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Abstract: The significant energy demands of wine production pose both a challenge and an
opportunity for adopting a low-carbon, more sustainable and potentially less expensive energy model.
Nevertheless, the (dis)incentives for the wider adoption of local production and self-consumption
of energy (also known as “prosumerism”) from renewable energy sources (RESs) are still not
sufficiently addressed, nor are the broader social–ecological benefits of introducing RES as part of a
sustainable viticulture strategy. Drawing on the social–ecological systems (SESs) resilience framework,
this article presents the results of a Living Lab (an action-research approach) implemented in Alentejo
(South of Portugal), which is an important wine-producing Mediterranean region. The triangulation
of results from the application of a multi-method approach, including quantitative and qualitative
methods, provided an understanding of the constraining and enabling factors for individual and
collective RES prosumer initiatives. Top enablers are related to society’s expectation for a greener
wine production, but also the responsibility to contribute to reducing carbon emissions and energy
costs; meanwhile, the top constraints are financial, legal and technological. The conclusions offer
some policy implications and avenues for future research.

Keywords: prosumers; renewable energy sources; Mediterranean wineries; constraints and enablers;
social–ecological system; resilience

1. Introduction

Energy producers and consumers using renewable energy sources (RESs), often referred to as RES
prosumers [1–3], may play an important role in the transformation of the energy system [4,5], which
could evolve from a centralized and fossil-fuel-based model to a decentralized low-carbon system [6,7].

Notwithstanding the relevance of adopting RESs across most economic and industrial sectors [8,9],
viticulture and winemaking are particularly relevant. According to Smyth and Russel [10], between
0.41 kg to 2 kg of CO2 per wine bottle is released into the atmosphere, which could result in a total
carbon footprint for the wine industry of 76.3 million tonnes of CO2 (p. 1990). The same study
concludes that if the global wine industry replaces its electricity needs with solar photovoltaics (PV),
this renewable alone would eliminate 10.9 million tonnes of CO2. Thus, adopting a renewables-based
energy model is an important option in dealing with carbon-intensive agriculture practices, such as
wine production [11,12].

Mediterranean wine-producing regions are vulnerable to climate change impacts, such as
extreme weather events (e.g., irregular precipitation patterns, severe droughts, and heat waves),
loss of biodiversity and soil degradation [13,14]. These regions require a long-term strategy to both
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mitigate and adapt to climate change impacts [13,15–17]. In this context, the high energy demands
of wine production pose both a challenge and an opportunity for adopting a low-carbon, more
sustainable and potentially less expensive energy model [18,19]. Furthermore, as vine-growers and
winemakers become self-consumers of the energy they produce (i.e., become prosumers), new forms
of collaboration may emerge that can increase this sector’s adaptability and resilience to external
challenges (e.g., climate change).

Alentejo in Portugal is a wine-producing region with a warm temperate climate and Mediterranean
and Continental characteristics. It is, therefore, a case study for examining the interactions between
viticulture and winemaking and the use of renewable energy sources.

Despite recent advances in the study of prosumers as key players in the energy transition [2],
including prosumers in the wine market [20], a better understanding of the constraining and enabling
factors that may act as (dis)incentives for local production and self-consumption of renewables in the
wine sector is still needed. Some studies focused on the barriers faced by winemaking companies
when adopting RESs [11,20]. Yet, in order to understand the transformative potential of prosumerism,
it is critical to go beyond the individual adoption of RES systems and understand the potential for
collaboration between viticulturists and winemakers with other social actors (municipalities, residents
or other farming industries). New business models and governance arrangements may emerge through
new collective self-consumption schemes involving these different actors.

This paper draws on the social–ecological systems (SESs) resilience framework [21] to analyse
factors leading to a wider adoption of RES prosumerism in Alentejo’s winemaking region. As an SES,
winemaking is dependent on interrelated and co-evolving ecological, social and economic aspects.
The sector is particularly dependent on a high (fossil fuel) energy expenditure [10]. Decentralised
renewable energy production could reduce energy costs, as well as carbon emissions [22]. Thus,
a wider adoption of a novel energy production and consumption model may increase SES resilience
in winemaking.

