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Abstract: Although eco-innovation in the agri-food sector is receiving increasing attention, the
heterogeneity of firms operating in the sector encourages the development of specific sub-sectoral
studies to define specific strategies. In this regard, the main goal of the present study is to evaluate
the drivers of eco-innovation in the olive oil production sector. Our empirical method relies on data
from Spanish olive oil mills, and uses qualitative comparative analysis (QCA). The results show that
large olive oil cooperatives have an important commitment to sustainability, and that cooperation
with a wider range of different agents encourages the implementation of eco-innovation, particularly
among smaller firms. However, the main finding of the study is the limiting effect of belonging to a
protected designation of origin (PDO) on the implementation of eco-innovative measures. Although
traditional production of olive oil (production under a PDO) is still perceived as a central competitive
advantage in olive oil firms, further efforts should be made to coordinate traditional elaboration with
production under a more sustainable management approach.

Keywords: quality label; geographical indication; cooperatives; olive oil mills; traditional produc-
tion; cooperation

1. Introduction

The concern about the impact of company performance on the environment has in-
creased in recent decades [1]. Studies have traditionally focused on the analysis of the
drivers on the implementation of pro-sustainable measures in large companies operating
in high-tech sectors [2,3]. However, in recent years, the study of companies operating in
traditional sectors, such as the agri-food sector, has increased [4–6]. The agri-food sector,
more than any other sector, is characterized by a direct dependence on natural resources [7].
This dependence and the increasing concern of consumers about the environmental impact
of their food choices [8,9] has encouraged agri-food companies to consider sustainability as
an important factor in their production strategies. The heterogeneity of the companies op-
erating in the food sector [10] suggests conducting sub-sectoral studies to develop specific
approaches. In this regard, few studies have specifically addressed the implementation of
eco-innovation practices in the olive oil production sector [11].

The demand for olive oil in countries that are not traditional consumers is increasing
rapidly as a result of growing interest in the Mediterranean diet worldwide [12]. The
benefits of olive oil consumption range from the reduction of LDL cholesterol levels [13] to
increased longevity from the reduced risk of cardiovascular disease and certain types of
cancer [14–16]. Moreover its production, mainly developed in rural areas, increases incomes
and retains population in these disadvantaged areas [17]. However, this increasing demand
for olive oil presents certain environmental problems that need to be addressed. Olive oil
production requires energy (electricity and fuel), water and chemical products (pesticides
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and fertilizers) during farming [17]. However, the main environmental impact of olive oil
production is the generation of olive oil waste in mills [18]. The correct management of
this waste (e.g., olive oil pomace) is crucial to ensure the sustainability of the sector and
reduce its impact on the environment.

Geographically, olive oil production is mainly concentrated in the Mediterranean basin,
with the European Union (EU) producing 69% of olive oil worldwide [19]. Within the EU,
Spain is the main olive oil producer, with 63% of the total EU production on average in the
last few years, followed by Italy (17%), Greece (14%) and Portugal (5%) [19]. Due to the long
tradition of olive oil production, the EU has created up to 112 Geographical Indications (GI)
for oils [20] in order to protect their names and promote their unique characteristics, linked
to their geographical origin and their traditional know-how [21]. In the EU, the main GIs
are protected designations of origin (PDO) and Protected Geographical Indications (PGI).
Although Spain dominates the production of olive oil in the EU, if PDOs are considered,
Italy is the country with most denominations (38% of the total) followed by Spain (26%)
and Greece (17%). The production of olive oil under these widely used labels involves
production under traditional elaboration principles, which may limit the implementation
of innovative, more sustainable, production practices.

Different effects have been reported regarding the impact of GIs on the promotion
of sustainability, depending on the product evaluated and the methodology used [22–25].
In their study on the GIs used in the French Alps, Lamarque and Lambin [22] found that
GIs were useful to promote sustainable land use. In a work on olive-oil GIs based on the
analysis of indicators, Belletti, Marescotti, Sanz-Cañada and Vakoufaris [25] concluded
that GIs play indirect environmentally positive roles, although these effects differ across
countries. Higher values of sustainability awareness were reported in GIs from Italy,
France and Greece in comparison to those from Spain, Portugal and Slovenia. Conversely,
Marescotti et al., [23] evaluated the changes developed in GIs due to environmental con-
cerns, concluding that, although environmental concerns have been widely used to justify
amendments intended to increase competitiveness in the fruit and vegetable sector, only
small changes have been made to improve sustainable productions. Similar results were
obtained in the GI for tequila, showing that this GI had failed to improve social and
environmental sustainability [24].

