
Education, Com
m

unication and Decision M
aking on Renew

able and Sustainable Energy
Konstantinos Ioannou

Education, 
Communication and 
Decision Making 
on Renewable and 
Sustainable Energy

Printed Edition of the Special Issue Published in Sustainability

www.mdpi.com/journal/sustainability

Konstantinos Ioannou
Edited by



Education, Communication and 
Decision Making on Renewable and 
Sustainable Energy





Education, Communication and 
Decision Making on Renewable and 
Sustainable Energy

Editor

Konstantinos Ioannou

MDPI • Basel • Beijing • Wuhan • Barcelona • Belgrade • Manchester • Tokyo • Cluj • Tianjin



Editor

Konstantinos Ioannou

Hellenic Agricultural Organization DEMETER,

Forest Research Institute

Greece

Editorial Office

MDPI

St. Alban-Anlage 66

4052 Basel, Switzerland

This is a reprint of articles from the Special Issue published online in the open access journal

Sustainability (ISSN 2071-1050) (available at: https://www.mdpi.com/journal/sustainability/

special issues/energy education).

For citation purposes, cite each article independently as indicated on the article page online and as

indicated below:

LastName, A.A.; LastName, B.B.; LastName, C.C. Article Title. Journal Name Year, Article Number,

Page Range.

ISBN 978-3-03936-589-0 (Hbk) 
ISBN 978-3-03936-590-6 (PDF)

c© 2020 by the authors. Articles in this book are Open Access and distributed under the Creative

Commons Attribution (CC BY) license, which allows users to download, copy and build upon

published articles, as long as the author and publisher are properly credited, which ensures maximum

dissemination and a wider impact of our publications.

The book as a whole is distributed by MDPI under the terms and conditions of the Creative Commons

license CC BY-NC-ND.



Contents

About the Editor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii

Konstantinos Ioannou

Education, Communication and Decision-Making on Renewable and Sustainable Energy
Reprinted from: Sustainability 2019, 11, 5262, doi:10.3390/su11195262 . . . . . . . . . . . . . . . . 1

Kerstin Tews

The Crash of a Policy Pilot to Legally Define Community Energy. Evidence from the German
Auction Scheme
Reprinted from: Sustainability 2018, 10, 3397, doi:10.3390/su10103397 . . . . . . . . . . . . . . . . 5

Daniel Efurosibina Attoye, Timothy O. Adekunle, Kheira Anissa Tabet Aoul, Ahmed

Hassan and Samuel Osekafore Attoye

A Conceptual Framework for a Building Integrated Photovoltaics (BIPV)
Educative-Communication Approach
Reprinted from: Sustainability 2018, 10, 3781, doi:10.3390/su10103781 . . . . . . . . . . . . . . . . 17

Eleni Zafeiriou, Ioannis Mallidis, Konstantinos Galanopoulos and Garyfallos Arabatzis

Greenhouse Gas Emissions and Economic Performance in EU Agriculture: An Empirical
Study in a Non-Linear Framework
Reprinted from: Sustainability 2018, 10, 3837, doi:10.3390/su10113837 . . . . . . . . . . . . . . . . 39

Zacharoula Andreopoulou and Christiana Koliouska

Benchmarking Internet Promotion of Renewable Energy Enterprises: Is Sustainability Present?
Reprinted from: Sustainability 2018, 10, 4187, doi:10.3390/su10114187 . . . . . . . . . . . . . . . . 57
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Abstract: This editorial aims to introduce the themes and approaches covered in this special issue
on education, communication, and decision-making on renewable and sustainable energy. At first,
I discuss the themes and topics that have informed the creation of this special issue. Then, I provide an
overview of the content of each paper that is included on the special issue. Additionally, this editorial
provides a solid background on the relationships between the factors affecting decision-making on
renewable energy sources as well as on the degree of influence education and communication takes
part in the attitudes of the public towards renewable energy sources.

Keywords: decision-making; education; communication; investments; policy; RES

1. Introduction

During the last two decades, we have witnessed an evolution in the energy sector. Many countries
throughout the world have been shifting their energy production methods from fossil fuel usage to
more environmentally friendly methods. These methods are described under the term Renewable
Energy Methods and propose the usage of Renewable Energy Sources (RES) based on wind, water,
biomass, solar, and geothermal energy for the production of energy. This shift is mainly caused by the
increase in public awareness on environmental problems and climate change, which are both related to
the increase in Greenhouse Gas (GHG) emissions [1,2].

Alternate methodologies for reducing GHG emissions are also being applied. Energy saving
is also an efficient way of confronting the problem. With the usage of the term “energy saving” we
mean the reduction in the amount of energy consumed in a process or system, or by an organization
or society, through economy, elimination of waste, and rational use. The application of initiatives
regarding energy saving within school units can only bring benefits and lead towards reduction of
energy cost [3]. Educational institutions are the most appropriate places in which students are taught
energy conservation and involved in activities regarding rational energy management. Students
are given opportunities to appreciate activities regarding energy saving and disseminate what they
learnt in their wider social environment. The environmental education strategies applied constitute a
significant educational process which strengthens student awareness of environmental issues [4].

The main goal of this special issue is the determination of methodologies which can be applied
in education in order to raise the awareness of students as well as their families in issues related to
renewable sources as well as in issued related to energy conservation [5,6].

Furthermore, an effort was made in order to determine the factors, parameters, and criteria
affecting decision-making during the selection and investment in renewable energy sources [7].

Finally, an attempt was made in order to recognize methods for communicating the usage of RES
and energy saving to the public. This is due to the fact that, in many communities, there are issues
with the acceptance of RES installation as the public considers them as factors causing environmental
degradation [8].

Sustainability 2019, 11, 5262; doi:10.3390/su11195262 www.mdpi.com/journal/sustainability1
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2. Overview of the Articles in the Special Issue

Zafeiriou et al. studied the relationship between agricultural carbon emissions equivalents and
income per capita for the agricultural sector in different EU countries with the assistance of the
nonlinear autoregressive distributed lag (NARDL) co-integration technique. Their findings validate
the existence of a strong relationship between GHG emissions and agricultural income, since the
co-integration among the two variables is established in all instances, while the asymmetric impact
of agricultural income on carbon emissions may well provide policy makers with tools which, when
implemented, may well promote the increase of agricultural income along with GHG effect mitigation
in a successful way.

Attoye et al. aimed to develop a conceptual framework for an educative-communication approach
for presenting BIPV proposals to encourage its adoption. The research paper focuses on developing a
holistic research and market proposals which justify scholarly investigation and financial investment.
By using a multiple case study investigation and Design Research Methodology (DRM) principles,
the authors developed an approach which combines core communication requirements, the pillars
of sustainability, and a hierarchical description of BIPV alongside its unique advantages. A two-step
evaluation strategy involving an online pilot survey and a literature-based checklist was used to validate
the effectiveness of the developed approach. The results show that understanding environmental and
economic benefits are found to be significantly important to people who are likely adopters of BIPV
(p < 0.05), making these benefits crucial drivers of adoption.

Kerstin Tews analyzed the effects of the privileges for “community energy actors” in the German
auction scheme for on-shore wind energy. Those privileges aim to guarantee a level playing field
for small actors and to enhance societal acceptance. The results of the first rounds of auctions did
not merely reveal an acceptable level of losses due to recognized trade-offs between policy objectives.
Instead, the results indicate a complete failure regarding all three objectives of the revised support
scheme for renewables—controlled renewable energy expansion, actor plurality, and cost efficiency.

Andreopoulou and Koliouska evaluated the Renewable Energy Enterprises performance in
the Internet in the Thessaloniki Prefecture regarding the characteristics of sustainability using a
Multi-criteria Decision Analysis method called TOPSIS. The method was used to provide a ranking
of the Renewable Energy Enterprises according to their sustainability. According to the results of
the research, the Renewable Energy Enterprises achieve a good level of sustainability but not the
optimum. However, it is suggested that the entrepreneurs should adopt modern environmental policy,
sustainable marketing, green network framework, and a certified environmental management system
in order to consider their enterprise sustainable.

Mroz et al. presented the results of a research on the integration of environmental protection
issues into curricula by Polish teachers. In this research, it was assumed that the environmental
protection issues included the challenges related to the sustainable management of natural resources.
The sample consisted of 337 teachers of general subjects who were employed in schools in the
Małopolska region (southern Poland) and working with students in lower-secondary (13–16 years old)
and upper-secondary (16–20 years old) schools. The results of the research showed that many teachers
know how to integrate environmental protection issues into their curricula.

Drosos et al. measured the industrial consumer satisfaction in the natural gas sector in Greece, by
using the Multicriteria Satisfaction Analysis (MUSA) method. The researchers measured the industrial
customer satisfaction based on criteria concerning the provided products and services, communication
and collaboration with providers’ staff, customer service, pricing policy, and website. The research
results are based on the analysis of 95 questionnaires collected during the period between June 2017
and October 2017. The results show that the index of the global customer has a good performance as
its value is about 74.99%.

Papadopoulou et al. investigated the views and attitudes of citizens of the Thessaloniki municipal
area towards RES. For data collection, they used structured questionnaires which were filled out
by performing personal interviews. Random sampling was performed to select the sample, and,
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in total, 420 citizens participated in the survey. The results showed that the respondents supported the
replacement of lignite plants with renewable energy sources since they perceived that they constitute a
necessary solution providing opportunities for economic growth and improvement to their quality
of life. Finally, a vast majority of the responders expressed increased interest in future investment in
photovoltaic systems, which, in their opinion, could contribute to improving air quality and increasing
the energy independence, not only of Greece, but also of households.

Kularathna et al. evaluated the possible co-existence options available for Japan’s MRE projects
through data collected from interviews and questionnaire surveys in two development sites in Nagasaki
and Kitakyushu in Southern Japan. The authors overcame the limitations of data unavailability and
uncertainty by using the Dempster Shafer Analytic Hierarchy Process (DS-AHP) for evaluating the
best co-existence strategy out of five potential options. The results indicate that local fisheries prefer
the oceanographic information sharing option. whereas most of the other stakeholders prefer using
local resources to construct and operate the power plant, creating business involvement opportunities
for the local community.

Tsiantikoudis et al. studied the economic growth—environmental degradation relationship—
namely, the environmental Kuznets curve (EKC) hypothesis—in alignment with the autoregressive
distributed lag (ARDL) approach. The novelty of the study is attributed to the usage of the carbon
emissions equivalent deriving by deforestation as an index for environmental degradation. In addition,
the researchers used the gross domestic product (GDP) per capita as a proxy for income, being
determined as an independent variable. The entire research was performed for Bulgaria, a country
which recently joined the European Union. Research findings cannot validate the inverted U-shape of
the EKC hypothesis; instead, an inverted N pattern was confirmed.

Karasmanaki et al. tried to identify the most important factors that affect environmental students’
willingness to invest in renewable energy by developing a logistic regression model. According to
their analysis, the results showed that the majority of the participants expressed their willingness
to invest in RES. The most important factors determining this willingness were the environmental
values, the low risk and profitability of renewable investments as well as the preference for certain
energy types. However, willingness to invest was irrespective of the current taxation and subsidies,
suggesting that significant improvements are required in these areas.

Funding: This research received no external funding.
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Abstract: “Community energy” is a highly contested issue not only in the German energy transition
governance but also in the recent legislative procedure to recast energy market legislation within
the EU’s “Winter Package”. This paper analyses the effects of the privileges for “community energy
actors” in the German auction scheme for on-shore wind energy. Those privileges aim to guarantee a
level playing field for small actors and to enhance societal acceptance. The results of the first rounds
of auctions did not merely reveal an acceptable level of losses due to recognized trade-offs between
policy objectives. Instead, the results indicate a complete failure regarding all three objectives of
the revised support scheme for renewables—controlled renewable energy expansion, actor plurality
and cost efficiency. The paper discusses whether the policy motivations translate appropriately into
legislation. It suggests differentiating clearly the economic risks for small actors from the added
value that is attributed to community energy actors. De-coupling these—often mixed—motives
behind the demands for actor plurality unveils policy approaches that more adequately fit with these
distinct motives. The paper finally proposes rather to integrate the politically desired values into the
bid evaluation criteria instead of granting privileges to specific actors that are assumed to provide
these values.

Keywords: renewable energy; governance; community energy; citizens’ energy companies; actor
plurality; acceptance; energy transition; auction scheme; Germany

1. Introduction

“Community energy” is a highly contested issue not only in the German energy transition
governance but also in the recent legislative procedure to recast energy market legislation within the
EU’s “Winter Package” [1].

In Germany, “community energy actors” significantly pushed the deployment of renewable
energies (RE) in the past. In the course of the shift of the support scheme for renewable energies from
a price-based feed-in tariff to a volume-based competitive auction, the German Government for the
first time legally defined the term “citizens’ energy companies”. This term was officially established
in order to select those energy actors who were privileged by special auction rules. These special
rules were justified by the policy objectives to enhance actor plurality and societal acceptance of the
energy transition.

The paper analyses effects of the German provisions to privilege “community energy actors”
against the background of the objectives of the revised German renewable energy policy. It finds
that the results of these provisions for community energy actors in the German auction scheme do
not just represent an acceptable level of losses due to recognized trade-offs between the three main

Sustainability 2018, 10, 3397; doi:10.3390/su10103397 www.mdpi.com/journal/sustainability5
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objectives—controlled RE expansion, actor plurality and cost efficiency—but instead a complete failure
with regard to all three of these objectives.

The paper takes a closer look at the motivations that officially underpinned these special
provisions for citizens’ energy actors in order to draw lessons from that policy pilot. These lessons
might also help other European countries implementing the envisaged EU energy market legislation in
the future. The EU-Parliament’s version of the recast renewable energy directive suggests that member
states have “[ . . . ] to put in place an enabling framework to promote and facilitate participation
by renewable energy communities in the generation, consumption, storage and sale of renewable
energy” [2] (article 22(2a)).

The paper suggests to clearly distinguish between the risks for small actors to take part in auctions
from the added societal value, attributed to the energy related activities of these actors. This approach
will help to define the necessary policy design elements that are suitable to enable small and community
energy actors to participate in energy market activities, to provide the politically desired benefits,
and to prevent disastrous policy failures similar to those in the German case.

2. “Community Energy” in the German Energy Policy Context

2.1. Occasion: Instrumental Shift in the Support Scheme for Renewables

The term “community energy” or “citizens’ energy” entered the political agenda in the
course of the debate on the shift of the national support scheme for renewable energy. In 2014,
the German government decided to switch from a price-based to a volume-based support scheme.
This fundamental instrumental shift was “forced” by external pressure (EU-Commission’s State Aid
Guidelines [3]) on the one side, but also by domestic debates about the affordability of the energy
transition and the increasing costs of RE deployment on the other side (for more details on drivers and
implications of this instrumental shift, see [4]).

The price-based support scheme for RE—the so-called feed-in-tariff—functioned as a shelter,
allowing small-scale renewable electricity producers to develop in a niche. These new actors have
challenged established patterns of domestic energy policy interaction through experimentation and
innovation at a decentralized level [5]. According to a survey carried out by trend:research GmbH and
the Leuphana Universität Lüneburg [6] nearly half (46.6 percent) of the total RE capacity installed in
Germany was owned by citizens and collective citizens’ energy initiatives before the introduction of
the auction scheme. It has been argued by many scientists and proponents of this “bottom-up” energy
transition that these new energy actors are not purely driven by maximum profit-seeking motives
(e.g., [7]). Instead, they combine their engagement in energy business with a common good orientation
in terms of local development, inclusive democracy, citizens’ engagement and social innovation.

2.2. Risk of Auction Schemes and Measures of the German Government to Counter These Risks

Many stakeholders perceived the instrumental shift as a serious threat for a further engagement of
these new energy actors who have driven the transition in Germany thus far. Various empirical studies
pointed to the risks of auction schemes (i.e., [8,9]). Auctions would disadvantage local small-scale
investors, as they are less able to diversify risks related to the uncertainty of successful bids and to
cover higher transaction costs associated with the participation in auctions. In addition to the loss
of actor plurality, these studies have pointed to various other risks. They comprise the threat of
spatial concentration of generation facilities (hotspots) and the respective high burdens on the grid
infra-structure, innovation barriers due to the exclusion of less mature RE technologies as well as
the risks of low actual project implementation rates, as demonstrated by the experiences of auction
schemes in other countries. Low implementation rates would in fact threaten the main purpose of a
volume-based and competitive coordination mode for RE development: the cost-effective achievement
of the politically determined annual RE expansion targets.

6
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These other risks were discussed during consultations and the German government introduced
various legal provisions into the Renewable Energy Act (EEG) to counter these risks:

(a) The “reference yield model”, for example, was adapted in order to prevent hotspots in particularly
wind-intensive geographical areas. It aims to enable wind energy plants to operate throughout the
federal territory by remunerating at different rates, depending on location. However, the actual
bid in a given tender has to refer to an administratively defined reference site in order to make
the calculated prices of the competing bids comparable.

(b) The German government additionally opted for technology specific tenders to counter the risk of
blocking further development of (less mature) RE technology and to safeguard diversification
of the RE sources. The recent results of the first pilot auction round combining wind and PV
verified the relevance of this approach. All awards in this combined pilot tender went to PV-based
bids [10].

(c) The core approach to handle the risk of low implementation rates and, thus, to miss the
expansion targets was the concept of “late” auctions. “Late” refers to the point in time of
the development process of a given wind energy project. As a rule, the construction permit
(grant of approval pursuant to the Federal Immission Control Act, BImSchG) is a central
pre-qualification to participate in a tender. Granting this construction permit is a complex
process, as all potential environmental impacts of the specific planned wind turbine/park have to
be considered. This process requires time, knowledge and capacities, i.e., it induces a high amount
of transaction costs. Having passed this process successfully can be assessed as an indicator
for a high propensity of actual implementation of the awarded bids. The short implementation
deadlines of maximum 2.5 years aim additionally at achieving expansion targets without delay.

Particularly, the knowledge about the political intention of conceptualizing “late” auctions, i.e.,
to guarantee high and timely implementation rates, also helps to understand the implicit assumptions
underpinning the special regulation for citizens’ energy companies. It will also help us to evaluate the
impact of that special regulation according to the empirical results of the auction schemes in Germany
as will be presented in the following sections.

2.3. Legal Definition and Special Provisions for Citizens’ Energy Companies

During the debate on the revision of the EEG, the German government repeatedly declared that
it will pursue actor plurality in its future energy transition efforts and will not threaten regional and
local efforts towards a low-carbon energy transition. The results of the previous pilot bidding rounds
on ground mounted photovoltaic systems (2014–2016) verified the concerns regarding a loss of actor
plurality and the exclusion of small players. The majority of the capacity awarded went to bidders
with more than one bid and bidders who feature intercompany ties with other successful bidders
(see [5]). Confronted with these results the government introduced special regulations in order to
create a level playing field for local citizen-based energy companies related to wind specific tenders.

2.3.1. Definition of “Citizens’ Energy”

The revised EEG—adopted in 2016 and entered into force in January 2017—for the first time
legally defined the term “citizens’ energy”.

§ 3 EEG 2017 defines a citizens’ energy company as an entity,

• “which consists of at least ten natural persons with voting right
• in which at least 51 percent of the voting rights are held by natural persons which live in the

urban or rural district in which the onshore wind energy installation is to be erected,
• in which no member or shareholder of the undertaking holds more than 10 percent of the voting

rights of the undertaking” [11].

7
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§ 36g EEG 2017 furthermore defines, that

• members or shareholders are not allowed to have concluded contracts to transfer shares or voting
rights in order to circumvent provision of § 3;

• in the case of a successful bid, a 10 percent financial stake has to be offered to the municipality,
where the installation is erected;

• The scale of the bid is restricted: up to six wind turbines or a maximum capacity of 18 MW (ibid.).

However, community energy or citizens’ energy is not a uniform phenomenon. Literature offers
a variety of terms, characteristics, narratives which represent different theoretical approaches and
ideational concepts (e.g., [12] (p. 897)). The German Government’s approach to legally define those
actors that are eligible to benefit from the special legal provisions tried to operationalize particularly
the following characteristics:

(a) small scale nature and limited number of projects;
(b) citizens’ control and
(c) locality of investments and returns.

The motivations underlying this set of criteria were to counteract small players’ risk of having to
bear up-front costs without guarantees to win auctions, and their limited opportunity to di-versify this
risk through multiple projects. An additional and related motivation was to buttress acceptance of the
local population via the local embeddedness of investors. Thus, the target of the special provisions was
to create a level playing field for these actors in an imperfect market mainly for competition concerns.

Furthermore, successful bids by citizens’ energy companies are awarded according to the uniform
pricing principle in contrast to pay-as-bid principle for “ordinary” bidders. The uniform pricing
principle means that the value of the award for bids of citizens energy companies shall be the value of
the award of the highest bid awarded in the respective auction round.

2.3.2. Special Auctioning Rules for Citizens’ Energy Companies

§ 36g of the EEG 2017 defines those special rules, which solely apply to citizens’ energy companies
(CEC). They are intended to provide the necessary level playing field for these actors to participate in
auctions. The most relevant provisions comprise

(a) the allowance to submit a bid before the granting of the construction permit (pursuant to the
Federal Immission Control Act (§ 36g(1)), and

(b) the allowance of longer realisation times for project implementation of up to 4.5 years compared
to 2.5 years for “ordinary” bidders (§ 36g(2)).

These exceptional provisions can be perceived as a fundamental derivation from the core principle
of the German auction scheme—the principle of “late” tenders. Having in mind the underpinning
motivation of “late” tenders—safeguarding target achievement—it becomes clear that the legislator
implicitly assumed citizens’ energy as a rather small segment among the potential bidders.

3. Impact of Special Regulation for Citizens’ Energy Companies

3.1. Success of Citizens’ Energy?

In contrast to any expectation and to many concerns of citizens’ energy advocates about potential
shortcomings of the EEG’s provisions for citizens’ energy, the results of the first auction in May 2017
surprised with an overwhelming success of bidders that made use of the special rules for citizens’
energy companies. The privileges for CEC, conceptualized as exceptions, became the rule in the market
“game”.

Shocked by this unintended result which seriously threatened the achievement of the planned
RE expansion and climate targets, the German Bundestag immediately announced a moratorium

8
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regarding § 36g(1) and stopped the possibility for CEC to offer a bid before the construction permit
has been granted. However, this moratorium took force only for the fourth and fifth auction rounds in
2018, before a final adaptation of the EEG will be implemented. Consequently, also in the second and
third auction round in 2017, citizens’ energy companies won almost all of the awards (see Figure 1).

How to interpret these results? Do they represent the legislator’s failure to assess ex-ante the
strength and volume of the citizens’ energy segment? Or, did the legal definition not suffice to
address the intended actors—citizens which initiate on their own wind energy projects in their
neighborhood? Or, is the privilege offered to citizens’ energy companies so economically attractive that
even professional energy actors altered their projects into projects which fit with the legal definition of
a CEC-project? Or is there something inconsistent within the whole policy design?

Figure 1. Results of the first 5 bidding rounds on onshore wind in 2017/2018; Source: Author’s figure
based on data from Bundesnetzagentur [13].

3.2. CEC as Business Model for Rational Economic Actors

The press release of the Federal Network Agency (Bundesnetzagentur) regarding the results
of the first auction round in May 2017 [14] rather neutrally reported the success of citizens’ energy.
The press release following the second bidding round already revealed the Agency’s awareness about
the character of the successful CEC bidders: “The majority of the awards for bids of citizens’ energy
companies go to companies whose bids make it clear that they are at least organisationally assigned to
a single project developer” (author’s translation of the press release, [15]).

The single project developer mentioned in the press release—the Saxonian UKA-Group—is
ac-cording to data from 2016 the second biggest developer of on-shore wind energy project in Germany.
In an interview for the magazine “Erneuerbare Energien” in November 2017 the company’s managing
partner, Gernot Gauglitz, publicly explained the company’s strategy as the most adaptive business
model to comply with the induced competitive pressure in the German auction scheme [16] According
to him, UKA was forced to emulate the behaviour of other project developers that won in the first
bidding round, where UKA failed to win any of its “ordinary” bids. The adaptation of its strategy was
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so successful that UKA-connected CEC dominated the second bidding round with a 68 percent share
of the total awarded volume (see Table 1).

Table 1. Results of the second bidding round in 2017: A single player’s dominance.

Total Number of
Awards

Awards for CEC
Awards for UKA-Connected

CEC-Bidders
Share UKA of Total
Number of Awards

67 60 37 55%
Total awarded

volume
Awarded volume

for CEC
Awarded volume for

UKA-connected CEC-bidders
Share UKA of total
awarded volume

1013 MW 958 MW 690 MW 68%

Source: Author’s compilation based on [13,15,16].

In sum, the successful bidders privileged as CEC were set up by a very small number of
professional project developers, who do not act as shareholders or members of the CEC—according
to the legal definition—but as general contractors or service providers. A brief analysis of data of
the Bundesnetzagentur [13] and the online-trade register [17] about the winners of the second round
revealed that a lot of the successful CEC were formally founded just a few days before the auction
deadline. They also have similar names, for example “Umweltgerechte Bürgerenergie”, and—although
the planned erection site is located in different municipalities—the registered office of those formally
distinct CEC is the same and situated in the Saxonian town Meißen, identical with the postal address
of UKA.

In fact, those project developers, who transformed their projects into CEC-projects made use of
the privileges for CEC:

- to take part in the bidding procedure without having a construction permit, and
- the longer time span between awards and realisation deadline (up to 4.5 years).

These provisions offered opportunities for underbidding other “ordinary” bidders, a well–known
phenomenon of competitive auction schemes. The exceptions—intended to support a small segment of
rather unprofessional citizen-based projects—were used by typical business actors in an economically
rational way. They calculated their expected returns (bids) with more effective wind turbines which
according to their market analyses will only be developed in the near future. Thus, these special
provisions for CEC have been used by professional actors to an extent that devaluated all existing
construction permits for wind energy projects, as these permissions always have to relate to a specific
type of an available wind turbine technology [18] (p. 4).

In sum, it can be stated that professional project developers, like UKA, have carefully analysed the
market as well as the political framework conditions, and have rationally adapted their business model.
Although diverse media—such as the German newspaper “Die Welt”—criticized “the dirty tricks with
citizens’ energy” [19] (author’s translation), the CEC connected with these project developers meet
all legal requirements of a CEC. Thus, the expressed complaint, it would be “fake” CEC that won
the awards does suggest a knowledge, what “real” CEC is. Unfortunately, “real” CEC is not clearly
defined—neither in scientific literature nor in the definition of citizens’ energy in the EEG.

3.3. Evaluation: Total Failure Regarding the Intended Triangle of Objectives

As almost 95% of the auctioned volume in 2017 was awarded to bidders without a construction
permit, it is doubtful how many of these projects will actually be realised. This results in uncertainty
whether one core element of the instrumental shift—the volume-based approach to steer RE
expansion—can be actually achieved. Additionally, the longer implementation deadlines of up to 54
months for these projects indicate that most of them—if ever—will not be realised before the year
2020. According to the Green Party in the German parliament, this would cause a sharp decline of
the annual expansion of wind energy in Germany to 1500 MW or less in 2019 and 2020 compared
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with 5000 MW per year in 2016 and 2017. Moreover, this would imply missing the German and the
mandatory European renewable energy targets [20].

The wind energy industry is complaining tremendously about these results as they represent a
serious threat to their business model: uncertainties regarding the actual demand of wind turbines
and/or the expected delay of the installation of wind turbines that is assumed to create a serious
investment gap for the wind energy industry [18] (p. 4).

As explained above, the auctions were not able to foster actor plurality, the second core objective
of the specific provisions, either. Instead, a small number of professional project developers dominated.

What about cost efficiency, the third objective of the German volume-based auction scheme and
the core argument of proponents of competitive approaches to determine the price for RE?

At first glance, Figure 1 obviously illustrates a considerable decrease in the average price per kWh
of wind energy in the first three bidding rounds, from 5.71 Ct/kWh to 3.82 Ct/kWh. The remuneration
that would have been paid according to the previous administratively fixed feed-in-tariff (EEG 2014)
would be—nominally averaged—6.16 Ct/kWh for plants erected at the beginning of 2018 [21]. Thus, it
was claimed by the government that this core objective was reached by the German auction scheme.

However, the price results presented in Figure 1 are determined by the calculated prices of the
bids. They do not show the actual remuneration according to the wind situation at the erection site as
defined in the above-mentioned reference yield model. The awarded projects of the auctions in 2017
are planned to be erected at locations of a middle wind quality of 90% (first bidding round) or 85%
(second and third bidding round) of the wind quality at the standard reference side [21]. That means
that actual remuneration payments will be higher than prices calculated for the bids.

Researchers of the German Fraunhofer Institute IEE and IZES have questioned the alleged
cost-cutting effect [21]. They simulated a comparison of remunerations based on the previous
price-based support scheme and the results of the current volume-based support scheme by considering
the reference yield model—i.e., the wind-quality at the erection site of the awarded CEC projects in the
first three bidding rounds in 2017. They discovered up to one-fourth higher costs of the awards for CEC
projects in the first bidding round compared to the previous remuneration based on the feed-in tariff
scheme. Only the results of the third bidding round have shown a 10 percent reduction of the level of
remuneration compared to the previous system [21]. Keeping in mind that these prices were a result of
the very specific underbidding approach of successful bidders incentivized by the special provisions
of § 36g, the magnitude of this decrease can be seriously questioned. The subsequent increase in the
average prices per kWh after the moratorium took force in 2018 confirms this assessment (see Figure 1).
Energy experts had expected this price increase [21]. All bidders with construction permits, including
the unsuccessful bidders of the first three rounds, had to calculate their bids based on the available
wind technology and no longer needed to adjust their bids to the expected underbidding strategy of
privileged bidders without permits.

4. Discussion

What kind of lessons can we draw from this severe policy failure to meet the intended objectives?
The German legislator has integrated secondary policy objectives—a geographically more

balanced distribution of wind energy plants and actor plurality—into an economic instrument,
which mainly addresses the economic efficiency of the price building process. A trade-off with
the economic efficiency objective of the auction scheme was—according to the legislator’s justification
of the German auction design [22] (p. 147)—politically accepted. Such trade-offs are quite common
outcomes of political processes, whose protagonists have to find compromises between interdependent
policy objectives.

4.1. Inadequate Integration of Secondary Objectives

However, the results of the German auction scheme do not represent a more or less acceptable
level of assumed losses due to recognized trade-offs between the three main objectives of controlled
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RE expansion, actor plurality and cost efficiency. Instead, we see a complete failure with regard to all
of these three objectives (see above).

There might be economists that feel confirmed in their assessment that any intervention into
a market would be a market distortion and should therefore be avoided. However, the renewable
energy market would not exist without state intervention and a piecemeal criticism of (presumed)
market distortion would be the wrong lesson from the German “disastrous” policy pilot to create a
level playing field for new citizens-based energy actors.

A closer look at the policy motivation underlying the definition of citizens’ energy companies
and the relation between these motivations and their operationalisation might give us more insights to
draw adequate lessons.

Integrating the objective of “actor plurality” into the policy design of the German auctions scheme
was motivated by, first, purely competition concerns to prevent market dominance of a few big
energy actors [22]. This challenge was met by general provisions that may counteract the risks of
small actors—e.g., a generalized de-minimis threshold of 750 kW. However, the German legislator
additionally defined an enabling policy framework for certain small actors to participate in wind
energy auctions. The sole argument to explain that specific focus on citizen-based energy companies
can be derived from the official justification of § 36g EEG 2017: “In particular, locally anchored citizen
energy companies have made a significant contribution to the necessary acceptance of new on-shore
wind energy projects. Without this acceptance, the expansion of wind energy cannot be achieved in
the planned amount” (author’s translation, [22] (p. 217)).

However, if citizens’ energy is perceived by the legislator as the provider of the necessary
acceptance of wind energy expansion, then it seems to be inconsequential, that the citizens’ energy
segment was implicitly conceptualized as just a small segment among the potential bidders. To reiterate,
all the special rules for CEC are a fundamental derivation from the core principle of the German “late”
auction design (see above).

4.2. The Need to Decouple Multiple Motives

A possible approach to learn from these failures is to distinguish clearly between the two
motivations underlying the objective “actor plurality”. The first one addresses the risks of small
actors, and the second one addresses the added value provided by citizen energy actors. De-coupling
these two motivations might be helpful to find an adequate policy design.

4.2.1. Addressing the Risks of Small Actors

If design elements are supposed to help to safeguard market access for small actors for
com-petition concerns, then the very specific risks of small actors must be addressed. This could be
realized either with support measures outside of the auction, e.g., by providing counselling during
preparation of a bid, or by exempting small actors from auctions altogether. Currently, the German
generalized de-minimis threshold for exemptions from competitive tendering is at 750 kW. However,
this threshold has in fact no relevance for wind energy projects, as the market standard of available
wind turbines is above this threshold at 2.5 to 3 MW on average. The German Government rejected to
use the full room for maneuver to exempt smaller projects from tendering which has been given by the
European Commission state aid guidelines [3]. According to the EU Competition Commissioner’s
clarification from January 2016 about the misleading formulation of the de-minimis rule for wind
power in the state aid guidelines, there is a possibility of “exemption from the competitive tendering
requirement [...] for wind projects with a maximum of 18 MW installed power” [23] (author’s
translation of the answer of Competition Commissioner Margrethe Vestager to the German Federal
Wind Association).
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4.2.2. Addressing the Added Value Attributed to Community Energy Actors

However, if acceptance is the determining criterion, then we need to look in more detail at what in
fact contributes to societal acceptance, as the legislator did not specify sufficiently, why citizen energy
actors have significantly contributed to this objective. The items “majority of natural persons” of the
members or shareholders of the CEC and their “place of residence” in the district of the planned wind
energy plant have been used to operationalize characteristics of citizen-based energy actors and local
embeddedness. Both characteristics are often linked in the literature with acceptance issues (e.g., [24]).

Yet, it is not too difficult to imagine that ten individual citizens who invest in a joint local
economic undertaking can also act in a purely egoistic manner, i.e., without taking into account
economic welfare or social acceptance in their neighborhood in a more caring manner than other
economic actors. The acceptance issue, thus, was not operationalized, but only attributed a priori to
community energy actors.

The acceptance issue is also a core objective of the EU’s so-called Winter Package “Clean Energy
for All Europeans” [1]. Currently the Recast Renewable Energy Directives and the Recast Electricity
Market Directive are subject of the Trilogue between Commission, Council and Parliament. Both recast
directives include definitions and special provisions for local (renewable) energy communities.
Whereas the Commission and the Parliament strongly favor an enabling framework for community
energy actors in their positions concerning theses directives, the Council’s amendments to the
Commission’s proposals [25] indeed rather pronounce the costs induced by community energy actors
and their financial responsibility “ . . . for the imbalances they cause in the system” [26] (p. 62).

The European Commission (EC), assisted by the European Parliament, has “discovered” the
added value that local community energy can provide. In its proposal for the Recast Electricity
Directive the EC defines local energy communities (LEC) in the following way (article2(6)): “Local
energy community means: an association, a cooperative, a partnership, a nonprofit organisation or
other legal entity which is effectively controlled by local shareholders or members, generally value rather
than profit-driven, involved in distributed generation and in performing activities of a distribution
system operator, supplier or aggregator at local level, including across borders.” [25] (p. 52, author’s
emphasis).

Thus, the Commission includes in its definition not only the various energy business activities
a LEC can perform, but also declares “local control” and “value-driven” as key features making
community energy actors distinct from other energy business actors. The added value for the European
energy transformation process the EC attributes to LEC in its recitals for the recast electricity directive
can be summarized as follows: LEC provide common goods: “Community energy [ . . . ] help[s] fight
energy poverty [ . . . ] enables certain groups of household consumers to participate in the energy
market [ . . . ] Where they have been successfully operated such initiatives have delivered economic,
social and environmental value to the community that goes beyond the mere benefits derived from the
provision of energy services.” [25] (recital 30).

5. Conclusions

Citizen energy actors combine their energy business activities with a broader common good
orientation in terms of local development, inclusive democracy, citizens’ engagement and social
innovation. All of these contributions are increasingly needed to counteract the observable loss in
acceptance and the growing strength of populism not only with regard to energy issues.

However, attributing these contributions in legislation to a rather narrowly defined group of
actors such as in the German definition of citizens’ energy companies does not seem to be adequate.
It excludes a couple of well-known other decentralized initiatives as the municipality-based 100%
Energy Regions or certain municipal utilities and other actors which include common good provisions
into their energy business activities (see [5]). Moreover, it seems questionable whether the provision
of those common goods that help raise acceptance can be realized via a definition of privileges for a
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defined category of actors. It will always be difficult—as evidenced by the German auctions—to find
selective criteria to define the eligible actors that are not vulnerable for “abuse”.

If acceptance is perceived as a result of the provision of those common goods as regional
development, participation, the experience of self-efficacy as well as social inclusion of vulnerable
people, then it seems to be more appropriate to change the bid evaluation criteria, i.e., the criteria
defining how bids are awarded.

Currently, the bid selection in the German scheme works as a price-only selection process,
comparable to the majority of auction schemes in the EU.

However, there are examples of multi-criteria approaches to select the winning bids in order to
pursue multiple policy goals (e.g., [27]). In France for example, the bid evaluation in the PV auctions is
based on the offered price (two thirds) and the environmental impact in the form of the panels’ carbon
footprint (one third). The German solar branch has repeatedly referred to the French approach as
more suitable than the German price-only approach, because it better protects domestic producers
of solar panels as they perform better with the environmental criteria then their competitors for
non-European countries.

Another example is the South-African “Renewable Energy Independent Power Project
Procurement Program” that strongly relies on non-price factors in bid evaluation. The bid price
counts for 70 percent, whereas the remaining 30 percent are given to a “composite score covering
job creation, local content, ownership, management control, preferential procurement, enterprise
development and socioeconomic development” [28].

Including these secondary objectives into the bid evaluation criteria means—of
course—com-promising on the economic efficiency of auction schemes. It clearly increases
costs for bidders and the regulator in evaluating these bids. However, in most of the countries
where these secondary objectives have been applied in bid evaluation, they helped to promote social
acceptability of RE expansion policy and local economic development [27] (p. 39).

Whether to exempt those projects which are assumed to provide such added value from
competitive auctions altogether or whether to include these objectives into bid evaluation criteria,
depends on a sophisticated cost-benefit analysis, which goes beyond the mere consideration of static
cost efficiency. If the proclaimed “secondary” objectives of the German auction scheme are more than
just lip service, then policy makers have to devote more attention to them.

Having in mind the increasing share of citizens who feel disconnected to their political elites in
Germany as well as in other countries of the European Union—and energy transition mirrors that
development—it becomes clear that addressing public welfare and social inclusion have to be key
objectives of further energy transition effort.

The added value provided so far by community energy actors—including municipalities,
cooperatives and other decentralized community-based actors—in the form of democratization of
energy business, opening opportunities to experience social self-efficacy, local development and social
inclusion should be honored by democratic policy makers facing growing voter’s mistrust and populist
political competitors.

It will not suffice to think only in terms of providing a level playing field in energy related
economic activities in an imperfect market for purely competition concerns. Instead, there is a need to
create a level playing field for common-good-oriented visions and paradigms on societal and energy
transition trajectories.
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Abstract: Global interest in Building Integrated Photovoltaics (BIPV) has grown following forecasts of
a compound annual growth rate of 18.7% and a total of 5.4 GW installed worldwide from 2013 to 2019.
Although the BIPV technology has been in the public domain for the last three decades, its adoption
has been hindered. Existing literature asserts that proper information and education at the proposal
or early design stage is an important way of addressing adoption barriers. However, there is a lack of
BIPV communication approaches for research, and market proposals that focus on clear information
about its benefits. This has limited the adoption of BIPV.. Based on this, the present study aims to
develop a conceptual framework for an educative-communication approach for presenting BIPV
proposals to encourage its adoption. This is aimed at developing holistic research and market
proposals which justify scholarly investigation and financial investment. Using a multiple case study
investigation and Design Research Methodology (DRM) principles, the study developed an approach
which combines core communication requirements, the pillars of sustainability and a hierarchical
description of BIPV alongside its unique advantages. A two-step evaluation strategy involving an
online pilot survey and a literature-based checklist, was used to validate the effectiveness of the
developed approach. Our results show that understanding environmental and economic benefits was
found to be significantly important to people who are likely adopters of BIPV (p < 0.05), making these
benefits crucial drivers of adoption. Statistical significance was also found between those who do
not know the benefits of using solar energy for electricity, and interest in knowing these benefits
(p < 0.05). We thus conclude that proper communication of these benefits can safely be advanced as
important facilitators of BIPV adoption. In general, this study elaborates the need and strategies for
appropriate dissemination of innovative ideas to encourage and promote adoption of technological
advancement for a sustainable global future.