The goal of this paper is to understand what the enabling and constraining factors are for
individual and collective RES prosumers in the wine sector. The collective aspect is of importance,
since we hypothesize that some factors acting as disincentives for individual prosumers may become
incentives for collective initiatives. The paper also aims to capture how viticulturists and winemakers
perceive the adoption of renewables, namely as a specific answer to a problem (e.g., the need to reduce
energy costs) or as part of a strategy that aims to increase the resilience of the wine SES. This distinction
is relevant since it can shape the way RESs are adopted through the establishment of interactions with
other sub-systems (e.g., water management, land management, consumer behaviours and community
engagement), and through collaborations with local communities and other stakeholders (e.g., tourism
officers and local administrations). To understand this, the study draws on a co-creation approach
(Living Labs).

The Living Labs (LLs) approach [23] is a form of participatory action-research [24,25], characterised
by involving a multi-stakeholder community who shares a common goal. Setting up a LL provides an
innovation space where new ideas, concepts, services or prototypes are co-created by the stakeholders
to respond to a need and/or to find integrated solutions to problems [26,27]. For instance, Niitamo
and colleagues [27] referred to LLs as an “emerging Public Private Partnership concept in which firms,
public authorities and citizens work together to create, prototype, validate and test new services,
businesses, markets and technologies in real-life contexts” (p. 45). Thus, the key characteristics of LLs
are an active user involvement, real-life setting, involving multi-stakeholders, drawing on multiple
methods (qualitative and quantitative) for data collection and analysis and following a co-creation
approach [23].

Likewise, as a constellation of actors, including those that interact daily with the SES (e.g., vine
growers and winery managers, often over generations of winemakers), a LL can replicate the functioning
of an SES, integrating resilience thinking, increasing the capacity for learning and innovation and
providing a space for adaptive co-management [28].
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This study draws on the results of the first research cycle of a Living Lab named “RES for
Sustainable Alentejo Viticulture”. The LL brought together researchers, vine growers, managers and
owners of wineries, entrepreneurs, companies working in the RESs sector, and the Alentejo Regional
Winegrowing Commission (Comissão Vitivinícola Regional Alentejana (CVRA)), which is a private
institution responsible for certifying, controlling and protecting Alentejo’s wine production. The key
goal set by the LL stakeholders was to develop a new energy model for the wine SES and contribute
to CVRA’s sustainability programme by promoting and facilitating the adoption of RES. Following
a multi-method approach, qualitative and quantitative methods were applied to develop baseline
knowledge on the potential of RES prosumerism in the context of viticulture.

We proceed as follows: the SES resilience framework and the Alentejo wine SES are explained
in Section 1.1. The multi-method approach is described in Section 2 and the results are given and
discussed in the following Sections 3 and 4, respectively. Finally, the conclusion distils our main
findings and provides some policy implications and avenues for future research.

1.1. Social–Ecological Systems Resilience Framework and the Alentejo Wine SES

Natural and human systems are interdependent and require an interdisciplinary and integrated
approach to understand the co-evolution of social and ecological elements [29]. The SES framework
results from the meeting of socio-cultural and ecological sciences in an effort to achieve an integrated
analysis of complex problems (e.g., resource depletion and climate change) [30,31].

SESs are dynamic systems, their elements are anything but stable; instead, they are constantly
co-evolving, adapting or transforming through ongoing interactions within the bio-physical and
socio-cultural environment. SESs are also complex, non-linear systems, which leads to unforeseeable
outcomes emerging from the capacity of the system to adapt, cope with, re-arrange or renew itself [32,33].
As an SES cannot be controlled, command-and-control approaches to ecosystem management need
to give way to an adaptive co-management approach [28]. The approach relies on the building-up
of social networks and on the collaboration of multiple stakeholders (e.g., researchers, practitioners,
local communities and policymakers), who embody different forms of knowledge, thus harnessing the
potential of a system to deal with change.

According to Carl Folke, resilience is both a quality of an SES and a way of thinking since it
refers to the ability of a system to absorb shocks, but also to its capacity for “renewal, re-organization,
and development” [21] (p. 254) and to “the degree to which the system can build and increase the
capacity for learning and adaptation” [21] (p. 260). Innovation is a scale within the SES, which may
increase the adaptability of the system and/or help manage its resilience. Thus, innovation is central to
resilience thinking as it may help change dominant patterns in order to harness the SES potential for
transformative change.