The purpose of this paper is to evaluate the effect of different drivers in the imple-
mentation of eco-innovation in olive oil mills, paying specific attention to the effects of
GIs. Specifically, the causal conditions of companies that most result in greater involve-
ment in a wide range of eco-innovations will be identified. Within the proposed drivers,
some well documented variables affecting eco-innovation will be used (e.g., firm size
or R&D) [26,27], together with others whose importance has not been completely identi-
fied, such as belonging to a PDO or the effect of being a cooperative or a private capital
company [28].

This paper contributes to the eco-innovation literature in different ways. First, it
evaluates the drivers of eco-innovation using a sample of agri-food companies operating
in a very specific sector and administering an ad hoc survey developed for this purpose.
Currently, little information exists on the drivers that promote eco-innovation using data
from the olive oil industry [11,29]. Secondly, within the variables included, the effects of
belonging to a PDO on the implementation of eco-innovative strategies has been evaluated.
While PDOs are useful to ensure the traditional production of a product (olive oil in this
paper), these quality labels and their restrictive technical production rules [30] could be
constraining the development of eco-innovations within this sector. Finally, to analyze the
database, a novel methodology, qualitative comparative analysis (QCA), has been used.
This method is useful when analyzing databases that account for a reduced number of total
companies, even when data from a significant percentage of the existing companies within
the initial population have been obtained [31,32].

The paper is structured as follows. Section 2 includes the theoretical framework and
the literature review on the drivers of eco-innovation. Section 3 presents the information
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about the database and the methodology used to analyze the data. Then, Section 4 describes
the results and discusses their implications. Finally, Section 5 includes the conclusions,
limitations and future lines of research.

2. Theoretical Framework

The implementation of innovative measures that respect the environment has received
different names in the literature, from green innovation to environmental innovation or
eco-innovation [1]. However, in recent years, the term eco-innovation has been consoli-
dated. Eco-innovation is defined in the Oslo Manual 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, 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” (p. 8) [33]. There
are two main kinds of eco-innovations: technological and non-technological innovations.
The former refers to the production of eco-innovative products and the use of novel and
more sustainable production methods [34], while the latter refers to new management,
marketing or business practices intended to reduce the impact of the company performance
on the environment [33,35].

Some firms recognize that the implementation of eco-innovation can lead them to
maintain or obtain competitive advantages [1]. In this regard, a recent study developed in
the Spanish agri-food sector showed that implementing technological eco-innovations is
one of the conditions that greatly benefits firm performance [35]. However, the literature
also shows that small companies find it difficult to convert sustainable practices into
competitive advantages [36], reducing their implication in eco-innovation processes [7].
If eco-innovation can improve the performance of agri-food firms in the market, specific
studies focused on the drivers that promote these environmentally friendly practices
are needed.

In recent years, three different groups of drivers of firms’ eco-innovation have been
identified: the technology push [34,37–40], the market pull [41–43] and the regulatory
push/pull [6,44] (Figure 1).
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Figure 1. Drivers of eco-innovation. Adapted from Triguero et al. [5].

The market pull towards eco-innovation is based on the increasing demand for green
products and services [41–43]. Some studies have shown that consumers are willing to pay
more for products that are produced in a more sustainable way [45]. Accordingly, in order
to produce eco-innovative products, the percentage of surface area dedicated to organic
production has doubled globally in the last ten years [46]. This increase is the direct result
of a higher demand from consumers that are more concerned about how their consumption
affects the environment [45,47–49]. In the demand for organic products, those with direct
plant origin, mainly fruits and vegetables, are the most widely consumed products [47].
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Within the olive oil sector, the number of consumers interested in more sustainable products
has risen [50]. In this regard, there has been an increase in the acceptance of certified organic
olive oils [51], or even the acceptance of foods obtained from upcycled ingredients of olive
oil production [50].