Keywords: Building Integrated Photovoltaic (BIPV); barriers; sustainability; multi-functionality;
proposal; educative-communication approach

1. Introduction

Innovation in the photovoltaic industry has spurred the growth of Building Integrated
Photovoltaics (BIPV). BIPV refers to the use of photovoltaic (PV) devices to replace conventional
building components of the building envelope, such as the roof, skylights or facades [1].
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This technology brings a unique set of qualities and opportunities to the building industry such
as on-site renewable energy generation, energy autonomy, and material multi-functionality. On-site
power generation addresses the transmission and conversion losses of utility-scale photovoltaics with
power generation close to the primary load [2–5]. BIPV also provides users with a degree of energy
security and autonomy, and encourages reduced levels of energy consumption [6,7]. Conceptual
and validated studies have verified BIPV energy output which reaches the Passivhaus threshold of
120 kWh/m2, thus capable of enabling the Zero Energy Building (ZEB) target [8]. As a multi-functional
building component, it also allows for daylighting and view; serving as safety glass, a shading device
or privacy screen [9–11]. Each component of the building skin -roofing, walls, glazing, cladding,
and fenestrations; as well as other external devices provide opportunities for integrating PV into the
building in various applications [12–16].

In another light, BIPV technology represents the opportunity for a triple advantage in architectural
design. It harnesses solar energy, addresses some limitations of utility-scale PV and converts the
building from an energy consumer to energy producer as a multi-functional component. In harnessing
solar energy, it utilizes renewable energy from the sun which provides more energy in one hour than
the all the people on earth require for a whole year [17,18]. It also provides decentralized on-site
energy right next to the point of use, thus reducing transmission and conversion losses, as well as
ancillary costs associated with utility-scale PV [2–5,19–21]. Additionally, it serves as a multifunctional
energy-producing building component used for roofing, cladding, glazing or shading [1,12,13].

The global BIPV market witnessed a 35% growth between 2014 and 2015 from an estimated
1.5 GW to 2.3 GW [22]. However, the global contribution of BIPV to the energy capacity added by
Solar PV in 2016 was 1%—being about 3.4 GW of the total from Solar PV—about 303 GW [22–24].
Thus, though BIPV technology has multiple benefits and has been in public domain for the last three
decades, its adoption rate in the built environment is limited. An overview of twelve studies on
BIPV adoption [25–36] was carried out in a previous work [37]; from this, six major BIPV adoption
barrier categories were identified. Most of these studies agree and specifically identify BIPV adoption
barriers which relate to education/information [25–28,32], product, and project database [25–28],
economy [26–30], industry [30–33], and management [25,29,30,33]. Among these, reported findings
reflect that the impact of education linked with sufficient information and knowledge about BIPV is
the most crucial [37]. Specifically, the review shows that, both within professional and public circles,
there is a lack of sufficient knowledge on design, cost issues and multi-functional benefits from the
environmental to economic to the social dimensions of BIPV adoption. Consequently, adoption of
BIPV as a versatile renewable energy source is limited.

1.1. Research Aim and Significance

In light of the foregoing, this paper aims to fill this gap in the literature by developing a conceptual
framework for an educative-communication approach to inform and facilitate adoption about BIPV.
The duality and applicability of the intended approach may assist in strengthening its importance
as an adoption driver by going beyond simply providing information (educative dimension) to
communicating meaning (communication dimension). This stated significance of this study is driven
by the need to increase BIPV adoption globally as a means towards harnessing its multifaceted benefits
while reducing the negative impact of buildings on the built environment. This assertion is based on
the fact that buildings are responsible for over 40% of the total annual global energy consumption, 10%
of all CO2 emissions [38–40], 30–40% of greenhouse gas emissions, 30–40% of solid waste generated
and 20% of all water consumption [41]. These figures show that the building industry is in need of a
strategy which reduces its negative environmental impact. In line with this, the unique advantage
of BIPV is that it harnesses renewable energy from the sun and also potentially stems the negative
impact of buildings on a global scale as it converts the building from energy consumers into energy
producers [42].
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Several strategic approaches have been developed to communicate the importance of solar
technology and/or BIPV adoption. However, this research seeks to advance and develop a
communication approach which adopts key concepts from related approaches, expands the core
requirements based on literature and develops an improved case-specific solution. Our approach is
specifically oriented towards facilitating initial proposal presentations on BIPV adoption to justify
market investments and research investigations. From a market point of view, the need to justify
financial investment cannot be overstated as companies are always concerned about the market
feasibility of a product. Similarly, research investigations need to address both a research gap and a
research need. Thus, BIPV proposals in both fields (market and research) need to be sufficiently
justified and communicated in a manner which explains and warrants the required time and
financial investments.

1.2. Research Design

To develop the proposed conceptual framework, we proceeded by conceiving the investigation
as the first stage of developing a grounded approach and thus focused on a deductive overview of
the related literature; next, the development of the approach, and finally its evaluation. The literature
overview was carried out on topics inherently related when considering BIPV technology, added to
this section was an outline of BIPV educational barriers to set the stage for clarifying the research
objective. The method section involved a combination of case study methodology with the Design
Research Methodology (DRM) by Blessing and Chakrabarti [43]. This section also adapted principles
from [44,45] to justify the procedure applied, and was framed to synthesize core requirements to aid
the proposed design. Finally, we evaluated the developed approach in line with DRM principles.
This was done using a pilot study on potential BIPV clients, and a checklist deduced from existing
literature to verify if the approach meets both “market” and “research” expectations respectively.
Figure 1 below shows the various stages of the research design with color codes for the respective
steps; blue for the literature background, yellow for the method section and green for the evaluation
section of the investigation.

 

Figure 1. Research design.

2. Research Background

BIPV is an energy-producing building component which derives power from a renewable
source (i.e., solar); it utilizes solar energy harnessed and converted into electricity by photovoltaic
technology—via solar cells, which are integrated into the building envelope. At each level of mention
as stated (i.e., renewable energy, solar energy, photovoltaics, and BIPV) significant research has been
carried out in recent years. Energy production from Renewable Energy Systems (RES) is spreading
but still represents a small part of the energy mix globally [46]. However, the simultaneous increase
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in energy demand and the negative impact of fossil fuels on the environment warrants the need for
the development in this sector. A common thread between the existing studies on renewable energy,
solar and photovoltaic technology is the identification of benefits, barriers, application, and future
trends [47–50]. Research in these related areas suggests that key relationships can be traced and used
to understand how the BIPV technology sits within the general body of research investigation relating
to barriers and possible solutions.

Concerning renewable energy research, the authors of [47] assessed “limiting mechanisms” in this
sector and identified the need for holistic cost comparisons between renewables and non-renewables
as well as proper understanding of the ratio of energy produced to energy invested in forecast studies.
The authors of [51] highlighted challenges and potential approaches towards the development of
appropriate solutions for global renewable energy education initiatives. Among several findings,
they noted a lack of structured curricula as a challenge, and thus suggested sufficient content in all
renewable energy sources with local context emphasis as a desirable approach. About the attitudes
of local communities towards investments in renewable energy projects, (i.e., adoption) a case study
investigation showed that information and perceptions are behavioral determinants [46]. The authors
asserted that a balance between economic, technical and environmental considerations in using RES
would enhance more sustainable development towards future generations. To aid decision support for
renewable technology and energy planning, the authors of [52] note the growing interest in flexible
and user-friendly methods and a need for validation of results by “development of interactive decision
support systems and application of fuzzy methods.”

Other authors [48] highlight the fact that rapid growth in the field of solar technology, being
a type of RES is marred by technical barriers such low solar cell efficiencies and performance
of balance-of-systems (BOS) as well as economic and institutional obstacles. This persists even
though some consider the sun as the most free and abundant renewable source [53] releasing
3.8 × 1023 kW/s [54] and providing in an hour, more energy than the annual total global energy
demand [17,18]. Some researchers [55–57] also note that there is limited awareness about the potential
benefits of the solar industry in rural regions and that technology, research, and policy are identified
as major challenges [49]. With various unique solar technologies such as solar PV, solar thermal,
and solar fuels technologies as well as concentrated solar power (CSP), it has been suggested
that choice of type, should be based on the type of usage/demand and prevailing conditions [58].
Also, technical parameters such as tilt and azimuth angles need to be better understood via design
simulation [59]. The authors of [60] suggest that a unified approach to continued research, engineering
and manufacturing will need to be pursued for the full potential of solar energy to be realized. In other
terms, it has also been suggested that multidisciplinary approaches, perspectives, and collaborations
are required to resolve these said barriers with solar technology applications [49].

On the other hand, research and developmental progress in solar power generation have
been made in areas of hardware development and testing towards efficiency maximization and
cost minimization [50]. Challenges such as affordability, needed policies, appropriate system
planning [50,61] have warranted suggestions and survival strategies for PV technology [62] such as
new developments, improvements and innovations [63,64]. In order to improve PV self-consumption,
the authors of [65] noted that energy storage and load management, also called demand-side
management (DSM) are needed considerations. To increase the participation of photovoltaic energy in
the renewable energy, raising market awareness to its benefit has also been suggested [61].

The limitations mentioned above are inherent in related topics of interest when considering BIPV
technology and are crucial. These topics form its intrinsic constitution and thus require active research
and development to address them. The referenced studies suggest several crucial points, one being
that there is a need for sufficient, credible and contextual information to be presented to stakeholders
to aid adoption of the technology. This should also be synthesized and presented using flexible and
user-friendly methods which embrace a multidisciplinary approach drawing from the environmental,
economic and social dimensions. Besides the above, however, the BIPV technology also has its
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unique barriers and limiting factors as identified in several studies mentioned in the introduction.
These barriers are in areas of education, product, economy, database, industry, and management
with previous research identifying BIPV education/information awareness as the most crucial of
these [37]. Seeing that the interposing barriers mentioned above (i.e., in line with RES, solar and
PV) also identify information, awareness, and education as a need, this study seeks to address this
challenge by the development of the proposed Educative-Communication Approach. The educative
dimension provides contextual information, and the communication dimension is meant to facilitate
interaction to inspire BIPV adoption.

Education and Communication of BIPV as a Technological Innovation

With the specific mention of BIPV educational barriers mentioned above, literature shows that
both professional and public domains are affected. Specifically, findings from surveys on public
educational barriers state various reasons such as a poor public understanding of cost perceptions of
BIPV and financial benefit understanding [29,33] and a lack of sufficient knowledge by clients and
the public in general [26,33]. Also reported is a high negative perception of system price and costs
associated with aesthetic BIPV options [33]. In 2017, a survey was conducted in Europe to identify
educational needs to resolve this barrier [27]. The report identifies a dearth of university courses
on BIPV and also identifies the lack, and thus the need for knowledge of product options, design
strategies, performance and cost issues. Also refs. [26,28,30] respectively report that a lack of sufficient
technical knowledge, certified BIPV contractors available, and insufficient knowledge about BIPV
system advantages, risk, and complexity exists. The lack of knowledge on how to ensure the most
efficient choice of BIPV design has also been noted [31].

Having stated the above, providing education and information to aid BIPV proposals—market
or research requires proper communication. It has been reported that “the successful design and
realization of solar architecture—in general, relies upon the effective communication of its qualities
in the development of a project” [35]. Solar energy systems are becoming more cost-efficient
through continuing technological development [50,62]. However, the growth of these systems into
a comprehensive and everyday solution, to the zenith of being a “natural choice for all projects” is
consequent on the proper communication of the qualities of these systems [35]. Mastering the best
balance between installed power, energy generation and aesthetic appearance of solar technology is
not an easy task, and the lack of information will be decisive [66]. Communicating goals, information
and idea sharing with stakeholders has been advocated as a means to facilitate a sufficient and mutual
understanding. Indeed, it has been asserted that project goals, from inception to completion are
facilitated via proper communication [35]. Given its multiple advantages earlier stated, planned and
evaluated investment of BIPV, as well as the adoption of convincing approaches should therefore be
encouraged. This will be needed to justify solar energy adoption in project proposals, especially as the
energy solution and the use of solar energy are a significant part of the considerations when designing
a building.

At present, the BIPV technological innovation is in a cycle of debate and development, which
is, indeed, characteristic of all innovative ideas. This investigation presents the relevance of both
educative/informative and communicative goals towards facilitating adoption as its theoretical
underpinning based on referenced related literature. The “diffusion of innovation” theory by Everett
Rogers has been reviewed [67] and it asserts that relative advantage (i.e., benefits) is the strongest
predictor of the rate of adoption of an innovation. The term ‘Relative Advantage’ suggests the degree
of perceived advantage or state of being better than existing options [68]. The authors of [69] carried
out a detailed review of 20 innovation frameworks and conclude that determinants which potentially
foster adoption include clarity and simplicity of use as well as improved benefit over existing options.
They also assert that clear research evidence, cost-efficacy and feasibility, relating to expected benefits
are also crucial drivers which advance the adoption of innovation. These theorists thus agree that
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educating and communicating benefits is a multi-disciplinary philosophy which is a potential driver
of innovation adoption.

3. Method

As earlier stated, the method of investigation combines a case study and the DRM principles
to carry out the design and development of the proposed approach, followed by an evaluation and
review. This 3-phase approach is detailed in this section; representing the foundational and conceptual
design process for the proposed approach.

3.1. Phase 1: Case Study Investigation on BIPV Communication Approaches

Following the categorization of case study typologies [44], we carried out a descriptive qualitative
overview of multiple case studies. Several studies referenced below distinguish between single and
multiple case studies. The consensus is that multiple-case studies generally enhance a stronger base for
theory building [70], facilitate comparisons to elucidate whether an emergent finding is case-specific
or subject-specific, i.e., replicated by several cases [71]. Other advantages include wider elaboration
and exploration of research questions and theory [45]. General case study selection considerations
from literature which guided our investigation include:

• Ability to reflect characteristics identified in the underlying theoretical background/propositions [44]
• Ability of the chosen cases to fit the purpose of the research [72]
• Ability to represent and exemplify the phenomenon of inquiry [72]
• Suitability for illuminating and extending relationships related to the investigation [45]
• Applicable for detailing and expanding logic among constructs of the study [45]
• Clear description of the existence of a phenomenon [73]

To address the theoretical sampling complexity inherent in multiple cases studies, existing
literature suggests that the choice is based less on case uniqueness but more on the contributory
relevance, agreeing with theoretical propositions and development within the set of cases [44,45].
Based on these requirements, we reviewed related studies on BIPV adoption, and we identified
three (3) studies which focus on developed approaches to communicate BIPV. These include the
International Energy Agency—IEA Task 41-SubTask C three-stage approach from client to design
team to design-communication tools [74], the European-based use of “an ambitious demonstration
project portfolio” [75], and an Architectural Integration Qualities (AIQ) model which initiates and
focuses discussions on preferences for architectural integration of energy-producing solar shading [76].
The sub-sections which follow state an overview of these studies used to deduce core requirements for
the proposed approach as a starting point for the design process.

3.1.1. The IEA TASK 41 Communication Guide

IEA Task 41, “Solar Energy and Architecture” focused its subtask C on developing communication
guidelines and delivered a 3-step approach for achieving this goal. These steps, laid out as sections
in the Guide [74], can occur continuously during design development (Figure 2). Indeed, the report
posits that one of the main reasons for not adopting solar energy in projects today is the lack of
client confidence in the field. It was suggested that investors do not generally adopt solar energy
in projects due to lack of knowledge, experience, and accessible information about benefits, risks,
and system characteristics.

The first section of the guideline focuses on strategies to convince clients to request solar building
projects. It includes recommendations for identifying client goals and motivations, and important
integration considerations for common project types. Section two addresses communication strategies
at the design and construction team level. It suggests techniques for “anchoring solar energy strategies
within the project team” and communication strategies with manufacturers, with added content for
strategies within a design-build process. Section three discusses tools for communication and design
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development with included national references to design guidelines for solar energy and architecture
within the Task’s participating countries. This case study provides a holistic, macro-level consideration
of the BIPV communication approach.

Figure 2. International Energy Agency (IEA) Task 41 three-step approach. Source: Adapted from
Ref. [74].

3.1.2. The PVSITES Project

The PVSITES project began in 2016 as a joint multi-disciplinary European approach to drive
large market deployment of BIPV technology. The goal is to demonstrate “an ambitious portfolio
of building-integrated solar technologies and systems.” This was towards giving a definite and
professionally reliable answer to the market requirements pre-identified by the industrial members
of the consortium. It focuses on high impact demonstration and dissemination actions to be
executed using cost-effective renewable generation, reduction of energy demands and smart energy
management [75,77].

Plate 1. Overview of PVSITES’ demonstration projects. Source: [75]. 

The authors of [75] argue that the gradual acceptance of BIPV installations by stakeholders
requires the use of high visibility showcase projects. In the PVSITES demo cases, the proposed
module, grid interface, and energy management technologies are demonstrated in at least six
real buildings covering different EU electricity markets and climates, building uses (residential,
industrial, commercial) in new buildings and retrofit projects. These are designed to highlight different
architectural integration strategies, allow for easy replication and adaptation. The buildings showcased
in Plate 1 above, show a varied range of innovative BIPV products—roof shingles, roof and façade
tiles, and a ventilated façade—in different European locations such as Belgium, Switzerland, Spain,
and France [65]. This case study provides a design-focused, macro-level consideration of the BIPV
communication approach facilitated by completed projects.

3.1.3. The AIQ-Model

This case study focuses on the development a tool to aid communication on the subject of
“energy-producing solar shading” as this relates to a type of BIPV (i.e., BIPV shading devices) [76]. It is
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based on the findings of other authors who argue that BIPV design is in need of a multi-disciplinary
communication language or tool [10,64]. Therefore, an approach to evaluate architectural integration
qualities was developed to communicate the aesthetic values of such systems. The AIQ-Tool developed
is visualized as a triangle where corners represent geometry, materiality and detailing; to evaluate the
degree (poor, fair or good) to which solar shading system fits with the overall building design.

The authors report that the AIQ-Tool helped the surveyed participants of a test focus group
to articulate architectural integration and gave rise to positive discussions. Also, it was observed
that although architects had the best conditions to use the tool, the discussions were facilitated by
other professions. A critique of the tool as presented by its developers is its limitation to “external
integration and aesthetics”. They state that this does not embrace the inter-disciplinary perspectives
of solar building design which requires multi-functional energy planning as perceived by different
disciplines. This case study asserts the need for an expanded consideration across disciplines to
provide an inclusive and holistic BIPV communication approach.

3.1.4. Case Study Deductions

To extract deductions from these cases and achieve some preliminary analysis, we aimed at
a synthesis of the characteristics based on analytical generalization following “replication logic”.
This was done in agreement with literature recommendations “to generalize theoretical propositions
and not a population as in statistical research [44]. Apart from guiding an identification of core
requirements for the proposed approach, the synthesis was also to provide suggestions and show
limitations to avoid in the design of the approach. The following list deduced represents applicable
key points, used in the reference cases to boost proper communication before, during or after the
design phase.

1. Provide accessible information about BIPV benefits and risks [74,75]
2. Convince clients to request BIPV [74,75]
3. Anchor solar energy strategies within the project [74]
4. Maximize tools or models for communication [74,76]
5. Apply a continuous communication process [74]
6. Utilize high impact demonstration projects [75]
7. Apply a multi-disciplinary communication tool [75,76]

These seven points are used as a guide to the design and as part of the strategy to review the
developed educative-communication approach in the evaluation section. This was done in addition
to other associated requirements for addressing BIPV barriers in tandem with its RES-Solar-PV roots
extracted from the literature section. The combined requirements were distilled into an evaluation
checklist in the final section of this investigation to assess the effectiveness of the developed approach.

3.2. Phase 2: Design of the Approach

The DRM approach by [43] is a multi-disciplinary guide which provides a framework for design
research, development of the research argumentation, guidelines for research planning and methods.
Within the approach, the “Development of Support” method (Type 3) is recommended for use when
the existing literature review provides sufficient guide to start the design development. As this scenario
matches our present investigation, we adopted this ‘research type’. The term “support” in this case
refers to an aid used to improve design such as strategies or approaches and the process for introducing
methods. In our research scenario, existing support options for BIPV communication to improve
chances of adoption are present but limited and case-specific proposal presentations are not prioritized.
Therefore, we opted to integrate the principles of the systematic Prescriptive Study (PS) which is
recommended for use when the existing support is insufficient.

Our adaptation of the PS is justified by the flexible and adaptable nature of the DRM principles
to match project requirements, and covers three core areas of task clarification, conceptualization,
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and preliminary evaluation. Our introduction and literature overview provided an awareness of the
problem statement to clarify the design task (i.e., task clarification). For the conceptualization stage of
the conceptual framework intended, the case study in Section 3.1 provided the core requirements for
the support. We thus, required a firm concept, based on the DRM system to frame the design of the
proposed approach. The DRM system allows for assumptions and experience to guide this selection
which in generic terms ought to satisfy applicability, adaptability and generalizability to the task under
review. In the current era of sustainable development, decision making in energy projects requires
consideration of technical, economic, environmental and social impacts [51,78–81]. The process of
energy planning under this largely interdisciplinary scenario is thus, often complicated due to the
involvement of these multiple benchmarks [82]. In line with these considerations, we required a
broad-based multi-disciplinary concept. We thus, chose the pillars of sustainability and a redefinition
of the BIPV structure as our theoretical driving concept. The following section clearly explains how
this informs the process of designing our conceptual framework.

3.2.1. Step 1: Pillars of Sustainability as the 1st Driving Concept

The mainstream theory for sustainability has become the idea of three pillars (3Ps) namely:
economic, social and environmental sustainability [83]. Although there are other cultural and political
aspects, these do not form the core of our focus in this investigation. The pillars of sustainability
follow the concept that every sustainable approach or idea must provide benefits regarding the
cost, social impact, and ecological impact or carbon footprint. The three pillars are interwoven
and have been explained in different ways to highlight the importance of sustainability and the
three major players -people, planet, and profits. Adopted by the General Assembly of the 2002 and
2005 World Summit on Sustainable Development, these three components—economic development,
social development, and environmental protection—are presented as interdependent and mutually
reinforcing pillars [84,85]. Today, these pillars are expressed and discussed extensively across various
governmental, professional and commercial circles; influencing concepts like the triple bottom line in
sustainable urbanism and other aspects of the sustainable built environment. They respectively relate
to continued support for a defined economic production, maintenance of social well-being, and ability
to ensure responsible use of renewable resources to curb non-renewable resource depletion.

A few extra points to note; environmental sustainability suggests that the framework must
promote the overall well-being of people. For the social sustainability, the concept must maintain
equity while economic sustainability ensures the framework is not only innovative but cost-effective.
Based on the definitions of the pillars, it is essential to state that any connecting framework or approach
must meet the requirements highlighted in the descriptions. As such, our investigation agrees that for
BIPV, the framework for research and market proposals must satisfy the crucial requirements for the
pillars of sustainability. Also, the integration of the pillars for the development of a framework must
provide a truly sustainable design or development that will make the world a better place.

3.2.2. Step 2: BIPV Triple Advantage and Hierarchy of Form as the 2nd Driving Concept

A detailed understanding of BIPV viz-a-viz, a structural breakdown of its constituents, has been
suggested [86]. Reference is made to the elemental and compositional dimensions; the former relates
to specifics such as the cell technology, cells shape, module design, and arrangement. The latter
refers to the building function and type of product. In addition to this descriptive Index, a holistic
understanding of BIPV can encompass the hierarchy of BIPV origins and form. The hierarchical
composition of BIPV earlier mentioned in the introduction refers to it as a building component, next
as type of PV technology; then as a strategy which harnesses solar energy to generate electricity.
Further, solar energy is itself a renewable source of energy which assists to reduce the use of
non-renewables and stem the rate of global environmental pollution. This breakdown forms the
philosophical idea put forward as a part of the theoretical concept for this investigation. It portrays a
broader perspective of what BIPV represents and may help to appreciate its relevance to society and
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facilitate its adoption. The ability to communicate relevance and importance within a proposal context,
at each aspect of this chain represents a holistic understanding of the importance of BIPV. Figure 3
shows a diagrammatic illustration of the BIPV-PV-Solar-Renewable chain.

 

Renewable Solar Energy Photovoltaics BIPV

Figure 3. Building Integrated Photovoltaics (BIPV) Hierarchy of Form. Source: Authors.

3.2.3. Step 3: The BIPV-3P Matrix

For the final stage of the “Approach development” we designed an integrated matrix which
presents a simple juxtaposition of the BIPV hierarchy of form with the 3 Pillars of sustainability.
This leads to a comparison of the four components of the BIPV-PV-Solar-Renewable chain with the
Environmental–Economic–Social Pillars. In this comparison, the BIPV technology/proposal/project/is
discussed at each level of its hierarchy based on associated environmental, social or economic benefits.
Added to the approach is the design dimension to simulate the intrinsic architectural orientation of
BIPV. Figure 4 below shows the diagrammatic color-coded representation of the matrix. Each cell in
the matrix corresponds to the required information at each level of the BIPV Hierarchy based on its 3P
benefits. The grid format selected assists in a structured and systematic approach to present the facts
required to justify the project/proposal objectives and benefits.

The matrix brings together all the work done so far in a singular figurative depiction and forms
the illustrative representation of the conceptual framework. Its visual depiction can be modified based
on the objectives of the proposal in view to match the kind of audience being discussed with. However,
its objective and intent remain holistic and inclusive of the focused findings from literature which relate
to specifics along the BIPV-Solar-PV-Renewable chain. It also integrates the core requirements deduced
from the case study and follows the systematic approach recommended by the DRM principles applied.

Figure 4. BIPV-3P Matrix. Source: Authors.

3.3. Phase 3: Evaluation

As earlier stated, in agreement with standard project planning and the DRM principles, we
carried put an evaluation to review and if needed, improve the developed conceptual framework.
To achieve this preliminary evaluation; two steps were taken; one to check its effectiveness towards
actually facilitating the adoption of BIPV, the other to check its agreement with recommendations from
literature. The first step was an online pilot survey redefined as a prospective user experience (UX)
survey; the second, the use of a “Case Study Deductions Checklist” developed from the literature
section. Both strategies were conceived and carried out as a part of this research, and the results are
summarized below.
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3.3.1. Pilot Survey: User Experience (UX) Format

User Experience (UX) is defined as “a person’s perceptions and responses that result from the
use or anticipated use of a product, system or service” [87]. The authors of [88] also describe UX as
“a consequence of a user’s internal state (e.g., predispositions and expectations), the characteristics
of the designed system (e.g., complexity, usability) and the context within which the interaction
occurs”. UX research thus allows investigators to carry out qualitative research while studying user
behavior–actual or anticipated. Following our earlier description, one frame of reference (i.e., driving
concept) used in this investigation to develop the approach is the “pillars of sustainability”, i.e., 3P.
This study anticipated a UX survey as a part of its evaluation of the conceptual framework while
asserting a scholastic argument. This argument, advanced in this study is that persons who have an
understanding of these 3P benefits/dimensions of BIPV will likely be positively disposed towards its
adoption. This assumption agrees with several studies [25–27] and is also based on the innovations
theories earlier discussed. Following this, we considered it logical to facilitate a means of engaging
public feedback to evaluate the developed approach. To achieve this, a pilot UX-type survey was run on
the internet for one week (10–17 June 2018). It was randomly deployed via social media—specifically
Facebook and WhatsApp, with the questions prepared using Google Forms. Sixty-nine (69) responses
were received, none were invalid, and all were used in the analysis. The objective of the survey was to
confirm if the developed approach was indeed able to encourage BIPV adoption. It was thus designed
to find out public opinion about electricity for home/office/school using solar panels as a part of the
building. In statistical considerations, we also sought to investigate if there is a significant relationship
between knowledge of BIPV benefits and the decision to adopt BIPV to justify the theoretical position
of this investigation.

For clarity, the questions were designed to ensure proper understanding by both professionals
and non-professionals. As such, technical details were redefined in simple everyday terms as explained
below. The 3P concepts towards BIPV benefits i.e., environmental, economic and social were simplified;
“environmental benefits” was simply framed as “helping the environment”, “economic benefits” as
“saving money”, and “social benefits” as “higher social status and recognition”. However, to ensure
a holistic representation of these benefits, and guarantee that related aspects were not omitted,
respondents were allowed to state any benefit they also considered important to adopting BIPV.
In general, the underlying assumption of the simulated UX survey is that if a respondent considered
that a benefit is important, then it has a potential impact on their decision to adopt BIPV. The list
that follows is the results of the survey for each of the three questions, followed by a brief analysis of
the results.

1. Question 1: Do you know the benefits of using solar energy for electricity?

The purpose of this question was to introduce and affirm our subject to the respondent, as well
as establish a basis for further inquiry. It was framed to determine if the respondent was aware of
the concept and availability of solar energy as a renewable energy system. A “yes” or “no” answer
was provided to the respondents. The survey did not consider an “indifferent” or “no answer” option
regarding this question as knowledge, not opinion was required at this point. From the results, over
95% (66 respondents) chose the option showing they had an understanding of the benefits of solar
energy as a source of power. Only about 4% selected the option stating they did not know the merits
of solar energy. This suggests a high level of awareness of the sustainable characteristic of solar energy
amongst the respondents. While the 95% represents the group of persons who are considered “likely to
adopt BIPV” based on the knowledge about its benefits, 4% are “unlikely to adopt”. This characteristic
of these groups makes for significant importance to this study and is later discussed further.
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2. Question 2: Which of these benefits is most important to you when deciding to use solar energy
for electricity?

Respondents were asked to present their perceived importance of solar energy benefits.
A multiple-choice format presented possible benefits relating to the 3P concept used to develop the
approach. These were, helping the environment, better building design, saving money, higher social
status and recognition. Respondents were permitted to select more than one option or add to the list.

Figure 5 above shows that over 81% (54 respondents) felt that solar energy was beneficial for
two main reasons; firstly, by using it, they are helping the environment and secondly saving money.
24% (16 respondents) noted that better building design was a desirable benefit. Only about 5% felt all
benefits were significant, and only about 2% (1 respondent) felt a higher social status and recognition
was an important benefit. Six respondents (9%) mentioned other specific reasons they would consider,
but on closer examination, they mainly relate to design, environmental, and social issues already listed.

Figure 5. Responses to Question 2.

3. Question 3: Will you like to know these benefits?

This question was specifically reserved for respondents who answered: “NO” to question 1 (“do
you know the benefits of using solar energy for electricity”?). This question was to identify if they
desired to increase their knowledge of the merits of solar energy. All the three respondents (100%) who
answered “NO” in question 1 answered in the affirmative to this question (i.e., they will like to know
these benefits).

Further statistical analysis of the pilot—shown in Table 1 below—revealed the mean values of
Questions 1 to 3. The table shows the standard deviation values, sample variances, level of confidence
for the variables. A significance was found between the respondents that did not know the benefits of
using solar energy for electricity and would like to know the benefits (p < 0.05). Regarding Question 3,
the statistical analysis considered the responses; the results showed the average respondents considered
helping the environment and saving money as the most crucial benefits when deciding the to use
the solar energy for electricity. A relationship was therefore found between the respondents that
understand the benefits of using solar energy for electricity and the respondents that selected helping
the environment and saving money (p < 0.05). The import of this relationship shows that understanding
environmental and economic benefits was found to be significantly important to people who are likely
adopters of BIPV, making these benefits crucial drivers of adoption.
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Table 1. Mean, standard deviation, variable, and level of confidence for the pilot survey.

Questions/Variables
Number of

Respondents
Mean

Standard
Deviation

Sample
Variance

Level of
Confidence at 95%

Q1: Do you know the benefits of using
solar energy for electricity?
Note: 1—Yes, 2—No

69 1.0435 0.02473 0.0422 p < 0.05

Q2: Will you like to know
these benefits?
Note: 1—Yes; 2—No

69 1.9565 0.02054 0.04219 p < 0.05

Q3: Which of these benefits is most
important to you when deciding to use
solar energy for electricity?
(You can select more than one)

69 7.4559 0.4377 13.0279 The overall p-value
is greater than 0.05

Note: Q3: 1–Helping the environment; 2–Better building design; 3–Saving money; 4–Higher social status and values; 5–All of the
above; 6–Other reasons; 7–Helping the environment; Saving money; 8–Better building design; Saving money; 9–Helping the
environment; Better building design; Saving money; 10–Helping the environment; Better building design; Other reasons;
11–Saving money; Other reasons; 12–Helping the environment; Other reasons; 13–Helping the environment; Better building
design; 14–Helping the environment; Saving money; All of the above; 15–Helping the environment; Saving money; Other reasons

The results of the pilot survey show that most of the respondents know the benefits of using solar
energy for electricity as part of the building. Also, environmental and economic benefits are considered
most significant and social benefits less important by respondents interested in adopting BIPV. For the
few who do not know the benefits of using solar for electricity, they were all interested in learning.
Based on these findings, we tentatively conclude that since the approach provides copious information
about environmental and economic benefits, it will potentially encourage adoption—at least for the
respondents of the survey.

3.3.2. Case Study Deductions Checklist

The second evaluation strategy was a checklist developed to review the features of the BIPV
communication approach developed based on the core requirements deduced from the case study
section. This checklist also combines deductions and extrapolations from existing literature which
describe requirements for proper BIPV communication. For each item on the Checklist, a “Yes” or
“No” is given based on the structure and contents of the developed approach (See Table 2). A remarks
column is also provided to give extra information as it relates to each specific requirement.

This checklist does not intend to cover all the aspects and requirements for BIPV communication.
However, it satisfies certain crucial points which have been satisfied by the approach developed.
These include the following:

• It helps to present the important features of the developed approach
• It serves as a means of evaluating the effectiveness of the approach and any other of the same

basic requirement, format or approach
• It establishes an agreement between requirements in literature deduced from established projects

and the features of the approach
• It confirms that the goal of the investigation to facilitate case-specific and contextual

communication on BIPV has been achieved.
• It proves that the approach is research-based and thus a credible means of communicating benefits

of a BIPV proposal.
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Table 2. Checklist for a BIPV communication approach. Source: Authors.

Checklist Yes No Remark

1. Provide accessible information about
BIPV benefits and risks [74,75]  

The approach can be used to highlight BIPV benefits as well as benefits of
RES, solar and PV. The information provided can also be used to assess and
compare with other sources of energy to develop a comparative or risk
assessment plan.

2. Convince clients to request
BIPV [74,75]  

The approach is based on a theoretical background which advances
communication as a means to advance adoption. It also provides
information which can be used to inform and educate clients on the merits
of BIPV adoption.

3. Anchor solar energy strategies within
the project [74]  

To enhance understanding and representation of solar energy strategies,
the approach anchors BIPV within a specific context for each proposal.
It starts out general but ends with very explicit information on the
project proposal.

4. Maximize tools or models for
communication [74,76]  

With a simple tabulated interface, the approach drives communication
which is guided by a sequential presentation of relevant facts. Adapting
this format to a digital interface is the next phase of its implementation.

5. Apply a continuous communication
process [74]  

By addressing multiple concerns; environmental, economic, social and
design, the approach covers the various aspects of building design from
conceptualization to completion. The matrix format may also guide review
during iterative changes in the proposal as it shows hierarchy and
relationship between columns and rows

6. Utilize high impact demonstration
projects [75]  

Although the approach can be applied to a wide range of projects
including small, medium and large-scale; it does not directly represent a
demonstration project.

7. Apply a multi-disciplinary
communication tool [75,76]  

Drawing from the multi-disciplinary nature of the BIPV technology,
the approach attempts to show aspects and concerns of interacting
disciplines. This can aid team building and brainstorming, and validate the
need for each professional within the team.

8. Ratio of Energy [47]  

The approach can assist to present a relative comparison between energy
generated from BIPV and other energy sources to aid decision making
and investment

9. Local context emphasis [50,75]  

The primary focus of the cells relating to the BIPV system is specifically
and locally contextualized to the project under review. The information can
be used to compare various projects and inform management decisions

10.
Balance between economic, technical

and environmental
considerations [45]

 

By using the pillars of sustainability as a driving concept, the approach
presents a balance between these interrelated aspects and suggests that
extended input can be made to show specific data within each of
these considerations.

11. Flexible and User-Friendly
Methods [51,76]  

The simple matrix format assists non-professional to understand technical
information without complex presentation. It also clearly utilizes a
symbolic vertical and horizontal format to suggest the relationship
between these related issues to facilitate planning.

4. Discussion

The developed matrix is divided into a set of rows and columns to communicate the
proposal/project idea. The information contained by detailing the 3P section of BIPV hierarchy
1 to 3 (i.e., Renewable, Solar and Photovoltaic aspects) is fundamentally similar for all projects (Cells 1
to 12). However, discussing it contextually can not only be different, but also potentially presents better
relevance and aids understanding. For example, Renewable Energy (BIPV Hierarchy 1) has economic
benefits (Cell 2) which are ultimately based on regional policies. As such, this information will differ
for projects in separate geographical locations and consequently impact the contents of the matrix.
BIPV Hierarchy 4 (Cell 13–16) is the core of the proposal, and the 3P outline should be discussed at
two levels; firstly, the benefits of BIPV as an energy source and secondly, as a building component.
To provide a better understanding of the matrix, crucial information required for communicating a
BIPV project proposal for the sixteen cells has been outlined below (See Table 3). The list of suggested
contents is aligned with the 3P columns on the matrix. However, this guide is not exhaustive, but
rather, a list to showcase and justify the objective of the approach. Similar questions should be added
to facilitate contextual and holistic potentials based on unique characteristics of individual proposals.
For each of these cells, information is to be provided which is specific to the project proposal, with the
background facts on the 3P benefits of renewable, solar and PV hierarchies. This matrix is flexible and
can be presented as it is, or modified based on the specifics of the proposal. Although all the cells need
not be filled, a general introduction of the BIPV hierarchy following the suggested chain can assist to
develop a strong presentation to justify market/financial investments and research investigation.
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Table 3. Suggested contents of the BIPV-3P Matrix. Source: Authors.