Adaptability is a quality of resilience and losing one implies losing the other, leaving the system
more vulnerable to environmental, social, economic or political shocks. Within the SES framework,
“adaptability is referred as the capacity of people in a social-ecological system to build resilience
through collective action, whereas transformability is the capacity of people to create a fundamentally
new social-ecological system when ecological, political social or economic conditions make the existent
system untenable” [21] (p. 262). Collective action is therefore a critical element for enabling either the
adaptability or transformability of a system.

Alentejo’s wine culture, a set of viticulture and vine growing practices leading to wine production
and consumption, is an example of a social–ecological system. The region has traditionally been
characterized by agro–silvo–pastoral systems [34,35]. The use of the land, adapted to its Mediterranean
climate, included regions of evergreen forest (olive and oak trees), grazing areas and cultivation. Since
the late twentieth century, Alentejo has witnessed a growth in intensive and extensive cultivation,
as well as socioeconomic and policy changes, resulting in increased land abandonment, land degradation
and high soil losses [36]. Sustainable agriculture and the capacity to attract population back to rural
areas are considered essential strategies to tackle these problems [37,38]. Furthermore, Mediterranean
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wine regions are extremely vulnerable to the impacts of climate change due to their already high climate
variability and propensity for extreme events (such as heat waves) [39] and soil degradation [13].

The availability of water for irrigation is becoming a persistent problem that can lead to serious
water shortages in the future depending on different climate change scenarios [12,14]. However,
irrigation is increasingly used in viticulture and winemaking, and consequently, energy needs are also
increasing as a direct function of water use in the different processes carried out (i.e., irrigation, grape
harvesting, cleaning of equipment, etc.) [10].

Renewable energy sources (RESs) have multiple benefits across the full cycle of viticulture and
winemaking processes. This is well described in a study by Smyth and Russel [10], who show how RES
can be integrated from the initial process of site preparation—using electric vehicles and equipment—to
soil and disease control—using soil solarisation techniques to help retain heat in the soil and as a
form of pest control and frost protection—as well as the use of PV-powered pumping systems for
irrigation. For oenology, the needs of heating, cooling and maintenance of a controlled environment
can be partially satisfied by both PV and thermal solar energy. Smyth and Russel equally mention the
destemming, crushing and pressing processes of winemaking, arguing for the use of different solar
solutions at each step.

Regarding solar photovoltaics, as well as other renewable energies (solar thermal, hydro from
private dams and biomass), recent in-depth studies of eight Alentejo wineries [40–42] indicate that
investments in renewables will allow for reductions in carbon emissions of between 19% and 35%.
Thus, in the context of local energy production and self-consumption (i.e., prosumerism), the Alentejo
wine SES shows a high potential for utilising both solar and biomass. Additionally, as they become
RES prosumers, winemakers could potentially reduce energy bills and increase energy efficiency,
which would create an upsurge in profits and reduce dependency on energy price fluctuations [43,44].
Alentejo may also be considered an example of a “wine tourism cluster” [45]; the growth of sustainable
wine tourism may be a driver for attracting people to the region, creating new green jobs and helping
to fight land abandonment [46].

2. Materials and Methods

In an SES, knowledge procurement results from the meeting of various knowledge systems
and is gained through an ongoing learning process [47]. In this context, the wine SES benefits from
the interaction between scientific knowledge (i.e., oenology) and traditional and local ecological
knowledge [48,49]. Therefore, the methodology applied aimed to capture this transdisciplinarity [35].

2.1. Multi-Method Approach

The multi-method approach included a workshop, field diary notes and a questionnaire.
The triangulation of the methods provided a good understanding of the constraining and enabling
factors for increasing the adoption of RES technologies in the wine SES.

First, a “needs-assessment” workshop was conducted with the participation of LL stakeholders,
including representatives of 10 wineries in the region. The participating wineries were among the
largest companies in the region, including representatives of a cooperative of wineries. About a
third of the participants were already using RESs, with installed capacities between 60 kW to 250 kW
(photovoltaic). Another group had small installations and sought to increase their adoption of RESs,
and finally, the last group had not yet installed any RES system. The workshop provided an overview
of the challenges and opportunities regarding becoming RES prosumers from the perspective of local
viticulture and winemaking employees and managers. A world café, i.e., a participatory method that
facilitates debate involving a group of people working on different interconnected topics [37], was
used to discuss barriers and opportunities for winemaking companies to adopt RESs.