The technology push includes the impact of a firm’s resources and capabilities and the
effects of collaboration with external agents. In order to develop and use different types of
eco-innovations, firms must have adequate resources and capabilities [37]. Traditionally,
larger companies have been expected to implement environmentally friendly measures
to a greater extent. However, the effect of firm size is not always conclusive in the manu-
facturing sector [52,53]. Conversely, in a recent meta-analytical review on eco-innovation
drivers, Bitencourt, de Oliveira Santini, Zanandrea, Froehlich and Ladeira [26] found that
size and R&D were significant antecedents of eco-innovation. Previously, a positive effect
of firm size on the degree of digital innovation in food cooperatives was found [54].

When firms are unable to build the necessary knowledge base to develop eco-innovations
by themselves, cooperation with other agents is crucial [34]. Acosta et al. [55] argue that
agri-food firms are aware of the importance of external sources of knowledge and benefit
from a well-developed inter-industry and inter-sector network. In general, firms operating
in the agri-food industry acquire innovations from external sources [1]. The development of
collaborative networks is more important in small companies, which are unable to develop
eco-product and eco-process innovations internally [34]. Regarding the optimal number of
partners, González-Moreno, et al. [56] concluded that an inverted U shape appears in the
relationship of breadth of external knowledge sources due to coordination difficulties and
bounded rationality.

The literature has also identified regulation, fiscal incentives, and subsidies as eco-
innovation drivers. Specifically, regulations about contaminant emissions or waste manage-
ment encourage firms to reduce their impact on the environment, obtaining higher benefits
than the costs of paying fines for non-compliance [57]. Regulation is mainly imposed by
external agents, such as governments, but firms can also self-impose production rules to
obtain specific benefits. This is the case of firms deciding to take membership of a GI. Ac-
cording to the European Commission “a geographical indication is a distinctive sign used
to identify a product as originating in the territory of a particular country, region or locality
where its quality, reputation or other characteristic is linked to its geographical origin” [58].
In order to make use of the GI label, firms must comply with the GI technical production
rules [30]. Various studies have evaluated the effect of other quality certifications (not
GIs) on firms’ eco-innovation. For example, Godoy-Durán, et al. [59] included quality
certifications (e.g., Integrated Pest Management) in their study about farm eco-efficiency
and, later, García-Granero, Piedra-Muñoz and Galdeano-Gómez [4] used the number of
quality certifications (e.g., GLOBAL G.A.P or GRASP) as a proxy to evaluate marketing
eco-innovation in agri-food firms. Studies specifically involving GI labels have mainly been
focused on the effects of labels on consumer preferences [60,61], but not on their effects on
company management.

3. Materials and Methods
3.1. Database

The EU is the largest olive oil producer worldwide, with Spain being the largest olive
oil producing country in the EU (63% of total production) [19]. Within Spain, Castilla-La
Mancha is the second largest olive oil producing region, after Andalusia [62]. To develop
this study, data from 52 olive oil mills in the Castilla-La Mancha region were obtained
using an ad hoc survey. According to the database produced by the Iberian Balance Sheet
Analysis System (SABI, in its Spanish acronym), up to 128 olive oil mills exist in the region.
Considering that information, our sample includes data on 40.6% of companies operating
in the region. Descriptive statistics from the database are shown in Table 1. Castilla-La
Mancha has up to six different PDOs for olive oil, covering most of its territory [63]. The
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sample includes data on olive oils mills from different PDOs operating in different parts of
the region (Figure 2).

Table 1. Definition of variables and descriptive statistics.

Variable Description Mean SD Min Max

Eco.Inn Number of different types of eco-innovations
developed in the last three years 1.8 1.6 0 5

Coop Company is a cooperative (0, it is not; 1, it is) 0.8 0.4 0 1

PDO Company belongs to a PDO (0, does not
belong; 1, belongs) 0.6 0.5 0 1

Employ. Number of employees 7.8 11.9 1 74
Supply Number of olive suppliers 536 358.3 2 1,200

Quantity Quantity of olive oil processed (Kgs) 673,225 690,432 30,000 1,600,000

Ext.Virgin Extra virgin olive oil as percentage of total
olive oil production 67.8 26.3 10 100

Porc.Inn. R&D expenditure as percentage of sales (%) 2.0 4.0 0.0 16.0
Exports Olive oil production exported (%) 31.1 31.4 0 100