Cells Suggested Content

Cells 1 to 12 BIPV Hierarchy 1 to 3

Cell 1: Environmental
benefits of Renewables

- State cumulative percentage/amount in tons of reduction of carbon emissions in the region
- State accrued benefits in wildlife conservation and human preservation (or related interest to sponsor)

Cell 2: Economic benefits
of Renewables

- State fuel and maintenance cost savings compared with non-renewable energy sources
- State marketability of free natural resources

Cell 3: Social benefits of
Renewables

- State the potential reduction in the Social Cost of Carbon (SCC) associated with similar energy output from a fossil
fuel power plant

- State accrued benefits of replacing fossil energy sources, and other points such as international recognition
and accountability

Cell 4: Design benefits of
Renewables

- Highlight adopting buildings as a free-standing support medium for Building Integrated Renewables
- State potential visual impact on energy awareness on the residents in the region

Cell 5: Environmental
benefits of Solar Energy

- State cumulative percentage/amount in tons of reduction in carbon emissions in the region
- State reduction in pollution (e.g., noise) during use compared to fossil fuel energy generation

Cell 6: Economic benefits
of Solar Energy

- State energy security benefits and autonomy; and advantages of a constant source of fuel
- State flexibility and adaptability for basic household use and advanced technological applications

Cell 7: Social benefits of
Solar Energy

- State potential to advance global energy reduction targets and advocacy/image recognition
- State potential for labor employment and other corporate social responsibilities

Cell 8: Design benefits of
Solar Energy

- State passive opportunities such as daylighting, along with sustainability benefits
- State active opportunities such as photovoltaics, along with sustainability innovations

Cell 9: Environmental
benefits of Photovoltaics

- State cumulative percentage/amount in tons of reduction of carbon emissions in the region
- State advantages of a constant source of fuel relating to the reduced recurrent need for fuel harvesting

Cell 10: Economic
benefits of Photovoltaics

- State comparative long-term cost benefits compared with other energy sources relating to maintenance
- State savings in cost of fuel compared to other energy sources

Cell 11: Social benefits of
Photovoltaics

- State investment as a form of social responsibility towards a global sustainable future
- State labor employment, advocacy, and support for the industry

Cell 12: Design benefits of
Photovoltaics

- State opportunities as a building integrated or building applied system
- State technological growth as a sign of the global shift towards harmony with the architectural design and

opportunity for clean energy from buildings

Cell 13a–16a BIPV Hierarchy 4: as an Energy Source

Cell 13a: Environmental
Benefits

- State how much the proposal reduces CO2 emission
- State how much land is saved compared to utility-scale PV based on expected power output
- State the number of trees saved by using BIPV in the project based on similar expected power output from a

utility-scale PV plant

Cell 14a: Economic
Benefits

- State the amount of savings in labor cost
- State the amount of savings in infrastructure cost compared to utility-scale PV based on expected power output
- State the cost savings in land purchase compared to a utility-scale project of the same expected power output

Cell 15a: Social Benefits

- State the visibility of the project to the public
- State opportunities for educating the public
- State potentials to achieve significant recognition by prioritizing on regional /international sustainability ratings

such as LEED (Leadership in Energy and Environmental Design)

Cell 16a: Design Benefits

- State the amount of energy produced
- State the amount of energy saved compared to use of non-renewable sources
- State the benefits of energy control enjoyed by the intended owners

Cell 13b–16b BIPV Hierarchy 4: as a Building Component

Cell 13b: Environmental
Benefits

- State the savings in embodied energy
- State the environmental impact advantage compared with replaced building materials
- State benefits as a type of quasi-modular construction system

Cell 14b: Economic
Benefits

- State labor and other aggregated cost savings compared with alternative materials, e.g., bricks or blockwork;
mortar, painting; and separate costs for glazing and associated costs.

- At an advanced level, carry out a full comparative life cycle analysis with other material alternatives
- State benefit for government payback if Feed-In-Tariffs (FITs) are regionally available

Cell 15b: Social Benefits
- State potential visual impact and energy awareness education on/for the residents in the region
- State potential to serve as contemporary green building icon
- State other potentials for household energy autonomy

Cell 16b: Design Benefits

- Discuss the aesthetic potential of the project compared with other surrounding modern buildings
- State potential for multiple integration opportunities on roof or facade
- State multi-functional uses of the BIPV installation: does it provide daylighting or view or shading along with

energy for example.

It is necessary at this stage to revisit the initial scenario depicted by existing literature and the
potential relevance of this investigation. Information and perception have been listed as determinants
in the adoption renewable energy project [45] and the balance of economic, technical and environmental
benefits is crucial. The matrix represents a simple but clear approach to addressing these issues. It also
helps in decision support for renewable technology and energy planning, built on and applying a
user-friendly method [51]. The identification of limited awareness of solar energy benefits specifically
in rural regions [56] can be addressed by applying the matrix as a simple-to-understand communication
tool. It also embraces suggested multidisciplinary approaches and perspectives [48] while raising
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market awareness to its benefits [60]. The results of the pilot UX survey also agree with innovation
theorists [68,69], and suggests that knowledge of benefits can promote the rate of adoption of an
innovation among likely adopters. The priority given to environmental and economic benefits, over
social and design benefits is subjective and is influenced by the perspective of the respondents. Further
analysis of respondent or stakeholder type is required to fully understand these results. Nevertheless,
the results are in general agreement with other studies on the perceived values attached to BIPV as
an environmentally-friendly energy source with potential cost-saving benefits [1,29]. Conclusively,
the conceptual approach and the matrix developed, addresses confidence issues in BIPV proposals by
providing information, knowledge and access to verifiable information about system benefits.

5. Future Research

Having established the conceptual framework in this study, the development, and evaluation
of the approach, the next step will be to try it out on an actual BIPV project proposal to aid/test
practicality in real-life scenarios. This can be used to showcase the possible advantages and impact of
the approach so it can be enhanced or reviewed accordingly. Also, a wider UX survey can be run with
the actual approach to compare with the preliminary pilot, evaluate its effectiveness with potential
clients, and evaluate stakeholder preferences. These two strategies are in view, and the authors hope
to complete them in the near future.

Beyond the scope of this investigation, the discussion on BIPV advantages will continue within
various disciplines as more studies validate its applicability towards net zero building [8,89]. Aspects
of architectural integration, engineering, and manufacturing techniques as well as material technology
will continue to develop. Research investigations show strategies for improved energy savings up to
10% via optimization in specific hot climate conditions [90], and improved power and performance
ratio up to 40% via customization [91,92]. It is likely that investigations like these will continue
to drive the rise of high performing BIPV systems in the coming years. However, communicating
this technology and presenting its multi-dimensional benefits to all stakeholders will need to be
advanced. The concept of educating the public towards advancing an appreciation of advantages will
continue to be crucial in sustainability [93]. Within professional circles, university courses, professional
development seminars, and communiqués on post-occupancy evaluations of BIPV projects may be
used along with media campaigns for the general public to encourage adoption.

6. Conclusions

This study discussed the development of a conceptual framework for an educative-communication
approach for BIPV market and research proposals. The paper examined various interacting topics in
the BIPV literature relating to the importance of the BIPV hierarchy. It highlighted the main pillars of
sustainability and applied this in the development of a communication approach. The research also
discussed and presented its findings of a pilot UX survey and a checklist to evaluate the approach
developed. From the existing body of literature, it is obvious there is no precise recipe for how to
communicate the advantages of using solar energy in building design. In each project, the development
team, project managers, and architects will have different dynamics, as well as varying or similar
design objectives for each. Obsolete knowledge and a lack of understanding about aspects of solar
energy, and information on older unappealing and nonfunctional designs need to be readdressed in
the light of innovative products and technological development. Obstacles can be addressed through
communication—accessible information, good examples, and ideal solutions—which emphasize
research-based evidence, promote interest and knowledge sharing, in order to realize high-quality
solar energy solutions in architecture [35].

From our findings, understanding environmental and economic benefits proves to be an important
driver for people who know the benefits of using solar energy for electricity in homes and are likely
adopters. We thus conclude that improving understanding of these benefits using the developed
approach can potentially facilitate and encourage BIPV adoption. This study elaborates the need
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and strategies for appropriate dissemination of innovative ideas. The approach and findings can be
applied in other contexts, and for other technological breakthroughs or new product development
which advance a sustainable global future.
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Abstract: Numerous linkages among Agriculture and climate change have been identified and
validated in global terms. In European Union, the economic performance–carbon dioxide emission
relationship has become a particularly high priority issue for Common agricultural policy within the
last decade, attracting scientific interest. Within this socio–economic framework, the present work
studies the relationship between agricultural carbon emissions equivalents and income per capita for
the agricultural sector in different EU countries with the assistance of the nonlinear autoregressive
distributed lag (NARDL) cointegration technique. Our findings validate the existence of a strong
relationship between GHG emissions and agricultural income, since the cointegration among the
two variables is established in all instances, while the asymmetric impact of agricultural income on
carbon emissions may well provide policy makers with tools which when implemented, may well
promote the increase of agricultural income along with GHG effect mitigation in a successful way.

Keywords: sustainable agriculture; negative externalities; GHG emissions; NARDL model

1. Introduction

The agricultural income–climate change relationship in global and European Union (EU) terms can
be documented through different interlinkages while the concept of sustainability has become a high
priority issue for EU agriculture [1]. The climate change–agriculture interaction is bi-directional [2].
Explicitly, climate change may affect global economic performance in the sector of agriculture through
its impact on productivity [3], while on the other hand agriculture is a major contributor to global
warming [1]. Other issues related to the climate change–agriculture interaction which has arisen within
the last two decades include poverty and food security problems [3].

Furthermore, apart from the negative impacts, a number of positive effects of Greenhouse Gas
emissions (GHG) to crop growth have also been recorded in recent literature. To be more specific, rising
concentrations in the atmosphere improves agriculture in two different ways; first of all by stimulating
photosynthesis and secondly by decreasing water requirements. However, the reaction of crops to
carbon emissions respond depends on their physiology and other prevailing conditions such as water
and nutrient availability, pests and diseases [4]. For the reasons described above, the positive impacts
of the GHG effect for agriculture are expected to lead to a 16% increase in productivity corresponding
to 45 million hectares in the cultivation of northern Europe focused especially on high latitudes [5]
(Altieri et al., 2015).
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Currently, GHG emissions from agriculture contribute with 10% to EU-28 total GHG emissions [6]
(EC, 2018). This proportion is characterized by variability among EU member states. This variation is
related to the size and importance of the agricultural sector in each individual country. Major concern
regarding the issue of climate change has led to a decrease in GHG emissions by 23% within the last two
decades. The pace through which the decrease occurs has been decreasing with a progressively limiting
rate. The decreasing rate in EU GHG emissions in agriculture can be attributed to several factors,
including among others an increase in productivity, decreases in cattle numbers, improvements in
farm management practices and developments and implementation of agricultural and environmental
policies [7] (Van Vuuren et al., 2017).

Among the solutions found for the limitation of the climate change impact of agriculture in terms
of farming practices are the following [5,8] (Locatelli et al., 2015; Altieri and Nicholls 2017); (i) use of
nitrification inhibitors to increase the efficiency of the nitrogen applied and at the same time reduce
nitrous oxide emissions from mineral fertilizers; (ii) an efficient use of fertilization in terms of timing
(iii) precision farming as a crop management concept to respond to inter- and intra-field variability in
crops and last but certainly not least organic farming. A great size variation is observed not only in
terms of the size of organic farming, but also in terms of growth in the total organic area. The typically
best management practices that are used already may lead to lower farm emissions while also possibly
leading to cost savings and increasing farm profitability. These measures provide major benefits,
while the aforementioned options may be carried out at the farm level, or in some cases multiple
farmers and other stakeholders ([9] Swinton et al., 2018).

Therefore, with the implementation of the particular practices we are raising agricultural
productivity and income in the smallholder production sector, which in turn may drive economic
transformation and growth in agriculture [10] (Schmidhuber and Tubiello 2007). Therefore, agriculture
in terms of policy implementation may play a central role in the effort of climate change mitigation in
the EU. Despite the fact that agriculture is a sector for which emission reduction is a priority, only a
few EU countries have set quantitative targets for agriculture [11] (Fellman et al., 2018).

To synopsize, EU efforts focus on the reductions in GHG emissions without limiting the
competitiveness of EU agriculture and its ability to satisfy growing global food demand, and
these efforts are tightly related to agricultural income. Within this framework the present
manuscript has as an objective to survey the relationship carbon emissions equivalent generated
by agriculture–agricultural income in selected countries of European Union with variation in terms of
the size of agriculture, of the point of economic growth as well as the behavior of the farmers regarding
the implementation of specific environmental measures ([3,12] Frank et al., 2017; Kalfagianni and
Kuik 2017).

In short, the main objectives of our research effort are the following;

� Detect the true nature of the relationship and the existence of non-linearities in the relationship
among the variables.

� Capture asymmetric responses to positive and negative changes over both the short-and the
long-run through positive and negative partial sum decompositions of the explanatory variables.

� Test the validity of the environmental Kuznets curve (ECK) hypothesis for the sector of agriculture
for different EU countries.

The manuscript is organized as follows: The next section describes the existing literature, Section 3
presents the agriculture in different EU countries, Section 4 provides a subtle description of data used
and the methodology on Nonlinear Autoregressive Distributed-lagged (NARDL) modelling, Section 4
outlines the results of the data process and an insight in the implications of those results, while the last
section concludes.
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2. Literature Review

The economic growth–environmental degradation relationship as synopsized in the
environmental Kuznets curve (ECK) hypothesis has been a subject of extended study within the
last couple of decades. Different methodologies and different indexes for environmental degradation
have impeded the consensus on the validation of the environmental Kuznets curve hypothesis [13–18].
The interaction among environmental degradation and economic performance either in terms of a firm,
a sector or economy has been mostly studied with the use of atmospheric indicators, while literature
on the EKC hypothesis employs land indicators, like water ecosystems, biodiversity indicators,
and freshwater indicators. The majority of the existing literature has argued that an inversed U-shape
exists for the environmental degradation income per capita relationship, the steepness of which
is mostly affected by income elasticity, scale, composition and technique effects, and international
trade [19] (Sarkodie and Strezov 2019).

The majority of the empirical studies are based on the carbon emissions, since global
anthropogenic greenhouse gas emissions are mainly attributed to carbon emissions [19]. Furthermore
the carbon emissions are mostly generated by sectors related to energy use, forestry, agricultural
processes and land use [20]. Regarding the methodologies used, a time series analysis with the
assistance of cointegration linear or nonlinear conflict results was derived [2,13,21–24].

In the case panel data the most widespread methodologies are the Pedroni cointegration technique
and Fully Modified Ordinary Least Squares (FMOLS) that validated the EKC hypothesis for developed
countries [25], On the other hand, Ozcan (2013) [26] rejected the validity of the ECK hypothesis [18],
examine the validity of the EKC hypothesis, with respect to the relationship between economic growth
and environmental sustainability in Africa, while Javid & Sharif (2016) [27] propose an autoregressive
distributed lag (ARDL) cointegration method in order to evaluate the impact of financial development,
per capita real income, square of per capita real income, per capita energy consumption and openness
on the per capita CO2 emissions for Pakistan during 1972–2013. Finally, Culas (2007) [28] propose a
panel data method, which incorporates both cross-sectional and time series data, in order to evaluate
the impact of environmental policies on the EKC relationship for deforestation across Latin American,
African and Asian countries.

Concerning the sector of agriculture, a few works can be mentioned with different econometric
methodologies. For instance, Coderoni and Esposti [29] analyze the long-term relationship between
agricultural GHG emissions and productivity growth in order to assess emissions sustainability
for Italian regional agriculture. Another recent research involved the impact of renewable and
agriculture on greenhouse gas emissions [30]. According to their findings, an increase in renewable
energy and agriculture leads to a decrease in CO2 emissions, while the opposite is validated for the
case of non-renewable energy. Furthermore, in the short-run Granger causality is validated from
non-renewable energy to emissions and to agriculture, from economic growth to agriculture, and
from agriculture to renewable energy in a direct way, implying that sustainable agriculture may
promote renewable energy and decrease carbon emissions [30] (Liu et al., 2017). Another work
on agriculture based on annual data and with ARDL model by Zafeiriou and Azam (2017) and
Zafeiriou et al. (2017) [2,21] concluded that the adoption of environment-friendly farming practices
and crops’ selection does not secure high economic and environmental performance simultaneously,
at least in the short run, for our sample countries. Furthermore, in the long run the existing situation
asks for the modification of the agro–environmental measures adopted to make those two targets
complementary and not mutually exclusive for a farmer. To be more specific, the challenge of climate
change mitigation in the sector of agriculture that remains is to effectively incorporate sustainability
into the agricultural operations, management, research and development [31].

The existing literature as analyzed in the present section, indicate that even though
the environmental Kuznets curve hypothesis is broadly examined in a linear and non-linear
framework, no previous research effort can be found to our knowledge which implements the
nonlinear autoregressive distributed lag (NARDL) cointegration method for evaluating the GHG
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emissions—economic performance relationship for the sector of agriculture. Thus, the present research
effort employs for first time a nonlinear framework with the assistance of an NARDL model in order
to confirm the existence causality and asymmetric effects of a relationship among carbon emissions
and economic performance in EU agriculture.

3. The Agriculture in EU Countries

The purpose of this section is to describe the sector of agriculture for the countries examined in
terms of the degree of mechanization of their agriculture, the percentage of people employed in the
agricultural sector, the antiquity years of agricultural machinery use, and the greening of farming as
reflected in the size of organic agriculture. This section may well provide us with plausible explanations
for the results of the model analyzed in Section 4.

The selection of the countries for our study was based on: (i) the significance of the sector of
agriculture for the economy (proportion to total GDP) (ii) their attitude towards the environmental
friendly practices and (iii) whether they are old or new members of the EU.

3.1. Bulgaria

The first country examined is Bulgaria where only 8.04% of the employed in the agriculture
sector are under the age of 35 years, and 33.59% are over 64 years old. Moreover, the educational
level in Bulgarian agriculture is relatively low. More than half of the employees have primary and
secondary education according to the National Institute of Statistics, and only 3% of farm managers
have agricultural education. The CAP and its implementation in Bulgaria require specific qualifications:
Knowledge in the fields of information technology, management, environmental practices, etc.

The majority of farms are marked by low mechanization. The low level of mechanization,
its absence in some of the farms and the use of old equipment in most cases (over 85% of the used
equipment is older than 10 years) involves the development of primitive, low-productive and inefficient
production, which poses serious constraints to competitiveness. The status of agriculture in Bulgaria,
as analyzed has shown that the future development and transformation of the agricultural sector into a
competitive one has proven to be a highly complex and responsible task [32] (Kagatsume and Todorova
2007). This transformation is a requirement of both European and world markets. The structure of
the agricultural sector that has been established in respect to the amount of utilized agricultural area
(UAA) is abnormal and does not contribute to the development of the agrarian sector in Bulgaria [33]
(Todorova 2016). In 2007, 54.1% of Bulgarian farms in size are smaller than 0.5 ha, and only 0.8 percent
of the farms are over 100 ha in size, i.e., more than half the farms in the country cultivated only
1.5% of the total UAA. This reveals a structure of agriculture in which small farms predominate.
The main reason for the existence of such a structure is the method of land restitution in its real
boundaries which was adopted. The dimensional structure of farms in Bulgaria is the factor which
most greatly restricts the creation of viable farms. The small farms that are prevailing are characterized
by low profitability that cannot attract young people to become involved in agriculture [34] (Nikolova).
The permanent establishment of semi-commercial farms is an inhibitory factor for the formation of
market-oriented farms.

Regarding the size and growth of organic farming in Bulgaria the following can be mentioned;
for the time period 2012–2016, Bulgaria is one of the countries studied, exhibiting a growth in the total
organic area of over 100%. Furthermore, an interesting index for the potential growth in the organic
sectors for the years to come is the area under conversion as a percentage of the total organic area,
which for Bulgaria is equal to 77.5% on of the largest shares recorded for EU countries [35].

3.2. United Kingdom (UK)

In the UK, the Utilised Agricultural Area (UAA) has remained quite stable, as it only lost
63,250 hectares (−0.4%) between the two reference years: It covered 64% of the country’s territory
in 2010, the second highest share reported within the EU-28 after the one recorded in Ireland (71%).
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The average area per holding was quite high (84 ha per farm) in 2010—it actually increased by
about 5 hectares over the period under analysis, hence on average British farms were found to
be the second largest within the EU-28, after Czech farms, which recorded a much larger average
area (152 ha per farm). The number of people regularly working in the agriculture sector decreased
(−18.8%) between 2000 and 2010, as about 97,000 people stopped working on the farms. Therefore,
the labor force in the agricultural sector represented only 1.4% of the active British population in 2010,
one of the lowest shares recorded among the EU Member States. Although the farm animal population
decreased by 15.7% (−2.5 million LSU) for the period studied, the United Kingdom reported a value
(about 13.3 million LSU) that exceeded the highest value respectively recorded within the EU-28 in
2010. Agriculture in UK is considered to be the most mechanized agricultural sector, given the large
size and the increased prosperity of farming (Long. 1963). As for the labor force in this particular sector,
346,000 people were working on British farms in 2016, less than 1% of the total employment. Finally,
the agricultural labor force as measured in annual work units (AWU) does not show a difference in
the decrease, given that figures dropped by 22.3% from 317,280 AWU to 246,650 AWU. A last but
certainly not least issue is the greening of UK agriculture as reflected to the adoption to organic farming.
A downward trend is recorded for the United Kingdom (−16.9%), for the 2012–2016 period. Regarding
the area under conversion as a percentage of the total organic area for the year 2016, the United
Kingdom had a share of less than 10%, one of the smallest for the EU [36].

3.3. Spain

For the case of Spain in the year 2010 there were 989,800 agricultural holdings in Spain, a 23.1%
drop compared to 2000 and much in line with the common trend recorded in most of the EU countries.
In 2010 the UAA in Spain represented 47% of the whole territory; a decrease of 9.2% was reported
when compared to the results of the previous census. In terms of the average size of the agricultural
holdings, an increase of 18% was observed, shifting from an average of 20.3 ha in 2000 to 24.0 ha
in 2010. The overall Spanish livestock, expressed in livestock units (LSU), only changed marginally
and amounted to 14.8 million LSU in 2010, a 1% decrease when compared to 2000. In addition the
employment in agriculture dropped by 8.7% between 2000 and 2010, passing from 2.4 million to
2.2 million. However, the population working in agriculture still represented 9.8% of the economically
active population of Spain in 2010 [1]. According to the FSS 2010 data, there was an average of
0.52 hectares of UAA per inhabitant in Spain. This ratio indicates a decrease (−21%) compared to the
one recorded during the Agricultural census in 2000, when the UAA per inhabitant was 0.66 hectares.
This result is a combination of both a higher population (+14.8%) and a lower UAA (−9.2%). In addition,
Spain represented one of the highest total organic areas not only in 2012 but also in the year 2016,
reaching the figure of 16.9% of the total farming area [37].

3.4. Greece

The agricultural sector in Greece remains an important sector of economic activity and
employment for Greece, with exports of agricultural products accounting for one third of total exports
in Greece. Agriculture contributes to 4.1 percent of GDP and is characterized by small farms and
low capital investment. Greece’s utilized agricultural area is close to 5 million hectares, of which
57 percent is in the plains and 43 percent is in mountainous or semi-mountainous areas. There are
about 150 million olive trees in the country, either in systematic orchards or scattered across the country.
Lower agricultural productivity in Greece, compared to other EU Member States, is correlated to the
smaller average-size of holdings. The economies of scale offered by modern farming practices have
limited impact on the small plots of land typically used in Greece. Regarding the farming systems
adopted in Greece and in particular organic farming presents a downward trend (-25.9%) to the already
small size of the organic areas [38].
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3.5. France

France is a dominant agricultural country in global terms. However officially, the share of
population actively involved in farming is decreasing. On the other hand, new creative methods of
marketing and agritourism have given a boost to the sector. In addition, almost half of farm income in
France is generated by livestock raising, and the rest is contributed by crops. The GDP generated by
agriculture (% of GDP) corresponds to 1.6407% in 2016, based on the World Bank database. In addition,
the utilized agricultural area (UAA), remained quite stable within the last decade since it was only
decreasing by 3.2. Therefore, agricultural land covered 43% of French national territory and was the
largest across the whole EU-27 in 2010 (EU, 2018). Furthermore, the case of France represents one of
the three highest total organic areas not only in 2012 but also in the year 2016, while the size of the
organic area reaches 12.9% of the total farming area for the year 2016 [39].

3.6. Germany

Germany is one of the most important agricultural producers in the EU. To be more specific,
Germany is second only to France in animal production and fourth following France, Italy and Spain,
in vegetable production. In terms of employment, almost 10 percent of all of Germany’s gainfully
employed population work (2005) in the agricultural industry. However, this rate is decreasing due to
modernization of the agricultural process. Furthermore, the agriculture, value added (% of GDP) in
Germany was reported at 0.63432% in 2017 (World Bank data base). Germany is one of the countries
with the highest size of organic area that along with Italy, France and Spain account for more than half
organic land in the EU [40].

Having considered all the aforementioned issues, it would be of interest to examine the
interrelationships among carbon emissions generated by agriculture and agricultural income in
different EU countries with heterogeneity in the economic conditions of each country and also
particularities in the farming systems. The major though common issue is the implementation of the
Common Agricultural Policy and the specific agro–environmental measures as formatted within the
last decade [18,19].

4. Data—Methodology

The present work uses annual data of Greece, France, Spain (all of them being Mediterranean
countries) Bulgaria, a newly entrant country and two old member states with a well-organized farming
sector: Germany and United Kingdom. The data employed were derived by FAOSTAT and the sample
time period runs from 1970 to 2014. Implicitly, the bivariate framework being employed includes
data on; carbon emissions equivalent (CO2t) in thousands of tonnes, generated by agriculture per
1000 hectares of Utilized Agricultural Area (UAA), as proxy for environmental degradation and
the net value added per capita (NVAt) generated by agriculture as proxy for agricultural income.
The methodology employed is the nonlinear ARDL model (non linear cointegration) introduced by
Reference [41] aiming to detect the existence of non linearities and asymmetric effects in the relationship
among the variables studied.

The major advantages of the particular methodology are the estimation simplicity, the greater
flexibility in relaxing the assumptions that the time-series should be integrated of the same order while
it provides the potential to identify with accuracy the absence of cointegration, linear cointegration
and nonlinear cointegration [42].

Prior to the implementation of the nonlinear cointegration (NARDL model) we implemented
a break unit root test. Until now a number of different unit roots has been used such as the
Augmented Dickey Fuller (ADF test), Phillips Perron (PP test), Elliot, Rothenberg, and Stock (ERS test),
Ng and Perron (NP), and Kwiatkowski, Phillips, Schmidt, and Shin (KPSS) tests, with occasionally
conflict results.
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The conflict results may be attributed to the existence of structural change in a time series which
in turn causes bias to the unit root test results. Due to this observation, a large quantity of literature
has been developed outlining various unit root tests that remain valid in the presence of a break [43].

In the present manuscript we employ a modified augmented Dickey-Fuller test allowing for
levels and trends that differ across a single break date [44,45]. Different types of the aforementioned
methodologies were used and the results are provided in the results’ section.

In most studies, when causality and linear cointegration confirm that the dependent variable is
expected to respond in a symmetric way to increases and decreases of the independent variable we
employ the linear unrestricted Error Correction Model as provided by Equation (1).

ΔCemt = μ + ρCemCO2t−1 + ρxYt−1 +
p−1

∑
i=1

aiΔCO2t−1 +
q−1

∑
i=0

βiΔYt−1 + εt (1)

In the present manuscript this is not the case and therefore we employ the NARDL model
through which cointegration non linearities and causality are simultaneously detected. For that
reason, a decomposition of the net value added (NVAt) into its positive and negative partial sums was
preceded, while the generated sums are provided by the following equations;

NVA+
t =

t

∑
j=1

ΔNVA+
j =

t

∑
j=1

max
(
ΔNVAj, 0

)
and Y−

t =
t

∑
j=1

ΔNVA−
j =

t

∑
j=1

min(ΔNVAj, 0)

Therefore, the Error correction Model is taking the following form when partial sums of the
exogenous variable are taken into consideration.

ΔCemt = μ + ρCemCemt−1 + θ+NVA+
t−1 + θ−NVA−

t−1 +
p−1
∑

i=1
aiΔCemt−1 +

q−1
∑

i=0

(
ω+

iΔYNVA+
t−1 + ω−

iΔNVA−
t−1

)
+ εt (2)

The superscripts (+) and (−) in Equation (2) stand for the positive and negative partial sums
decomposition as defined above.

The symbols p and q denote the respective lag orders for the dependent variable and the exogenous
variable in the distributed lag part, respectively. In particular, the long-run symmetry can be tested by
using a Wald test of the null hypothesis that

θ+ = θ−

Computing the positive and negative long-run coefficients as follows:

LNVA+ = − θ+

ρCem LNVA−
= − θ−

ρCem

The short-run adjustments to the positive and negative shocks affecting the level of the carbon
emissions generated by agriculture, are captured by the aforementioned parameters respectively.

The long run (LR) and the short run (SR) symmetry can both be tested by using a Wald test,
while the short-run adjustments to the positive and negative shocks affecting the dependent variable,
are captured by the parameters ω+

i and ω−
i respectively.

Finally, the traditional (linear) ECM as mentioned above can be used if both null hypotheses of
short-run and long-run symmetry cannot be rejected.

The rejection of either the long-run, or the short-run symmetry will lead to the estimation of a
cointegrating NARDL model with SR & LR asymmetry as follows:

ΔCemt = μ + ρCemCemt−1 + ρyYt−1 +
p−1
∑

i=1
aiΔCemt−1 +

q−1
∑

i=0

(
ω+

iΔNVA+
t−1 + ω−

iΔNVA−
t−1

)
+ εt (3)
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ΔCem2t = μ + ρCO2Cemt−1 + θ+YNVA+
t−1 + θ−NVAt−1 +

p−1
∑

i=1
aiΔCemt−1 +

q−1
∑

i=0
(ωiΔNVAt−1) + εt (4)

In short, the NARDL model may estimate the short-run dynamics through the distributed lag
part and the long-run dynamics through a single cointegrating vector. Asymmetries can be captured
not only in the short run but also in the long run. And last but not least the cointegration test that
applies to the unrestricted model is an F-test on the joint hypothesis that the coefficients of the lagged
level variables are jointly equal to zero [46].

5. Results and Discussion

The first step in our effort to study the relationship among carbon emissions equivalent and per
capita agricultural income is to exclude the existence of I(2) and higher degree of integration variables
for each individual country in order to proceed to the second step. The results are provided in Table 1.

Table 1. Results of breakpoint ADF unit root test.

Variables Trend/Break Specification T—Statistic Critical Values (5%) Break Date

Bulgaria

cembul Both/trend −2.446296 −4.524826 2006
NVAbul Intercept/intercept −1.444585 −4.193627 1991

France

cemfr Both/Both −3.653095 4.616123 1985
NVAFR Both/Both −4.270830 4.616123 1999

Greece

cemgr Both/Both −4.183147 4.616123 1985
NVAGR Both/Intercept −2.906720 −4.859812 1987

Spain

cemsp Both/Intercept −4.603551 −4.859812 2007
NVASP Both/Intercept −4.291036 −4.859812 1988

Germany

CEEGER Both/Intercept −4.439 −4.8598 1991
NVAGER Intercept/Intercept −3.509 −4.443649 1985

United Kingdom

CEEuk Intercept/Intercept −2.976 −4.443649 1999
NVAUK Intercept/Intercept −3.486451 −4.443649 1986

Bulgaria

Δcembul Both/trend −4.832198 ** −4.524826 1993
ΔNVAbul Intercept/Intercept −10.19594 *** −4.734858 1990

France

Δcemfr Both/Both −7.047084 *** 4.616123 1987
ΔNVAFR Both/Both −7.173298 *** 4.616123 1995

Greece

Δcemgr Both/Both −4.993328 ** 4.616123 2009
ΔNVAGR Both/Intercept −6.880485 ** −4.859812 2003

Spain

Δcemsp Both/Intercept −9.868212 *** −4.859812 2005
ΔNVASP Both/Intercept −5.787173 *** −4.859812 2003

Germany

ΔcemGER Both/Intercept −6.368473 *** −4.859812 1992
ΔNVAGER Both/Intercept −7.557033 *** −4.443649 2011

United Kingdom

Δcemuk Intercept/Intercept −6.186 *** −4.443649 1996
ΔNVAUK Both/Intercept −7.545339 *** −4.443649 2009

** denotes reject of unit root hypothesis in 5% level of significance; *** denotes reject of unit root hypothesis in 1%
level of significance.

According to the results derived all the time series surveyed are I(1) implicitly non stationary
in levels but stationary at first differences. The particular result provides us with the potential to
implement the NARDL methodology provided the non validation of the time series employed as I(2).

Another issue to be discussed concerning the results illustrated in Table 1 involves the breaks
validated for the variables studied. To be more specific, for the case of carbon emissions equivalent
and for the countries studied including Bulgaria, France, Greece, Spain, and United Kingdom the
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break was validated for the following dates; 2006, 1985, 1985, 2007, 1991, 1999 respectively. For the
case of carbon emissions the existence of the structural breaks may well be attributed either to Kyoto
Protocol, Paris agreement and efforts organized aiming at climate change mitigation. On the other
hand and regarding the net value added for the sector of agriculture, the indicated break dates for
the aforementioned countries are the following ones respectively; 1991, 1999, 1987, 1988, 1985, 1986.
The most common factor for the existence of the validated structural breaks and in particular for the
variable of the agricultural income involve Cap reform either in 1990 or Agenda 2000, while the small
changes may be attributed either to news dissemination or as a subsequent result. Furthermore, as
country specific conditions, for the case of UK the foot-and-mouth disease (1985) can be mentioned, as
well the changes in the political situation in Bulgaria (1991).

In addition, it is interesting to make a thorough analysis to the break date confirmed by the break
unit root tests as provided in Table 1.

The next step in our analysis includes testing the existence on long or short run asymmetries in
the behavior of the relationship among carbon emissions equivalent generated by agriculture and
agricultural income.

The results of confirmation regarding the long run and short run asymmetry with the assistance
of the Wald test for all the sample countries are provided in Table 2.

Table 2. Results of the long run and short run symmetry tests for the sample EU countries (carbon
emissions as dependent variable).

Pair of Variables Long Run WLR Short Run WSR Conclusion

Cembul–NVABUL/cap 2.019015 * (0.0522) 1.729280 * (0.0952) NARDL with LR and SR asymmetry

Cemfr–NVAFRL/cap 8.634360 ** (0.0004) 9.645271 ** (0.0001) NARDL with LR and SR asymmetry

Cemgr–NVAGR/cap −1.638810 (0.1186) −2.806545 **(0.0121) NARDL with LR symmetry and SR asymmetry

Cemsp–NVASP/cap 1.987999 * (0.0596) −1.996244 * (0.0574) NARDL with LR and SR asymmetry

CEEGER–NVAGER/cap −3.083814 ** (0.0071) 3.084209 ** (0.0071) NARDL with LR and SR asymmetry

CEEUK–NVAUKP/cap 1.9527 * (0.098) 7.166741 ** (0.0004) NARDL with LR and SR asymmetry

* denotes reject of null hypothesis in 10% level of significance, ** denotes reject of null hypothesis in 1% level of
significance. The parentheses denote the p-values.

The existence of dummy variables in the formation and evolution of the particular relationship
has seemingly played a pivotal role, since a number of events can be recorded such as the entrance of
each individual country to the EU, the fall of ex socialist political institutions as well as changes and
reforms in the Common Agricultural Policy, including among others the greater concern regarding
issues of GHG emissions mitigation (the introduction of agro–environmental policy measures with
a major focus on the adoption of greening farming practice and satisfaction of sustainability criteria,
as well as the extensive use of alternative energy sources in the farming process (including bioenergy
and others).

For all the reasons mentioned above, detecting the existence and validating dummy variables is a
very important step in the methodology process.

In order to detect the existence of the dummy variables, we initially estimate the NARDL model
without using any dummy variables and with the existence of Bai Perron tests, we trace potential
structural breaks. To be more specific, we test the null hypothesis of no breaks against a specific
number of breaks (Bai and Perron 2003). Actually, the particular tests and their simulations’ findings
provide useful tools to the researchers through model selection processes and for the construction of
confidence intervals for the break dates (in case multiple breaks exist) [45].

Initially we have to mention that the NARDL model for the case of Bulgaria validated the role
of structural breaks as pivotal, with the assistance of Bai Perron process. Explicitly, the significance
of impulse dummy variables confirms the impact of events on the formation of agricultural income:
The first dummy variable validated as statistically significant corresponds to a structural break in 1986.
Within that year poor harvests in 1985 and 1986 have been recorded, which in turn have led to grain
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imports of 1.8 and 1.5 million tons, respectively. The second dummy variable 1991 carried through
the privatization of agricultural land may be attributed either to (a) the Assembly of European Fruit
and Vegetable Growing and Horticultural Regions (AREFLH) supported the initiatives in favor of
European regulation or to (b) the development of the renewable energy expansion in 1991. In a similar
way to the other post-socialist regimes in eastern Europe, Bulgaria found the transition to capitalism
more difficult than expected. In the year 2002 the privatization of agricultural land occurred, while in
the same year AREFLH encouraged the initiatives supporting European regulation and in April 2013
the Assembly introduced the first Guidelines of European Practices in Integrated Production.

The major objective of developing sustainable farming is to produce and consume safe and quality
food, and also to use available resources in an environmentally responsible manner, reducing costs,
and minimizing the impact on the environment. It was also to promote the development of renewable
energy expansion, particularly in the years 2008 to 2010. Within this framework in the next Table 3 we
estimated the NARDL model for the agriculture of Bulgaria.

Table 3. NARDL estimation results for Bulgaria.

Dependent Variable D (CemBUL)

Variables Coefficient Standard Error

C 0.721248 *** 0.111285
CemBUL (−1) −0.332101 *** 0.050969

NVA+
BUL (−1) 0.465118 *** 0.147957

NVABUL
− (−1) 0.854085 *** 0.165330

S_2002 0.133215 ** 0.060634
D NVABUL

− 0.594969 *** 0.129314
D CemBUL (−1) 0.544918 *** 0.131120

D NVA+
BUL (−3) 0.411743 ** 0.173579

D_2002 0.133215 ** 0.060634
D NVABUL

− (−4) 0.251278 * 0.122623

WLR 2.019015 * (0.0522)
L+ w 1.40053 *** (0.0000)
L− w 2.5776 *** (0.000)
WSR 1.729280 ** (0.0952)
Pss 49.32123 *** (0.00000)

ARCH 0.947372 (0.3034)
BG 0.801545 (0.6698)

* denotes reject of null hypothesis in 10% level of significance, ** denotes reject of null hypothesis in 5% level of
significance, *** denotes reject of null hypothesis in 1% level of significance, D-year denotes dummy variable, while
S-year denotes seasonal dummy variable. The parentheses denote the p-values.

According to the results derived cointegration among the variables is confirmed, while no
problems of heteroscedasticity or autocorrelation is validated. Finally, the positive sign of the partial
decomposition independent variables is illustrative of a positive impact on carbon emissions generated
by agriculture in case a change (either positive or negative change) in agricultural income occurs.
Asymmetry in the long term as well as in the short term is validated while the sign of the relationship
confirms the non-validity in Kuznets environmental curve.

Regarding France as the second country, being ranked as the European Union’s largest producer
and the second largest exporter has been a strong motivation for the selection of that particular country
in the sample of the present work. However, this competitiveness has been put into peril within the
last decade due to a number of factors, including the following (Faostat and World Bank Statistics):

The dismantling of the Common Agricultural Policy that had a strong impact on French and
European farmers due to a stronger exposure to price volatility; The emergence of large agricultural
powerhouses, such as Brazil, China or India, which have the ability to maintain their prices by social or
environmental dumping; Last but certainly not least, is the loss of competitiveness of French agriculture
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within the European Union, due to fiscal and social harmonization, as well as higher employment
costs in France.

Within this general framework we employed the nonlinear ARDL methodology, the results of
which are provided in Table 4.

Table 4. NARDL estimation results for France.

Dependent Variable D (CemFR)

Coefficient Standard Error

C 1.364 0.341
CEMFR (−1) −0.479 0.123
NVAFR

+ (−1) −0.265 0.0964
NVAFR

− (−1) −0.208 0.106
@TREND −0.0042 0.001

D NVAFR
+ (−5) 0.158 0.087

D NVAFR
− (−7) −0.233 0.101

D NVAFR
+ (−6) 0.189 0.0934

D NVAFR
+ (−4) 0.163 0.090

D NVAFR
− (−5) −0.216 0.120

WLR −2.31 ** (0.0344)
L+ w −0.553 *** (0.000)
L− w −0.434 *** (0.000)
WSR 3.212 *** (0.00370
Pss 53.07 *** (0.00000)

ARCH 0.74 (0.39)
Qlb(12) 8.1809 (0.611)

* denotes reject of null hypothesis in 10% level of significance, ** denotes reject of null hypothesis in 5% level of
significance, *** denotes reject of null hypothesis in 1% level of significance. The parentheses denote the p-values.