Second, two case studies were explored, which we refer to as Company E and Company S.
These companies were chosen because both come from a tradition of sustainable viticulture and
winemaking in the region. Company E has been producing wine in the region for 40 years and has
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been innovating through its experimental land use management approach. Company S comes from a
tradition of winemakers (which has been the family business for about 350 years), and its owners aim
to continue increasing their knowledge through harmonising their past legacy with innovation and
experimentation. Both companies are using RESs in their wineries and aim to continue increasing their
installed capacity. Company E has an installation of 250 kW next to its grape vines, while Company S
has a PV installation of 90 kW on the winery’s rooftop. Despite being in the same region, there are
key differences between the two in terms of energy needs due to the difference in the volume of wine
produced and irrigation needs (e.g., Company E irrigates, while Company S does not).

Lastly, an online questionnaire was given (in Portuguese). The questionnaire included seven closed
questions (see Table 1) and one open question. The response options of the questions were informed by
the results of the first “needs-assessment” workshop and by the notes collected during the field trips to
wineries in the region. The questionnaire was produced using the Google forms app and shared via
email (between February and April 2019). It was given to a total of 1800 registered viticulturists in the
region, of which 280 were also winemakers. Data regarding the collection of registered viticulturists
was provided by CVRA, who also sent out the questionnaire to its members. With 59 valid responses
(see Table S1), the sample was not representative of the entire sector; however, with a confidence level
of 90% and a sample error of 10%, the sample size was statistically significant for the collection of wine
producers in the region (N = 55), which corresponded to the main target population.

Table 1. Challenges and opportunities for a renewable energy source (RES)-based energy system in
Alentejo’s Wine social–ecological system (SES) online questionnaire (translated from Portuguese).

Question Response Options

1. Does your wine company or cooperative have
installed RES systems?

No, we do not have systems installed, nor intend to
No, but we intend to have RES systems installed in
the future
Yes, we have installed RES systems

1.1. Why? Open question (optional)

2. What renewable energies does your
company/cooperative produce or plan to
produce in the near future?

We do not intend to produce renewable energies
Solar photovoltaics (PV)
Solar Thermal
Wind Energy
Biogas
Other

3. What is the regulatory regime of your current
and future RES installation(s)?

We do not intend to produce renewable energies
Self-consumption unit
Small-production unit
Former micro-generation scheme
Do not know
Other

4. What other technologies are in use in your
wineries’ energy system?

Thermal storage
Electricity storage
Smart meters
Demand-side management systems
Not applicable
Other

5. If you produce or intend to locally produce
energy from renewable sources, would you be
interested in selling excess energy to other
companies or local entities?

On a scale from 1 (not interested) to 6 (very interested)
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Table 1. Cont.

Question Response Options

6. In your opinion, what are the top five
challenges constraining your local production
and self-consumption of renewable energies?

Systems adapted to the seasonality of viticulture
Cost of storage technologies
Capacity of current storage technologies
Cost of electric vehicles
Initial cost of installation of photovoltaic system
Cost of renewable technologies
Low remuneration of surplus electricity sold to the
grid
Limitation of 250 kW of installed capacity in small
production units
Capacity of renewables to ensure a continuous and
safe supply
Adapting viticulture to the impacts of climate change
in Alentejo
Changes in landscape due to renewables
Difficulty in accessing relevant information

7. In your opinion, what are the top five
opportunities that motivate your local
production and self-consumption of
renewable energies

Capacity of installing and using renewable
technologies
Transition to electric mobility (e.g., introducing
electric vehicles in grape harvesting)
Rises in oil prices
Decrease in the prices of renewables
Decreased dependence on future price fluctuations in
the energy market
Possibility of selling excess energy to the grid
New green jobs
Good company image (sustainability)
Expectations of society for a cleaner environment
Decrease carbon emissions from wine production in
Alentejo
Adapt the wine industry to the impacts of climate
change in Alentejo
Other

3. Results

The following sections present the viticulturists and winemakers’ perspectives regarding the
constraining and enabling factors for adopting RESs, but also concerning the way RES adoption is
perceived in the context of a wider sustainability approach.