Coop.Agents Cooperation with different agents (number) 1.8 1.5 0 5

Agronomy 2021, 11, x  16 of 16 
 

 

Sheet Analysis System (SABI, in its Spanish acronym), up to 128 olive oil mills exist in 

the region. Considering that information, our sample includes data on 40.6% of companies 

operating in the region. Descriptive statistics from the database are shown in Table 1. Cas-

tilla-La Mancha has up to six different PDOs for olive oil, covering most of its territory 

[63]. The sample includes data on olive oils mills from different PDOs operating in differ-

ent parts of the region (Figure 2). 

Table 1. Definition of variables and descriptive statistics. 

Variable Description Mean SD Min Max 

Eco.Inn 
Number of different types of eco-innovations developed in the 

last three years 
1.8 1.6 0 5 

Coop Company is a cooperative (0, it is not; 1, it is) 0.8 0.4 0 1 

PDO Company belongs to a PDO (0, does not belong; 1, belongs) 0.6 0.5 0 1 

Employ. Number of employees 7.8 11.9 1 74 

Supply Number of olive suppliers 536 358.3 2 1,200 

Quantity Quantity of olive oil processed (Kgs) 673,225 690,432 30,000 1,600,000 

Ext.Virgin Extra virgin olive oil as percentage of total olive oil production 67.8 26.3 10 100 

Porc.Inn. R&D expenditure as percentage of sales (%) 2.0 4.0 0.0 16.0 

Exports Olive oil production exported (%) 31.1 31.4 0 100 

Coop.Agents Cooperation with different agents (number) 1.8 1.5 0 5 

 

Figure 2. Location of the olive oil mills included in the study. Different colors indicate member-

ship of different PDOs. Yellow is for PDO Aceite de La Alcarria; red is for PDO Montes de Toledo; 

purple is for PDO Aceite Campo de Calatrava; orange is for PDO Aceite Campo de Montiel and blue for 

oils mills without PDO certification. 

3.2. Methodology 

Qualitative Comparative Analysis (QCA) has been implemented in this study. This 

method uses small to intermediate samples and allows generalization (external validity) 

relying on a strong case orientation [64,65]. To ensure generalization, the selected cases 

should be specifically chosen and in-depth case knowledge is needed to ensure internal 

validity [31]. Although the present study could have been developed using traditional 

methodologies, QCA has advantages that encourage its use in organizational studies [66]. 

Figure 2. Location of the olive oil mills included in the study. Different colors indicate membership
of different PDOs. Yellow is for PDO Aceite de La Alcarria; red is for PDO Montes de Toledo; purple is
for PDO Aceite Campo de Calatrava; orange is for PDO Aceite Campo de Montiel and blue for oils mills
without PDO certification.

3.2. Methodology

Qualitative Comparative Analysis (QCA) has been implemented in this study. This
method uses small to intermediate samples and allows generalization (external valid-
ity) relying on a strong case orientation [64,65]. To ensure generalization, the selected
cases should be specifically chosen and in-depth case knowledge is needed to ensure
internal validity [31]. Although the present study could have been developed using tra-
ditional methodologies, QCA has advantages that encourage its use in organizational
studies [66]. The main advantage of QCA is that it permits conjunctural causation and mul-
tiple causation [67]. This condition allows us to study the combination of causal attributes
(independent variables in a traditional study) that generate the outcome (dependent vari-
able) and, at the same time, evaluate whether that outcome could be achieved using a
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different combination of causal attributes [68]. The presence or absence of each causal
attribute is considered in each configuration that results in the studied outcome. Another
of the advantages of QCA is that it relies on asymmetrical relationships, overcoming the
limitations of linearity and complementary association between variables that appear in
traditional methods [35,67].

