven by aesthetic reasons and
consumer preferences (Sundar et al., 2020), or by cost and functionality considerations (Glock et al.,

2019), and may have a weak link with environmental goals.

No support has been found for the role of innovation in promotion. This appears consistent with the
fact that few scholars have focused on innovation in promotion with respect to its environmental role
(e.g., Marcon et al., 2017). Promotion innovation involves activities which can have either a positive
or a negative impact on the environment. The shift from printed to digital advertising could contribute
positively, as suggested by previous research on online versus print promotional flyers (e.g., leva et
al., 2018). However, re-branding or the introduction of a new loyalty program could have a negative

impact where, for example, outdated promotional material has to be physically replaced.

This study also has implications for management. In public discourse, companies today are often
asked to focus on MI in order to make their technological innovations environmentally aware, but
because MIs are not all equal, companies should carefully consider which ones to introduce.
Innovation in pricing is found to be the most effective marketing strategy for the environment, as it
leads to EBs in terms of both production and consumption/use. But innovation in placement could
also deliver EBs. When planning MI, companies need to improve their understanding of the potential

EBs, in addition to the obvious focus on the impact on economic performance.
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5.2 Limitations and future research directions

The present paper has certain limitations and also implications for future research. Because of the
structure of the CIS data, it is not possible to provide details of MIs beyond the four types described
here. Finer detail and information about costs of MI would enable further insights. Moreover, a
weakness is represented by the inadequate timeliness of the CIS 2014 wave we used in our empirical
application, namely the gap between the release date of the information and the reference period of
the data collection. However, such a weakness is common to all empirical studies that make use of
secondary harmonized data produced by Bureau of Statistics. Future research might use the latest
released waves as soon as they will be available to evaluate the robustness of findings and might test
if the described relationships hold in other countries, such as developing ones. Another weakness is
that our data does not provide any measure of the environmental performance of innovations, in terms
of, for example, quantifying carbon footprint reduction or the extent to which recycling or product
sharing is performed. Measures such as these would provide useful insights. Finally, in the light of
the recent pandemic, it would be important to assess how MIs address challenges from the Covid-19

pandemic and how they can help to achieve sustainability goals.

Disclaimer

The anonymous data of the Community Innovation Survey 2014 (CIS 2014) used in the analysis of
this paper was provided by EUROSTAT. All results and conclusions are given by the authors and
represent their opinion and not those of EUROSTAT, the European Commission or any of the
national authorities whose data have been used. The responsibility for all conclusions drawn from the

data lies entirely with the authors.
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