Although this study has focussed on RESs, including different technologies, such as solar thermal,
photovoltaic, wind, biomass, hydro or biogas, Living Lab stakeholders have addressed mainly solar
photovoltaics and expressed little interest in discussing other technologies. This is possibly due to
wind energy not having a high potential in the region, hydro energy being confined to private dams,
and biomass and biogas appearing to be less appealing than solar energy (although throughout the LL
interactions, researchers frequently mentioned the potential of biomass).

3.1. Needs Assessment Workshop: Constraints and Enablers

Factors acting as constraints and enablers are related to financial, regulatory and technological
aspects, as well as environmental and socioeconomic aspects.

Concerning constraining financial factors, viticulturists and winemakers highlighted the initial
cost of an installation of photovoltaic systems, which is the most commonly used renewable in the
region. Additionally, the high cost of storage technologies (batteries) is also a problem. The payback
period of the initial investment for a solar panel installation would take up to between 7 to 12 years
(depending on the installed capacity). However, wineries were not yet able to profit from selling
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surplus energy to another consumer. Until October 2019, Portuguese law (i.e., Decree-Law 153/2014,
Self-Consumption Law) allowed the sale of surplus energy to the grid (in a system of self-consumption)
for a low price (90% of the average wholesale market price). A new law for collective self-consumption
(Decree-Law 162/2019) was issued in October 2019, yet it does not include any additional support
schemes (such as feed-in-tariffs) for the compensation for surplus energy. Given the high environmental
and economic costs of using batteries, prosumerism would be more attractive if financial compensation
for locally produced electricity sold to the grid was higher.

On the other hand, the progressively lower prices and increase in productivity of solar panels
appeared as opportunities. Workshop participants also agreed they would like to reduce their
dependency on fossil fuels and on the fluctuations of energy market prices. It was found that should
the Portuguese self-consumption law change to allow selling or exchanging surplus energy directly
with other consumers (e.g., village residents, municipality or other farmers), this would enable new
investments since the return on investment could be higher.

Regarding constraining technological factors, participants found that storage technologies are not
yet sufficiently developed (and have high environmental costs, linked to lithium extraction), but a
major challenge for wineries is that any energy model must be adapted to the seasonality of production
activities. This poses a problem for the installed capacity and the contracted capacity. If wineries opt
for an installation that covers the peak energy needs of the harvest season, which corresponds to the
months when solar energy is abundant (i.e., between July/August and October/November), there will
be a significant surplus for most of the year. Should the Portuguese law allow seasonal contracted
capacity for farmers, this would provide a good incentive. On the upside, new RES technologies tend
to be cheaper and increasingly easier to install and use. Also, the development of electric vehicles,
including electric tractors, could offer an important incentive since surplus energy could be used to
charge these vehicles’ batteries.

Regarding environmental issues, producers mostly pointed to enabling factors and incentives to act.
Alentejo is perceived as a region with an enormous solar potential due to its warm Mediterranean climate
and its geographic characteristics. All agreed that wine production is a high energy intensity activity
and the need to reduce carbon emissions is an important driver for adopting RES. Not surprisingly,
viticulturists and winemakers are concerned with the need to adapt viticulture to the impacts of climate
change and its consequences (e.g., soil degradation, alteration of grape properties and wine quality
and increased fire risk), and to increase the resilience to external shocks, such as eventual energy
supply disruptions.

Regarding sociocultural factors, workshop participants referred to some constraints, namely a
cultural resistance to change, including among those who work in viticulture. There is a prevailing
notion that renewables are not yet capable of ensuring a continuous and safe supply. Nevertheless,
integrating RES was found to be good marketing for wine companies, who would be meeting
society’s expectations for a cleaner and more sustainable environment. The possibility of creating new
“green jobs” was also mentioned.

3.2. Field Notes: A Holistic Perspective

The owners and managers of the two wineries visited (i.e., Company E and Company S) showed
a holistic perspective about winemaking. In these wineries, adopting renewables was understood
as part of a broader ecological vision, wherein the environmental, economic and social domains are
intrinsically connected. These winemakers were aware of the impacts of climate change and the need
for an energy transition in the sector.