Two specific QCA methods were used in this study: crisp-set qualitative compara-
tive analysis (csQCA) and fuzzy-set qualitative comparative analysis (fsQCA) (Table 2).
The former is used for binary variables which are calibrated using categorical conditions
assigning full membership (value 1) or full-non membership (value 0) to the variable
(e.g., the company belongs/does not belong to a PDO), while fsQCA is used for continuous
variables (e.g., the R&D expenditure as percentage of sales). In fsQCA, the categorization
of variables combines qualitative and quantitative methods, requiring theoretical and sub-
stantive knowledge of the cases and the context [65,69,70]. The quantitative cut-off values
to create the groups range from full non-membership (percentile 5) to full membership
(percentile 95) with percentile 50 representing the maximum ambiguity. For example,
olive oil mills were classified according to the percentage of olive oil production exported
on a continuous scale from 0 to 1, with companies with an exported percentage of more
than 25% being classified as “higher exporters” and olive oil mills with less than 25% as
“lower exporters”. Although percentile determination is the basis for the classification
of the companies, the breakpoints obtained are then adjusted on the basis of substantive
knowledge of the context [34,65,69,70] (Table 2).

Table 2. Calibration values.

Variable

Membership Threshold Values (Percentiles) Membership Threshold Values (Selected)

Full
Non-Membership

(0.05)

Crossover
Point (0.5)

Full
Membership

(0.95)

Full
Non-

Membership

Crossover
Point

Full
Membership

Eco.Inn 0 2 5 0 1.9 4.9
Coop 0 1 0 1
PDO 0 1 0 1

Employ. 1 4 27.4 1 4 27.4
Supply 3 480 1000 3 480 1000

Quantity 54,000 500,000 1,240,000 54,000 500,000 1,240,000
Ext.Virgin 22.5 75.0 99.0 22.5 75.0 99.0
Porc.Inn. 0 1 12.2 0 1 12.2
Exports 0.0 25.0 80.0 0.0 25.0 80.0

Coop.Agents 0 2 4 0 1.9 3.9

After calibrating the variables, the analysis of necessity is performed. The aim of this
analysis is to evaluate whether one, or several, of the variables considered are necessary to
achieve the outcome, which, in this study, is the intensity of involvement in eco-innovation
practices. A condition is reported as necessary when its consistency if very high (>90–95%)
and is coverage is not too low (>0.50) [32,35]. The results of our analysis of necessary
conditions are shown on Table 3. The highest consistency value reported is 1 for the
absence of membership of a PDO (~PDO). However, the coverage value for this condition
is lower than 0.5, so it cannot be considered “necessary”. The results show that none of the
variables considered is a necessary condition to increase the involvement of olive oil mills
in eco-innovation strategies.

The following step is the creation of the truth table. The truth table contains all
logically possible combinations (2k) of causal conditions (k). Each case (in the present study
each olive oil mill) is assigned to a row of the truth table (a configuration) depending on
the antecedent conditions it meets. The commonalities that lead to the selected outcome
are computed using Boolean algebra [32]. The logical minimization process that leads to
the reduction of the cases is performed using the Quine–McCluskey algorithm [65]. Two
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parameters are used to evaluate the goodness of fit of the final solution: coverage and
consistency. Coverage refers to the percentage of cases (percentage of olive oil mills) for
which a configuration is valid, while consistency quantifies to what extent cases with similar
conditions obtain the same outcome [9,71]. Of the proposed solutions of the QCA, the
intermediate solution was selected as it is that recommended in the literature to interpret
the obtained results [72].

Table 3. Companies’ valuation of their involvement in eco-innovation. Analysis of necessary conditions.

Conditions Tested * Consistency Coverage

Coop 0.719520 0.455600
~Coop 0.280480 0.555000
PDO 0.000000 1.000000

~PDO 1.000000 0.479697
Employ. 0.612129 0.662338

~Employ. 0.679090 0.585193
Suppy 0.694883 0.676923

~Suppy 0.550853 0.520597
Quant. 0.715730 0.598521

~Quant. 0.562855 0.633262
Ext.Virgin 0.698042 0.610497

~Ext.Virgin 0.530006 0.563087
Porc.Inn. 0.473152 0.773760

~Porc.Inn. 0.727101 0.493568
Exports 0.611592 0.610414

~Exports 0.561592 0.521102
Coop.Agents. 0.697410 0.690864

~ Coop.Agents. 0.524321 0.487662
* The symbol (~) represents the negation of the characteristic.