According to the results derived, we may see that only the time trend is found to be statistically
significant in terms of time variables, cointegration among the variables surveyed is validated, while
no Arch effects have been detected. An important issue that has to be underlined is that the negative
impact of a change in agricultural income leads to a decrease in carbon emissions. Evidently, this result
is indicative of validity for the Environmental Kuznets curve hypothesis, a result that is in line with
that of Iwata et al. (2010) that also confirmed the validity of EKC for the whole economy taking into
consideration also the role of nuclear energy in carbon emissions mitigation.

Another Mediterranean country that is also used in our sample that has a strong agriculture sector
in terms of the EU is Spain. The estimation results of the NARDL model for the sector of agriculture in
Spain are provided in Table 5.

Cointegration is validated for the data employed and for the case of agriculture according to
our findings a result that is in line with the findings of previous studies on Spain though in terms
of a whole economy. To be more specific previous studies confirmed that per capita GDP and CO2

emissions are non-linearly cointegrated, providing support for the existence of the EKC hypothesis in
Spain [47,48]. Furthermore, no heteroscedasticity or autocorrelation is validated while the impact of
changes in agricultural income leads to a negative sign change in carbon emissions. Also asymmetry is
validated in the long run as well as in the short run.
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Table 5. NARDL estimation results for Spain.

Dependent Variable D (CEESP)

Coefficient Standard Error

C −0.256 *** 0.0665
CEESP (−1) 0.392 *** 0.0776

NVA +SP (−1) −0.267 *** 0.0415
NVA −SP (−1) −0.213 *** 0.058
D CEESP (−1) −0.827 *** 0.125

S_2003 −0.057 ** 0.027
D NVA +SP (−1) 0.186 ** 0.086796

S_1998 0.124 *** 0.031
S_1997 0.064 ** 0.0267

D CEESP (−2) −0.406 *** 0.107
D NVA −SP (−1) 0.402 *** 0.132

D_2007 −0.0532 * 0.0287
D NVA −SP (−5) 0.240 * 0.127

WLR 1.988 * (0.0596)
L+ w −0.680 *** (0.0000)
L− w −0.5430 *** (0.0000)
WSR −1.997 * (0.0574)
Pss 48.67 *** (0.000)

ARCH 0.0059(0.9388)
BG 1.893(0.3882)

* denotes reject of null hypothesis in 10% level of significance, ** denotes reject of null hypothesis in 5% level of
significance, *** denotes reject of null hypothesis in 1% level of significance D-year denotes dummy variable, while
S-year denotes seasonal dummy variable. The parentheses denote the p-values.

Greece is another sample country for which agriculture does play a significant role in the economy,
with changes occurring within the last decades since the tertiary sector including tourism, is becoming
the main contributor to the Greek economy. The results derived for the case of Greece are provided in
Table 6.

Table 6. NARDL estimation results for Greece.

Dependent Variable D (CEEGR) Coefficient Standard Error

C 2.599 *** 0.255
CEEGR (−1) −2.396 *** 0.239
NVAGR (−1) −0.0835 *** 0.019

@TREND −0.0032 *** 0.0009
S_1978 −0.073 *** 0.0124
S_2009 −0.063 *** 0.018

D NVAGR
_ (−6) 0.431 *** 0.05

D NVA −
GR (−1) 0.3271 *** 0.052

D NVAGR
+ (−3) 0.177 *** 0.0278

D NVAGR
+ (−6) −0.1292 ** 0.0587

D CEEGR (−4) 1.029 *** 0.1558
D CEEGR (−1) 1.496 *** 0.192
D CEEGR (−3) 0.945 *** 0.186

D NVA−
GR 0.0804 *** 0.0273

D NVAGR
+ (−4) −0.126 ** 0.051

D NVA− (−4) 0.183 *** 0.0376
D NVA− (−2) 0.232 *** 0.055
D CEEGR (−2) 0.967 *** 0.22

WLR −1.639 (0.119)
L w 0.0349 *** (0.0000)
WSR −2.8065 *** (0.0121)
Pss 167.35 *** (0.000)

ARCH 0.0594 (0.8163)
Qlb(12) 15.823 (0.226)

* denotes reject of null hypothesis in 10% level of significance, ** denotes reject of null hypothesis in 5% level of
significance, *** denotes reject of null hypothesis in 1% level of significance D-year denotes dummy variable, while
S-year denotes seasonal dummy variable. The parentheses denote the p-values.
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According to our findings, for the model estimated, no problems of heteroscedasticity or
autocorrelation have been detected. Furthermore, asymmetry in the short run but not in the long
run is validated for the case of Greece. The initiation of economic crisis in 2009 and the entrance
of Greece in the EU seems to have played a statistically significant role in the formation of the
carbon emissions–agricultural income relationship. Furthermore, a negative relationship among
agricultural income and environmental degradation in terms of carbon emissions equivalent generated
by agriculture is validated, and therefore the aforementioned process does not provide us with clear
results on the validation of the EKC hypothesis.

Last but certainly not least, the sample includes recorded findings for two strong economies:
Germany as an old member in the European Union and the UK which has recently become a
non-member of the EU. Both have strong agricultural sectors that are adopting environmental
friendly practices.

The results for the aforementioned countries Germany and United Kingdom are provided in the
next Tables 7 and 8 respectively.

Table 7. NARDL estimation results for Germany.

Dependent Variable D (CEEGER)

Coefficient Standard Error

C 1.601 *** 0.332
NVA −

GER (−1) −1.031 *** 0.188
NVA +

GER (−1) −0.78 *** 0.155
CEEGER (−1) −0.226 *** 0.060

D_1992 −0.368 *** 0.059
@TREND −0.023 *** 0.006

D CEEGER (−7) −0.136 0.104
D NVA −

GER (−1) 0.298 * 0.151
D CEEGER (−1) 0.113 0.083

D NVA +
GER (−5) 0.464 *** 0.181

D CEEGER (−6) −0.223 0.140
D NVA +

GER (−1) 0.586 ** 0.187
D NVA –

GER (−5) −1.007 *** 0.201
D CEEGER (−5) −0.983 *** 0.174

D NVA −
GER 0.112 ** 0.046

D NVA +
GER (−4) 1.168 *** 0.197

D NVA −
GER (−2) 0.497 ** 0.186

D CEEGER (−3) −0.822 *** 0.141
D NVA −

GER (−6) −1.155 *** 0.274
D_1986 −0.155 ** 0.064

D NVA −
GER (−4) −0.4395 ** 0.176

D_1998 −0.202 ** 0.069
D NVA +

GER (−6) 0.3497 * 0.163
D NVA +

GER (−3) 0.517 ** 0.159
D_2004 0.315 *** 0.059

D NVA +
GER −0.956 *** 0.203

WLR 3.419159 * (0.0644)
L+ w −3.451 *** (0.000)
L− w −4.561 *** (0.000)
WSR 19.404 *** (0.000)
Pss 12.24735 *** (0.0016)

ARCH 5.751 (0.1244)
BG 6.710857 * (0.0763)

* denotes reject of null hypothesis in 10% level of significance, ** denotes reject of null hypothesis in 5% level of
significance, *** denotes reject of null hypothesis in 1% level of significance D-year denotes dummy variable, while
S-year denotes seasonal dummy variable The parentheses denote the p-values.
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Table 8. NARDL Estimation results for the United Kingdom.

Variable Coefficient Std. Error

C 1.386358 ** 0.379667
NVA −

UK (−1) −1.460268 *** 0.311756
NVA +

UK (−1) −0.347307 ** 0.137026
CEEUK (−1) −0.335171 * 0.138687

DCEEUK (−4) 0.522842 ** 0.154422
D_2006 −0.382427 *** 0.077645

DCEEUK (−3) 0.906940 ** 0.155460
D NVA −

UK (−5) 1.804910 *** 0.389180
D NVA +

UK (−8) 0.766567 *** 0.151332
D NVA +

UK (−6) 0.389050 ** 0.128983
D NVA +

UK (−7) −1.550402 *** 0.334756
DCEEUK (−5) 1.279123 *** 0.229187

D NVA +
UK (−1) −1.116430 *** 0.198264

D NVA +
UK 0.399833 ** 0.136188

D_2000 0.636952 *** 0.103028
NVA −

UK (−2) 1.936357 *** 0.366177
DCEEUK (−8) −0.786072 *** 0.179954
NVA −

UK (−4) 4.126965 *** 0.546447
DCEEUK (−1) 0.275924 0.170779

D NVA +
UK (−3) −0.302843 0.238409

D NVA −
UK (−1) 2.853299 *** 0.440836

D NVA −
UK 0.333163 0.200081

D NVA +
UK (−4) −1.309466 *** 0.271996

D_1993 −0.179180 ** 0.066434
D NVA +

UK (−2) 1.61081 *** 0.320704
DCEEUK (−6) −1.366 *** 0.266191

D NVA −
UK (−7) 5.135320 *** 0.776614

D NVA −
UK (−3) 2.338461 *** 0.343106

WLR
L+ w 1.036737 ***(0.000)
L− w 4.358 ***(0.000)
WSR 51.362 ***(0.000)
Pss 69.88 ***(0.000)

ARCH 0.694(0.8746)
BG 3.659 (0.16)

* denotes reject of null hypothesis in 10% level of significance, ** denotes reject of null hypothesis in 5% level of
significance, *** denotes reject of null hypothesis in 1% level of significance D-year denotes dummy variable, while
S-year denotes seasonal dummy variable. The parentheses denote the p-values.

According to the results derived for the case of Germany, nonlinear cointegration among the
variables employed is established and asymmetric adjustment in the long run as well as in the short
run is validated. Finally, no problems of serial correlation or heteroscedasticity have been detected.
Also, for the case of Germany, a number of structural breaks was validated including 1986, 1992, 1998,
2004 as statistically significant.

The last country, United Kingdom was selected as a sample country because it has a highly
mechanized agricultural sector with a stable utilized agricultural area (UAA). Furthermore, the average
size of a UK holding is 81 ha, which is significantly higher than much of the rest of Europe, including
countries such as France and Germany, according to statistics gathered by the EU.

The estimation of NARDL model has provided us with the following results presented in Table 8.
According to the results presented above nonlinear cointegration is validated, with no problems

of serial correlation or heteroscedasticity, asymmetry in the long run as well as in the short run.
Furthermore, the agricultural income evidently affects the carbon emissions in a negative way, that is
an increase in agricultural income leads to a decrease in carbon emissions.
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To synopsize, similar results were derived for all the sample countries with the exception of the
countries of Greece, and Bulgaria. Therefore the NARDL methodology has provided conflict results
regarding the validity of environmental Kuznets curve for all the countries with a well-developed
agricultural sector and medium to high agricultural income.

6. Conclusions

The present manuscript surveys the behavior of carbon emissions equivalent generated by
agriculture as a function of agricultural income per capita for the same sector. According to our
findings, cointegration among the two variables is established in all instances and asymmetric impact
of agricultural income on carbon emissions equivalent (millions of tonnes) per 1000 hectares is validated
in most cases. This particular result provides evidence of a strong relationship among GHG emissions
and agricultural income. Therefore the non-linear relationship and the fact that the impact of positive
and negative changes is not of the same magnitude are validated for our data. With the exception of the
case of Bulgaria, variations in agricultural income result in a decrease of carbon emissions generated
by agriculture. Furthermore, if carbon emissions increase the agricultural income increases at a far
greater margin than if carbon emissions decrease. This particular result is more than evident in the
case of Spain. This result provides us with an indication of a non sustainable agriculture. Furthermore,
another important finding concerns Greece, where carbon emissions decrease more significantly during
negative shocks compared to the positive ones.

The statistical significance of impulse dummy variables is indicative of the impact of CAP reforms
and the adoption of energy policy tools on the formation of agricultural income as well as for GHG
emissions mitigation. Implicitly, in most cases, crucial milestones (CAP reforms) appear to have
had a negative impact on income. However, the effect of EU policies on GHG emissions mitigation
is somewhat mixed, a fact that stresses the need for more effective policy tools in order to secure
sustainable economic growth. In addition, the present survey provided some evidence of the true
relationship among agricultural income and carbon emissions, characterized by the existence of
nonlinearities. Finally, with the result showing that the two variables are highly cointegrated, effective
policy tools may promote the increase of agricultural income along with GHG effect mitigation, if the
complex nature is accounted for a number of issues including; differences among Member States,
different responses in the short run and the long run, asymmetric responses in positive and negative
shocks and many others. However, the measures taken to limit GHG emissions from agricultural sector
may vary in cost-effectiveness and practicality. To be more specific, measures that should be taken in
order to reduce CO2 emissions from soils or to enhance carbon sequestration involve the maintenance
of permanent pasture, conservation tillage, appropriate crop rotation and cover crops [35].

The measures designed in order to be successful must be in line with the Circular Economy
(CE) Package recently adopted by European Union. Therefore, for an environmentally friendly and
sustainable agriculture industry, the measures taken should aim towards the limitation of the resource
use, waste reduction and promotion of sustainable production and consumption [49]. The concept of
a circular economy plays a key role for the sector of agriculture in order to enable the improvement
of environmental quality, economic prosperity and social equity to be accomplished, for current and
future generations. This strategy will assist the agricultural firms to mitigate the GHG effect through
the limitation of negative externalities, securing eco–efficiency [36,50].
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Abstract: Sustainability constitutes a broad discipline that focuses on the social, economic and
environmental impact of human activities. Many policies and strategies have been developed for
the pursuit of environmental sustainability and the guidance to a green society. Many enterprises
have taken meaningful steps to improve their own environmental performance through corporate
sustainability and environmental management. Environmental management contributes to significant
improvements to environmental performance of the enterprises. This paper aims to evaluate the
Renewable Energy Enterprises performance in the Internet in Thessaloniki Prefecture regarding the
characteristics of sustainability using Multi-criteria Decision Analysis. TOPSIS method was used to
provide a ranking of the Renewable Energy Enterprises according to their sustainability and finally
conclude to a benchmark. According to the results of the research, the Renewable Energy Enterprises
achieve a good level of sustainability but not the optimum. However, the entrepreneurs should
adopt modern environmental policy, sustainable marketing, green network framework and certified
environmental management system in order to consider their enterprise sustainable.

Keywords: Renewable Energy Enterprises; sustainability; Internet; benchmark

1. Introduction

Sustainability-related issues address many significant topics such as environment, energy, ecology,
management, marketing, economics, research and development, transportation [1]. Sustainability
science is situated as a science in which the societal values form the scientific agenda and at the
same time, it provides both theoretical and practical knowledge to the society [2]. The vital role of
environmental sustainability excellences is recognized as the organizations that belong to the third
sector (such as the business world, public administration and civil society) have already adopted
technical solutions against this background and which are behavioural examples of guidance to the
green society [3,4]. Sustainability science has received far and away the most attention worldwide,
due to the growing environmental problems and socioeconomic inequity, concluding to the current
Global Economy Model (GEM), which emphasized profits [5]. Studies regarding the transdisciplinary
collaboration indicate that there is progress in linking and incorporating the knowledge with action to
support the sustainable use of natural resources, the climate change adaptation, the research agenda,
decision making and the governance [6–12].

The proliferation of environmental sustainability-related policies during the last decades
introduced a great interest in their functioning as tools of governance and their role in influencing
environmental outcomes [13]. Sustainability issues are characterized as wicked problems that require
cooperation among different parties in order to be defined and addressed [14]. Corporate sustainability
has gone mainstream as many enterprises have already taken meaningful and important steps to
enhance their own environmental performance. But while Corporate Political Actions (APC) such as
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lobbying can make a greater impact on environmental quality, they are frequently disregarded in most
sustainability metrics and indices [15]. Whether forced by the concern for society and the environment,
government regulation, stakeholder pressures, or economic profit, managers and strategists should
continue to make important changes to achieve more efficient management of their socio-economic
and environmental impacts—and to stay up to speed with the emerging market [16].

The ecologically sensitive corporate orientation sometimes referred to as the ‘green’ strategy,
can originate with an enterprise’s estimation of present-day production and marketing practices
and adapting behaviour to indicate to a high level of environmental awareness [17]. A sustainable
champion is defined as “the enterprise that has taken the lead in reducing the environmental impact
of its activities, usually at levels beyond regulatory compliance and has achieved recognition as
being ‘green’ compared with its competitors” [18,19]. The modern economic growth introduces
new methods of organization and management, not only on national level but also on the levels of
different economic entities, as well as on the replacement of the cumbersome technologies with the
eco-friendly ones [20,21]. Sustainability innovations—new services or goods serving environmental
and socio-economic goals [22–24]—constitute a critical attribute for many sectors (such as solar cell
technology, electric cars, biofuels, biotechnology, bio-based plastics, wind-farms) but also provoke
great uncertainty and ambiguity to the entrepreneurs and the intrapreneurs [25].

Many programs and initiatives have been established to help Small and Medium Enterprises
(SMEs) to enhance their environmental performance, such as the Environmental Compliance
Assistance Program for SMEs (ECAP) and the Green Action Plan (GAP), because SMEs seem to
face more difficulties to conceive and implement environmental regulation [26,27]. Renewable energy
support policies include research grants, development and demonstration projects, tax incentives
for investment, fiscal and financial incentives and price-based and quantity-based policies such as
feed-in tariffs, feed-in premiums, net metering, Renewable Energy Certificates (RECs), Renewable
Portfolio Standards (RPSs) and competitive procurement for goods and services [28]. European Energy
Industry is in the process of great revolution, which brings green power closer and can define its
profiles for years to come [29]. Increasing the energy efficiency of large enterprises and SMEs plays a
vital role in mitigating climate change [30], which is reflected in the EU energy efficiency target of 30%
2030 (Directive 2012/27/EU).

Energy enterprises ought to assume responsibility for improving the environment, beginning with
the most fundamental practices such as minimizing, restoring and repairing the damaged environment
in a timely fashion [31]. According to Bloomberg [32], investments in the sector of renewable energy
declined by 8% in developed economies, while increased by 19% in developing economies [33].

There is a need to build a greener future, where technology, Internet of Things (IoT) and the
economy will be replaced with green technology, green IoT and the green economy, respectively,
which follows from a whole world of possible remarkable improvements of human welfare and
therefore, supports the development of a smarter world [34]. ICT (Information and Communication
Technology) integration and eco-innovation contribute not only to the main body of knowledge on
sustainable marketing but also to the application of sustainable marketing amongst enterprises in
developing economies [35]. Green ICT gains significant interest and it is considered as an important
issue for the forthcoming years, while the enterprises are trying to compete with each other in how
much “green” they are [36,37]. These modern green technologies provide significant opportunities for
the people to advance in all areas [38]. Enterprises have been adapting their goods and services
be more environmentally friendly [39,40]. Internet enables the collaboration with a variety of
different enterprises, helping them to get sustainable competitive advantages in the global economic
environment [41]. In particular, Internet is an effective channel for promoting an enterprise’s green
initiatives directly to consumers [42].

Nowadays, scientists, policymakers, managers and entrepreneurs are trying to find out how
to turn IoT into reality and touch every aspect of our lives, since many technological constraints
(such as standardization, interoperability, privacy and security issues, heterogeneity and data
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deluge) complicate the development of an IoT network and the transition to a smarter future [43].
The performance of a renewable energy enterprise through the Internet is totally affected by the
sustainability awareness of the enterprise. According to a recent study [44], organizational agility
affects positively the green performance of the enterprise, which positively affects customer satisfaction
and organizational innovation. Furthermore, it is pointed out that the strong market orientation
of an enterprise is an essential factor for high environmental performance of the enterprise [45].
The application of collaborative governance contributes to the achievement of sustainable benefits
for the enterprise (e.g., creating technology legitimacy for sustainability, preventing food waste and
enhancing environmental performance and compliance) [46]. The incorporation of sustainability into
business practices through the implementation of sustainability programs lead to higher economic
profit through eco-friendly innovative products [47].

For the purpose of this benchmarking study, we assess the Internet performance of the Renewable
Energy SMEs in the Internet located in Thessaloniki Prefecture regarding their characteristics of
sustainability Multi-criteria Decision Analysis. TOPSIS method was applied for the ranking of the
Renewable Energy SMEs according to their sustainability and finally conclude to a benchmark.

2. Materials and Methods

The Internet presences of the Renewable Energy SMEs in Thessaloniki Prefecture are retrieved
from the Internet through large-scale hyper textual search engines (such as “Google” “Yahoo” and
“Bing”) and thematic search engines from June to August 2018.

As for the characteristics of sustainability that were examined, they are suggested by Kernel [48]
and Andreopoulou et al. [4] to evaluate the sustainability of an enterprise. However, only 8 of these
characteristics of sustainability were selected to study in order to describe the current situation in
Thessaloniki Prefecture (Table 1). Each characteristic is represented by a variable Xi. The first step was
to implement quantitative analysis through a 2-dimentional table in order to examine the presence or
absence of these criteria. The value of 0 and the value 1 were attributed to the variables X1, X2, X3, X4,
X5, X6, X7 and X8 for the non-existence and the existence of each characteristic respectively.

Table 1. Characteristics of sustainability.

Characteristic Variable

Make environmental policy X1
Eco-friendly tips X2

Develop green shopping policy X3
Information on green services and activities X4

Involvement in local green networks X5
Green success stories X6

Implement certified environmental management system compatible with ISO or EMAS X7
Make a review of important environmental impacts X8

Variable X1 refers to the environmental policy of the enterprise as it is an important channel to
market the environmental advances of the enterprises, while environmental advances constitute a
concrete manifestation for enterprises including the integration of environmental regulation and social
responsibility principles [49]. Variable X2 is associated with the provision of eco-friendly guidelines
and tips for sustainable living to online visitors (such as investment in eco-friendly technology, 3R
policy—reduce reuse and recycle, building insulation), while variable X3 represents the development
of green shopping policy (e.g., provide online shopping, sell electrical appliances with Grade 1 Energy
Efficiency Label and saving energy, sell products with minimal packaging, reuse the packaging
materials). Variable X4 refers to the provision of information on green services and activities and
variable X5 refers to the involvement of the enterprise in local green entrepreneurial networks aiming to
increase the effectiveness of their business activities regarding the environmental protection. Variable
X6 represents the list of successful examples of sustainable applications in order to give inspiration
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and ideas. Variable X7 is associated with the adoption of the most robust environmental management
tool EMAS and the compliance with the ISO requirements, while variable X8 deals with the existence
of reviews using indicators and important environmental impacts such as impacts on climate change,
acidification, ozone depletion, air pollution, chemical pollution, freshwater use, forest resources and
so forth.

Since the characteristics of sustainability are partially or completely incompatible and by
nature very distinct and measures in different units, the evaluations of subjective probabilities,
the multi-criteria decision analysis (MCDA) is the method that fits better in evaluating sustainability of
management model [50]. TOPSIS method, which was developed by Hwang and Yoon [51], is a broadly
used multi-criteria method for improving the decision-making process. By using TOPSIS method,
the decision-maker solves selection/evaluation problem because it is based on a sound logic, which
represents the rational of human choice [52].

The main idea of TOPSIS method comes from the concept that the selected alternative should be
closer to the Positive Ideal Solution (PIS) and further from the Negative Ideal Solution (NIS) [53–55].
PIS is called the solution that maximizes the benefit criteria and minimizes the cost criteria, whereas
NIS is the solution that minimizes the benefit criteria and maximizes the cost criteria [56]. Although,
two “reference” points are introduced in that method, the relative importance of the distances from
these two points is not taken into consideration [57]. To sum up, the alternative optimal solution is
the alternative with the minimum distance from the PIS and the maximum distance from the NIS [56].
The weights of criteria weights in the TOPSIS method are defined a priori [58]. Even though TOPSIS
uses crisp numerical values to present the performance rating of alternatives and the criteria weights,
the preferences of the decision makers are often abstract and cannot be represented in this way in
reality [59]. Alternatives are ranked according to the value of their Closeness Coefficient (CC) in
decreasing order, which is calculated regarding the distance of the respective alternative from both PIS
and NIS [55]. CC takes a value between 0 and 1.

The procedure of TOPSIS method includes the following steps [60]:

• construction of normalized decision matrix
• construction of weighted normalized decision matrix
• selection of the PIS and NIS
• computation of separation measures and CC
• ranking of the alternatives.

TOPSIS method uses all the attribute information, presents the total ranking of the alternatives,
while the given attribute preferences may be either dependent or independent [61–64]. TOPSIS
method was applied in this case because it is the best-developed method in this field of multicriteria
decision-making problems with simple computation process and high flexibility [65]. Furthermore,
there are the following four main reasons [66,67]: (a) TOPSIS logic is rational and understandable;
(b) the computation processes are straightforward; (c) this approach presents the best alternatives for
each criterion through a mathematical formula; (d) the weights of the criteria are integrated into the
procedures for comparison. In this case study, the weight of the criteria is the same (0.125).

3. Results

3.1. Statistics

The research on the Internet about the Renewable Energy SMEs in Thessaloniki Prefecture resulted
in the retrieve of 23 Internet presences. In particular the internet research results are presented in
Table A1. The achievement of each one of the characteristics of sustainability is presented in Figure 1.
Almost all the Renewable Energy SMEs (91%) fulfil the fourth characteristic of sustainability regarding
the provision of information on their green services and activities (X4). Many SMEs provide a thematic
about eco-friendly tips (X2) and their green success stories (X6) (48% and 61% respectively) while the
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65% of them develops green shopping policy (X3). Only the 26% is involved in local green networks
(X5) and the 30% implements certified environmental management system (X7).

 

Figure 1. Achievement of the characteristics of sustainability.

Based on the application of the TOPSIS method, the total ranking of the Renewable Energy
SMEs in Thessaloniki Prefecture according to their characteristics of sustainability retrieved from their
Internet presence is presented in Table 2. The CC is estimated for each enterprise and it is used for
the total ranking, as each enterprise with a higher CC is considered superior in ranking. According
to these findings, the values estimated for CC present a spectrum of values between 0.19736 and
0.66281 and that indicates a great difference between the first and the last case in the ranking of
the enterprises. The Renewable Energy SME with the best CC (REEnt_6) shows compliance with
the legislation about environmental policy (X1) (e.g., process control through standard operating
procedures, environmental impact assessment of new projects, development and maintenance of
constructive relationships with administration and local authorities, development of emergency
response plan, environmental assessment policy and assessment of the environmental awareness of the
suppliers), develops green shopping policy (X3) through selling energy-efficient appliances, provides
information on green services (X4), describes some green success stories—case studies regarding the
renewable energy development (X6), implements certified environmental management system ISO
14001:2015 (X7) and provides Environmental Impact Assessment Review (X8). This enterprise can
be used as a benchmark for the rest enterprises with lower CC. On the other side, the website of the
Renewable Energy Enterprise with the worst CC (REEnt_14) provides only an overview of green
success stories regarding the construction of solar parks.

The enterprises are further classified in two groups according to their ranking in order to present
their level of sustainability. The average CC of the case is 0.3658. So, 12 enterprises belong to the group
of “high sustainability” with average CC 0.4634 and the rest of the cases (11) belong to the group of
“low sustainability” with average CC 0.2594. The averages of these two groups that were selected
independently of each other was examined by using t-test for Independent Samples (with two options)
in order to verify whether those group averages differ enough to believe that the enterprises from
which they were selected have different averages. According to the results, there is clear differentiation
between these two groups, as we reject the null hypothesis and accept the alternative one (Table 3).
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Table 2. Total ranking of the Renewable Energy small medium enterprises (SMEs) according to their
characteristics of sustainability.

Renewable Energy
Enterprises

Number of Achieved
Characteristics

di+ di− CCi

1 REEnt_6 6/8 0.06344 0.1247 0.66281
2 REEnt_19 6/8 0.07906 0.11543 0.59352
3 REEnt_9 6/8 0.08626 0.11016 0.56084
4 REEnt_21 4/8 0.10529 0.09214 0.46668
5 REEnt_13 5/8 0.10704 0.09009 0.45701
6 REEnt_23 4/8 0.10708 0.09006 0.45683
7 REEnt_7 5/8 0.10739 0.08968 0.45507
8 REEnt_2 4/8 0.11732 0.07623 0.39383
8 REEnt_11 4/8 0.11732 0.07623 0.39383
9 REEnt_1 4/8 0.12017 0.07165 0.37353
9 REEnt_3 4/8 0.12017 0.07165 0.37353
9 REEnt_20 4/8 0.12017 0.07165 0.37353
10 REEnt_17 3/8 0.12765 0.05728 0.30972
10 REEnt_18 3/8 0.12765 0.05728 0.30972
11 REEnt_15 3/8 0.12913 0.05387 0.29437
12 REEnt_12 2/8 0.13082 0.04962 0.275
13 REEnt_16 2/8 0.13195 0.04652 0.26068
14 REEnt_8 2/8 0.1331 0.04313 0.24474
15 REEnt_4 2/8 0.13338 0.04226 0.2406
15 REEnt_5 2/8 0.13338 0.04226 0.2406
15 REEnt_10 2/8 0.13338 0.04226 0.2406
15 REEnt_22 2/8 0.13338 0.04226 0.2406
16 REEnt_14 1/8 0.13586 0.03341 0.19736

Table 3. T-test for the values of closeness coefficient (CC) in Renewable Energy small medium
enterprises (SMEs) in Thessaloniki Prefecture.

Levene’s Test for Equality of Variances t-Test for Equality of Means

Sig. Sig. (2-Tailed) Mean Difference

Equal variances assumed 0.642 0.028 −0.319
Equal variances not assumed 0.642 0.028 −0.319

3.2. Benchmarking the Sustainable Renewable Energy SMEs

According to the results of the research, the Renewable Energy SMEs achieve a good level of
sustainability but not the optimum, as none of them achieve all the characteristics of sustainability.
However, the entrepreneurs that are interested in integrating sustainable development at their
enterprise level should integrate the main characteristics (Figure 2):

• modern environmental policy
• sustainable marketing
• green network framework
• certified environmental management system

While environmental management standards and frameworks provide a variety of effective tools
for bringing significant improvements to the environmental performance of the enterprises, they are
limited on developing environmental policies, strategies and procedures [68,69]. Hansmann and
Claudia [70] highlighted that the fact that an entrepreneur can successfully address the environmental
challenges, it indicates that he can successfully create competitive advantages to add massive value
to his products or services [71]. For example, Arnold and Hockerts [72] studied the corporate
sustainability innovation strategy of Royal Philips and present some of the sustainability-oriented
approaches in the enterprise such as the provision of information regarding sustainability issues, the
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adoption of sustainability and integrating reporting, the stake-holder integration in environmental
issues and the ISO 14001 certification of all parties [73].

Figure 2. Benchmarking the sustainable Renewable Energy SMEs.

4. Discussion

Environmental sustainability constitutes an important goal in public policies as natural resources
are continually eliminated and for this reason governments implement strategic management in
order to keep their use within sustainable limits [74,75]. Within this framework, the objectives of
corporate sustainability are both socio-economic and environmental and although they may appear to
be independent by their nature, they are “inextricably connected and internally interdependent” [76,77].
Recognizing the need to achieve sustainable development, various favourable policies and strategies
for the renewable energy industry have been developed, funding has increased and therefore,
the enterprises that promote renewable energy, which are continually mushrooming [78]. In order
to address the challenges of sustainability, renewable energy resources and environmental strategy,
entrepreneurs should evaluate their technological needs and develop a creative strategy in their
marketing plan in order to remain competitive and keep a steady pace with the growing sophistication
of eco-friendly products and services [79].

The Renewable Energy SMEs performance in the Internet in Thessaloniki Prefecture were
studied and analysed regarding their characteristics of sustainability using TOPSIS method. As for
the fulfilment of the characteristics of sustainability, most of the Renewable Energy SMEs provide
information on their green services and activities and thematic tabs about eco-friendly tips and their
green success stories. Also, most of them develop green shopping policy. CC presents values between
0.19736 and 0.66281 and that indicates a great difference between the first and the last enterprise in the
ranking. The Renewable Energy SMEs that present “high sustainability” can be used as benchmarks for
the enterprises that have been characterized by “low sustainability.” The Renewable Energy SME with
the best CC makes environmental policy, develops green shopping policy, provides information on
green services, describes some green success stories, implements certified environmental management
system and makes a review of important environmental impacts.

According to the results of the research, the Renewable Energy SMEs achieve a good level of
sustainability through their Internet performance but not the optimum. Chang and Cheng [80] confirm
that unlike large enterprises, small and medium-sized enterprises have considerable difficulty in
achieving sustainable enterprises. It has to be mentioned that in some cases, the choice of market may
constitute the main explanation for differences in sustainable development rate at enterprise rate [81].

63



Sustainability 2018, 10, 4187

However, the entrepreneurs should adopt modern environmental policy, sustainable marketing,
green network framework and certified environmental management system in order to consider
their enterprise sustainable. Caldera et al. [82] also include risk profiling and ongoing education
and awareness in the sustainable business characteristics that enable the enterprises to identify
performance improvement opportunities for sustainability transformation. Hao et al. [83] highlight
that high-level managerial skills are essential for the entrepreneurs to developing path and practices
towards sustainable entrepreneurship internally and also high-level technical skills are essential to
integrating new emerging technologies and sustainable characteristics externally.

This research provides the entrepreneurs with an overview on the level of sustainability of the
Renewable Energy SMEs. The results can be an efficient tool for entrepreneurs while enhancing
the profile of their sustainable enterprise. Undoubtedly, the level of sustainability of an enterprise
constitutes a significant characteristic for the awakened customers. Although the paper does not study
in detail any particular characteristic, it constitutes a good starting point for entrepreneurs in this
sector to get familiarized with the most frequently implemented sustainability management tools.
However, the findings provide an overview of the current situation in the second-largest city in Greece,
which makes the results less generalizable. So, a future extend in this process would be to search the
Renewable Energy Enterprises in the Internet located in the rest of Greece, proceed with a comparison
study and conclude to a sustainable benchmark as a tool for continuous sustainable improvement.
Finally, some other characteristics could be studied such as life cycle assessment, environmental
accounting, organic labels, ecomapping and so forth. that influence the sustainable performance of an
enterprise, too.
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Appendix A

Table A1. Internet research results.

X1 X2 X3 X4 X5 X6 X7 X8

REEnt_1 0 0 1 1 0 1 1 0
REEnt_2 0 1 1 1 1 0 0 0
REEnt_3 0 0 1 1 0 1 1 0
REEnt_4 0 0 1 1 0 0 0 0
REEnt_5 0 0 1 1 0 0 0 0
REEnt_6 1 0 1 1 0 1 1 1
REEnt_7 0 1 1 1 1 0 1 0
REEnt_8 0 0 0 1 0 1 0 0
REEnt_9 0 1 1 1 1 1 0 1
REEnt_10 0 0 1 1 0 0 0 0
REEnt_11 0 1 1 1 1 0 0 0
REEnt_12 0 1 1 0 0 0 0 0
REEnt_13 0 1 0 1 1 1 1 0
REEnt_14 0 0 0 0 0 1 0 0
REEnt_15 0 0 1 1 0 1 0 0
REEnt_16 0 1 0 1 0 0 0 0
REEnt_17 0 1 0 1 0 1 0 0
REEnt_18 0 1 0 1 0 1 0 0
REEnt_19 0 1 0 1 1 1 1 1
REEnt_20 0 0 1 1 0 1 1 0
REEnt_21 1 1 0 1 0 1 0 0
REEnt_22 0 0 1 1 0 0 0 0
REEnt_23 1 0 1 1 0 1 0 0
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iwona.ocetkiewicz@up.krakow.pl

2 Faculty of Philosophy, Jesuit University Ignatianum in Krakow, Mikołaja Kopernika 26, 31-501 Kraków,
Poland; katarzynaws@interia.pl

* Correspondence: anna.mroz@up.krakow.pl

Received: 30 September 2018; Accepted: 29 November 2018; Published: 3 December 2018

Abstract: Properly planned and effectively implemented education provides an opportunity to
change human behavior, which in turn may lead to an improved quality of life worldwide, including
by means of realizing a cleaner environment. This article presents the results of research on the
integration of environmental protection issues into curricula by Polish teachers. It was assumed that
the environmental protection issues included the challenges related to the sustainable management
of natural resources. The sample consisted of 337 teachers of general subjects who were employed in
schools in the Małopolska region (southern Poland) and working with students in lower-secondary
(13–16 years old) and upper-secondary (16–20 years old) schools. The results of the research show that
many teachers know how to integrate environmental protection issues into their curricula. However,
there are still many teachers who ignore key issues in the education of sustainable development in
their teaching process.

Keywords: education for sustainable development; environmental protection; curriculum; teacher;
renewable resources

1. Introduction

1.1. EnvironmentalProtection in the Educational Context

The second half of the 20th century and beginning of the 21st is undoubtedly a time of
great ecological crisis, the results of which may be disastrous for present and future generations.
Uncontrolled globalization and the introduction of new technologies, many of which have forever
changed the methods of manufacturing basic goods and services, have resulted in the destruction of
ecosystems and the degradation of the natural environment, threatening life on Earth. The massive
consumption of fossil fuels has caused visible damage to the environment in various forms.
Approximately 90% of the energy we consume comes from fossil fuels [1]. One of the causes of
this dangerous ecological crisis is the overexploitation of natural resources and the neglect of the needs
of the natural environment. This is why perhaps the most important issue of our time is how to sustain
our planet’s resources while still developing the wealth and well-being of a growing population [2].

Often, the behaviors which lead to environmental damage are the result of human ignorance
which, in turn, is a consequence of the lack of well-planned and effective education in the area
of environmental protection (involving, first of all, the responsible use of natural resources and
sustainable management of renewable energy resources). An attempt to compensate for this is a
worldwide sustainable development concept which originates from concerns about the future world
and the desire for better conditions for future generations. As an idea, sustainable development had
already been espoused in the World Conservation Strategy (WCS), a document produced in 1980 by
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the International Union for the Conservation of Nature, World Wildlife Fund (now the Worldwide
Fund for Nature) and the United Nations Environmental Programme [3]. The idea of sustainable
development is promoted and supported by education for sustainable development, also called education
for sustainability, environmental education, and sustainability education. Implementation of its principles
in a didactic process should, first of all, ensure the harmonious (understood as undelayed, applied
correctly and at the right time in all spheres of development) development of students and enable
them to face new challenges in the future. According to the sustainable development paradigm,
a well-designed education process shapes key competencies which will allow students to develop
harmoniously, function actively in the present, as well as make responsible decisions and support the
sustainable development of society in the future.

Education is an important element of the enhancement of pupils’ environmental awareness.
This is because education plays an important role in shaping and transforming society [4]. The concept
of education for sustainable development (ESD) was outlined in the Agenda 21 document created during
the Earth Summit in 1992, section IV—titled Means of Implementation—in chapter 36: Promoting
education, public awareness and training in the area of balanced and sustainable development and environmental
protection. In this document, education is considered the key factor in the implementation of sustainable
development principles. Since then, there have been many documents and publications addressing
the principles of education for sustainable development, including its objectives, the means of
implementation, and recommended methods and forms of work.

It states in the Agenda and in documents related to the Decade of Education for Sustainable
Development that education, raising public awareness, and additional training of people around
the world—by means of formal, informal, and non-formal methods—are critical areas of activity
for sustainable development. Suitable educational initiatives and the introduction of the new
education model to schools will enable the sustained and harmonized development of humanity and,
in consequence, the world. Additionally, it was declared that education worldwide must shift
toward the issues of balanced and sustainable development and environmental protection [5]. It was
emphasized that education—institutionalized education, in particular—should be recognized as
a process by which human beings and societies can reach their fullest potential. It should also
be integrated into all disciplines by employing different didactic methods and effective means
of communication.

In 2015, a new plan for the implementation of sustainable development principles was
developed—Agenda 2030—which set 17 Sustainable Development Goals to achieve and 169 targets
to meet by 2030 on a global scale. These objectives address five areas, the so-called 5xP: people,
planet, prosperity, peace, and partnership. The goals cover a wide range of challenges, such as
poverty, hunger, health, education, gender equality, climate changes, sustainable development, peace,
and social justice [6]. They succeeded the Millennium Development Goals, which were to be achieved
by 2015.