In both wineries, caring for the soils by reducing or eliminating chemical pesticides and fertilizers
was considered a crucial part of a more sustainable business. While in Company E, all production
is already organic, in Company S, the owners opted for not irrigating, gradually moving toward an
organic production and adopting soil regeneration techniques using organic compost. One of the
owners of Company S explains that: “Vines can have small roots, but if you irrigate, they get addicted
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to water. If they have no water, roots can grow up to five metres to find water, and the vines become
more resilient to weather changes.”

In Company E, climate change adaptation is well-integrated into wine production. The company
had a testbed of nearly 200 grape varieties to study which are better adapted to climate change impacts
and their consequences.

Ensuring water and energy efficiency and adopting circular economy strategies are important
targets for both wineries. In Company S, biomass from the by-products of destemming was used
as soil compost. In Company E (who produces both wine and olive oil), olive stones were used to
produce biomass for heating purposes.

Company E had a photovoltaic installation of 250 kW, but the owners aimed to increase it to
a 500-kW installed capacity, which would provide 50% of energy needs during the peak season.
Company E’s managers were also considering using storage to supply energy during peak hours when
it is more expensive. As one engineer explained, this would allow for switching off the grid connection
in these periods and to use stored energy, as well as energy from the photovoltaic station. As storage
costs decrease, this option will become increasingly viable.

When considering direct exchanges with other prosumers, the managers of the two wineries
agree that this would be important to incentivise the adoption of RES technologies. Both wineries
would be interested in developing business models that would promote a wider adoption of RES by
other economic agents in the region, where RES prosumers would be able to directly exchange their
surplus energy.

3.3. Questionnaire on Barriers and Opportunities

Of the 59 grapevine growers and wineries who responded to the questionnaire, only 5% did not
plan to implement any RES production, 47.5% had installed RES systems, while 47.5% planned to
integrate RES production in the future.

Regarding the reasons for installing (or not) RES systems, 20 respondents provided an answer
(this was the only open question included in the form). The key words mostly used were “sustainability
of the company”, “lack of information” and “high investment”. Responses to this open question
stressed the value of RESs as part of a more environmentally and economically sustainable policy
for the company. Four respondents pointed out the benefit of saving on energy costs, as well as the
benefit of using RESs together with water-pumping systems. The need for more information and the
high cost of initial investments was mentioned by three respondents. One respondent pointed out
that the high cost was particularly restrictive given that there are other investment priorities related to
the wineries’ core businesses. Finally, the possibility of lowering dependency on conventional fuels
and centralized systems was also mentioned by one respondent, and bureaucracy and administrative
hurdles for installing solar panels were referred to as a problem by another.

Concerning the main energy source used, solar photovoltaics was the most common (36), followed
by combinations of solar PV and thermal (18) (Figure 1). There were no responses indicating that
biogas was used.

Up until 2019, the Portuguese self-consumption law had defined two types of small-scale RES
installations, namely small production unit (UPP) (of up to 250 kW), in which all energy is injected
to the grid (this type of unit does not allow self-consumption and is to be discontinued in 2020);
and small self-consumption units (UPAC), which should be dimensioned according to local energy
consumption needs. When asked about the regulatory regime of an existing or future RES installation
in their winery or property (Figure 2), 23 responded they were covered (or planned to be) by the
UPAC regime, 11 have had an UPP and 3 were using both types of units. Additionally, up until 2012,
the regulatory framework for RES micro-generation included a feed-in-tariff (FIT), which has ended.
Yet, 5 respondents (who must have installed their systems before 2012) were still benefiting from the
previous legal regime, in combination or not with others. Finally, 2 respondents replied “None” and 15
replied “don’t know”. Those that “didn’t know” corresponded to some of the respondents who did
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not yet have an installation but were planning to. Also, some respondents did not know which regime
their installation fitted into.
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Concerning the challenges constraining the production and self-consumption of renewables, the
top three options (of the 13 response options, plus the option “others”) were the cost of the installation
of photovoltaic systems (83.1%), followed by the cost of storage technologies (62.7%) and the low
renumeration for surplus energy sold to the grid (49.2%) (Figure 4).
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Regarding the opportunities motivating the production and self-consumption of renewables in
grape and wine producers, the top three options (of the 13 response options, plus the option “others”)
were a good company image (71.2%) and meeting the expectations of society for a cleaner environment
(71.2%), followed by a reduced dependency on future price fluctuations in the energy market (61.0%)
(Figure 5).
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3.4. Triangulation of Results