4. Results and Discussion

The configurations that lead to higher involvement in different types of eco-innovation
are shown in Table 4. In the configurations, black circles (•) indicate the condition is present,
white circles, that it is absent (#) and no circle indicates that the condition is not binding for
that specific configuration [35,72]. The results show that up to eight different configurations
(causal paths) explain greater involvement in eco-innovation practices of olive oil mils. The
coverage of the model is very high (0.634) and the consistency values for each configuration
range between 0.815 and 1.000, higher than the minimum consistency values recommended
in the literature (0.75–0.80) [68]. Following Ragin’s recommendation [70], the configurations
with the highest raw coverage should receive further attention as they comprise a larger
number of cases.

Table 4. Models predicting the involvement of olive oil mills in different types of eco-innovations.

Configuration
No.

Coop PDO Employ Supply Quant Ext.Virgin Porc.Inn Exports Coop.Agents Coverage ConsistencyRaw Unique

1 • # • • • • # # 0.228680 0.12192 0.815315
2 • # • • • # # • • 0.185723 0.048010 0.910217
3 • # # # • # # # • 0.171826 0.045483 0.855346
4 • # • • • • • • • 0.156033 0.034744 0.972441
5 • # # # # # • • • 0.123816 0.059380 0.907407
6 # # # # # • • • • 0.120025 0.059380 1.00000
7 # # • # • • • • • 0.083386 0.019583 0.985075
8 # # • • • • # • # 0.058117 0.033480 0.968421

Solution coverage: 0.639293
Solution consistency: 0.878472

Frequency threshold = 1; consistency threshold = 0.805687.

The conditions that led to higher involvement in eco-innovation practices in the largest
number of mills are those reported in Configuration 1 (coverage 22.9%). This configuration
includes cooperatives with a high number of employees and olive suppliers that process
high amounts of olives and whose production relies mainly on high-quality extra virgin
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olive oil. However, this group of eco-innovative mills does not participate in a PDO, exports
only a small part of its production and does not cooperate with a large number of different
agents. According to previous studies, the high engagement of these olive oil mills with eco-
innovation may be explained by their larger size [26]. In food production, large companies
show advantages based on economies of scale and bargaining power with the highly con-
centrated food retail sector [73]. Specifically, large companies within the EU food industry
usually obtain a higher level of profits [74,75] and higher financial performance has been
proposed as a driver of eco-innovative behavior [76]. In a recent study, Rabadán et al. [35]
found that large agri-food companies do not need to cooperate with stakeholders in order to
develop and use eco-innovations. In our sample, most of the companies that make intense
use of eco-innovation are large cooperatives (Configurations 1 and 2).

Although being a cooperative increases the likelihood of making intense use of eco-
innovation (Configurations 1 to 5), causal conditions vary. Under close-to-perfection
conditions, a large cooperative that produces high quality olive oil, invests highly in R&D,
exports a large percentage of its production and shows intense cooperation with stakehold-
ers, has up to a 97.2% chance of showing intense eco-innovation behavior (Configuration 4).
The percentage of extra virgin olive oil produced is used as a proxy for the mills’ concern
about the quality of their production. Previously, links between improved quality and
superior environmental performance in manufacturing firms have been reported [77].
García-Granero, Piedra-Muñoz and Galdeano-Gómez [4] found that Spanish agri-food
companies with greater commitment to the environment showed a higher tendency to meet
quality market standards using a higher number of certifications. In this regard, it was ex-
pected that eco-innovative mills would produce oil with the highest possible quality (extra
virgin olive oils) [78], in order to meet the standards of those more demanding consumers.

Within privately owned olive oil mills, those that are larger (higher number of em-
ployees and higher quantity of olives processed) also show high chances (96.8%) of being
very active in the use of different types of eco-innovations (Configurations 7 and 8). On the
other hand, companies that are smaller should have high investment in R&D, being export-
intensive and show strong cooperation networks with different stakeholders in order to
show a similar orientation towards eco-innovation (Configuration 6). However, and al-
though cooperatives tend, by nature, to be larger, smaller cooperatives (Configuration 5)
rely on the same conditions as small capitalist companies in order to be more eco-innovative.
Previous studies have suggested that small companies cooperate with other agents to limit
costs [79] and reduce the risks and uncertainty associated with the innovation process [27].
Within the proposed configurations, only the small mills that cooperate intensively make
intense use of eco-innovation.