Education for sustainable development is commonly understood as education that encourages
changes in knowledge, skills, values, and attitudes to enable a more sustainable and just society for all.
ESD aims to empower and equip present and future generations to meet their needs using a balanced
and integrated approach to the economic, social, and environmental dimensions of sustainable
development [7].

Education for a sustainable future is a huge challenge for education systems. It requires the
following questions to be addressed: How can we better understand the complexity of our world?
How are the problems of today’s world interrelated, and what do they mean to the people who try to
solve them? What kind of world do we want in the future? Does this vision fit within the systems
sustaining life on Earth? How can we reconcile the requirements of the economy, societies, and the
environment? The idea of ESD is the commitment to achieving a balance between social and economic
well-being, and between culture and tradition and the protection of natural resources. ESD emphasizes
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the need to respect human dignity, honor diversity, and protect the natural environment and natural
resources on our planet [8–11].

The scope and diversity of current environmental issues have made it necessary to define
several problem areas—such as the use of natural resources, pollution, health and nutrition, urban
areas, etc.—while paying due attention to geographical, ecological, and economic variations [10].
Investigating knowledge, perceptions, as well as attitudes of the public toward various aspects of
environmental issues is of great importance to the promotion of sustainable development [12–14].
It is worth emphasizing that these issues have long been present in environmental education (EE).
However, only since the 1970s has there been a shift toward a more holistic approach to EE content and
the target group. Now, EE aims to create a population that not only is knowledgeable but also shows
positive attitudes and takes action to preserve the environment. According to ESD principles, it is not
only ecological education that should address important environmental issues. These problems should
be discussed during the teaching of all subjects and at every stage of child and youth education.

The term “environmental protection” includes, among others, the postulate of the sustainable
management of natural resources.

Sir Ken Robinson noticed that curricula set out frameworks of what students should know,
understand, and be competent to do. In most schools, some parts of the program are obligatory,
others are optional, and some are voluntary, like extracurricular activities. Curricula can be formal
and informal. A formal program is obligatory, with grades and exams, while an informal component
includes voluntary activities [15]. Teachers, then, have much freedom in selecting non-obligatory,
voluntary content. They can also, to some extent, choose the content and issues for the obligatory parts
(for example, the subjects of home assignments, presentations, or readings during foreign language
classes). Curricula allow for addressing certain issues in many ways. The author of the Second
Collection of Good Practices Education for Sustainable Development UNESCO Associated Schools
2009 [16] emphasizes that Ministries of Education worldwide examine how to introduce and reinforce
key sustainability issues throughout the curricula, in the training of teachers, in extracurricular
activities, and in non-formal education (p. 5). It is a very important issue—from the point of
view of educational practices but also globally—as it may influence the future condition of our
world. The Global Action Programme on Education for Sustainable Development also underscores
the integration of key sustainable development issues in school curricula [17].

1.2. The Teacher’s Role in the Challenges of Modern Education

Ongoing social changes have impacted the vision of the professional role of teachers. The desired
professional roles of a teacher working with adolescents and implementing sustainable development
education principles are those of a guide, an interpreter, a researcher, a reflective practitioner,
an emancipated teacher, a transformative intellectualist, and a post-positivist practitioner [18].

Teachers as guides fulfill their role by showing students new areas of knowledge and setting
directions toward which they will lead the students. They are also translators of a complex, diverse,
and multi-voice culture; they explain the sources, meanings, and potential consequences of different
phenomena. They explain the possible choices that arise in individual and unique ways that advance
identity development and suggest ways of dealing with struggles in a multicultural world [18].

As researchers, teachers know that educational investigations should be an integral part of their
work. As stated by Stanisław Palka, the ”teaching profession forces to assume the role of pedagogical
researcher, as teachers must diagnose, explain and make decisions based on, among others, the results
of their conversations with students, other teachers and parents, document analysis and analysis of
class test and didactic test results” [19]. While studying their own activities, teachers should focus
on the teaching process as it connects with discovery and exploration, as well as with the facilitation
and improvement of the cognitive activity of students. In this way, teachers may become participants,
creators, and competent observers of educational events.
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Teachers in the role of reflective practitioners build their competencies based on their own
practical experience. The idea of reflective practice originated from the studies by an American
epistemologist, Donald Schön, who analyzed competencies of professionals in the U.S. during atime
of decreasing social trust toward this profession. He presented his theory in the book The Reflective
Practitioner: How Professionals Think in Action, published in 1987 [20]. Reflection-in-action became
Schön’s main focus. He called itthe “experimenting” that takes place in current situations—problematic
and uncertain—which differ from previous ones. The goal of reflection-in-action is to change the
situation. According to Schön [20], when reflective practitioners try to understand a given situation,
they effect a change, which increases their awareness. It is a sequence: understanding inaction,
followed by a “reflective spiral”. Spontaneous but also smooth and on-the-spot action results from
the knowledge found within oneself. It is knowing-in-action which is hard to articulate, but once
finished, it can be subject to reflection. Schön explains that reflective practitioners have the ability to
see unfamiliar situations as familiar ones and to act as they have in similar circumstances. He calls it
“see-as” and “do-as”. When reflecting in action, on action, and about action, teachers engage in the
active search for solutions, the aim of which is not only to better understanding theself but also to
improve their own work. They must constantly update their professional situations and be researchers
oftheir own practice, approaching certain situations as research problems and integrating their thinking
and doing into thesearch forsolutions, formulating their own theories independent of scientific ones.
In this way, they develop their personal knowledge and own ways of acting. A teacher’s reflection is a
kind of thinking that accompanies doing in order to transform some elements or the whole situation.
Reflective practitioners create their workshop by analyzing their own knowledge. Their professional
behavior involves not only reflection in and overbut also about the action. This reflection results
from acritical attitude which requires the exploration of ethical, political, and instrumental issues
rooted in their daily thinking and professional practice. The value of the concept of are flective teacher
practitioner is in the fact that personal experience is treated as the source of knowledge necessary
to fulfill professional duties. By trusting their own experiences, teachers create their own practice
and theory of this practice. Thanks to the emphasis on the subjective activity of teachers, rights and
opportunities to participate in group life result from their reflective actions, as well as the actions of
students oriented toward intentional adaptation or change.

Another role of teachers—emancipated teachers—is connected with understanding the typical
emancipatory pedagogy of student subjectivity. The implementation of emancipatory pedagogy
postulates requires respecting the principle of the subjective nature of pedagogical interaction.
A subjective sense of freedom is shaped and developed during the process of learning and doing,
and its starting point is within personal experience, tangible opposition, and conflict. Emancipated
teachers are engaged in change. They oppose the compulsory solutions and want to search for their
own alternative options which could replace the hitherto ones. They show advanced critical thinking
and reflective abilities in viewing the world. Emancipated teachers are promoters of change and
empowerment of education. In addition, being critical and reflective, they develop tools to modify
their own practice; learn how to teach by planning constant improvements according to lifelong
education postulate; master the process of discovering and creating knowledge, together with knowing
the methodologies of the discipline taught and education sciences; develop the critical approaches,
openness, and courage necessary to reorient education and the concept of school.

Critical pedagogy representatives, such as Paulo Freire, Henry Giroux, and Peter McLaren,
postulate that teacher should be a transformative intellectual (a term coined by Henry Giroux), that is,
an advocate of weaker social groups and translator between humans and the complex social world.
The transformative intellectual should facilitate a critical understanding of the world, first of all by
showing social inequalities [21–24]. The concept of the teacher as a transformative intellectual is
rooted in a radical ideology which is contrary to conservative and liberal ideologies. The conservative
ideology focuses on the education of students as future employees who need to acquire standard skills,
and the role of the teacher is reduced to transmitting a socially accepted scope of knowledge. In the
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liberal ideology, personal development is the most important. It can be achieved through personal
successes and awards when competing with others, and the teacher’s role is to create conditions
fostering the development of critical thinking in students. Teachers as transformative intellectuals
should be open to the problems of human rights, the rights of minorities and marginalized people,
and social inequality and exclusion; they should be sensitive to differences in public and private life
and follow the road to execute resistance policy. It is worth emphasizing that these problems have
been considered by UNESCO as threats to the sustainable development of the world.

The teacher as a post-positivist practitioner responds to present and future challenges. This image
is the result of applying critical, postmodern social theory connected with reflective orientation in
the analysis of the teacher’s work. The image comprises characteristic behaviors of a postmodern
teacher, including:

- practicing reflectiveness based on the ability to investigate one’s own practice;
- connecting thinking with social and historical contexts and power aspects;
- improvising, thinking-in-action, responding to unexpected situations;
- modeling a culture of activity among students that allows different opinions and attitudes, prefers

discussions, and is open to students’ experiences and their way of thinking about the world and
representing the world;

- exercising critical social and self-reflection based on the dialogue of subjects of the
teaching-learning process;

- engaging in the development of democracy in the class and school;
- displaying an active attitude that breaks the students’ tendency to passiveness and passive

thinking, connecting knowledge with action;
- possessing knowledge of cultural differences in the community, respecting minority rights,

cultural pluralism;
- including the emotional side of contact with students in the teaching process, allowing emotional

behaviors like humor, compassion, empathy, and resentment in dialogues with students [18].

The model of the teacher as a post-positivist practitioner of the postmodern age is a postulative
model which shows how teachers can be, rather than how they must be. These teachers follow the idea
of subjectivity, emancipation, and engagement in matters of the world functioning in a democratic
and sustainable way. They reject and oppose being enslaved by power, knowledge, and modernist
anti-intellectualism. It is easy to notice that the above-presented models of teachers’ roles are connected
and overlapping. Their responsibilities are repeated and focus mainly on a reflective attitude and
critical thinking [18].

All of this suggests that the primary task of modern teachers is to empower students, so they
can actively and creatively transform their reality and are prepared to live valuable lives in the global
information society. Teachers are responsible for preparing young people for active participation
in creating a better future—their own and the world’s. Therefore, the style of work is important:
the methods and teaching forms, as well as the content addressed during classes, extra activities,
and school trips—in other words, the content teachers include in their curricula. This content may
translate into the growth of students’ knowledge and their daily behaviors, choices, and attitudes and,
through those aspects, into their efforts toward sustainable development in three dimensions: social,
environmental, and economic.

Teachers who work with adolescents (13–20 years old) must know the needs, abilities,
and limitations of their students. The period of learning in lower- and upper-secondary school is
the developmental stage called early and late adolescence. In early adolescence, young people begin
to search and gather new physical, social, and intellectual experiences, so they can then organize
and unify them into new patterns and scenarios that best prepare them for adult life [25]. During
the cognitive development of teenagers, there is a shift to formal operations. Early adolescence is
marked by the increasingly more advanced implementation of the rules and laws of certain areas of
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knowledge, expressed verbally or through symbols. Formal thinking allows for going beyond what
cannot be known directly; enables reasoning from the general to the particular—from hypothesis or
assumption to conclusion; formulating general conclusions based on detailed facts (scientific-inductive
thinking). Formal thinking is also the ability to simultaneously consider many variables (combinatory
reasoning); abstract thinking reflects understanding by way of inner thoughts or reflection based on
the available knowledge but reaching beyond what is observable (reflective-abstract thinking) [25,26].
Unlike children, teenagers are able to consider different options and possibilities. They can imagine the
future consequences of their present actions; thus, they are capable of some form of long-term planning.
Another characteristic of formal thinking is the search for solutions to problems in a systematic
and methodical way. Thinking based on formal operations ensures compensation for imbalances
in cognitive structures and adaptation by using the following logical operations: identity, negation,
inverse, and reciprocity—that is, searching for one law (rule, principle) that is absolutely true regardless
of the context (so-called logical absolutism). As the foundation of the hypothetico-deductive system,
classical logic does not allow contradictions, which means that, during adolescence, the dominating
means of resolving mental contradictions is, according to formalized thinking, the rejection of one
of the alternatives. However, it is worth noticing that some approaches posit that teenagers are able
to think relatively and are convinced that knowledge is relative. Adoption of relativist thinking by
young people is probably easier due to their contact with social problems (active fulfillment of different
and often contradicting social roles; personal motivation included in the cognitive process, etc.)
and due to their received training on humanistic knowledge. In turn, frequent training on formal
knowledge, such as mathematics, physics, or foreign languages, may facilitate the development of
formal thinking. Thus, cognitive development is dynamic in the areas of activity specific to certain
individuals. If a student often engages in solving problems from a certain knowledge area, he or she
may expect their knowledge and skills in this area to become more advanced, internally connected,
and viewed relatively from many perspectives [25,26]. During adolescence, there are also changes
in (1) knowledge, (2) cognitive processes and competencies, and (3) meta cognitive orientations.
Knowledge refers to the three types of information structures in long-term memory. They include
declarative knowledge based on the “I know that...” scheme, covering the known facts; procedural
knowledge (“I know how...”) regarding all abilities focused on the goal; and conceptual knowledge
(“I know why...”)—understanding the declarative and procedural knowledge [25].The cognitive
processes of adolescents take on different forms: inductive and deductive reasoning, analogies, decision
making, and problem-solving. Other important processes refer to coding or formulating a mental
representation of the learning situation, memorizing and storing information in long-term memory,
and reproducing—taking information out of the long-term memory. Metacognitive orientations
refer to adolescents reflecting the state of their knowledge and evaluation of this knowledge—a
young person should be able to determine what they know; if they know that they do not know;
and whether they tend to absolutize or relativize. Adolescence is a period of intense development
of imagination that can be seen in teenagers’ creativity and dreams. They tend to see reality in an
original way; easily accept innovations, including technical ones; have spontaneous rationalized ideas
which make their daily life easier. Their dreams, regarding both themselves and their environment,
often allow them to achieve what, in reality, is out of their reach. Creative work is common among
young people and is most often expressed in the form of diaries, original music, song lyrics, or poems.
In the area of verbal creativity in asocial forum (e.g., editing school newsletters), girls are more
active [26]. Memory also changes during adolescence. Memory development can be connected
to four components: capacity, base memory processes, memorizing strategies, and metamemory.
The source of these transformations are changes in the adolescent brain. On the one hand, compared
to adults, young people show some weaknesses in cognitive processing, including weaknesses in
the executive function of the frontal lobe, visual-spatial and verbal memory, and response time (i.e.,
slower). On the other hand, in early adolescence, there is already growth in the volum of memorized
and stored information, especially practical information. This is possibly a result of an increased
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number of neuronal connections that form during adolescence. Ever more plastic and faster processes
of recognizing, coding, filing, and searching lead to the improvement of base memory processes.
The effectiveness and frequency of using memory strategies are also enhanced, along with the ability
to memorize and improve metamemory [26]. During adolescence, young people need to develop
their emotional-cognitive structures, which allow them to succeed in difficult situations and build
proper emotional relationships with others. The most important emotional competencies teenagers
need to develop are the following: regulation of the intensity of emotions, as they tend to experience
extreme emotions; adaptation of the means of expressing rapidly changing (unsteady) emotions;
calming down; understanding the social consequences of expressing emotions openly or hiding
them; using symbolic thinking to transform negative emotions into less repulsive ones; discerning
emotions from the facts that cause them; maintaining relationships with other people despite strong
negative emotions; acquiring a wide range of skills in experiencing and expressing empathy; and using
cognitive skills to better understand the nature and the sources of emotions. Better cognitive abilities
and the search for distinctness in me-others relationships become the basis of more mature, empathetic
experiences. The ability to feel empathy enables young people to feel the suffering and distress of
others, even when there is no direct situational pressure. This may motivate engagement in prosocial
activities and strengthen their social sensitivity. During middle and late adolescence, some additional
higher feelings connected with an upheld value system or ideology are developed. The main values
preferred by young people are truth, virtue, religious values, altruism, sociopolitical values underlying
tolerance, justice, and others [25,26]. Therefore, adolescence is theperfect time to shape the knowledge
and attitudes of young people, including those regarding the needs of the natural environment.

2. Methodological Assumptions of the Research

Our analyses focus on the problem of integrating environmental content, including the sustainable
management of natural resources, into Polish curricula for students aged 13–20. We assumed that the
frequency and means of addressing the critical ESD issue by teachers translate into the knowledge
students have about environmental protection, which, in turn, may determine the awareness, attitudes,
and, consequently, environmental behaviors of young people. We also assumed that, according to
UNESCO experts’ postulates, all teachers should include topics critical for ESD into their curricula.
As a UN and EU member, Poland must respect the principles set in the Agenda 2030 [26] and its
17 priority goals for a sustainable future. Goal 4 is to Ensure inclusive and equitable quality education and
promote lifelong learning opportunities for all [27], whereas Goal 7 is to Ensure access to affordable, reliable,
sustainable and modern energy for all. We assumed that Goal 7 may be achieved through education
(Goal 4). A. Leicht, J. Heiss, and W. J. Byun [6] argue that “Educational programmes, particularly
non-formal and informal, can promote better energy conservation and uptake of renewable energy
sources” (p. 31).

2.1. Main Goal of the Study

The main goal of the study isto explore ways of integrating environmental issues into curricula in
lower- and upper-secondary schools (students aged 13–20). We assumed that the term nature protection
means all activities to preserve animate and inanimate features of nature and landscapes in their
unchanged or optimal state. The main environmental protection objective is to maintain the stability
of ecosystems and ecological processes, as well as biological diversity. One of the elements of nature
protection is the promotion of renewable energy sources. There is an unquestionable correlation
between generating energy from traditional sources and the degradation of the natural environment.
Sustainable development also refers to human activities which maintain the balance of nature and
aim toprovide present and future generations with the opportunity to meet their needs and enjoy
nature. Thus, it is contrary to this principle to exhaust nonrenewable resources and cause irreversible
climate change (and its consequences for the environment) and dangerous air pollution. To summarize,
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sustainable development (including natural environment protection) in the context of environmental
protection means—among other things—actions that promote the use of renewable energy sources.

2.2. Method, Research Technique, and Tool

We collected data by means of a survey (survey method) [28]. The study was performed
within the quantitative paradigm [29].The use of a survey allows for the collection of answers from
many respondents quickly, and respondents’ declarations are precise and refer to the exact subject
matterwhich is of interest to researchers. The technique used in the research was polling. In order
to collect data, we used questionnaires. The tool was developed for the purposes of this particular
study (see Table 1). Respondents were asked to indicate which critical sustainable developmenttopics
are regularly (not occasionally or from time to time) part of their curricula, and how frequently are
they introduced.

Table 1. Method, technique, and research tool used in the research.

Method Survey

Research technique polling

Tool original questionnaire, developed for the purposes of this particular research

On the basis of literature review, we identified four main ways of integrating environmental
protection issues into teaching programs:

(1) Covering ESD-related topics during subject lessons;
(2) Covering ESD-related topics during additional classes: for example, interest clubs;
(3) Assigning homework referring to sustainable development topics;
(4) Encouraging students to engage in out-of-school activities.

We determined the dependent and independent variables (Table 2).

Table 2. Variables determined in the research.

Dependent Variable Independent Variables

integrating environmental
protection issues into
school curricula

- School level (gimnazjum—lower-secondary school;
lyceum/technikum—upper-secondary school)
- School location (village, small town, big city)
- Years of employment (0–5, 6–10, 11–15, 16–20, 21 and more)
- Degree of professional promotion of teachers (trainee, contractual teacher,
appointed teacher, chartered teacher)
- Subject taught (Polish language, foreign languages, human and social sciences,
science and natural sciences, mathematics, and information and
technical subjects).

Using Pearson’s chi-square test, we checked which independent variables are statistically relevant
for including environmental issues in subject curricula.

2.3. Sample and Organization of the Research

In order to collect the research data, convenience sampling [30] was applied in accordance with
the following criterion: the consent of the participants to take part in the survey. The statistical and
demographic data of teachers who participated in the survey are presented in Table 3. and Figure 1.
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Table 3. Statistical and demographic data of teachers who participated in the survey.

School location N %

Village 128 37.98

Small town 136 40.36

Big city 68 20.18

N/A 5 1.48

School level N %

Lower secondary 177 52.52

Upper secondary 149 44.21

N/A 11 3.26

Years of employment N %

0–5 years 36 10.68

6–10 years 64 18.99

11–15 years 85 25.22

16–20 years 102 30.10

21 years and more 50 15.0

Degree of professional promotion N %

Trainee 13 3.86

Contractual teacher 45 13.35

Appointed teacher 82 24.33

Chartered teacher 196 58.16

Subject taught N %

Polish language 60 17.80

Human and social sciences (civil knowledge, history, knowledge about culture,
entrepreneurship)

67 19.88

Foreign languages 74 21.96

Mathematics 36 10.68

Science and natural sciences (biology, chemistry, physics, geography, education to
family life)

86 25.52

Information and technical subjects (ITC, technics) 9 2.67

Physical education 1 0.30

Arts (music, visual arts) 3 0.89

NS 1 0.30

Total 337 100%

Teachers were asked about the key sustainable development issues that they integrate into their
curricula and the waysby which theypresent and discuss these issues. The survey was conducted from
May to November 2016. Teachers of general subjects in lower- and upper-secondary schools in the
Małopolskie region (voivodship) were invited to take part in the research. There were 927 questionnaires
distributed, out of which 337 were completed. The survey was conducted in:

- the 2 biggest cities of the Małopolska region (8 lower- and 3 upper-secondary schools);
- 9 small towns (16 lower- and 14 upper-secondary schools);
- 21 villages (19 lower- and 2 upper-secondary schools).
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For the purpose of this text, the issues of environmental protection were analyzed. Teachers were
instructed that environmental protection means any action designed to remedy or prevent damage to
physical surroundings or natural resources by a beneficiary’s own activities, to reduce the risk of such
damage, or to lead to a more efficient use of natural resources, including energy-saving measures and
the use of renewable sources of energy [31].

Figure 1. Percentage participation of teachers of particular subjects in the research.

The Małopolska region, where the research was carried out, is located in the central-southern
part of the country. The region has 3.4 million inhabitants (as of December 2017), making it the
fourth most populated region in Poland. The population density is the second highest in the country.
In terms of economic development, the region is one of the most diverse in Poland. Situated at
the crossing point of communication routes between the West (Austria, Germany) and the East
(Ukraine) and between the North (Scandinavian countries) and the South (Slovakia, Hungary),
it has exceptional assets and annually attracts 10–12 million tourists, new investments, and young
people studying at regional universities. Małopolska has a high potential for scientific research
and higher education—Cracow is the second center of research development in Poland. There are
32 higher-education institutions and universities, representing 7.1% of all higher-education institutions
in Poland. There are over 180,000 students and more than 55,000 graduates per year. In 2013, over 25%
of entrepreneurs’ spending on innovations was allocated to research and development (first place in
the country). Małopolska is one of the most important Polish bioregions, with a high potential for the
development of life sciences with well-developed medical facilities. This region has a high potential
for energy technology research. The capital city of Małopolska—Cracow—is one of the most important
industrial designer education centers in Poland. In Małopolska, there are more than 100 research
and development centers, including the Foundry Research Institute, Institute of Forensic Research,
Institute of Oil and Gas, and Institute of Advanced Manufacturing Technologies [32]. Due to the
significant air pollution in the biggest city (Cracow), there is an ongoing debate on alternative and
sustainable sources of energy. Considering the fact that Małopolska is a region with many universities,
communication between scientists and the regional population is easy, and this may translate into
a higher level of knowledge and awareness of the issues of environmental protection among the
residents. It is a problem that affects all the residents, which, in turn, obligates teachers to search for
solutions in their daily practice by, among other actions, integrating this topic into their curricula.
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3. Research Results

3.1. Integrating Environmental Protection Issues into Curricula

Our analysis indicates that teachers of all subjects are aware of the need to cover the issues of
environmental protection in their curricula (Table 4). Unsurprisingly, these topics are most often
introduced by science and natural science teachers (biology, physics, chemistry). It is interesting that
even more foreign language teachers (87.84%) declare they cover environmental protection issues in
their curricula. Perhaps, being aware of the principles of ESD, they try to introduce topics critical for
the sustainable future of the world. We need to point out that, in Poland, there are many UNESCO
resources on ESD, available in English, German, or French. This means that teachers of these subjects
have easier access to the materials.

Table 4. Integration of environmental protection into curricula by teachers of various subjects.

Polish
Language

Humanities
and Social
Sciences

Foreign
Languages

Mathematics
Natural
Sciences

Information
and Technical

Subjects
Total

% % % % % % %

60.00 59.7 87.84 63.89 86.06 55.56 73.59

The study reveals a small difference between the declarations made by lower- and
upper-secondary school teachers. Slightly more teachers working in lower-secondary education
teach ESD-related topics. This may be due to the fact that lower-secondary school teachers are not
pressured by the need to prepare students formatriculation exams and can spend more time on
additional topics critical for the future of our world and for ensuring a better quality of life for future
generations. The results of analyses of dependencies between education level taught and whether
environmental protection issues are addressed during classes are presented in Table 5.

Table 5. Integration of environmental protection into curricula and level of education taught.

Lower Secondary Upper Secondary Total

% % %

78.53 67.11 73.59

During the analysis, we noticed the following relation (see Table 6): the more years of employment,
the higher the percentage of teachers declaring that they integrate environmental protection issues
into their curricula. Therefore, if teachers with more professional experience are more willing to
include environmental protection issues into their curricula, this may indicate that teachers with
greater professional experience have greater knowledge about the principles of ESD and are more
willing to integrate its key topics into their curricula.

Table 6. Integration of environmental protection into curricula and years of employment.

0–5 6–10 11–15 15–20 21 and more Total

% % % % % %

58.33 59.38 78.82 80.26 91.16 73.59

There are five stages of teacher promotion in Poland: university graduates become “trainees” who
teach for 1–2years. After few years of work, a trainee can become a “contractual teacher”. After passing
an examination, he/she can attain the status of “appointed teacher”. The fourth level— “chartered
teacher”—is the last level for most teachers. Some, however, manage to reach the fifth, honorary level,
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which is “professor of education”. Surprisingly, the stage of professional promotion connected with
the number of years of employment has no obvious influence on whether or not teachers integrate
environmental protection issues into their curricula (Table 7). Of the five professional tiers, the highest
proportion of teachers indicating their coverage of these topics in their classes is the group of chartered
teachers (almost 80%). The differences between teachers in the other stages are minor.

Table 7. Integration of environmental protection into curricula and stage of teachers’ professional promotion.

Trainee Contractual Teacher Appointed Teacher Chartered Teacher Total

% % % % %

69.23 64.44 65.85 79.08 73.59

Bigger differences are visible between teachers working in different locations—most often,
environmental protection issues are addressed by educators in villages, while they are taught slightly
less frequently in small towns and cities (Table 8).

Table 8. Location of the school and integration of environmental protection into curricula.

Village Small Town Big City Total

% % % %

80.47 69.12 70.59 73.59

3.2. Ways of Integrating Environmental Protection Issues into Curricula

Teachers who declared that they integrate topics related to environmental protection into their
curriculum were asked to indicate how they introduce them in their work and how often they do it.
Analysis of the results shows that the variable subject taught has the greatest influence on the way that
environmental protection issues are integrated.

About 60% of the teachers declaring that they address the issue of environmental protection
during their classes very often do soby discussing the topic during their subject lessons. What is
surprising is that a very similar percentage of foreign language and science and natural sciences
teachers declared that they use this method very often (68.92% and 69.77%, respectively—see Table 9).
This means that it is not only the teachers of science and natural sciences who effectively incorporate
issues and topics related to the environment into their daily work: foreign language teachers also
willingly address these topics with their students.

Table 9. Covering ESD-related topics during subject lessons and subject taught.

Polish
Language

Humanities
and Social
Sciences

Foreign
Languages

Mathematics
Natural
Sciences

Information
and Technical

Subjects
Total

Never 3.33% 4.48% 4.05% 11.11% 0.00% 0.00% 3.56%

Occasionally 1.67% 2.99% 1.35% 13.89% 3.49% 0.00% 4.15%

Sometimes 35.00% 29.85% 25.68% 30.56% 26.74% 44.44% 29.08%

Very often 60.00% 62.69% 68.92% 44.44% 69.77% 55.56% 63.20%

Of all the teaching disciplines, the lowest proportion of teachers who declared that they address
environmental protection issues during their lessons are the mathematicians. One in 10respondents
never do it; almost 15% do it occasionally; one-third indicated “sometimes”, and 44.44% chose
“very often”. Teachers of Polish and other human and social sciences include these topics among the
problems discussed during their classes.

Another applied method of teaching environmental protection principles is by addressing them
during additional classes, e.g., interest clubs. We need to point out that, in Poland, extra classes in
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schools are not popular. Teachers are not obliged by the law or school managers to engage in additional
activities. Some of them, especially when they apply for promotion, decide to lead extra classes. It also
depends on school policy—sometimes, directors go to great effort to offer as many extra activities
as possible.

The above approach turns out to be a much less popular method of integrating environmental
issues into school the curricula (Table 10). About one-fifth of Polish, foreign languages, social and
human sciences teachers and one-fourth of science and natural sciences teachers impart ESD principles
in this way. Only 1in 10mathematicians or ICT and technics teachers address these issues very often
during additional classes. It is noteworthy that as many as one-fourth of surveyed mathematicians
never discuss environmental protection issues during their extra classes. Similarly, almost 20% of
Polish teachers declared that they never address these problems in their additional classes. About
10% of human and social sciences, foreign language, and natural sciences teachers never address these
issues during the extra classes they lead.

Table 10. Covering education for sustainable development (ESD)-related topics during additional
classes, e.g., interest clubs, and subjects taught.

Polish
Language

Humanities
and Social
Sciences

Foreign
Languages

Mathematics
Natural
Sciences

Information
and Technical

Subjects
Total

Never 18.33% 10.45% 12.16% 25.00% 12.79% 0.00% 13.95%

Occasionally 11.67% 14.93% 18.92% 22.22% 19.77% 44.44% 18.10%

Sometimes 48.33% 53.73% 45.95% 41.67% 40.70% 44.44% 45.70%

Very often 21.67% 20.90% 22.97% 11.11% 26.74% 11.11% 22.26%

Teachers may implement the principles of environmental protection by assigning homework.
However, it turns out that this is not a popular way of integrating these issues into curricula
(Table 11). Almost 40% of mathematicians never do it. One-fifth of Polish language teachers
declared that they never give home assignments connected with the issues of environmental
protection (very often—only 5%). Teachers of subjects usually associated with this area—science and
natural sciences—only sometimes (40.7%) or occasionally (34.88%) give home assignments regarding
environmental protection. It is surprising because if teachers working with youths aged 13–20 want to
raise students’ awareness of sustainable development, they can expect that students would actually
work independently at home.

Table 11. Assigning homework connected with the areas of sustainable development and subject taught.

Polish
Language

Humanities
and Social
Sciences

Foreign
Languages

Mathematics
Natural
Sciences

Information
and Technical

Subjects
Total

Never 21.67% 16.42% 16.22% 38.89% 15.12% 11.11% 18.99%

Occasionally 23.33% 31.34% 32.43% 41.67% 34.88% 22.22% 31.75%

Sometimes 50.00% 41.79% 43.24% 11.11% 40.70% 66.67% 40.95%

Very often 5.00% 10.45% 8.11% 8.33% 9.30% 0.00% 8.31%

A quite popular method of introducing environmental protection issues is by encouraging
students to engage in out-of-school activities, for example, joining different actions or events (Table 11).
We need to emphasize that there are many local NGOs in Poland that promote the principles of
sustainable development in different social groups. This provides teachers with great opportunities
to promote these principles among their students. It is an attractive way that does not require much
effort from teachers. Additionally, as proved by international research [33], the level of involvement
and awareness of educational goals that are easily achieved by out-of-school activities translate into
the effective implementation of these goals among students.
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Only 1in 10Polish language, human and social sciences, and foreign language steachers never use
this approach to integrating environmental protection issues into their curricula (Table 12). More than
40% of Polish, science and natural sciences, and human and social sciences teachers declare that they
very often encourage their students to engage in out-of-school activities connected with environmental
protection. Over 16% of mathematicians never encourage students to engage in extra activities for the
purpose of ESD, but slightly more than 30% very often do (44.44%—sometimes).

Table 12. Encouraging students to take up out-of-school activities/engage in different actions and
subject taught.

Polish
Language

Humanities
and Social
Sciences

Foreign
Languages

Mathematics
Natural
Sciences

Information
and Technical

Subjects
Total

Never 10.00% 8.96% 10.81% 16.67% 6.98% 0.00% 9.50%

Occasionally 8.33% 8.96% 24.32% 8.33% 13.95% 11.11% 13.35%

Sometimes 38.33% 40.30% 32.43% 44.44% 37.21% 33.33% 37.39%

Very often 43.33% 41.79% 32.43% 30.56% 41.86% 55.56% 39.76%

3.3. Relations between Ways of Integrating Environmental Issues into Curricula and Selected Variables

Using Pearson’s chi-square test, we tried to determine whether there are any statistically significant
relations between independent variables and the ways that teachers introduce environmental
protection issues into curricula. Statistically significant results arethose with p < 0.05.

Analysis of the results reveals that there is a statistically significant correlation between including
the issue of environmental protection into subject curricula and school location (Tables 13–15).

Table 13. Integrationof ESD-related topics during subject lessons and school location.

Location

Village Small Town Big City Total

% % % %

Never 2.34% 2.94% 5.88% 3.31%

Occasionally 2.34% 3.68% 8.82% 4.22%

Sometimes 20.31% 29.41% 42.65% 28.61%

Very often 75.00% 63.97% 42.65% 63.86%

Total 100.00% 100.00% 100.00% 100.00%

Table 14. Chi-square tests.

Value df Asymptotic (Bilateral) Significance

Pearson chi-square 21.428 a 6 0.002

Likelihood ratio 20.838 6 0.002

Linear relationship test 16.344 1 0.000

N of significant observations 332
a 33.3% of cells (4) havean expected frequency of less than 5. Minimum expected frequency is 2.25.

Teachers in village schools more often implement environmental protection issues in their subject
lessons. This may mean that in rural areas, where students have regular contact with nature, teachers
are more aware of the needs of our planet and are more willing to include such issues as using
renewable sources of energy or recycling in their daily curricula. It is unexpected that teachers working
in cities, where there is intensiveanti-smog campaigning [33] and heavy use of renewable energy
sources, less often introduce environmental protection issues into their daily lessons.
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Table 15. Symmetric measurements.

Value Approximate Significance

Nominal by nominal
Phi 0.254 0.002

Cramer’s V 0.180 0.002

N of significant observations 332

Another statistically significant relationhipis the relation between including environmental
protection issues into curricula and thedegree of professional promotion (Tables 16–18).

Table 16. Coverage of ESD-related topics during subject lessons and level of professional promotion.

Degree of Professional Promotion

Trainee Contractual Teacher Appointed Teacher Chartered Teacher Total

% % % % %

Never 23.08 4.44 2.44 2.55 3.57

Occasionally 0.00 8.89 4.88 3.06 4.17

Sometimes 7.69 31.11 29.27 29.59 28.87

Very often 69.23 55.56 63.41 64.80 63.39

Total 100.00 100.00 100.00 100.00 100.00

Table 17. Chi-square tests.

Value df Asymptotic (Bilateral) Significance

Pearson chi-square 21.140 a 9 0.012

Likelihood ratio 14.363 9 0.110

Linear relationship test 3.875 1 0.049

N of significant observations 336
a 43.8% of cells (7) have an expected frequency of less than 5. Minimum expected frequency is 0.46.

Table 18. Symmetric measurements.

Value Approximate Significance

Nominal by nominal
Phi 0.251 0.012

Cramer’s V 0.145 0.012

N of significant observations 336

As shown by the research results, the youngest teachers implement environmental protection
issues into curricula the most often. This means that newly graduated teachers are the ones who are
the most aware of the need to implement environmental protection. This, in turn, may mean that
universities are training teachers to focus on ESD exercises, including environmental protection, using
renewable energy sources, recycling, etc.

There is a statistically significant correlation between the level of education taught and the
incorporation of the issue of environmental protection into subject curricula during additional classes
(Tables 19–21).
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Table 19. Coverage of ESD-related topics during additional classes, for example, interest clubs, and
type of school.

School Type

Lower Secondary Upper Secondary Total

% % %

Never 10.73 18.12 14.11

Occasionally 12.43 24.16 17.79

Sometimes 51.98 38.26 45.71

Very often 24.86 19.46 22.39

Total 100.00 100.00 100.00

Table 20. Chi-square tests.

Value df Asymptotic (Bilateral) Significance

Pearson chi-square 13.771 a 3 0.003

Likelihood ratio 13.807 3 0.003

Linear relationship test 9.014 1 0.003

N of significant observations 326
a 0.0% of cells (0) have an expected frequency of less than 5. Minimum expected frequency is 21.02.

Table 21. Symmetric measurements.

Value Approximate Significance

Nominal by nominal
Phi 0.206 0.003

Cramer’s V 0.206 0.003

N of significant observations 326

The result of the analysis shows that the practical integration of environmental protection issues
into additional classes depends on the level of education taught—it is more often introduced by teachers
in lower-secondary schools. This may result from the fact that extra classes in upper-secondary schools
are focused on preparing students to take their maturity exam (in Poland, high school graduates take
an obligatory exam, the so-called matura, which is necessary to enter university). Thus, teachers in
lower-secondary schools have more time and opportunities to address the problems of sustainable
development and environmental protection during their additional lessons.

The last statistically significant relation is between the integration of environmental protection
issues into curricula by encouraging students to take up out-of-school activities/engage in different
actions and school location (Tables 22–24).

Table 22. Encouraging students to take up out-of-school activities/engage in different actions and
subject taught, and school location.

Location

Village Small Town Big City Total

% % % %

Never 4.69 11.76 13.24 9.34

Occasionally 7.81 15.44 19.12 13.25

Sometimes 39.06 34.56 39.71 37.35

Very often 48.44 38.24 27.94 40.06

Total 100.00 100.00 100.00 100.00
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Table 23. Chi-square tests.

Value df Asymptotic (Bilateral) Significance

Pearson chi-square 15.377 a 6 0.018

Likelihood ratio 16.274 6 0.012

Linear relationship test 13.284 1 0.000

N of significant observations 332
a 0.0% of cells (0) have an expected frequency of less than 5. Minimum expected frequency is 6.35.

Table 24. Symmetric measurements.

Value Approximate Significance

Nominal by nominal
Phi 0.215 0.018

Cramer’s V 0.152 0.018

N of significant observations 332

It turns out that, like in case of extra classes, teachers in village schools most often
impartenvironmental protection issues by encouraging students to engage in out-of-school activities.
This means that teachers feel responsible for the protection of the natural environment and are more
engaged in activities toward using renewable energy sources, recycling, or pollution prevention than
their fellow professionals in towns or big cities.

4. Conclusions and Discussion

Schools, as institutions for general education, are believed to have a responsibility to equip their
students with the knowledge and commitment to make personally meaningful decisions and act
accordingly to address the challenges posed by both lifestyle and societal conditions. Achieving
this goal requires, among other things, the adequate integration of these ‘challenges’ into the school
curricula [34,35]. The research results reveal that Polish teachers working with youth aged 13–20 years
in schools in Malopolska are aware that it is necessary to integrate the problems of environmental
protection into a didactic process. They realize it is necessary to equip students with knowledge
and skills regarding their surrounding environment and some global environmental aspects (general
condition, threats), as it determines the future condition of our natural world. It is particularly
interesting and important that it is not only teachers of subjects dedicated to the environment,
like biology or physics, who are aware of the need to communicate these issues and who indicate
thatthey address them in their curricula in many ways.