Results of the different methods applied show a strong agreement in the findings obtained between
the workshop and the online questionnaire, while the field notes reinforced the environmental and
cultural factors. The most relevant and correlated factors found in the workshop and questionnaire
were the following:

The key constraining factors were the initial cost of installing PV systems, the high cost of storage
technologies and a low remuneration of surplus electricity sold to the grid and/or not being possible to
sell surplus energy to other consumers or prosumers. This last aspect was especially relevant since
95% of the questionnaire respondents seemed to be in favour of this possibility (see Figure 5). Another
correlated and relevant legal challenge is the need for RES systems to be adapted to the seasonality of
viticulture and winemaking practices (allowing for an optimized installed capacity). This result was
also confirmed through the field notes.

The key enabling factors were gaining a good company’s marketing image (sustainability);
meeting society’s expectations for environmental sustainability; reducing dependency on future energy
price fluctuations and dependency on fossil fuels; development of RES technologies (including electric
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vehicles, which could provide a use to surplus energy from local installations); and the prospect of
reducing carbon emissions from wine production.

While most constraints related to financial, regulatory and technological reasons (in this order),
the key enabling factors were social, environmental and technological (also in this order).

The field notes provided some additional findings regarding the perspectives of winemakers
related to a sense of responsibility to contribute to climate change mitigation, as they are aware of the
need to reduce emissions and seem open to experiment and adopt new RES-based solutions.

4. Discussion

Portuguese vine-growers and winemakers are aware of the need to transform the current energy
sub-system within the wine SES to increase its resilience. Moreover, these stakeholders expressed
their views on the interlinkages between soil regeneration, irrigation needs and energy sources.
RES prosumerism is seen as part of a broader strategy for preserving and restoring local ecosystem
services, which includes climate adaptation measures (e.g., testing different grape varieties, choosing
not to irrigate and reducing or eliminating the use of chemical pesticides and fertilizers). In this context,
traditional local and ecological knowledge is a significant asset for viticulture realities, supporting
the claim for the importance of different systems of knowledge in building SES resilience [49,50].
A holistic perspective of the social, economic and environmental dimensions seems prevalent, and
beyond quantity, the quality of wine production is constantly measured against the consequences of
inaction in the context of climate change.

When reflecting on the enabling and constraining factors for integrating a higher share of RES
and becoming prosumers, winemakers considered different interrelated aspects.

RES prosumerism is seen as an economic benefit. Similarly, a study of Spanish wineries showed
that the use of RES for energy production can reduce energy bills and increase energy efficiency in
the sector [43]. Using RES is also perceived to be important for the marketing of a greener and more
environmentally sustainable wine company, which is relevant for wine tourism. From the stakeholders’
perspectives, there is a strong correlation between the companies’ marketing images and wine tourism,
which is consistent with the literature on wine tourism and sustainability [51,52].

In the context of Alentejo, by creating new “green jobs”, introducing RES was also understood to
prevent, or even reverse, land abandonment. This topic has been explored in detail by Zambon and
colleagues who presented the case of agro-energy districts, such as in the Italian wine sector, arguing
that these represent a new future for viticulture [53], creating new economic opportunities for local
communities, whilst developing new viticulture practices.

Despite the high cost of initial investments, the environmental, economic and social benefits that
may come with a wider update of renewables are important incentives. Related to this, the personal
values of managers and winery owners could play an important role as an incentive to seek for more
sustainable practices, which was also concluded in studies of wineries in the United States and New
Zealand [54,55].

Thus, the transition to a new energy model in which viticulturists and winemakers become RES
prosumers is perceived to be more than a decarbonization strategy, it is also seen as a business strategy
(e.g., reducing energy costs), a marketing and innovation strategy (with benefits for wine tourism) and
a strategy against land abandonment in the region (e.g., creating new jobs, involving local communities
and developing new partnerships).