Focusing on the effect of specific conditions (variables) on eco-innovation, the config-
urations show that cooperation with a large number of stakeholders and intense exports
boost the chance of olive oil mills making intense use of eco-innovation. Previous studies
have suggested that cooperation with different external sources has a positive effect on the
adoption of eco-innovations in manufacturing companies [80,81]. Regarding exports, Kesh-
minder and Rio [82] found that exporting behavior had an indirect effect on eco-innovation
though the environmental strategy of the company. However, conterintuitive results are ob-
tained regarding the effect of R&D-to-sales ratio on eco-innovation (Configurations 1 to 3).
Traditionally, the agri-food sector has been defined as a low-technology sector with reduced
R&D-to-sales ratio [83]. Although investment in R&D has been considered a crucial an-
tecedent of eco-innovation in most manufacturing sectors [26], specific results obtained for
the agri-food sector suggest that the effect of R&D on the development of eco-innovations
in this sector is limited [6]. It should be considered that eco-innovations in this sector are
mainly incremental [5] and these cheaper innovations, mainly copied from other companies
or sectors, do not require great R&D investment.

Important conclusions can be obtained from the absence of the condition of PDO
membership in all the configurations explaining the intense involvement in eco-innovation
of olive oil mills. The results suggest that to actively develop different types of eco-
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innovation, olive oil mills should not belong to a PDO. This condition applies for the
eight reported configurations. Previously a positive effect of different quality certifications,
such as integrated pest management labels or private labels, such as GLOBAL G.A.P,
on eco-efficiency and eco-innovation of agri-food companies was proposed [4,59]. This
result has significant implications for the role that PDO certifications should have in the
development of sustainable products within the EU. Although this conclusion should be
specifically addressed in future studies, some ideas to explain this result are presented.
Production under a PDO is severely controlled under the provisions of the PDO technical
production rules [30] and these restrictive rules may be limiting the implementation of
eco-innovations. However, it should also be considered that this constraint may not be the
result of technical production rules, but the result of the company manager’s vision. The
production of olive oil under a PDO is restricted to areas with a strong tradition of olive
oil production under long-established production conditions [84]. Arguably, that vision of
traditional production is understood as a mills’ competitive advantage, constraining their
commitment to innovative strategies.

5. Conclusions

Due to the expanding demand for olive oil worldwide and the increasing environmen-
tal awareness of consumers, the olive oil production sector should pay specific attention to
its environmental sustainability in the long term. The implementation of eco-innovation
measures is crucial to ensure the production of high-quality products, reducing the envi-
ronmental impact of their production. This study has specifically studied the drivers of
eco-innovation in olive oil mills operating in the Castilla-La Mancha region (Spain) in order
to develop specific strategies to encourage the sustainability of the sector.

The results show that olive oil cooperatives are substantially committed to sustain-
ability and also underline the crucial role of cooperation in small mills that find it difficult
to implement eco-innovation by themselves. In this regard, the public authorities should
continue to encourage the creation of larger olive oil cooperatives as these companies make
more intense use of eco-innovation. The creation of clusters among firms operating in the
olive oil sector and with external agents, should also improve the performance of olive oil
firms and, at the same time, increase their sustainability. Nevertheless, the most important
finding of the study is regarding the constraining effect of belonging to a PDO on the
implementation of eco-innovation. This is attributed to the restrictive technical production
rules that apply to a PDO or to the perception of the “traditional elaboration of the product”
as a competitive advantage in those firms. Further analysis of the reasons for this finding
should be conducted, as under no circumstances should the environmental sustainability of
this sector be compromised by a more traditional production of olive oil. If PDO technical
production rules are limiting the implementation of eco-innovation, an effort should be
made to adapt those specific rules without compromising the integrity of the label.

The present study has some limitations. First, although the consistency and coverage
of the models are adequate, the question regarding whether the variables used are the best
proxies to identify the drivers of eco-innovation in olive oil mills remains. Second, our
study only includes data on Spanish olive oil mills and the stability of the obtained results
in other countries and other agricultural sectors must be proven. In this regard, future
research should include the study of the effects of GI labels and more specifically PDOs, on
the implementation of eco-innovation measures in the olive oil sector in other countries
and, in general, in other agri-food subsectors.
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