It is very important that teachers try to include environmental protection topics in their subject
lessons. Foreign language teachers seem to be the most aware in this area. A possible reason
is that because they know foreign languages, they more often read foreign (other than Polish)
publications about ESD: for example, the ones created by UNESCO experts. It is also worth noting
the fact that while working with adolescent students, these teachers can assign homework which
shapes language competencies and are, at the same time, connected with environmental protection
issues. It is extremely important to model active research attitudes among students, conviction about
individual responsibility for the environment, and awareness of the threats resulting from human
activity. Students should choose their actions based on sustainable development principles. Thus,
teachers are responsible for ensuring that students are aware of how their actions affect the natural
environment. It is possible that teachers will shape the knowledge and attitudes of students by
integrating environmental protection issues into their curricula.

The analysis of the results shows that the more experienced the teachers, the more willing they are
to promote sustainable development. Perhaps training and additional education of teachers who want
to be promoted effectively raise their awareness and expand their knowledge about ESD. It is also
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possible that teachers who have worked longer are more aware of the necessity ofintegrating issues into
their curricula, as suggested by UN education experts. For more experienced teachers, it is also easier
to adopt different initiatives, like integrating key environmental issues into their didactic practice.

Teachers are less willing to address environmental protection issues during their additional
classes, for example, interest clubs. Giving up this method of integratingkey sustainable development
problems into curricula may mean less effective education in the area of environmental protection.

We have presented the point of view of teachers regarding the integration of environmental
protection issues into curricula, and the survey was conducted among educators in 1of the
16 administrative regions in Poland. It is worth looking at the research carried out in by Hidayah
Liew Abdullah, Hamid, Shafii, Ta Wee, and Ahmad in Malaysia [1]. The results indicate that pupils’
perception of the environment is overall high, and the location of the school does not significantly
affect the pupils’ perceptions of the environment. The majority of students define the concept of the
environment as objects. In addition, the percentage of pupils who rationally regard the concept of the
environment is also high. The perceptions of pupils on the need to protect the environment illustrate
that the majority agree on the benefits it will impart to future generations. The environmental concepts
are presented somewhat rationally and show the relationship between the environment and human
beings. In conclusion, students’ perceptions of the environment are positive; they can understand it
rationally and know the nature of the natural disasters resulting from human actions.

It is also worth mentioning the research carried out in Mexico which indicated that official
documents like general study plans, study programs of grades, and official students’ textbooks include
competences related to environmental education called ‘competences for the coexistence’, promoting
harmonic relationships with others and with nature. Additionally, EE for sustainability was included
as a transversal topic, with the expectation that participation will contribute to the graduate profile
of basic education, indicating that students should promote and assume the care of health and the
environment. Nevertheless, it is not clear how teachers are expected to implement EE in practice,
meaning there is a lack of clarity inthe environmental theory that supports this curriculum [36].

Salmani, Hakimzadeh, Asgari, and Khaleghinez had conducted research in the field of
environmental education in Iranian school curriculum [37]. The results show that the subjects presented
at the highest frequency in sixth-grade social studies and science textbooks are ecology and human
activities and the environment, respectively. Furthermore, human activities and the environment
are more prominent in the science textbook rather than the social studies ones, although ecology
is more prevalent in the latter. In terms of informational load and importance in these textbooks,
ecology, the environment, and human activity are the main foundation of environmental education,
respectively. In sum, in these textbooks, the three aforementioned bases have not been presented in
parallel, and some modifications to the content of these textbooks are required to make them more
understandable to the Iranian students.

The issue of integrating the key environmental protection aspects into curricula is also important
in Serbia. In 2014, Stanišić and Maksić [38] published research results suggesting that students
do not have enough knowledge to contribute to the development of a healthy lifestyle and
environmental awareness. The latest changes in school policy and curricula confirm that the relevance
of environmental education is recognized, but changes in school practice are yet to come. Also,
Jukić [39], in his research, showed that ecological content currently dominates in the natural sciences
among the school subjects. Additionally, both students and teachers graded the suitability of ecological
content higher in relation to its current degree of representation inall school subjects. These results
show that there is room and interest within the educational system (of both students and teachers)
for the increase ine cological content in all school subjects. We should not expect young people to
independently connect the pieces of information they receive from their teachers but should rather
work on changing the educational system. The essential elements of ecology as a scientific discipline
are so complex that, in order to reach a more comprehensive understanding, we cannot rely only on
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the natural sciences viewpoint. In other words, we need to teach ecology as a whole, as a system
composed of proto-elements which appear in all school subjects throughout school curricula.

In their research, Molapo, Stears, and Dempster [40] indicated that, in Lesotho schools,
the intended curriculum contains laudable goals with regard to learning in and about the environment.
However, teachers interpret the curriculum in such a way that they teach mainly about the environment
and never in the environment, and they seldom engage learners in activities in which they could
develop positive attitudes that would encourage them to act with consideration of the environment.

As we can see, the adaptation of curricula to the aims of ESD is the object of many studies and
scientific interest all over the world. Numerous research results prove that school curricula are crucial
for promoting the principles of sustainable development.

5. Recommendations

Sustainable development aimsto ensure the improvement of the quality of life and economic
progress without negatively affecting the environment o rreducing the availability of natural resources
for future generations. According to UNESCO experts, sustainable development must be supported by
properly planned and effectively implemented education. For ESD principles to be taught in practice
and, first of all, known, the issues of sustainable development must be an obligatory part of teacher
training programs. Teachers must realize that these principles are necessary and must know how to
practically integrate sustainable development issues into their curricula.

In Poland, there are numerous discussions on introducing environmental protection to universities
as an obligatory subject by means of a regulation issued by the Ministry of Science and Higher
Education. It would be compulsory for economic, human sciences, and art studies, environmental
engineering, and, first of all, for all pedagogy curricula (all teaching specializations). It seems to be a
reasonable move, as teachers’ actions would then be intentional (not incidental), and they would be
more willing to integrate sustainable development content into their curricula (not only curricula of
biology, chemistry, or natural sciences).

Results of the analysis show that foreign language teachers more often and more willingly
address sustainable development issues during their subject classes. This means that other teachers
may not have enough knowledge in this area, which, in turn, may mean they do not know of the
publications addressing the problems of sustainable development. Therefore, teachers need to receive
materials and tools in Polish, which would help them to understand the assumptions and principles of
sustainable development and become familiar with the ways of incorporating ESD-related issues into
their curricula.

Education for sustainable development in Poland is supported by EU funding. In 2016,
the Ministry of Environment accepted rankings in two competitions of the Infrastructure and
Environment Operational Programme for Measure 2.4 Environment protection and the promotion of
ecological habits, sub-measure 2.4.5 Information and education activities in the area of environmental
protection and effective use of natural resources. Forty-four applications were submitted to the
competition POIS/2.4.5/2/2015 type b: Building the potential and integration, with a total value
of 44 million PLN in EU support. Seventeen applications, for a total value of 18 million PLN,
received s positive formal and quality assessment. The financial allocation of the competition was
about 13 million PLN. The projects involve education through new media. They are examples of
implementing good practices which significantly increase students’ and teachers’ awareness and
knowledge about sustainable development issues.

In some Polish schools, compliance with sustainable development principles is seen as a school
mission. Sustainable development topics are not only addressed in subject curricula but also in
competitions, projects, the organization of the school premises, and the engagement in the protection
of the local environment. It is a very good example of the practical implementation of sustainable
development principles, as it not only raises awareness in students, teachers, and the local community
but also enables the active promotion of sustainable development.
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It is very important to connect the efforts made by schools to promote sustainable development
with out-of-school activities, e.g., in cooperation with local communities. Such integrated actions will
be more effective not only for students but also for the community [40].

Only joint activities of schools, institutions that educate and train teachers, the local community,
and media are likely tolead to the full incorporationof environmental protection issues in school
curricula. Therefore, we need to make every effort to enable such activities [41].
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26. Bee, H.; Boyd, D. Lifespan Development; Pearson: New York, NY, USA, 2011.
27. UNESCO. Transforming Our World: The 2030 Agenda for Sustainable Development; UNESCO Publishing: Paris,

France, 2015.
28. Babbie, E. The Practice of Social Research; Thomson Wadsworth: Belmont, MA, USA, 2001.
29. Kivunja, C.; Kuyini, A.B. Understanding and Applying Research Paradigms in Educational Contexts. Int. J.

High. Educ. 2017, 6, 26–41. [CrossRef]
30. Christensen, B.; Johnson, L. Educational Research: Quantitative, Qualitative, and Mixed Approaches, 4th ed.;

SAGE Publications: Thousand Oaks, CA, USA, 2011.
31. Commission Regulation (EU) No 651/2014 of 17 June 2014 Declaring Certain Categories of Aid Compatible

with the Internal Market in Application of Articles 107 and 108 of the Treaty (CELEX: 32014R0651). Available
online: https://www.paih.gov.pl/files/?id_plik=11991 (accessed on 18 May 2018).

32. Hattie, J. Visible Learning for Teachers: Maximizing Impact of Learning; Routledge: London, UK, 2012.
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Abstract: This aim of this paper is to measure industrial consumer satisfaction in the natural
gas sector in Greece. By using the Multicriteria Satisfaction Analysis (MUSA) method, the paper
measures industrial customer satisfaction based on criteria concerning the provided products and
services, communication and collaboration with providers’ staff, customer service, pricing policy and
website. The research results that are based on the analysis of 95 questionnaires collected during the
period between June 2017 and October 2017 show that the index of the global customer has a good
performance as its value is about 74.99%. Furthermore, the satisfaction criterion with the highest
performance is the one concerning communication and collaboration with natural gas providers’ staff.
It should be noted that the criterion concerning the provided products and services criterion is the
only one with high performance and importance—meaning that it should be in the spotlight of the
natural gas providers. The paper concludes that there is considerable space for improvements to be
made. Customer satisfaction is of great importance for every company, as it can be highly connected
with its performance. Using the results of this study, natural gas providers will have the chance to
frame their future actions in order to keep their industrial customers satisfied. Taking into account
both the fact that industrial customers’ share in the Greek natural gas market is about 25% and that
this market has been recently liberalized, it is of vital importance for natural gas providers to have
sufficient information about their industrial customers’ satisfaction.

Keywords: natural gas; energy market; customer satisfaction; industrial customers; multicriteria analysis

1. Introduction

It is widely known to both the companies and the consumers, that customer satisfaction, is one of
the most significant factors that can guarantee success [1]. Day by day, consumers become increasingly
more demanding for the quality of products and services they receive. They demand that the product
or the service they pay for, fulfills their needs, is of high quality and is also offered at an affordable price.

Furthermore, it is a fact that every company, regardless of the field in which it operates, must
find ways to keep its customers and attract new ones, while at the same time being competitive and
profitable. As customers have access to more information nowadays, they become more flexible in
their decisions and have more choices than ever before, it is even more important for companies to
earn their trust. Furthermore, today’s consumers have an educational level that allows them to judge
any product or service they pay for, while they demand the best possible products and services at the
same time. Consequently, a company that meets or even exceeds their customers’ expectations has a
significant competitive advantage [2].
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Despite the fact that customer satisfaction is in the spotlight of many years of research, most
literature focuses on the satisfaction concerning retail consumers instead of the industrial ones [3].
In recent years, most academic research on customer satisfaction has focused on consumer goods
and services. Current studies concerning consumer goods and services typically relate satisfaction
to a single discrete transaction [4–6]. On the other hand, studies concerning industrial customer
satisfaction have emphasized the importance of customer–supplier relationships [7–9]. It is obvious
that customer satisfaction in the industrial sector is understood as a relationship-specific rather than a
transaction-specific construct [3,10].

Energy is one of the key regulators of the interaction between nature and humans. Many
environmental issues that lead to negative consequences for society, the economy and the sustainability
of the environment are connected with the production, transformation, and use of energy [11].
The efficient treatment of these issues is a vital necessity [12]. Therefore, the need for ecologically
friendly and cleaner forms of energy is becoming more and more imperative [13,14]. As a result of the
big changes in the global energy system coming from the above needs—which will take place in the
following decades, renewable sources of energy are expected to be the grand victors in the race for the
increasing energy demand supply [15–17]. Despite the fact that natural gas is not a renewable source
of energy, it is relatively cleaner than its alternatives [18].

Thus, during the last decades, the demand for both renewable and cleaner sources of energy has
increased considerably both on the retail and industrial customer level. The quality of the services
provided by the clean energy supply companies and the satisfaction of their customers, have been
particularly important for them during the last few years. Therefore, for the energy supply companies,
the measurement of their customers’ satisfaction is a contemporary tool for strategic planning, capable
of creating the necessary conditions for their survival and development.

The main objective of the present research is to measure industrial customer satisfaction of natural
gas providers in Greece using a multicriteria analysis method. The methodological approach is based
on the principles of multicriteria modelling as the Multicriteria Satisfaction Analysis (MUSA) Method
is used for the satisfaction measurement.

2. Literature Review

2.1. Industrial Customers’ Satisfaction

Several studies show that the long-term success of an organization is closely related to its ability
to adapt to its customer needs and changing preferences [19–22]. The analysis of customer satisfaction
and its comparison with the results of similar studies can provide policy makers with a unique insight
into the motivations and satisfaction of consumers [23–25].

Furthermore, customers have access to an educational level that allows them to judge any product
or service they pay for, while they demand the best possible products and services at the lowest
price. Consequently, a company that meets or even exceeds a customer’s expectations has a significant
competitive advantage [26–28]. Therefore, it is important for every company to know who its customers
are, what they expect and how adequately their expectations are met. This process is of the same
importance for both the retail and industrial consumers [29].

The theory of customer satisfaction has been presented in international literature, as a reliable tool
for the evaluation of a company’s results. Customer satisfaction under the view of perceived quality
may be seen as the difference between the actual and the expected quality of a product or a service.
Many researchers emphasize on satisfaction with functional attributes [30].

According to Ostrom and Iacobucci [31], customer satisfaction is a way to evaluate the gap
between the expectations of a customer from a particular product or service, and what the customer
receives after the use of said product. For the measurement of customer satisfaction certain indexes,
price, efficiency or total performance of a company are being used. Woodside et al. [32], considers
customer satisfaction the main factor that affects their behavior. Yi [33], defines customer satisfaction in
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two basic ways: either as a result or as a procedure. Furthermore, Yi [33] considers that the definition
of customer satisfaction varies, depending on a series of definitive factors that concern the satisfaction
from a product or service, a buying decision experience, a performance attribute, the end-user
experience, a company shop or department and, the satisfaction from a pre-buying experience.

Churchill and Suprenant [6] state that “satisfaction is the result of purchase and use of a product or
service, which derives from the customer’s comparison between the remuneration and the cost of purchase, taking
into consideration the expected result”. Customer satisfaction is also based on customer knowledge, which
is about products, suppliers and markets [34].

Kotler [35], approaching the issue of customer satisfaction from a marketing point of view, has
analyzed the meaning of customer satisfaction as feelings of pleasure or discontent, which can be
derived from the comparison between the performance or the result of a product or service, and the
expectations the person developed before paying for it.

In recent years, it has been widely recognized that customer satisfaction is an essential tool of
corporate marketing strategies. According to O’Sullivan and McCallig [36], customer satisfaction has a
positive impact on a firm’s value. The researchers found that this impact is higher than the impact
its earnings have on its value. They also found that customer satisfaction positively and significantly
moderates the earnings–firm value relationship. Other researchers found that customer satisfaction
has a direct and positive effect on customer purchase intentions and loyalty [37–39].

Based on the abovementioned analysis, we can conclude that high levels of customer satisfaction
can lead to customer loyalty [40–42], business profitability [43,44], trust [45], customer retention [41],
positive word-of-mouth [46,47], repeating sales [42,48], future revenues [49–54] increased stock
prices [49,55–57], and higher market share [58,59].

During recent decades, most researchers on customer satisfaction have focused on satisfaction
with consumer goods and services. As far as the satisfaction of industrial customers is concerned,
research is still not particularly advanced [60].

Raj et al. [61] defines industrial customer satisfaction as a relationship-specific construct,
describing how well a supplier meets a customer’s expectation in the following areas: product-related
information, services, complaint handling, order handling, product features, interaction with internal
staff and interaction with salespeople.

Industrial customers’ satisfaction is closely connected with the quality of the provided products
and services provided to them, and is necessary for the continuous improvement and excellence of any
company [62–64]. As is the case of retail customers, industrial customers’ satisfaction is also connected
with the performance of companies and the development of a competitive advantage [6]. However,
industrial customer satisfaction is found to be much more complex [3].

Homburg and Rudolph [3] developed a valid customer satisfaction measure for industrial
customers, the INDSAT model. The model consists of seven distinct satisfaction dimensions: products,
salespeople, product-related information, order handling, technical services, interaction with internal
staff, and complaint handling.

2.2. Customer Satisfaction Surveys in Energy Sector

Throughout the last years, several studies have been carried out concerning customer satisfaction
with energy providers. Generally, satisfaction in the energy sector covers the quality of a number of
services, such as the provision of a new connection, the billing, the handling of customer requests,
and complaints. Customer satisfaction can be a significant motivating factor for energy providers.
The main objective of an energy organization is to acquire quality products and services that satisfy its
customers with measurable improvements to mission capability and operational support in at a fair
and reasonable price [65].

Customers who are satisfied with the service quality they receive, tend to trust their energy
provider. Customer satisfaction is a prominent theme in the energy sector. Satisfied customers have
the potential to become loyal customers and to attract new customers to an energy provider [66,67].
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Mutua et al. [68], formulated a general framework for the study of customer satisfaction in the
energy sector (electricity, petroleum, biomass, and renewable energy) in Kenya, using the European
Consumer Satisfaction Index (ECSI). They found that customer satisfaction is highest in the renewable
energy sector at 74.71%, followed by the petroleum sector at 62.32% and the biomass sector at 61.82%.
The electricity sector has the least satisfied customers at 53.06%.

J.D. Power and Associates [69] conducted a study to measure business customer satisfaction
with gas utility companies in four U.S.A geographic regions (East, Midwest, South, and West). This
research is based on responses from 10,635 U.S. companies that spend about $150 per month on
natural gas. The study examines six satisfaction criteria; corporate citizenship, billing and payment,
communications, price, customer service and field service. The overall satisfaction among business
customers of gas utilities averages at 674 on a 1000-point scale.

Moreover, J.D. Power and Associates [70] using the same set of criteria, measures residential
customers’ satisfaction with their gas utility in the same geographic regions in the U.S.A. Retail gas
customers were reportedly more satisfied (overall satisfaction 706 index points on a 1000-point scale),
than the industrial ones.

Ipsos, London Economics, and Deloitte [71] conducted consumer market research on the
functioning of retail energy markets in the European Union (EU). The research covers all European
Union Member States, Norway, and Iceland. Across the European Union countries, 40% of survey
respondents “strongly agreed” (scores 8 to 10) that their energy provider offered an overall high quality
of service, 40% “agreed” (scores 5 to 7) and finally 15% “disagreed” (scores 0 to 4). In Greece, 30% of
survey respondents “strongly agreed”, 41% “agreed” while 26% “disagreed”.

The American Customer Satisfaction Index (ACSI) analyzed customer satisfaction with
investor-owned energy utilities serving U.S. residential customers (electric and natural gas service).
According the ACSI Customer Satisfaction Reports [71] the natural gas remains the superlative energy
source with an improved score of 78% (100-point scale). The Residential household satisfaction with
electricity is lower at 75%.

Liu et al. [72], developed an evaluation index system of electric power customers’ satisfaction
based on the service blueprint theory. The service blueprint model is divided into 4 parts, which are
customer behavior, front office staff behavior, back office staff behavior, and support process.

Chodzaza and Gombachika [73], focused on functional quality offered by the public electricity
provider to its industrial customers within Southern Region of Malawi. The findings suggest that
the service quality is poor, irrespective of demographic characteristics of the industrial customers.
The industrial customers were dissatisfied with the availability of power and customer care services.

Jannadi and Al-Saggaf [74], conducted a study to measure the customer satisfaction of a typical
energy provider in Saudi Arabia. The study revealed that the provider had high satisfaction scores in
tangibles dimensions, but low ones in the dimensions of responsiveness and reliability.

Medjoudj et al. [75], analyzed the customer satisfaction of power users in Bejaia City, Algeria,
using the Analytic Hierarchy Process (AHP) method. The obtained results indicate the advantage of
investment to improve customer satisfaction and enterprise profitability.

Medjoudj et al. [75] used three multi-criteria decision making methods (cost benefit analysis,
economic criteria inspired from game theory, and the analytic hierarchy process) to find that customer
satisfaction with energy providers is expressed by the requirements of high quality of service at the
lowest possible cost of electricity.

Ibáñez et al. [76] proposed a framework where retail customer satisfaction with energy providers is
correlated with the dimensions of technical quality of the core services (supply interruption, and service
re-establishment), technical quality of the peripheral services (information, consultation, and flexible
contracts) and, service process quality (prompt service, politeness, and customer requests). Their
results confirmed the direct impact of the examined dimensions on customer satisfaction. Following the
same path, Hartman and Ibáñez [77], proposed a conceptual framework for the impact of satisfaction
and switching costs on customer loyalty in energy markets. The main factors related to customer
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satisfaction according to their analysis are technical quality of the core services, technical quality of
the peripheral services, service process quality, value added services, innovations, environmental and
social commitment, and pricing policy [77]. Their results show that in order to increase customer
satisfaction with energy providers and thus, indirectly, customer loyalty—service quality should be
increased [77].

Price seems to be important for the industrial customers of energy providers. However, even in
this case, it is shown that industrial customers’ satisfaction has an important effect on price tolerance
even when switching barriers exist [78]. This is supported by the finding that even in the case of high
switching barriers, they are not big enough to retain dissatisfied industrial customers [78].

2.3. Natural Gas Market in Greece

The use of natural gas is a strategic choice for the European Union. By using natural gas, the goal
is the transition to an economy based on more environmentally friendly sources of energy than oil,
while also being the turning point to renewable sources of energy. The above mentioned data can
support the fact that natural gas is the second most used type of energy in the European Union, while
it takes the third position in world level (Figure 1).
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Figure 1. Worldwide energy consumption by type (in million tons of oil equivalent) [79].

As already mentioned, after oil (42%), natural gas is the most used type of energy in the
European Union (23%). However, Greece is mostly based on oil consumption (66%), while natural
gas consumption is equal to 4% of the total energy consumption balance (Figure 2). This shows that
natural gas has a low level of penetration in the Greek market, meaning that there is enough space
for growth.

To clearly describe the energy market of Greece, it is notable that the sectors of electricity and
natural gas have undergone radical reforms during the last decade towards the full liberalization on
the basis of European energy integration. The aim is both the sustainability of the energy system and
the security of supply. Another important aspect of these reforms is the creation of conditions for the
competitive functioning of the market. The right to choose an electricity supplier for all consumers has
been established since 2008. Full liberalization of the natural gas market has also taken place since the
beginning of 2018.

Greece fully depends on natural gas imports, with the greater proportion of its supplies coming
from Russia, Algeria and Turkey. More specifically, Russian natural gas is 75% of total imports (DEPA).
The Public Company of Gas Supply of Greece (DEPA) was found in 1988 and has been the main
importer of natural gas pipes and liquefied natural gas (LNG) in Greece ever since. Total natural gas
consumption in Greece, seems to follow the established trend of the European Union countries.
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Furthermore, according to Eurostat, natural gas prices in Greece follow the average prices of the
European Union countries (including taxes and levies) as a decline has been recorded in recent years.
More specifically, natural gas prices have decreased from €19.44 in 2012 to €16.41 in 2018 per gigajoule
in the European Union countries, while in Greece they have decreased from €28.25 in 2012 to €14.79 in
2018 per gigajoule [80] (Figure 3).

Based on data provided by DEPA [81], the largest part of natural gas in Greece is used for
electricity production (55%); industrial customers occupy a big percentage of the total market as their
share is about 25%, while 19% of natural gas consumption is for home usage and 1% for vehicles.
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3. Research Methodology

3.1. Data and Research Tool

The current study is based on a survey that took place between June and October 2017. The main
research tool was a questionnaire, which was electronically distributed to 630 companies in order
to be answered by the responsible managers for energy planning. We note that the managers who
were asked occupied common positions, since according to literature [3,60] different roles may have
a different model of preferences. Finally, 95 questionnaires were responded resulting in an overall
response rate of approximately 15%. The survey focused on companies belonging to business sectors
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that account for about 60% of the total production of the Greek economy and use natural gas (Figure 4).
The sample was randomly selected based on the data provided by published sectoral studies.
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In order to design the questionnaire, the existing literature was examined. Based on the literature
review and the specific characteristic of the natural gas market in Greece, a series of satisfaction criteria
and sub-criteria emerged, as presented in Table 1.

Table 1. Satisfaction criteria and sub-criteria.

Satisfaction Criteria Satisfaction Sub-Criteria

Products-services [3,61,65,68–70,75,77]

1. Range of services
2. Connection costs
3. Connection process
4. Technical problems solving

5. Emergency response

Communication and collaboration
with staff [3,60,61,65,68,72,76]

1. Kindness & willingness
2. Knowledge & skills
3. Professionalism
4. Reliability

5. Confidentiality

Customer service [3,61,69,70,72–74,76]

1. Promises keeping
2. Responses direct
3. Effectiveness
4. Information provision

5. Absence of errors
6. Accounts accuracy

Pricing policy [3,60,65,69,70,75,77,78]

1. Charges
2. Value for money
3. Payment methods
4. Prices flexibility
5. Discounts

6. Update changes
7. Payment terms

Website [61,72,76,77]

1. Information
2. Navigation ease
3. Loading speed
4. Aesthetic design

5. Content

A five point Likert scale was used to measure respondents’ level of satisfaction rating from totally
dissatisfied (1) to totally satisfied (5). Including the above mentioned satisfaction oriented questions,
a total of 35 questions were answered by each of the respondents to the research.

The research data were analyzed using the Multicriteria Satisfaction Analysis (MUSA) method.
The MUSA method which will be applied in the present research, uses satisfaction data collected
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through special questionnaires. Each respondent is asked through a questionnaire, to express
satisfaction which depends on a set of criteria and sub-criteria [82].

3.2. An Overview of the Mulitcriteria Satisfaction Analysis (MUSA) Method

The MUSA (Multicriteria Satisfaction Analysis) method is a multicriteria preference
disaggregation analysis technique [63,83]. The method assumes that customer’s global satisfaction
depends on criteria representing satisfaction dimensions; its main objective is the aggregation of
judgments into a collective value function of satisfaction. The method is based on ordinal regression in
order to facilitate that global satisfaction becomes as consistent as possible with customers’ judgments.

More specifically, the method infers an additive collective value function Y* and a set of partial
satisfaction functions Xi*, given customer’s global satisfaction Y and partial satisfaction Xi. The main
objective of is to achieve the maximum consistency between the value function Y*and the judgments
of Y. The method’s ordinal regression function is following one:

⎧⎪⎪⎨
⎪⎪⎩

Y ∗ =
n
∑

i=1
biX ∗

i

n
∑

i=1
bi = 1

(1)

where Y* is the estimation of global satisfaction, n is the number of satisfaction criteria and bi is a
positive weight of the i-th criterion.

In order to face the problem of the model’s stability, an optimality analysis stage is included.
The final solution is obtained by exploring the polyhedron of near optimal solutions and is calculated
by a number of linear programs equal to the number of the satisfaction criteria:

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

[max]F′ =
ai−1
∑

k=1
wik για i = 1, 2, . . . , n

under the constraints :
F ≤ F ∗ + ε

(2)

where ε is a small percentage of F*. The average of the solutions given by the n LPs may be taken as
the final solution. In case of non-stability this average solution is less representative.

The assessment of a performance norm may be very useful in customer satisfaction analysis.
The average global and partial satisfaction indices are used for this purpose and can be assessed
according to the following equations:

S =
a

∑
m=1

pmy ∗mand Si =
ai

∑
k=1

pk
i x ∗k

i (3)

where S and Si are the average global and partial satisfaction indices, and pm and pi
k are the frequencies

of customers belonging to the ym and xi*k satisfaction level, respectively.

4. Research Results

Table 2 summarizes the reliability of the scales. The results show that all the dimensions used in
the research were highly reliable based on Cronbach’s a values.
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Table 2. Satisfaction criteria reliability.

Satisfaction Criteria Number of Sub-Criteria Cronbach’s a

Products–services 5 0.801
Communication and collaboration with staff 5 0.710

Customer service 6 0.725
Pricing policy 7 0.823

Website 5 0.703

As stated above, satisfaction measurement is based on five main criteria. Approaching the
importance of these criteria, shaped by the answers of industrial customers, it is shown that the
criterion with the greatest importance is products and services (24.46%), while website (17.9%) is the
one with the least importance (Table 3). These results are in accordance with the results of previous
studies where products and services seem to be very important for industrial customers [76,77].
Furthermore, we may see that pricing policy seems to be of low importance (18.10%) (Table 3). This can
be the result of the fact that the price of natural gas in Greece is lower than the EU-28 average.

Table 3. Satisfaction criteria weights.

Satisfaction Criteria Level of Importance for Global Satisfaction

Products–services 24.50%
Communication and collaboration with staff 19.60%

Customer service 19.90%
Pricing policy 18.10%

Website 17.90%

The criterion with the highest level of satisfaction is this of communication and cooperation with
staff with an 86.46% percentage followed by customer service and products-services criteria with
85.31% and 78.99% levels of satisfaction respectively (Table 4).

Table 4. Satisfaction criteria indexes.

Satisfaction Criteria Level of Satisfaction

Products–services 78.99%
Communication and collaboration with staff 86.46%

Customer service 83.51%
Pricing policy 55.58%

Website 70.47%

Regarding industrial customers’ level of global satisfaction, 6.82% of them were totally dissatisfied
or dissatisfied, 27.27% were neutral, 40.91% were satisfied and 25% were totally satisfied (Table 5).
In relation to retail customers’ satisfaction as presented in the results of Ipsos, London Economics and
Deloitte [84] analysis, industrial customers’ satisfaction is lower. This is in line with the results of other
studies where industrial customers have lower level of satisfaction than the retail ones [73].

Table 5. Industrial customers’ global satisfaction.

Satisfaction Scale Level of Satisfaction

Totally dissatisfied 4.55%
Dissatisfied 2.27%

Neutral 27.27%
Satisfied 40.91%

Totally satisfied 25%
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Based on Figure 5, the results of the survey are positive, as the average global satisfaction index of
the customers is about 74.99%. According to the theory established by the MUSA method, the growth
trend of the satisfaction function means that industrial customers are demanding about the products
and services they receive [63,83]. These obtained results confirm the fact that industrial customers
are more demanding than retail ones. Industrial customer demandingness is a critical factor for their
suppliers as such customers can often get easily dissatisfied with the existing products and services so
as they are searching for new to replace the old ones [85].
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Figure 5. Global satisfaction function and average global satisfaction index.

Lastly, Figure 6 shows the strong and weak points of the natural gas providers examined.
The criteria concerning pricing policy and website are located in the so-called “status quo area”
of the action diagram. It should be noted that if these criteria show higher levels of significance in the
future without improving the level of satisfaction, global satisfaction will get significantly worse.
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Figure 6. Satisfaction criteria action diagram.

The “products-services” criterion is located in the leverage opportunity area of the action diagram,
which means that this criterion is of high performance and importance; thus, it is the criterion where

100



Sustainability 2019, 11, 1905

the greatest attention should be paid. As far as it is concerned, this criterion should be in the spotlight
of conservation actions and investments, as it could be characterized as a competitive edge for the
market’s companies.

Finally, the criteria “communication and collaboration with staff” and “customer service” are
located in the transfer resources area which means that no funds should be invested for improving
them, as they are of low importance.

The above mentioned results are useful in order to be used as a guidance for the examined
companies’ managers. However it is important to see if there is the need for a different approach
to various industrial customers. In order to ascertain this assumption, a Kruskal Wallis test will be
performed for using the industrial sector of the companies responded to the research as the independent
variable (Table 6).

Table 6. Kruskal Wallis test’s results.

Satisfaction Criteria Chi-Square df p-Value

Products–services 9.412 4 0.082
Communication and collaboration with staff 3.877 4 0.423

Customer service 2.597 4 0.627
Pricing policy 3.170 4 0.530

Website 9.017 4 0.061
Global satisfaction 4.751 4 0.314

Based on Table 6 data, we see that in a 5% level of significance, there is no statistically significant
difference between the levels of satisfaction and the industrial sector of the respondents. Thus, we
may conclude that the above mentioned satisfaction criteria would be useful for measuring industrial
customers’ satisfaction belonging to the same sectors of the respondents to the research. Moreover,
the strategy which must be followed by the natural gas providers based on the research results, could
be the same for all the industrial customers of these sectors.

5. Discussion and Conclusions

The aim of this research was to measure industrial customer satisfaction with natural gas
providers in Greece. Customer satisfaction can be a core determinant of the performance of any
organization [1,3,86]. In the case of industrial customers, satisfaction can be of even greater importance
due to the fact that such customers can easily seek new suppliers [85].

Research results show an adequate satisfaction level in the global satisfaction level about 74.99%.
This level of satisfaction can be characterized as adequate, due to the fact that industrial customers are
more demanding than retail ones and at the same time may have lower levels of satisfaction than the
retail ones [73,85]. However, keeping in mind the fact that the percentage of neutral customers (either
satisfied or dissatisfied) is around 27% of the total sample, a considerable space for improvement
is recorded.

The need for improvement actions can be more obvious as in certain criteria such as this of pricing
policy the level of satisfaction is very low. Nonetheless, the criteria with low performance are in the so
called “status-quo” and are of the action diagram, which means they are not significantly important for
industrial customers’ satisfaction; thus, the natural gas providers should not invest very high resources
in improving these criteria. Moreover, according to the MUSA method’s results, the criterion located
in the leverage opportunity area of the action diagram is this of products and services; thus, this is the
most important criterion for industrial customer satisfaction and should be in the spotlight of natural
gas providers.

These results could be used by energy providers’ managers as a guidance for their strategy
development. Measuring customer satisfaction as a useful insight on the performance of a company
dealing with the needs of its customers can arise. The critical analysis of such results could significantly
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contribute to the disclosure of the actions that should be undertaken in order to increase customer
satisfaction [3]. Such results are crucial for decisions concerning improvement actions and resources
allocation as well.

We should note that the present research has some limitations. First, what should be taken into
consideration for the results of the survey is that it has been carried out in the beginning of the natural
gas market in Greece full liberalization period. This means that until the beginning of the survey,
the choices in the market for alternative providers were relatively limited. This may also explain
the fact that while satisfaction from criteria such as this concerning pricing policy is low, the level of
demanding is low as well, in contrast to the results of other surveys [78]. This trend is most likely to
change with the operation of a fully liberalized market. Especially in the case of natural gas, which is a
strategic choice for the European Union and consequently for Greece, market growth margins and
competition intensities will increase. Thus, the strategic importance of customer satisfaction will keep
growing constantly [87].

Despite the fact that we see that the results do not differ between the different industrial sectors
of the respondents, they should be tentatively accepted. This means that they cannot be automatically
generalized [3] before a systematic replication is achieved [88]. Besides, the results of similar surveys
show that there are differences in the satisfaction level of industrial customers belonging to different
sectors and, as far as it is concerned, there is a need for different strategic choices [3,73].

Furthermore, this research is based on data which are not longitudinal offering a static view.
In such cases as the examined one, it is important to use data concerning customer satisfaction over
time in order to track over longer periods of time.

Last, the questionnaire used mainly included questions related to the measurement of industrial
customers’ satisfaction as the main objective was to calculate satisfaction indices. Factors related
to customer satisfaction such the change rate of service providers, the purchase of added services,
the willingness to pay or customers’ loyalty are not examined. These factors are found to be strongly
correlated with customer satisfaction in similar studies [15,73].

Based on the above analysis and the limitations noticed, there are several avenues for future
research. First, more analytical research including the above mentioned factors related to customer
satisfaction should be run. At the same time, the applied questionnaire could be updated with more
criteria concerning industrial customer satisfaction and address different roles (e.g., deciders, buyers,
and users) within the industrial customers.

Furthermore, a survey combining both individual consumers’ and industrial customers’
satisfaction would more effectively underline the strong points and the areas in need of improvement
of the natural gas providers.

Finally, the installation of a permanent satisfaction barometer, which could be run annually, is an
important extension as it could give the ability to track changes concerning both individual consumers’
and industrial customers’ satisfaction.
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Abstract: The excessive consumption of fossil fuels not only leads to resource depletion, but also
involves negative environmental effects on both public health and the climate. However, Greece’s
renewable energy (RE) capacity is considerable and could meet a great part of the country’s energy
needs while helping to tackle the ecological problem our planet faces. At the same time, the deployment
of renewable energy sources (RES) can facilitate the creation of new jobs and enable households
to become energy independent, while addressing energy poverty. The present study investigates
the views and attitudes of citizens of the Thessaloniki conurbation towards RES. To collect the data,
structured questionnaires were used, which were completed through personal interviews. Moreover,
random sampling was performed to select the sample, and in total 420 citizens participated in
the survey. Results showed that the respondents supported the replacement of lignite plants with
renewable energy sources since they perceived that they constitute a necessary solution providing
opportunities for economic growth and improvement to their quality of life. Finally, the vast majority
expressed increased interest in future investment in photovoltaic systems, which in their opinion
could contribute to improving air quality and increasing the energy independence not only of Greece
but also of households.

Keywords: Renewable energy sources; energy poverty; energy transition; citizen attitudes;
Thessaloniki

1. Introduction

Economic growth is dependent on energy which supports economic activity, enhances productivity
and meets basic human needs. The energy sector lies at the core of challenges and European countries’
attention has turned to renewable energy sources due to the uncertainty of fossil reserves and their
negative environmental effects. To alleviate environmental problems, the member states of the European
Union (EU) are required to take immediate action for the development of new energy production
technologies, and to that end the EU has established a legislative framework which provides for
the promotion and use of renewable energy sources [1]. In particular, the Directive 2001/77/EC was
introduced, which provided that 12% of the energy produced within the EU should be generated from
renewable sources [2]. A few years later, the European Commission proposed the Directive 2009/28/EC,
encouraging the development of renewable energy technologies [3].

In the context of the European Energy Policy, the National Renewable Energy Action Plan was
established in Greece for energy saving. According to the plan, renewable energy sources must be
promoted for electricity generation and Greece is bound to meet certain environmental commitments
regarding the set targets of 2020. To achieve the set targets, the suggested RES technologies involved
both onshore and offshore wind energy, photovoltaic technology, as well as geothermal energy [4].

Sustainability 2019, 11, 2634; doi:10.3390/su11092634 www.mdpi.com/journal/sustainability107
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To plan effective policies for the sustainable development of natural resources, it is significant
to fully understand and consider human environmental behavior [5]. In other words, it appears
that knowing the attitudes and behavior of citizens is particularly important to energy policy design.
Indicatively, the Swedish Energy Policy has attributed great importance to environmental behavior and
was greatly affected by the Swedish citizens’ attitudes towards energy production and management [6].
In addition, it was indicated that the understanding of citizens’ attitudes and behavior in terms of
sustainable energy management has been rapidly increasing in the past years, mainly due to the need
for better communication between decision-makers and the public being highlighted [7].

In our age, the estimations of energy technology are extensive in environmental and economic
terms and at the same time citizens’ concerns about environmental issues and energy saving have
increased. For example, research has identified that in the years 2001–2002 the inhabitants of the Greek
islands were supportive of the existing wind parks in contrast to the inhabitants of the mainland who
had a negative attitude [1]. More specifically, the inhabitants of the mainland expressed either divided
opinions on or negative attitudes to wind energy applications, highlighting the need for providing
residents with additional information on wind power [8]. As for photovoltaic system application,
the research findings of Hondo and Baba [9] are of great interest since this research team discovered
that 200 household heads in Lida were interested in electricity saving and estimated the costs and
benefits from photovoltaic application, while as community members communicated with each other
on the system’s usefulness and developed a more positive behavior concerning the management of the
natural environment [9].

In periods of recession and financial credit, increased development levels cannot ensure the
continuous access to efficient forms of energy and consequently the phenomenon of energy poverty
emerges [10]. According to the Community Directive 2009/72/EC, in Europe energy poverty is reaching
worrying proportions and requires an immediate response [11]. In Greece, energy poverty stems from
the economic crisis and was first noticed in the initial years of the crisis, while the scale of energy
poverty compelled the Greek state to form an appropriate policy to address this issue.