Technological and technical-related cultural aspects are equally relevant, and some winemakers
were wary of the capacity of renewable technologies to respond to the high energy needs of wineries,
in particular, during the harvest season, which is consistent with the study of Garcia-Casarejos and
colleagues [11] who clearly identified a group of wineries in Spain with this perspective. Changing
cultures was identified as a barrier since it requires managers to thoroughly explain to their teams the
benefits of introducing RES technologies.
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Financial and regulatory aspects appeared as key constraints for individual producers. Regulatory
barriers were also found in the study of the adoption of RES in Spanish wineries, where
“administrative obstacles” were thought to be reinforcing the reluctance of some wineries in not
investing in renewables [11]. However, the regulatory barriers in the Portuguese case were linked to
self-consumption policies. The impossibility of selling surplus energy to other consumers appeared
as a top constraint, which strengthens the argument that collective action is important to further
develop the integration of RESs in the sector. Legal frameworks for self-consumption are currently
changing in Portugal to allow, for the first time, setting up collective self-consumption schemes and
renewable energy communities (i.e., new Decree-Law 162/2019). These changes will open the way
to innovative collaborative business schemes that are likely to provide more attractive options and
promote investment of individual wineries in RES systems [44]. The issue of the seasonality of
production activities is equally a key constraint which could be resolved by new legislations, allowing
for seasonal capacity contracts for farmers who use RESs, or even specific tax benefits.

The results indicate there was a drive to work together in developing collective solutions that
accelerate the adoption of RES in the sector. Despite being competitors in the market, Alentejo
winemakers seemed to recognize a benefit in developing new partnerships and networks when it
comes to adopting RES. Working collectively, prosumers could set up business models that would
provide new opportunities to increase RES adoption [56], and would therefore increase the adaptability
and transformability of the SES. New business models could include peer-to-peer schemes [7], setting
up community energy services involving a nearby village or other wineries [57] or using excess energy
during the non-peak harvest season to charge electrical vehicles [58]. Allowing wineries to offer new
services, such as charging electric cars [59], could imply a collective self-consumption scheme where
other actors participate (e.g., cooperatives, municipalities and villages) [60], with mutual benefits for
those involved [61,62]. Finally, integrating RESs in winemaking could also offer a better final product
for the increasing number of consumers who value environmentally friendly wines [51,63].

5. Conclusions

Sustainable viticulture is intertwined with the environmental, economic and cultural domains in
which it develops. Viticulturists and winemakers in the Alentejo region are aware of the necessity to
understand and manage vineyards as complex ecosystems in which environmental aspects, but also
technical and cultural practices, shape crop features and wine quality. The practice of viticulture and
winemaking can be part of a global transition to low-carbon and more sustainable production and
consumption patterns through conferring winemakers with the role of RES prosumers. Regions, such
as Alentejo, are extremely vulnerable to climate change, yet offer optimal geographic and climatic
conditions for mainstreaming the use of RESs. Despite the focus on winemaking, the conclusions of
this study offer equally relevant insights for research on the integration of RES prosumerism in other
farming sectors.

The top constraining factors were financial and legal, while top enabling factors were related to
environmental reasons and to meeting society’s expectations for a cleaner and greener environment in
relation to sustainable production. These were valuable incentives for RES prosumerism, more so in
Alentejo where wine tourism is an increasingly important revenue source.

Given the key identified hindering factors, agriculture subsidies should help finance small-scale
RES production and self-consumption schemes. New business models, involving the collaboration of
different stakeholders and local communities, seem fundamental to incentivising a wider uptake of
RES prosumerism in wineries and other farming activities. Legislation should be as flexible as possible
to allow for bottom-up creativity and innovative solutions for adopting renewables. New energy
and sustainability policies for the sector and for the region, as well as climate change mitigation and
adaptation plans, need to seriously consider the need to support the development of new business
models, which make it more attractive for winemakers and other farmers to invest in RES technologies
as part of their business.
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Future research and innovation studies should focus on developing winemaking business models
(which are also applicable to other agro-industry sectors) that integrate new services through collective
schemes (e.g., energy cooperatives) and new governance arrangements where companies collectively
benefit from energy exchanges and provide new services, including sustainable tourism services.
Research should consider the economic benefits of a higher share of RES prosumers in viticulture and
winemaking activities, but also explore other social and cultural benefits, including the role of a more
resilient winemaking SES in the fight against land abandonment in Alentejo and other Mediterranean
viticulture regions.

Finally, the approach used in this study, namely Living Labs, offered a platform for collective
action, and co-management and co-creation approaches, that are capable of addressing the complexity
of an SES and contributing to build up resilience. Thus, Living Labs can be used as a tool to increase a
systems’ adaptability and resilience in other SES studies.
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