To put this differently, energy poverty emerges when lower-income households have difficulty
covering energy costs for electricity and heating purposes. Installations of renewable energy,
and especially photovoltaic systems, provide households with the opportunity to become energy
independent and combat the problem of energy poverty. A necessary condition for this to happen is
that citizens invest in renewables. However, no study has examined the investment willingness and
attitudes towards renewable energy of citizens residing in large cities such as Thessaloniki. Hence,
the main aim of the present study is to examine the views of the citizens of the Thessaloniki conurbation
on a set of issues concerning energy production from different sources, investments in renewable
energy and predominantly in photovoltaic systems, which can contribute significantly to the reduction
of energy poverty. The study findings can make an important contribution because they can be used
as an effective tool by policymakers to make decisions on policies and adapt their decisions to the
new data. To be more specific, having insights into citizens’ mindset can help policymakers formulate
policies and introduce measures which correspond to citizens’ expectations and needs. In the long
run, a favorable climate for citizen investment in RES can be fostered, which in turn will address
energy poverty.

2. Theoretical Background

Energy, energy use and carbon emissions reduction are widely recognized as the most important
environmental issues of our time, while they are also crucial to economic and social development,
as well as the improvement of life quality [12,13]. To achieve a substantial reduction in greenhouse gas
emissions, increasing the share of renewable energy sources in the total energy production is becoming
the most important aspect of strategies in many countries [14].

Renewable energy sources play a key role in environmental protection since their exploitation does
not harm the environment due to the lack of pollutants or gases which increase the risk of climate change.
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Simultaneously, the use of RES for electricity production can contribute greatly not only to reducing
the dependence on the expensive imported oil but also to reinforcing energy security [15,16]. Apart
from the reduction in environmental pollution and the enhancement of energy saving, the creation of
new jobs consists another notable advantage of renewable energy deployment [17]. Yet, investments in
RES often involve external costs and benefits which should be taken into account to achieve socially
optimal investments [14].

The adoption and promotion of renewable energy technologies have become more and more
important to environmental and economic sustainability, as global concerns about climate change
and dependence on imported fossil fuels are increasing [18,19]. Specifically, solar energy is not only
abundant, but also consists one of the fastest growing renewable sources, since it does not contribute
to carbon emissions and hence is not harmful to the environment [20].

At the European Union level, the pursued energy policy has attempted to develop coherent
strategies to set objectives common to all countries which include pollution reduction and growth
in renewable energy use. In the context of the Europe 2020 strategy, the countries of the EU are
committed to maintain the 20/20/20 targets in terms of climate/energy. In essence, this means that there
should be 20% reduction in greenhouse gas emissions compared to the levels recorded in 1990, 20%
increase in the share of renewable sources of energy in total energy production and 20% increase in
energy efficiency. Notably, these targets are inseparable from the targets which are set for education,
employment, innovation and fight against poverty and at the same time they are of vital importance
for the overall success [21]. The reduction in greenhouse gas emissions by 40% below the 1990 levels
as well as the other targets relating to RES and energy efficiency in EU are included in the “Energy
Roadmap 2050” [22]. Hence, the competitiveness and security of energy supply can be secured, while
the transition to a low-carbon economy and energy system decentralization can be supported through
energy technology innovation [23].

Today, the European Union constitutes the biggest economy which is legally bound to attain 27%
energy consumption from RES by 2030. To achieve this objective, electricity production from RES must
reach 1600–1700 TWh by 2030, which is double than the corresponding rate in 2014 [24]. According
to the latest reports, the European Union has made great progress since 2005 and is well on course
to meet the 2020 renewable energy targets [25]. However, research has indicated that the Directive
2009/28/EC on EU action, which is responsible for the application of the general policy on the RES
targets by member states, does not provide the structure or the content needed by member states to
apply the RES policy and achieve the set targets [3].

In times of austerity and increasing energy poverty, the improvement of energy autarky through
RES is characterized as an economic savior. At a national level, renewable energy sources can constitute
a long-term solution to international dependence on fuel imports, pan-European energy security and a
way to eliminate failed economies due to financial abuse [26]. Ensuring access to imported energy
resources in advantageous and competitive terms is the primary target for the international relations
of the energy dependent countries. International relations are of great significance to the solution of
the energy issue especially in countries lacking energy autonomy such as Greece [27].

The use of electricity is a prerequisite for modern living, however, energy production entails
high monetary and environmental costs. For this reason, energy saving measures are required and
energy production must be covered as much as possible by RES [15], rendering the harmonization and
adjustment of the Greek energy market and institutional framework to the current international trends,
perceptions and requirements [27]. It is reasonable therefore that the focus is on specific sectors. These
involve the liberalization of the gas and electricity market, increase in the production of electricity from
renewable energy sources, reduction in energy generated by conventional technologies, improvement
of energy efficiency, energy saving and environmental protection with a focus on the domestic sector.
Meanwhile, the Greek energy market is presently experiencing rapid and radical changes [28].

At this point it is interesting to provide a context of the energy situation in Greece. The photovoltaic
system in Greece began in 2006 and was updated in 2011, providing potential financial stability and
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consisting an alternative to oil and lignite, while the latter is today still dominant in the energy
sector. The program promoted new opportunities for both small-scale photovoltaic applications for
households and large-scale photovoltaic parks producing enough energy for international exports.
However, in such cases there is often opposition to be faced, while the energy program’s success or
failure can be affected by the understanding of local social relations and historical consciousness, but
also by government policy [26]. In Greece, since 2009 a type of unregulated investor policy has seemed
to prevail, which is characterized by a high number of applications for constructing renewable energy
projects. Such projects are often implemented without strategic planning and involve large-scale
construction projects in small island regions while environmental and cultural limitations specified
in the relevant legislation are being violated. Meanwhile, local communities are not informed and
existing industries, rural and domestic activities, as well as land qualities are neglected giving thus rise
to common sense [29]. Considering the above, Greece must evaluate two more elements. First, local
and regional authorities now participate in environmental policymaking and implementation without
however possessing the necessary fiscal and administrative capacities while signs of customer relations
and corruption are observed [30]. Second and most important, the EU involvement through troika [31]
has been dramatically affecting the conditions of environmental development in Greece since the year
2010 [32] through a set of legislative changes including investment facilitation and national economy
boosting [33]. It is clear that the success of national policy is inevitably directly related to international
relations [34]. Possibly, the most important issue that Greece faces in terms of policies, is the constant
political regression which causes alterations in the institutional and economic frameworks relating to
RES development. The resulting uncertainty consists an inhibiting factor for investors and at the same
time frustration occurs among social groups residing in areas where renewable energy projects are to
be implemented [15,35].

In terms of the total electricity production in Greece, the official data of the Ministry of Environment
and Energy are of great interest and show that there is a constant increase in electricity production.
Specifically, an increasing trend in electricity production is observed and the greatest share of energy
production is lignite-based, while natural gas has been introduced to the energy mix and a gradual
increase in energy from renewables is noticed [36]. Interestingly, the expectations of natural gas
development seem to play a preventive role in decision-making regarding the long-term development
of solar photovoltaic energy [37]. Meanwhile, the most important impacts of the operation of fossil fuel
power plants involve the harmful effects on human health and the increased concentration of carbon
dioxide in the air [38]. Acknowledging these effects, Law No 3851/2010 provided mandatory national
targets for the RES share in overall energy consumption [39], highlighting the cooperation between
industry and government [18,40] which should also cooperate with households [41]. This way the
benefits of microgeneration as part of a wider shift towards reducing energy demand and consumer
behavior change can be secured. That is particularly important especially because households often
ignore their important contribution to these targets [42]. Moreover, suppliers should endeavor to
better understand the perceptions of customers, so they can develop technology products which are
attractive to the current household owners [34].

In this context, many private and public investors have repeatedly made efforts to install new
RES-based plants inducing often serious local opposition [40]. For this reason, the different character of
local preferences for RES should be taken into consideration [4]. The dynamic of public commitment in
the technological development of RES [43] is able to address public attitudes which constitute obstacles
or barriers, by shaping citizens’ perceptions in this direction [6,44,45]. This can be achieved by involving
citizens in the initial planning and implementation stages [46], and especially citizens residing close
to installation sites [47]. Additionally, it would be useful to provide citizens with information on the
major advantages of wind and solar system use, which are not only effective, economical, efficient
and environmentally friendly sources, but also ones that generate lower greenhouse gas emissions.
However, it is possible that the manufacturing procedures of the materials of these systems cause
harmful emissions as it is the case with other products. Consequently, the possibility of negative
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effects must be monitored within a comparative life-cycle framework [38] in rural rather than urban
areas [48] to achieve a sustainable future [16,44,46,47]. It is noteworthy that renewable energy sources
cannot bring about significant changes, but people must change habits so that society can attain a
“green future” [15]. Public opinion is generally considered particularly inconsistent, while perceptions
are referred to as social and personal [49] and attitudes differ substantially from one project to
another, among regions but also within the same region and can change over time. In reality, public
opinion depends on various factors such as ignorance, misinformation regarding the advantages of a
specific technology, local environmental conditions, national energy policies, residents’ experience
in such projects, renewable energy technology costs [40,44,45]. Consumer behavior is complicated
and rarely follows traditional economic decision-making theories. When people buy goods, they
often believe that they take smart decisions and act “rationally”. Yet, in their everyday life people
deviate from the model of “rational behavior” [50], according to which a person estimates the cost
and advantages of alternative solutions objectively before making the final decision. Even consumers
with strong material motives possessing adequate knowledge and motives to act in sustainable
ways are likely to change their behavior towards a more desirable direction [50]. However, high
knowledge of the basic principles and contribution of RES is observed, while great awareness levels
about environmental problems are recorded. More specifically, there is substantial support for RES
installations [34,51], especially for existing RES projects (particularly photovoltaic systems, wind
parks and hydropower applications) without rejecting new installations which does not resonate
with the NIMBY phenomenon [1,40,46,49,52]. Awareness about the issue of climate change and other
environmental problems as well as high concern levels about the environment regarding the future
seems to be a factor validating renewable energy [6,19,51]. Simultaneously, most expressed concerns
are based on the impact of photovoltaics on land-use and of hydropower stations on flora and fauna
and not so much on the noise produced by wind turbines [18,40]. For example, in regions of Greece
with high wind capacity and investment interest the public has a supportive attitude towards wind
energy applications including both existing and new turbines, whereas in continental Greece public
opinion is divided [8]. Nevertheless, the same study revealed that a minority consisting mainly of
farmers was acutely opposite to wind energy applications ignoring the economic benefits [8].

Moreover, a possible existence of the snowball effect was noticed regarding the acceptance and
support for RES if some minorities changed their lifestyle [2], wishing that the responsibility of climate
change action is transferred to governments. However, the cooperation ability of citizens (collective
action) on a moral and voluntary basis to achieve behavioral change was deemed limited. This
has consequences for policies on energy and resources usage. In this context, it may be useful that
policymakers first establish policies which are considered most appropriate for the public and second
take initiatives through information and communication campaigns examining citizens’ concerns
about the usefulness of government approaches [5].

On the other side, citizens’ limited sense of personal responsibility suggests that energy efficiency
and RES installation on individual level is pointless and lacks significant motives. Shares of citizens
have expressed many arguments regarding the safeguarding of future generations and lifestyle changes
to justify RES installations. In addition, there are positive correlations between energy efficiency
and lifestyle changes, but the latter are not fully negotiable [1,5,53]. A recent study has identified
the willingness of citizen majority to pay more for electricity generated by RES, either in the form
of payment for public projects or domestic system installation which provide long-term economic
profit [6,15]. What is more, another study has indicated that certain groups of citizens were more
willing to pay for renewables than others. These involved high earners, owners of large houses,
individuals with high knowledge and awareness levels about energy and climate change, as well
as people facing electricity shortage [54]. Apart from citizen groups, tourists also exhibited positive
attitudes to RES since they stated their preference for hotels which have invested in energy saving
measures and RES even if they were required to pay higher prices [55].
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Yet, the cost still constitutes a notable barrier to the adoption of pro-environmental behavior in
the form of adopting renewable energy systems, while the availability and price of technologies are
constantly changing. In relation to solar energy, it has been indicated that not owning a roof or a
plot of land consists a significant hindrance to photovoltaic (PV) installation [35,56] and, at the same
time, plans to move to another house and lack of house ownership affect consumer perception [57].
On the other side, obstacles to wind energy implementation often occur when the local public resists
installations on grounds of the visual impact of such projects on the landscape [58–60]. It therefore
becomes clear that RES policymaking should ensure that the long-term benefits of RES investment will
offset the cost of participating in positive environmental behavior through “green subsidies” [61].

From the citizens’ viewpoint, an overall support for RES development was observed, which was
closely related to the dissemination of solar water heaters [53]. This support can be accounted for by
the fact that a significant part of the household’s warm water demand can be covered by solar water
heating systems which cover even 70% while involving a short depreciation time [16]. Simultaneously,
it would be beneficial to inform citizens about topics on photovoltaic system installation including cost
reduction due to system integration into building parts such as windows and tents [62]. Moreover,
it has been found that households which are familiar with photovoltaic systems tend to enhance
their daily environmental behavior [9]. However, the same does not apply to wind energy since
citizens are prevented from adopting it due to turbines’ high cost and size granting thus exclusivity to
multinational companies [31,52].

The understanding of citizens’ attitudes and the stages undergone before deciding to adopt RES
is not only varied but can also have great influence. Hence, the understanding can enable those in
governments to design more effectively strategic policies which aim at enhancing citizen acceptance of
RES while acknowledging citizens’ expectations which mainly involve financial incentives. Moreover,
they will be able to reinforce the appropriate supportive and educational means. Second, greater control
of marketing strategy should be exercised to make this technology more attractive and affordable even
for households suffering from or threatened by energy poverty, enabling investments in RES-based
electricity production.

3. Materials and Methods

The present study was performed in the city of Thessaloniki. To achieve the research objectives,
it was deemed necessary to use structured questionnaire and personal interviews because these are
considered effective when it is attempted to capture the views of a large number of respondents [63].
In particular, the questionnaire allows the participation of a great number of participants facilitating
the identification of possible differentiated or opposite tendencies regarding electricity production
from lignite and RES, which would not have possibly been discovered by a different quantitative
method. Hence, this method contributes more effectively to a more thorough understanding of the
topics investigated by this study.

To design the questionnaire, the relevant literature on citizen views and attitudes towards
household photovoltaic system installation was taken into account [9,15,16,34,40,42,46]. To analyze
the collected data, descriptive statistics, the non-parametric Friedman test and factor analysis were the
chosen methods. The Friedman test is a statistical method that is applied to compare the values of
three or more groups of variables which are correlated. Also, the distribution of the Friedman test
is χ2 distribution with degrees of freedom (df ) df = k − 1, where k stands for the number of teams or
samples. In addition, the test analyses the values of variables for each subject separately and estimates
the mean ranks of classification values for each variable [64,65]. On the other side, factor analysis is a
statistical method which investigates whether there are common factors within a group of variables.
More specifically, principal component analysis was performed here, which is on the basis of the
spectral analysis of the variance (or correlation) matrix [66,67]. Moreover, the criterion employed for
the significance of the principal components was the one suggested by Guttman and Kaiser, which
states that the limit for acquiring the required number of principal components is determined by the
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eigenvalues which are equivalent to or greater than one. Then, we carried out a matrix rotation of the
principal components using the Kaiser’s varimax rotation method to obtain more coherent results [68].

Regarding the sampling method, we selected the simple random sampling because it is not only
simple but also requires less knowledge about the population than any other sampling method. In total,
420 residents in the Thessaloniki conurbation completed the questionnaire and the data collection was
implemented in the period between June–July 2018.

4. Results

Regarding the socio-demographic characteristics of the participants, female respondents (53.3%)
outnumbered their male counterparts, while more than half (56%) were aged between 31 and 50 years
and considerably fewer were aged between 51 and 60 years. In terms of educational level, it was
indicated that overall the participants were highly educated, since over half of the surveyed citizens
were university or technical institution graduates, whereas only one in five respondents had attended
merely high school. Moreover, in terms of occupation, most participants were employed in the private
sector (30.7%), whereas 20.5% were public servants and 12.6% were unemployed. In addition, 11.7%
were higher education students, while the percentages of freelancers, farmers and people involved in
housework were particularly low. Finally, regarding the gross annual household income, 21.2% of
respondents earned from 10.001 to 20.000€, while 19% received from 5001 to 10,000€ and 17.9% less
than 5000€. At the same time, 15.5% of participants received from 20,001 to 30,000€ and only 6% more
than 30,000€. It is also noteworthy that a substantial proportion (20.5%) of the surveyed citizens did
not wish to report their income.

Citizens were first asked whether they agreed that renewable energy sources offer opportunities
for economic growth. As presented in Table 1, most participants, by 84.8%, agreed with this statement,
whereas only 5.5% disagreed. Moreover, as it can be seen in Table 2 more than half respondents (53.5%)
considered that Greece has not invested in renewable energy sources, while only 11.4% perceived that
the Greek state has invested in RES.

Table 1. Frequency and percentages regarding the degree of agreement with the view that renewable
energy sources offer opportunities for economic growth.

Frequency Percentage (%)

Do not know 12 2.9
Totally disagree 10 2.4

Disagree 13 3.1
Neither agree nor disagree 29 6.9

Agree 191 45.5
Totally agree 165 39.3

Total 420 100.0

Table 2. Frequency and percentages concerning participants level of agreement with the view that the
Greek state has invested in renewable energy sources.

Frequency Percentage (%)

Do not know 65 15.5
Totally disagree 61 14.5

Disagree 164 39.0
Neither agree or disagree 82 19.5

Agree 27 6.4
Totally agree 21 5.0

Total 420 100.0

Next, the citizens’ degree of agreement with the gradual reduction in lignite-based power
generation and transition to environmentally friendlier energy types was investigated. As Table 3

113



Sustainability 2019, 11, 2634

shows, the vast majority (90.7%) supported this change and only 3.1% of respondents disagreed, while
6.2% neither agreed nor disagreed. Afterwards, citizens’ view on the construction of new lignite plants
in regions where lignite reserves are located was examined. Remarkably, most citizens were opposed
to constructing new lignite plants (58.8%), while those supporting the construction were 16.9% and
those taking a neutral position were 24.3% (Table 4).

Table 3. Frequency and percentages concerning respondents’ view on the gradual reduction in
lignite-based electricity production and transition to environmentally friendly energy types.

Frequency Percentage (%)

Totally disagree 6 1.4
Disagree 7 1.7

Neither agree nor disagree 26 6.2
Agree 158 37.6

Totally agree 223 53.1
Total 420 100.0

Table 4. Frequency and percentages relating to citizens’ degree of agreement with the construction of
new lignite plants in areas with lignite resources.

Frequency Percentage (%)

Totally disagree 103 24.5
Disagree 144 34.3

Neither agree nor disagree 102 24.3
Agree 61 14.5

Totally agree 10 2.4
Total 420 100.0

Afterwards, the participants evaluated the impacts which would arise if the existing lignite plants
were replaced with installations of renewable energy sources. To scrutinize the data, responses were
ranked using the non-parametric Friedman test (Table 5). According to the test results, the surveyed
citizens of the Thessaloniki conurbation regarded the improvement of life quality in the nearby areas as
the most important advantage if renewable energy sources replaced exiting lignite plants (mean rank
5.93). This was followed by the protection of the regional flora and fauna (mean ranks of 5.86 and 5.84,
respectively). However, tourism development received the last ranking since only few respondents
perceived that RES transition would contribute to the development of tourism in the surrounding areas.

Table 5. The rankings of the non-parametric Friedman test regarding citizens’ opinion on the impacts
of replacing lignite plants with renewable energy sources.

Impacts Mean Rank

Improved life quality 5.93
Regional economic development 4.48

Creation of new jobs 4.34
Tourism development 3.83

Landscape enhancement 5.29
Local fauna protection 5.84
Local flora protection 5.86

Agriculture development 4.71
Livestock farming development 4.71

n = 420 Chi-Square = 388.294 df = 8 p < 0.001.

To gain further insights into participants’ views on impacts of lignite replacement with RES,
factor analysis was deemed appropriate. Before proceeding, the eligibility of the data had to be
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tested. Hence, the Cronbach’s alpha value was 0.947, the Keiser-Meyer Olkin index value was
0.852 and Bartlett’s test of sphericity gave χ2 = 7782.354, df = 36 and p < 0.001, indicating our data
were suitable for factor analysis. After performing Varimax rotation, two factors emerged for the
multivariate “Impacts of replacing lignite plants with renewable energy sources on the surrounding
areas” (Table 6). Specifically, the first factor (PC1) includes the variables “Local flora protection”,
“Local fauna protection”, “Agriculture development”, “Livestock farming development “, “Landscape
enhancement” and “Tourism development”. The second factor (PC2) contains the variables “Regional
economic development”, “Creation of new jobs” and “Improved life quality”.

Table 6. Rotated component matrix for citizens’ views on the regional impacts due to replacing lignite
plants with RES.

Variables
Rotated Matrix

PC 1 PC 2

Local flora protection 0.923 0.249
Local fauna protection 0.920 0.260

Agriculture development 0.907 0.267
Livestock farming development 0.907 0.267

Landscape enhancement 0.900 0.274
Tourism development 0.774 0.248

Regional economic development 0.261 0.934
Creation of new jobs 0.180 0.925
Improved life quality 0.541 0.662

Then, respondents assessed different energy sources based on which they wished to be developed
in Greece. At this point, responses were ranked with the non-parametric Friedman test. As tabulated
in Table 7, solar energy was ranked first with a mean rank of 7.66, followed by wind energy and
hydropower with mean ranks of 7.30 and 6.95, respectively. Finally, coal combustion was the least
preferred energy option (mean rank 2.67).

Table 7. The application of the Friedman test for ranking respondents’ evaluation of different energy
production technologies.

Energy Production Technologies Mean Rank

Lignite combustion 2.86
Coal combustion 2.67
Oil combustion 3.03

Natural gas combustion 5.45
Hydropower 6.95
Wind energy 7.30
Solar energy 7.66
Nuclear fuels 2.91

Biofuels 6.16

n = 420 Chi-Square = 2341.566 df = 8 p < 0.001.

Before performing factor analysis, the suitability of the data had to be verified and thus the
Bartlett test of sphericity, Cronbach Alpha and the Keiser-Meyer-Olkin measure were applied. Thus,
the Cronbach’s Alpha scored 0.773, the KMO index was 0.775 and Bartlett’s test of sphericity gave χ2 =

1981,398, df = 36, p < 0.001. After performing the varimax rotation, two factors were extracted for the
value variables. As it appears in Table 8, the variables “Solar energy”, “Wind energy”, “Hydropower”
and “Biofuels” fell under the first factor (PC1), whereas the variables “Coal combustion”, “Lignite
combustion”, “Oil combustion”, “Nuclear fuels” and “Natural gas combustion” fell under the second
factor (PC2).
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Table 8. Rotated component matrix for respondents’ evaluation of energy production technologies.

Variables
Rotated Matrix

PC 1 PC 2

Solar energy 0.910 0.025
Wind energy 0.910 −0.001
Hydropower 0.874 0.135

Biofuels 0.612 0.004
Coal combustion −0.038 0.900

Lignite combustion −0.024 0.875
Oil combustion 0.092 0.810
Nuclear fuels 0.076 0.568

Natural gas combustion 0.460 0.517

The surveyed citizens were then asked whether they were interested in investing in a photovoltaic
system as house owners. Remarkably, the clear majority of participants (by 91.9%) showed interest in a
future investment, while only 8.1% were not interested (Table 9).

Table 9. Frequency and percentages regarding citizens’ interest in investing in photovoltaic systems in
the future.

Frequency Percentage (%)

Yes 386 91.9
No 34 8.1

Total 420 100.0

Respondents also evaluated various reasons for installing photovoltaic systems. To investigate if
there were any statistical differences among the reasons, the non-parametric Friedman test was applied.
As Table 10 shows, the citizens under study considered the improved air quality as the most important
reason to install photovoltaic systems with a mean rank of 9.31, whereas they assigned the lowest
ranking to the minimum amount of work that is often required for the system installation.

Table 10. The application of the Friedman test for ranking reasons for installing photovoltaic systems.

Reasons for Installing Photovoltaic Systems Mean Rank

Subsidies for the purchase of RE system 6.47
Subsidies for the maintenance of the system 5.98

Fixed and guaranteed income 6.82
Minimum amount of work 4.75

Lower-risk investment for savings 6.05
Higher profitability compared to other investments 6.18

Tax exemptions due to installation cost of RE 6.97
Tax exemptions due to maintenance cost of RE 6.75
New job positions-unemployment reduction 7.37

Enhanced social prestige-entrepreneurial activity 5.93
Reduction in pollution 9.27
Improved air quality 9.31

Increased energy independence of our country 9.14

n = 420 Chi-Square = 1038.803 df = 12 p < 0.001

Before conducting factor analysis to extract factors, the adequacy of the data had to be tested.
To this end, the Cronbach test of reliability, the KMO index and the Bartlett test were employed. Thus,
the Cronbach’s alpha value was as high as 0.885, the Keiser-Meyer-Olkin index value was 0.835 and the
Bartlett test of sphericity value was 3222.800, with degrees of freedom 78 and with p < 0.001, confirming
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our data’s suitability. Next, principal component analysis with varimax rotation was performed
and three factors were loaded for the (Table 11). The variables “Higher profitability compared to
other investments”, “Enhanced social prestige-entrepreneurial activity”, “Lower-risk investment for
savings”, “New job positions-unemployment reduction”, “Tax exemptions due to installation cost of
RE” and “Tax exemptions due to maintenance cost of RE” fell under the first factor (PC1). The second
factor (PC2) contained the variables “Improved air quality”, “Reduction in pollution” and “Increased
energy independence of our country”. Finally, the variables “Subsidies for the maintenance of the
system”, “Minimum amount of work”, “Subsidies for the purchase of RE system” and “Fixed and
guaranteed income” loaded on the third factor (PC3).

Table 11. Reasons for installing photovoltaic systems.

Variable
Rotated Matrix

PC 1 PC 2 PC 3

Higher profitability compared to other investments 0.800 0.084 0.250
Enhanced social prestige-entrepreneurial activity 0.775 0.216 0.010

Lower-risk investment for savings 0.708 0.186 0.284
New job positions-unemployment reduction 0.637 0.418 0.171
Tax exemptions due to installation cost of RE 0.595 0.124 0.495

Tax exemptions due to maintenance cost of RE 0.566 0.102 0.509
Improved air quality 0.171 0.921 0.112

Reduction in pollution 0.194 0.902 0.127
Increased energy independence of our country 0.213 0.881 0.121

Subsidies for the maintenance of the system 0.104 0.112 0.813
Minimum amount of work 0.081 -0.016 0.692

Subsidies for the purchase of RE system 0.327 0.189 0.665
Fixed and guaranteed income 0.262 0.181 0.650

5. Discussion

Exceeding our expectation, participants expressed a favorable stance to environmentally benign
energy sources and showed an intention to transition to a “clean” energy system, while they disagreed
with the construction of new lignite plants in areas of Greece where lignite reserves are located.
In disagreeing with the establishment of new lignite plants, it is possible that participants acknowledged
the negative effects and approaching depletion of fossil fuels [15,35].

What is more, the respondents attached greater importance to the environmental protection
rather than economic prospects of renewable energy investments. Hence, it is possible that citizens,
who were concerned about the environment and its problems, would adopt renewable energy in
an effort to contribute to the solution of environmental problems. The interpretation that increased
environmental awareness motivates individuals to support renewable energy resonates with the
research of Viklund [6], Altuntaş and Turan [19] and Ektör-Akyazi et al. [51], who have also observed
that individuals with environmental awareness tend to adopt environmentally friendly behavior
including the decision-making on energy choices. From this perspective, it can be seen that raising
environmental awareness among social groups can play a critical role in tackling environmental issues.
It is also important to note that apart from our respondents in the Thessaloniki conurbation, other
studies have also indicated that citizens in other regions of Greece were supportive towards renewable
energy deployment [8]. Hence, it appears that citizens throughout Greece are becoming mindful
about energy and express positive attitudes, giving a sense of hope and optimism about the future of
renewable energy in Greece.

Another point that is worthwhile to discuss is that respondents appeared to value the ability
of renewable energy to achieve energy independence. Based on this, it is also possible that they
acknowledged the potential of renewables to protect households from energy poverty. At the same
time, of all renewable types citizens were more supportive towards solar energy and this support
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could be attributed simply to the fact that as a Mediterranean country Greece has abundant sunlight
throughout the year [69] and hence it only made sense to respondents that solar energy can make the
greatest contribution to increasing the national energy independence while decreasing the dependence
on imported fuels.

On the other side, there are challenges to be faced for an increased installation of domestic
photovoltaic systems. Most notably, the lack of incentives and accurate public information inhibit
citizen investments. Regarding incentives, these should focus more on the rationalization of the
guaranteed kilowatt rate and on the enhancement of the subsidies provided for green innovations,
since it has been shown that the provision of incentives to household owners could result in increased
building energy efficiency but also in substantial behavior change [70]. In turn, increased investment
in domestic photovoltaics can effectively tackle energy poverty which is threatening many Greek
households due to the economic crisis.

Much to our surprise, most respondents considered that the Greek state has not invested in
renewable energy. However, Greece has already met the set targets regarding the increase in the share
of renewable energy in total energy production [35]. To clarify why participants held this wrong view,
a future study should investigate the citizens’ level of knowledge on renewable energy implementation
as well as explore the information sources from which they obtained such information.

Remarkably, the overwhelming majority of citizens (91.9%) were willing to make investments in
photovoltaic systems in the future confirming previous research results [35,55], which also indicated
that citizens were expressing a pronounced willingness to invest in renewable energy systems or pay
more for energy generated from renewables.

Although the present study has identified positive attitudes to renewable energy, greater levels are
needed to achieve the desired transition to a low-carbon society. To that end, information campaigns
should be frequently held to inform citizens of all ages about the benefits of renewable energy and
other environmental topics. Simultaneously, it is of paramount importance to shape positive attitudes
in young individuals and this could be managed through environmental education programs targeted
to school students. However, at present the study program in Greek schools is rather strict [71]
preventing educators from organizing frequent environmental programs. Consequently, there are
limited opportunities to provide information and raise awareness about the environment among
adolescents who are the future citizens [72]. In this regard, it is considered essential to integrate courses
focusing on environmental and energy topics in the academic programs of primary and secondary
education. That is because it has been reported that environmental educational programs can shape
pro-environmental behavior [13,73]. In turn, the adoption of environmentally conscious behavior
that is shaped through educational programs aiming to create “green” consciousness in students,
contributes significantly to energy saving, and a reduction in greenhouse gas emissions [55,74].

6. Conclusions

The present study investigated the investment willingness and the views on energy-related
topics of citizens living in the Thessaloniki conurbation in order to examine whether it is possible to
address energy poverty through investments in renewable energy. In view of the study’s findings,
it can be inferred that most participants were willing to make investments in renewables in the future
and expressed positive attitudes to renewable energy. The findings highlight that citizens’ positive
attitudes to RES investment are particularly important, mainly because citizen investment could
protect households, especially lower-income ones, from energy poverty and price fluctuations in the
energy market. Moreover, higher citizen investment in renewable energy can contribute to the desired
transition to a low-carbon energy system and the protection of the climate.

It is crucial to develop policies and incentives which are tailored for citizens with low incomes as
such measures could not only speed up the energy transition to an environmentally harmless system,
but also protect households from energy poverty. In other words, to induce citizens to invest, it is
necessary to develop policies and incentives which create a favorable investment environment not only
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for household owners seeking to enhance their income, but also for low-income households, since the
latter run a greater danger of encountering energy poverty. The major themes of these policies should
be the formation of a favorable environment for RES installation enabling lower-income households to
have their own energy production and consumption through low-interest lending including lower
interest rates. These measures could achieve a significant reduction in the electricity bill costs for
heating/cooling/domestic warm water. Moreover, lower-income households could be offered specific
subsidies and tax breaks when purchasing or maintaining a renewable energy system, whereas citizens
who do not own a house or a plot of land should also be provided with the opportunity to invest in
renewables by renting roofs or plots of land at a low price to install photovoltaic systems.

As already mentioned, the citizens under scrutiny appeared to be highly aware of the environment
and its issues. This conclusion rests upon two study findings. Specifically, in evaluating impacts
resulting from the replacement of lignite plants with renewable energy sources, respondents attached
greater importance to impacts that had to do with the protection of the environment, such as improved
air quality and local flora/fauna protection. In addition, most participants would invest in photovoltaic
systems for environmental (such as pollution reduction, air quality) rather than financial reasons (such
as subsidies). Hence, the present study findings highlight that individuals with pro-environmental
attitudes are more likely to make investments and in view of this inference it is of the utmost importance
that strategies are developed to raise environmental awareness among different social groups.

In addition, citizens had a good grasp of different energy sources and were able to distinguish
between renewable and non-renewable types. This was indicated by the results of factor analysis
according to which explicitly renewable energy types fell under the first factor and conventional types
under the second. Therefore, these factor loadings made apparent that citizens could identify between
sustainable and unsustainable energy types.

Finally, in view of the findings certain additional recommendations could be made. In specific,
similar studies should be carried out more frequently and in a systematic manner to analyze public
attitudes to renewable energy and investments. That is because frequent measurements could prevent
possible public disappointments or low participation in renewable energy investments and at the
same time help policymakers to make timely improvements and modifications in the existing policies
and incentives. In other words, the overall aims of such analyses should be to detect weaknesses
and problems which affect citizens’ willingness to invest in renewable energy. Moreover, further
information about individuals’ desires, expectations and needs in relation to RES investment should
be acquired since this knowledge can enable policymakers to design policies which correspond to
the current circumstances and induce citizens to make investments. From this perspective, study
findings, such as the ones presented in this paper, may form the basis for a set of preparatory actions
and policymaking which aim at planning properly the development and installation of renewable
energy, as well as addressing energy poverty.
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Abstract: Consensus building among local stakeholders is vital for the success of the proposed
initial commercial marine renewable energy (MRE) projects in Japan. Even though the literature on
stakeholder acceptance highlights the importance of creating local benefits and co-creation options,
very few studies and almost no empirical data have been published on the application of non-monetary
benefit creation schemes in the context of MRE. Hence, the purpose of this study was to systematically
evaluate the possible co-existence options available for Japan’s MRE projects through data collected
from interviews and questionnaire surveys in two development sites in Nagasaki and Kitakyushu in
Southern Japan. To overcome the limitations of data unavailability and uncertainty, the Dempster
Shafer Analytic Hierarchy Process (DS-AHP) was used for evaluating the best co-existence strategy out
of five potential options. The results indicate that local fisheries prefer the oceanographic information
sharing option whereas most of the other stakeholders prefer using local resources to construct
and operate the power plant, creating business involvement opportunities for the local community.
Analysis of stakeholders’ decision behaviors suggests that perceived impacts, knowledge, and values
influence the preference decision. In addition to the validation of stakeholder preference of the
previously proposed co-existence options with empirical data, this study provides a robust method to
further evaluate the potential options with the availability of new data.

Keywords: marine renewable energy; co-existence; co-location; Dempster Shafer Analytic Hierarchy
Process; multi-criteria analysis

1. Introduction

Marine renewable energy (MRE) is often considered to be the renewable energy resources that
can be extracted from nearshore and offshore areas such as waves, tidal and ocean currents, thermal
and salinity gradients and, offshore wind [1–3]. The estimated potential of these MRE resources is
significant in comparison to the global demands [2,4]. However, most of the MRE technologies are
still in the readiness phase, except for the offshore wind energy sector in some European regions [5].
From the experiences of onshore renewable energy developments and initial developments of MRE
projects in Europe, it is identified that overcoming related technological and economic challenges is
essential [5] but will not be sufficient for sustainable MRE development if project developers fail to
achieve consensus among related stakeholders [6]. However, important differences exist in stakeholder
engagement with MRE compared to onshore energy infrastructures [7]. Hence, the interactions between
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power projects and the local community are significantly different among onshore renewable energy
projects and MRE projects. Unlike European MRE developments where different MRE technologies
have been developing and testing steadily since the early 1980s, Japan’s MRE industry development
had an early but very slow start from the 1970s to 1990s. Only few pilot projects were completed in the
early 2000s in Japan. However, due to the changes caused by the 2011 Fukushima nuclear disaster,
development of the MRE sector accelerated. Japan is aiming to initiate the first commercial offshore
wind projects within the first decade of its accelerated MRE development phase. However, the required
policy regulations, as well as public perceptions, are yet to be implemented and understood for MRE
developers to ensure the success of the planned commercial projects.

1.1. Problem Definition

Existing regulations are unclear and scattered among many agencies and no clear marine spatial
planning approach is used in Japan. Nearshore areas are generally allocated to fishery industry
and given to regional fishery unions with fishing rights. Offshore areas are being used on a shared
permission basis. Regulations on using marine areas for MRE projects have been recently introduced [8].
The regulations and guidelines applicable to considered marine areas differs significantly according to
the nature of the regulating agency. The general guideline states that MRE project developers have to
achieve consensus of relevant stakeholders prior to submission of the project development proposal
to obtain permission to use marine areas (exclusive use of the marine area for 30 years) for their
projects [9].

Local project impacts and local benefits are one of the basic criteria being considered in the process
of local acceptance decision making [10]. Reducing the risk of negative environmental impact has
been identified and discussed frequently during the consensus building process. However, a little
work has been completed on potential co-existence strategies that can be used to create local benefits
from the introduction of MRE projects, even though providing community benefits can increase levels
of local support through improving individual perceptions of MRE projects [11]. Previous studies
have shown that community benefits are unlikely to increase local stakeholder support when bribery
perceptions are salient [12]. Further institutionalizing community benefit schemes has the potential
to reduce bribery perceptions [13]. Empirical results from a potential offshore wind farm in the
United Kingdom suggested that local stakeholder support is greater if the community benefits result
from an institutionalized policy guidance in comparison to the community benefit schemes created
as a voluntary act by the project developers [14]. The basic problem of creating local community
benefit schemes is that it normally refers only to additional voluntary measures provided by the
developers, which leads to additional costs to already expensive MRE projects. Most monetary benefit
creation strategies lead to higher costs to the developer, which is directly proportional to the number
of beneficiaries [15]. To be acceptable by the project developers, the proposed solutions must not
follow the same path of monetary benefit schemes. Conversely, it would be ideal if the additional local
benefits can be created with the help of the infrastructure developed for the MRE projects (i.e., use the
co-benefits of MRE infrastructure). However, there are no previous examples in the Japanese MRE
context and limited literature even from other contexts are available for project developers to evaluate
such potential benefit creation and co-existence strategies. Developers have to manage a variety of
stakeholder groups and are generally not equipped to balance all their requirements. Hence, it is of
utmost importance to evaluate options to create local project benefits and a win-win situation among
all the local stakeholders of MRE projects.

Non-monetary benefit schemes have been identified as options to create community benefits from
the learnings of onshore renewable energy projects [6]. Local fishery industry is the most likely to
be directly impacted by MRE project deployments [16] and project structures are usually built away
from community; the related social conditions as well as potential benefit creation strategies of MRE
projects tend to deviate from its onshore counterpart. The Research Institute of Ocean Economics
(RIOE) in Japan has proposed some options to create benefits for local fisheries from offshore wind
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projects [17]. Almost no literature or practical examples of application of non-monetary local benefit
schemes are available in the context of MRE development in coastal communities. The second aspect
of this problem is the lack of knowledge and experience as local MRE sector is still in the technology
readiness phase. Hence, consensus building and co-existence strategy selection process have to be
completed with a significant level of uncertainty. The overarching problem focused in this study is:
what is the best local benefit creation and co-existing strategy preferred by stakeholders to create
a win-win situation for the introduction of commercial level MRE projects in Japan?

1.2. Case Study Sites

This study is based on a data set collected from two case study sites from Nagasaki and Kitakyushu
in Southern Japan (Figure 1) that represents the best examples of private companies trying to initiate
commercial-level MRE projects after experiencing success with government funded demonstration pilot
projects. The Ministry of Environment in Japan has been conducting pilot MRE projects in Nagasaki since
2010 (and developed into Japan’s first full-scale grid-connected 2 MW floating offshore wind turbine)
near the Goto Islands, about 100 km off the main Nagasaki city [18]. Initially, the project owners received
some local concern about the development of MRE devices and testing in real sea conditions due to
the perceived negative environmental impacts. Given the results of the pilot projects, local stakeholder
acceptance of Nagasaki MRE development has increased significantly. A non-profit organization (NPO),
Nagasaki Marine Industry Cluster Promotion Association (NaMICPA), comprised of more than 50 public
and private entities related to marine industries, was established in 2014 with the aim of supporting the
development of marine industries including the MRE sector [19]. A proposal to build the first commercial
MRE project, a 22 MW offshore wind farm has been submitted by a private company with expected
commencement in 2019 [20]. The Naru strait, which lies between two smaller islands, has been identified
as a potential site for tidal energy projects and authorities are in the process of establishing a marine
energy test center similar to the European Marine Energy Centre (EMEC) in Scotland [21].

Similar to the inception of Nagasaki MRE projects, government agencies have started testing
the feasibility of offshore wind energy development in the Hibiki Sea area in Kitakyushu, Japan in
2012 [22]. A consortium comprised of local industries, the Hibiki Wind Energy Group [23], won the
bid to build the first large-scale offshore wind farm in Kitakyushu in 2017 [20], which is planned to
start in 2022.

In the case of tidal energy projects amongst the Goto Islands in the Nagasaki case study area,
the approval of the local fishery association is necessary since the tidal strait was already declared as
a marine area with fishing rights. However, the offshore wind project in the Nagasaki case study is
planned in the general offshore area where any marine user can use the area on a shared permission
basis with the approval of local authorities. In contrast, the Kitakyushu offshore project is planned
in marine areas governed by port law; hence, the local port authority has the exclusive control over
the development site. Despite the differences in the required legal requirements, both Nagasaki and
Kitakyushu MRE developers are compelled to search for means to improve public acceptance of their
proposed commercial MRE projects.
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Figure 1. Location of Nagasaki and Kitakyushu MRE development sites in Southern Japan: (a) Location
of two case studies; (b) Fukue and Naru Islands (in Goto Islands) in Nagasaki case study; (c) Kitakyushu
city, Moji, and Shimonoseki area in Kitakyushu case study.

2. Materials and Methods

2.1. Data Collection

The main data were collected using key stakeholder interviews and a questionnaire survey
in the main communities near the Nagasaki and Kitakyushu MRE project sites. We conducted 20
key stakeholder interviews with the local fishery union representatives (7), project developers (3),
local government agency respondents (3), NaMICPA non-profit organization representatives (4), and
environmental observation teams including related researchers (3). Key stakeholder interviews were
conducted in a semi-structured format focusing on the potential benefit creation options found in
the literature.

The questionnaire survey was conducted in coastal communities of Fukue Island, Naru Island,
and Nagasaki city area, representing the Nagasaki case study, whereas the Kitakyushu city area, Moji,
and the Shimonoseki area represented the Kitakyushu case study. A total of 77 responses were selected
as complete and valid for further analysis (Table 1). The questionnaire survey included questions to
elucidate the demographic information of the respondents, potential co-existence options and evaluation
criteria, pair-wise comparison of evaluation criteria, and preference of identified co-existence strategy
based on each criteria.
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Table 1. Summary of valid questionnaire survey respondents.

Stakeholder Group
Number of Respondents

Total Nagasaki Kitakyushu

Local fishery 1 15 9 6
Developers/Construction sector 7 6 1

Civil servants 14 14 -
Tourism and shipping industry 2 1 1

Health and welfare 4 3 1
Non-profit organizations (NPO), Service sector and others 19 14 5

Not indicated 16 13 3

77 60 17
1 Fishery union officials and general fishers in the area.

2.2. Data Analysis

Overarching data for MRE co-existence option evaluation was analyzed using the Dempster Shafer
Analytic Hierarchy Process (DS-AHP) multi-criteria decision making model. The entire process can be
summarized into three main steps: (1) identification of potential co-existence options, (2) multi-criteria
analysis (MCA) of identified co-existence options and, (3) evaluation of the stakeholder preferences
using the DS-AHP model based on the MCA results.

2.2.1. DS-AHP Multi-Criteria Decision Making Model

The main data analysis method involves two fundamental decision making techniques: Analytic
Hierarchy Process (AHP) and Dempster Shafer Theory (DST). AHP [24,25] is one of the most widely
used multi-criteria decision making approaches in many disciplines. The main limitation of AHP is
its requirement for pair-wise comparison for each option pair combination, which makes the process
impractical when many options must be considered and there is a significant level of data unavailability
or uncertainty. DST, which is based on the belief function, is used to overcome the limitation of handling
uncertainty in the standard AHP method. DST originated from the methods developed by Dempster
to estimate upper and lower probabilities [26,27] and improvements were added by Shafer [28]. DST is
widely applied in the field of machine learning and artificial intelligence. The combination of AHP
and DST as a multi-criteria decision making model is also known as the Dempster Shafer Analytical
Hierarchy Process (DS-AHP). DS-AHP is a more robust framework suitable for decision making under
uncertainty where AHP is used for rating decision criteria and DST is used for evaluation of decision
options using the weighted criteria [29–31]. Only the basics of DS-AHP are explained here. Please
refer the original literature [29–31] for more information.

2.2.2. Interpretation of DS-AHP Calculation

Let Θ = {h1, h2 . . . hn} be a collectively exhaustive and mutually exclusive finite set of n hypotheses
or propositions, which is also called the frame of discernment. The basic probability assignment (bpa),
is a function m: 2Θ → [0, 1] that also satisfies the requirement m(φ) = 0 and

∑
A⊆Θ m(A) = 1, where

φ represents the empty set and 2Θ represents the power set of Θ. The assigned probability of any sub
set y of frame of discernment Θ, (i.e., y ⊆ Θ) is denoted by m(y). m(y) represents the exact belief in
the proposition depicted by y. The assigned probability for the frame of discernment Θ (i.e., m(Θ)),
represents the global ignorance within the bpa [30].

In the DS-AHP model, mi(y), i.e., the bpa value for decision alternative(s) y with respect to the
decision criteria i, is calculated using Equation (1):

mi(y) =
ay Wi

∑d
j=1 aj Wi +

√
d

and mi(Θ) =

√
d

∑d
j=1 ai Wi +

√
d

(1)
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where ay denotes the user preference value (1–7 preference scale from lowest preference 1 to highest
preference 7), Wi represents the weight assigned to the considered decision criteria by pair-wise
comparison using the standard AHP method [25] and d represents the number of decision alternatives
judged by the decision maker [31].

Basic probability assignments are considered as evidence and can be combined using Dempster’s
rule of combination, provided that information sources are independent. Criteria-wise preference
probabilities can be combined and decision maker-wise preferences can be calculated using Dempster’s
rule of combination in Equation (2):

mi⊕ j(y) =

⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

0 ; y = φ
∑

Ap∩Aq=y mi(Ap) mj(Aq)
1−∑Ap∩Aq=φmi(Ap) mj(Aq)

; y � φ
(2)

where mi⊕ j(y) denotes the combined preference probability with respect to decision criteria i and j.
This combination rule is used again to aggregate the individual decision maker’s preference levels to
derive the group preference, taking each decision maker as a criteria [31].

Belief level, denoted by Bel(y) represents the confidence or exact support for the proposition y
or the confidence level that hypothesis y is true. Plausibility level, denoted by Pls(y), represents the
possibility of support for proposition y or the maximum amount of confidence that could be placed
on y. Both belief and plausibility are functions: 2Θ → [0, 1] and constitute the interval of support for
the considered proposition y. The two functions are related to each other by Pls(y) = 1− Bel(y) where
y represents the complement of y. The interval between belief and plausibility levels represents the
uncertainty level because [Bel(y), Pls(y)] represents the lower and upper bounds of the probability
by which the considered proposition y is supported [28,32]. The final belief level and the plausibility
levels are calculated by Equation (3).

Bel(S) =
∑

B⊆S

m(B) ∀S ⊆ Θ and Pls(S) =
∑

B∩S�∅

m(B) ∀S ⊆ Θ (3)

2.3. Option Identification and DS-AHP Decision Hierarchy

The potential co-existence options were basically identified by analyzing the proposal made by the
Research Institute of Ocean Economics in Japan [17], and systematically understanding the real project
stakeholders’ perceptions of each proposal via key stakeholder interviews and other related literature.
After identifying the potential and the applicability, the proposed co-existence options were categorized
into five main options: (O1) sharing in-situ, real time oceanographic information; (O2) using MRE
structures as artificial reefs and support structures for commercial fishing; (O3) co-location with other
industries such as leisure and tourism, aquaculture, etc.; (O4) sharing generated electricity for local
users at a subsidized rate; and (O5) use of local resources to construct and operate the power plant,
creating business involvement opportunities. Table 2 provides a summary of the option identification.
In the next step, local relevance, expected impacts, and limitations of each identified option were
analyzed with the data from key stakeholder interviews.

From the key stakeholder interviews, we identified that most of the considered co-existence
options have not been used similarly, even in other contexts. Hence, the potential interactions and
impacts were still unknown, making direct quantitative evaluation unreliable. Instead, the preference
was evaluated based on perceived potential impacts identified during key stakeholder interviews.
A broader set of criteria, i.e., economic impacts, environmental impacts, and stakeholder engagement
and other social impacts, was selected as the preference decision criteria in the decision hierarchy
shown in Figure 2a. The individual stakeholder-wise decisions to aggregate to a group decision were
combined using the equally weighted decision makers approach, where individual decision makers of
the considered group are considered as equally weighted decision criteria according to the DS-AHP
group decision methodology [31] (Figure 2b).
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Table 2. Summary of co-existence strategy identification.

Selected Co-Existence
Options

Options Proposed by
Research Institute of Ocean

Economics (RIOE), Japan [17]
Key Findings from Other Literature

O1. Providing real-time,
in-situ ocean information
from MRE farms

Providing marine information
in real-time

Japanese marine users receive ocean
information from satellite observations,
buoys, and other user specific monitoring
platforms [17,33]. Stakeholders have different
oceanographic information demands [34].
Direct economic valuation and cost benefit
analysis of ocean information is
impractical [35]. Marine energy is mostly
harvested in murky and high energetic places
where conventional data acquisition
techniques are impractical [36].

O2. Using MRE structures
as artificial reefs and
support structures for
commercial fishing

Use MRE structures as artificial
reefs for Nurseries/Fishing

Constraints, opportunities, and perceptions of
co-locating offshore wind farms and
fisheries [37,38], mitigation agenda for fishing
effort displacement [39].

Using MRE structures to
support fishery gears

Potential for co-location of passive gear
fisheries with offshore wind [40]. Potential for
and limitations of co-locating fisheries inside
offshore wind farms [41].

O3. Co-location with other
industries such as leisure,
tourism, and aquaculture

Co-location with aquaculture
facilities (e.g., Fish, Oyster,
and Algae)

Co-locating offshore wind farms and
aquaculture facilities [38,42–45]. Device
placement has many other technical
requirements [46]

Co-location with leisure
facilities (e.g., diving,
recreational fishing etc.)

Potential for limited entry recreational fishery
in wind farms [47], snorkeling, tourism [48],
angling, and yachting [43,49]

O4. Sharing generated
electricity for local users at
a subsidized rate

Use of electricity generated to
power fishery port facilities
and electric boats

Proposal for using wind energy to power
fishery ports [50], harbors [51], desalination
plants [52].

O5. Use of local resources
to construct and operate
the power plant creating
business involvement
opportunities

Project participation by using
fishery boats for construction
and maintenance of the
power plant

Use of fishing vessels for offshore energy
projects [53]. Availability of crew and vessels
is an important factor influencing the
planning and cost of maintenance of MRE.
Laws and regulations also influence MRE
operation and maintenance (O&M) [54,55].

Project participation by
providing investment
opportunities in MRE business

Creating business investment opportunities
as an acceptance improvement measure [56].
Local ownership or financial participation
contribute to the acceptance of MRE
projects [57].
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3. Results

As the last part of option identification, non-monetary co-existence options identified from
literature were confirmed via stakeholder interviews. Stakeholder interviews were conducted in
a semi-structured format that focused on the expected potential impacts, related costs and benefits,
and the related risks and limitations of the proposed co-existence options. Table 3 summarizes the
main points provided by the key stakeholders during the interviews.

Table 3. Summary of stakeholder interviews on expected impacts, related costs and benefits, and risks
and limitations of proposed co-existence options.

Co-Existence Option Expected Impacts, Related Costs and Benefits, Risks and Limitations

O1. Providing real-time, in-situ ocean
information from MRE farms

• Real-time in-situ ocean information is valuable to the marine users
due to travel cost reductions, risk reductions, and improvements in
commercial marine industries such as fisheries (by efficient fishing
ground selection, stock estimations, etc.) and navigation
(improvements in safety, route planning, etc.)

• Can be identified as a co-benefit of the MRE projects since most
commonly-required ocean information can be generated from the
Condition Monitoring System (CMS) of the power farm.

• Stakeholder engagement can be improved since many stakeholders
directly or indirectly use ocean information.

• The additional cost to developers is insignificant (if there is no ocean
monitoring equipment to be installed in addition to the power plant’s
standard CMS) and not proportional to the number of beneficiaries
due to the existence of cheap information dissemination methods.

• Equality and scalability can be improved if the governance of
information sharing is well-maintained.

• There is a risk of stakeholder conflicts due to the exposure of marine
information that is considered trade secret (such as fishing grounds).
Information about the marine environment can lead to better
eco-system management as well as unsustainable exploitation of
marine resources (such as over fishing) unless there is proper
governance of shared ocean information.

O2. Using MRE structures as artificial
reefs and support structures for fishing

• Artificial reef effect and resulting positive spillover effect to the
surrounding fishing grounds can be considered a co-benefit of
MRE projects.

• Use of sub-structures to support fisheries can be a benefit if there is
no significant additional cost to the developer and fishing gear does
not adversely interact with the MRE devices.

• Only certain types of fishers can benefit since many fishing methods
are being used in the case study areas.

• Scalability is directly dependent of the size of the MRE farm.
• There is a high possibility of increasing the initial construction costs

as well as O&M costs if MRE structures are used as support
structures for fishing operations. Impact to the overall Levelized
Cost of Energy (LCOE) and the net benefits to the fishery industry
should be considered when conducting a detailed cost-benefit
analysis for this option.

• Artificial reef effects caused by bio-fouling as well as fishing
operations near MRE devices can pose significant operational risks
and unforeseen problems.
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Table 3. Cont.

Co-Existence Option Expected Impacts, Related Costs and Benefits, Risks and Limitations

O3. Co-location with other industries
such as leisure, tourism, and
aquaculture

• Aquaculture is one of the best co-location options; however, it
depends on how fishing gears can be used with MRE structures.
With the combination of reef effects and remote monitoring facilities
(e.g., detection of fish within MRE farms [36]), aquaculture facilities
combined with MRE farms seems to be an attractive solution.

• Local tourism can be improved by having visible MRE projects
as well as organizing boat excursions to the power farm areas. Reef
effect creates an environment conducive for snorkeling and diving.

• There should be a practical method of regulating the interactions to
maintain the safety and efficiency of both industries.

• Due to the nature of operations, such as travel planning, aquaculture
facilities (specially seaweeds culture) and leisure facilities have the
same characteristics that differ from typical large-scale fishing.

• Operations performed in marine environments near MRE farms can
pose significant risks to the MRE devices as well as the
involved personnel.

• LCOE can be impacted by additional construction or O&M costs due
to co-location attempts.

O4. Sharing generated electricity for
local users at a subsidized rate

• Local fishery harbors and fish processing plants can be the best
candidates for receiving subsidized electricity.

• Under current regulations, it is illegal for the utility company to
differentiate the electricity rates based on other factors. Hence,
limiting the number of beneficiaries is difficult unless clear
policy-level guidance is introduced.

• Additional costs are directly proportional to the number of
beneficiaries, thus limiting scalability and economic viability.

• Offshore charging points for electric boats (like charging stations for
electric vehicles on land) can be created in the future; however, those
technologies are too uncertain and impractical given existing costs.

• LCOE can be impacted by additional construction or O&M costs due
to potential additional requirements of local electricity
grid management.

O5. Use of local resources to construct
and operate the power plant creating
business involvement opportunities

• Shipping vessels can be used for logistic purposes during the
environmental impact assessment, construction, as well as
maintenance phase of the power farm. Local fishers can be recruited
for monitoring purposes in the offshore area.

• If the local fishery union can invest in the project, the sense of
ownership can lead to a better performance of fishers as guards of
the power farm.

• However, the local capacity within fisheries is limited and legal
regulations have to be adopted accordingly.

• Local ports, the steel industry in Kitakyushu, and the ship building
industry in Nagasaki can be strategic partners of future
MRE projects.

• LCOE can be positively impacted by using local resources from
already established sources and industries. However, LCOE can be
adversely impacted if the initial MRE projects have to invest in
capacity building of the local sources to make them qualified and
competent enough to be involved with the MRE projects.

3.1. Qualitative Multi-Criteria Analysis

At the end of the interviews, stakeholders’ perceptions about the proposed co-existence options
were analyzed using multi-criteria analysis (MCA). Since no common unit of measurement exists
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for each criterion selected, and the stakeholders did not have a quantifiable amount for each
criterion, multi-criteria evaluation was qualitatively completed based on their perceptions and
reported perceived impacts.

Economic aspects were considered using three sub-criteria. The project co-benefit criterion
measures the extent of the considered co-existence option being a co-benefit of the MRE project.
Co-benefit was roughly contextualized as all secondary benefits of the MRE project other than the
intended benefit of sustainable renewable energy supply. The second sub-criterion under economic
aspects was the measure of variable cost to the developer, i.e., the amount of additional costs the
developer has to incur for each additional beneficiary. The lower the variable cost, the lower the project
cost. Since the sea area has vague ownership due to the lack of a well-established marine spatial plan,
limiting the number of beneficiaries is practically difficult. This is the main reason for the unviability
of monetary compensation schemes. The third economic sub-criterion is related to scalability of the
solution without adding significant developer costs. Indirectly, it can be described as the ability to
provide the same level of service without adding significant fixed costs to the developer. Impacts
to marine environment and greenhouse gas (GHG) emission levels were the main ideas highlighted
during the interviews regarding environmental impacts. Social implications were measured by three
common social criteria: stakeholder engagement, level of incentives to the stakeholder, and equality.
The level of incentives can be an indirect and qualitative measure of the perceived benefit levels.
Equality is considered between all the stakeholder groups in the local context. Table 4 summarizes the
qualitative MCA of the selected co-existence options. Qualitative MCA results that had no common unit
of measurement were converted to three quantitative measures indicated by � (affirmative/positive
impacts), - (not sure), and x (non-affirmative/negative impacts). The number of repetitions (up to three
times) of the symbols � and x represents the degree of agreement (tendency to somewhat agree, agree,
and strongly agree, respectively) for all the stakeholder interviews considered cumulatively. This level
assignment of was completed based on the authors’ best estimates and based on the characteristics
of the interview results such as the frequency of mentioning the considered point and the level of
confidence of the interviewee regarding the considered point.

The main limitations of the considered co-existence options identified during key stakeholder
interviews are shown in the last row of Table 4. For example, the main concerns mentioned regarding
the ocean information sharing option were: how the shared information will be used in the context of
competitive fishing ground selection, who will be given the information because some fishery groups
maintain knowledge about fishing grounds as a local trade secret and fishers from outside areas also
have the possibility to use the same fishing area, and if the new information will cause sustainable
stock management or over exploitation of fishery resources. All these concerns have to be handled
by establishing good governance for using the shared information. Only a certain type of fishers can
benefit from the second option of using MRE structures as artificial reefs or support structures for
fishing gear. Hence, unequal cost-benefit distribution and limitations of scaling the benefits to other
stakeholders were mentioned as limitations of the second option. Since there are no prior examples of
combining aquaculture or leisure facilities with other offshore activity, there is a significant uncertainty
for the feasibility of the third option, even though the possibility was recognized by the stakeholders.
Local utility company representatives indicated that they are legally bound to maintain equality
in terms of pricing the electricity for their customers, so the electricity rate for different customers
or stakeholder groups cannot be significantly differentiated. Fishery union representatives and the
developers identified the limitations of the fifth option as the requirement of specialized skills and
other resources to become involved with the MRE sector. For example, even though the fishery vessels
can be used as power plant monitoring resources (at a certain distance), they might not be capable of
being used as a logistic means to reach or repair the MRE devices. The limitations of local capacity were
identified as the main limitation of the fifth co-existence option of using local resources to construct,
maintain, and operate the power plant and creating business involvement opportunities.
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Table 4. Multi-criteria analysis (MCA) of co-existence options.

Key Criteria
Co-Existence Option

O1. Providing
Real-Time,

In-Situ
Oceanographic

Information
from MRE

Farms

O2. Using
MRE

Structures as
Artificial

Reefs and as
Fishery
Support

Structures

O3. Co-Location
with Industries

like Leisure,
Tourism, and
Aquaculture.

O4. Sharing
Generated

Electricity for
Local Users at
a Subsidized

Rate

O5. Use of
Local Resources

to Create
Business

Involvement
Opportunities

C
1.

Ec
on

om
ic

im
pa

ct
s Project

Co-benefits ��� �� ��� x ���

Cost not
proportional
to the No. of
beneficiaries

��� x � xx �

Scalability ��� - - x �

C
2.

En
vi

ro
nm

en
ta

li
m

pa
ct

s

Marine
environment - - � - �

Emissions � �� - �� �

C
3.

So
ci

al
im

pa
ct

s

Stakeholder
engagement �� �� �� ��� ���

Stakeholder
incentives �� � � ��� ��

Equality �� - � - �

Main limitations

Lack of
information

sharing
governance

Limited
scalability and
unequal cost

benefit
distribution

Uncertainty on
economic

feasibility with
the adjustments

required

Legal barriers
and limiting
number of

beneficiaries

Limited local
capacity

Note: �: Affirmative/positive impacts, -: not sure, x: non-affirmative/negative impacts (Ratings were assigned
according to the cumulative stakeholder inputs).

3.2. Stakeholder Group-Wise Group Decision

The next step in the co-existence option evaluation involved using the results of MCA with the
DS-AHP decision making model according to the selected decision hierarchy (Figure 2) to identify
the optimal solution. Figure 3 indicates the criteria weights (obtained by pair-wise comparison as
in AHP method) of the selected criteria (in the left column), and the final belief and plausibility
levels of support for the considered co-existence options (in the right column) for both case study
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areas. The responses were grouped considering the prominence assigned to the stakeholder group
as well as the unique characteristics of their responses. Respondents representing the local fisheries
assigned a higher weight to economic and environmental impacts (C1 and C2, respectively) than
the social impacts (C3) (Figure 3a). The fisheries are the main stakeholder group who frequently
require oceanographic information for their daily industrial activities. Interviews with fishery unions
indicated the value of subsea information for estimating fish stock, fishing ground, viable catch, and
the safety of marine activities. All these factors support their preference of considering oceanographic
information as the best option (Figure 3b). Even though they were interested in the fifth option, fishers
also raised the question about the real potential of being involved with the MRE project developments
and operation, because they have a better understanding of what is required to work in offshore
conditions based on their experience. Interviews with fishers showed that fishing vessels can be used
for logistic purposes during the environmental impact assessment phase and maintenance phase of
the power farm. The potential of recruiting local fishers for monitoring purposes of the power plant
was also mentioned. However, fishery union leaders identified that the vessels used for local fishing
may not be suitable for MRE projects and the ageing fishery community may not be willing to accept
new challenges related to MRE projects. However, this type of interaction with fishery and the MRE
industry may attract the younger generation to the fishery industry. In addition to the above factors,
the low weight assigned to the social impacts contributed to not selecting the fifth option as a preferred
option. The second best alternative for fishers was the second option; however, its preference level
was significantly lower than that for the first option. Fishers identified that they can benefit from
the artificial reef effects, which have a spillover effect on the surrounding fishing grounds. Fishers
indicated that they can reduce costs related to their fishing gear setups (such as fixed nets) if they
receive structural support from the MRE structures. The value of real-time in-situ ocean information
was again highlighted when the fishers discussed their fishing methods and fishing gear, such as the
ability of local fishers to protect their fixed net setups, aquaculture setups, etc., in the event of a sudden
ocean currents, commonly known as Kyucho in Japan [58,59]. Another advantage of in-situ ocean
information is the ability of fishers to predict the ocean conditions and decide if the fishing gear is
suitable before travelling to the area. Further analysis of fisheries preference is discussed in the next
section due to their importance to the stakeholder group among all other stakeholders as well as their
unique decision behavior.
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Figure 3. Stakeholder group-wise preference decision (a) average criteria weights and (b) option
preference of fisheries; (c) average criteria weights and (d) option preference of construction sector
respondents; (e) average criteria weights and (f) option preference of civil servants; (g) average criteria
weights and (h) option preference of tourism & shipping industry respondents; (i) average criteria
weights and (j) option preference of health and welfare sector respondents; (k) average criteria weights
and (l) option preference of NPO and other respondents.
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Figure 3c,d indicate the criteria weights assigned by and the final preference of the respondents
from the construction industry. These respondents are expected to be involved with the MRE projects
during its development phase. These results can generally represent the opinion of future MRE
project developers. They assigned the highest weight to the environmental impacts. However,
the environmental impacts of most of the considered co-existence options are either not known or
insignificant (Table 4). The high weight assigned to environmental impacts does not represent the final
preference level where the highest preference was for the fifth option. Interviews with the project
developers indicated that there is a high possibility of involving local fishers through the local fishery
union for the initial stages of MRE project development, such as using their fishing vessels to conduct
surveys and environmental impact assessment. The fifth option is the only option that can be directly
employed for project development so the developers directly benefit from it. According to the project
developers, there can be long term benefits in terms of improving LCOE due to the use of local resources
and developing local supply chain industries, even though additional initial investments could be
required for building local capacities to meet the requirements of the MRE industry.

Figure 3e,f indicate the criteria weights assigned by and the final preferences of the respondents
from the civil service sector. They assigned the highest weight to the economic impacts criterion.
They selected the fifth option as the best option among the options. Interviews conducted with local
government officers and other civil servants like school teachers indicated that they have no direct
involvement with the marine affairs. We separately analyzed the results from the health and welfare
sector respondents due to unique characteristics that will be explained later. The group of civil servants
considered in Figure 3e,f can be approximated to the inland urban communities that have a vague
idea that MRE projects may result in high energy costs and the local community should be given the
opportunity to improve their economy.

Respondents involved with the local tourism industry and shipping industry assigned significant
weight to the social impacts criterion (Figure 3g), which is comprised of stakeholder engagement,
incentives, and equality. The most preferred option was the fifth option: using local resources for
MRE project development and creating business involvement opportunities (Figure 3h). The literature
as well as key stakeholder interviews indicated the potential for collaborating with these sectors
according to both the third and fifth options. However, local respondents had no experience with how
MRE projects can collaborate with local tourism industry as indicated by the third option. The high
weight assigned to the social impact aspects with the current level of perception might be the reason
for their preference for the fifth option over the third option.

The respondents from health and welfare sector had a unique perception of MRE options,
even though they can be considered as civil servants in general. This group had in-depth knowledge
and experience with human health impacts compared with other civil servants, as indicated by the
high weight (74.59%) assigned to the environmental impacts criteria, which was the highest amongst
all three criteria weightings for every other stakeholder group (Figure 3i). They can represent the
general inland communities given the minimum interaction with marine affairs. Interviews with
representatives indicated their concerns about possible low frequency noise and its impact on human
health. However, there is no evidence about the impact of low frequency noise from the onshore wind
turbines currently installed in their locality. More justifiable reasons for the selection of the fourth
option, i.e., sharing generated electricity as the best option as indicated in Figure 3j, would be the
expectation that it will reduce the dependency on conventional non-renewable energy sources (like
coal), which would reduce GHG emissions and the expectation of reducing the current economic
burden caused by the high electricity demand.

Figure 3k,l indicate the criteria weights assigned to and final preference of the respondents from
local nonprofit organizations and other community organizations. This group indicated environmental
impacts as the most important criterion but selected both the third and fifth options as the preferred
options. Since most of these respondents were working closely for the revitalization of the local
economy, they expected positive impacts from business involvement opportunities with the new MRE
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sector. According to the discussions with local hotel owners, they expected to revitalize the local tourism
industry via future MRE projects. They indicated that there has been a slight improvement in their
businesses due to external people visiting the remote islands because of these project developments.

From the results of the stakeholder group-wise option preferences shown in the Figure 3, no solution
clearly meets the preferences of all the stakeholder groups. Stakeholder preferences were significantly
related to the expected individual costs and benefits as well as the level of knowledge and interaction
with the marine activities. Hence, it was important to further analyze the local preferences according
to other factors such as geographical area.

3.3. Geographical Area-Wise Group Decision

The area-wise analysis results shown in Figure 4 show that there was no significant preference
identification for most of the areas (refer to Figure 1 for the geographical locations of the considered areas).
Few area-specific factors were identified related to this area-wise preference decisions, which indicates
that preference behavior was more dependent on the stakeholders’ occupations than area-specific
factors. The main reason for not identifying a clear preference decision in Fukue, Nagasaki, and
Shimonoseki areas was that respondents represented number of occupations in these groups. Similarly,
most respondents from Kitakyushu were from the fishery industry and most respondents from Moji
area were from the health and welfare sector. So, a similar preference pattern can be expected from both
area-wise preferences and occupation-wise preferences in respective cases. However, key stakeholder
interviews provided some information that supports the decision behaviors in the Naru, Kitakyushu,
and Moji areas.

The fishery industry, which is the main traditional industry on Naru Island (near the proposed
tidal energy project in Nagasaki case study area), is declining rapidly due to the ageing society and
inability to attract the younger generation towards the fishing industry. Interviews with the Naru
fishery union representatives also mentioned that there are almost no fishing efforts in the Naru strait
due to the high tidal current velocity. Hence, they do not expect to interact much with the tidal energy
project. Fishers from Naru Island acknowledged that their fishing efforts could benefit from real-time
in-situ ocean information provided according to the first option, by estimating the high tidal current
conditions that are unique to their area. Naru fishers identified that they could extend their fishing
grounds to the high tidal current areas in the Naru strait if they know the exact conditions of the tidal
velocity. Such benefits could be provided even with the second option where MRE structures could
help fishing in high velocity tidal streams. However, they do not expect much benefit in terms of fishery
due to the diminishing nature of the local fishery industry. Despite most of the Naru respondents
being fishers, their preferred strategy was the fifth co-existence option, which was using local resources
to construct and operate the power plant, creating business involvement opportunities (Figure 4b).

The Kitakyushu respondents’ group preferred the first option of sharing oceanographic information
(Figure 4h). This may be because the local harbor, which is a powerful stakeholder in the area, values
ocean information more than the other non-fishery stakeholders. The respondents from the Moji
area (in the Kitakyushu case study area but away from the MRE project area) preferred the fourth
option of sharing generated electricity at a subsidized rate (Figure 4j). Their preference decision can be
supported by the fact that the electricity supply could being the only direct impact of the MRE projects,
which is relatively far from their dwellings.
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Figure 4. Case study area-wise preference decision (a) average criteria weights and (b) option preference
of respondents from Naru; (c) average criteria weights and (d) option preference of respondents from
Fukue; (e) average criteria weights and (f) option preference of respondents from Nagasaki city;
(g) average criteria weights and (h) option preference of respondents from Kitakyushu city; (i) average
criteria weights and (j) option preference of respondents from Moji; (k) average criteria weights and (l)
option preference of respondents from Shimonoseki.

3.4. Fishers’ Preference According to Fishing Methods and Scale

Fisheries preference was further analyzed due to their unique decision behavior in preferring the
first option of sharing oceanographic information. Fisheries are the most prominent stakeholder group
in local consensus building process as well as the most impacted local industry from the introduction
of MRE projects. Interviews with fishery unions indicated that the impacts of the proposed options
highly depend on their fishing methods, fishing grounds and scale. Figure 5 summarizes the fishery
preferences based on fishing method and scale. In this analysis, grouping based on fishing method and
fishing scale were highly inter-dependent. Most of the small- and medium-scale fishers were using the
pole and line fishing method, whereas all respondent fishers who were grouped under the large-scale
fishers category were using net fishing and longline fishing as the main fishing methods. Due to this
equality of data sets, preference patterns of large-scale fishers and longline and net fishing fishers were
exactly the same. Fishers usually use more than one fishing method. The most frequently used fishing
method was considered for this grouping. Fishing method was significantly dependent on the fishing
area. Most of the local fishers in Fukue and Naru Islands were small-scale fishers mainly using pole
and line fishing. Fishers in Kitakyushu area mostly used large-scale fishing methods such as bottom
draw nets and set nets.

From the interviews with fishers, we identified that the small-scale fishers who use pole and
line method or nearshore fishing methods, such as diving, could benefit from the artificial reef effect
and the fish gathering effect created by the subsea MRE structures. Hence, they preferred to have
many small-scale MRE devices or structures in the area rather than a few large-scale MRE devices
or structures. However, they acknowledged the technical factors that developers have to consider
when designing the MRE device layout. In contrast to small-scale fishers, large-scale fishers who use
fishing methods which need a large sea area to operate like longline, trawling and net fishing, prefer
to have the least amount of MRE devices to minimize their fishing effort displacement. Since they
use large sea area, real-time oceanographic information is vital to decide the travel plans and fishing
grounds. Finally, large-scale fishers tend to be financially stronger than the small-scale fishers. Hence,
large-scale fishers are more focused on the continuity of the industry and less willing to change the
current practices, whereas small-scale fishers tended to prioritize different alternatives that provide
more financial incentives. Interviews with fishers on Naru Island revealed that they prefer the benefit
of having under water structures to support their fishing gears, specifically in the areas with strong
tidal currents because, currently, they cannot use their fishing gear most of time due to the high tidal
current velocity.

All these factors identified from key stakeholder interviews support the fisheries’ preference
shown in Figure 5. Large-scale fishers tended to prioritize the second criterion, environmental impacts,
whereas small-scale fishers tended to prioritize economic impacts. This behavior can be explained
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by the current financial stability of the particular fishery groups. Generally, all the fishery groups
tended to prefer the first option of sharing oceanographic information. However, in contrast with the
large-scale fishers who use longline and net fishing methods, small- and medium-scale fishers who
mostly use pole and line fishing indicated a significant preference for the second option of using MRE
structures as artificial reefs and support structures for fishing gear.
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Figure 5. Fishers’ option preference according to fishing method and scale: (a) average criteria weights
and (b) option preference of pole and line fishing fishers; (c) average criteria weights and (d) option
preference of squid fishing and diving fishers; (e) average criteria weights and (f) option preference of
longline and net fishing fishers; (g) average criteria weights and (h) option preference of small and
medium scale fishers; (i) average criteria weights and (j) option preference of large scale fishers.

4. Discussion

The co-existence of MRE projects with existing marine activities is vital for building consensus among
local stakeholders, which is essential for Japan’s MRE developers. Understanding the compatibilities
and co-location opportunities of different sea uses can lead to an optimum use of available sea area.
Consensus building starts with identifying potential feasible negotiation options to create a win-win
situation among the stakeholders and then identifying the different stakeholders’ preferences for each
option. In the case of MRE acceptance, key decision factors are as follows.

4.1. Nearshore vs. Offshore Projects

Nearshore MRE projects are more visible to the coastal communities. Hence, interactions between
them are common. There is limited ocean space available in the nearshore area for specific marine
activities such as shipping and transportation, docking fishery, and other commercial vessels. However,
if the visual impacts are considered to be positive and used in a co-existence option, such as in the
case of third option in this study, nearshore MRE projects are more preferred than the offshore MRE
projects. Going further offshore can enhance the power takeout of the power plant, but increases
the construction and operation costs. However, going offshore can create less congestion in the most
competitive nearshore areas.

4.2. Different Technologies within MRE (Offshore Wind vs. Tidal Devices)

The co-existence strategy is dependent on the MRE technology. Certain types of co-existence
options are compatible only with certain types of MRE projects. For example, providing oceanographic
information is feasible with most of the MRE projects; however, the quality of data and the available
parameters might be different from offshore wind project in comparison to tidal energy projects with
fully submerged devices. The second option in this study, using MRE structures as artificial reefs and
support structures for fishing gear, is more compatible with offshore wind energy projects than the
tidal energy projects. However, tidal energy projects generally create less spatial conflict with fisheries
because local fisheries generally do not use strong tidal current areas for fishing activities. Tidal energy
projects require different skills and equipment, even for routine maintenance checks. However, some
co-existence options can be used independent of the MRE technology used, such as the fourth option
in this study—sharing generated electricity.

4.3. Knowledge, Perceptions and Values vs. Option Preference

Acceptance and preference depend on the decision makers’ knowledge about the context and
the perceived impacts of different decision alternatives. Some social science literature highlights the
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impact of personal values and beliefs on acceptance decision [60]. The best examples of this from the
results of this study are the health and welfare group decision (Figure 3j) and the group decision of the
Moji area residents. (Figure 4j). The health and welfare group perceived noise pollution and prioritized
the environmental impacts over economic or social impacts and finally preferred the fourth option
of having subsidized electricity. Most of those respondents have experienced nearby onshore wind
turbines. The significant concerns about the low frequency noise pollution of offshore wind turbines
indicate that they have a different belief about offshore wind turbines in comparison to onshore wind
turbines. In contrast, Moji respondents prioritized economic impacts over environmental or social
impacts, but still preferred the fourth option, which indicates that preference is highly correlated with
personal economic gains.

4.4. Cost of Co-Existence Options vs. Monetary Compensation Schemes

The levelized cost of energy (LCOE), which represents the costs of electricity for an MRE installation
over an assumed financial life and duty cycle [3], is significantly impacted by the installation costs and
operation and maintenance (O&M) costs [61,62]. Limited information exists about the LCOE of Japan’s
MRE projects. However, from the literature on the European MRE industry [56,63,64], the initial
commercial MRE projects in Japan are estimated to have a significant LCOE. Confidence in the ability
of the MRE industry to deliver a competitive LCOE in comparison to other forms of power generation
in an acceptable timeframe is essential for continued investment in the sector [65]. Hence, project
developers were deeply concerned about managing the project costs to maintain a competitive LCOE
with respect to other energy generation options. Even though the main focus of this study was not the
analysis of the LCOE of MRE projects, it was important to analyze the potential economic impacts of the
proposed co-existence strategies, since those options may significantly impact the LCOE and overall
economic sustainability of the projects. The MCA results, in terms of the economic impacts (Table 4),
show that stakeholders expect a positive overall impact from the proposed co-existence options except
for the fourth option of sharing generated electricity at a subsidized rate. LCOE dynamics for various
renewables depend on various factors that could be directly impacted by employing the identified
co-existence options. For example, project developers may have to incur additional construction costs
if options O1, O2, or O3 are employed. Conversely, using local resources according to O5 may reduce
O&M costs. All these co-existence options may indirectly generate positive impacts on LCOE if they
lead to a higher local acceptance level. However, there is not enough data to conduct an in-depth
analysis of the effect of LCOE from individual co-existence strategies, which is a main limitation of
this study.

An alternative to the identified non-monetary co-existence strategies is the monetary compensation
or benefit creation scheme where the developers allocate funds to the local community with the
mediation of local government, local authority, or some other responsible community body. Developers
can benefit from the mediation of a local authority because they tend to have a higher trust among
local communities and higher expertise in assessing the local priorities, which is vital when disbursing
funds for the needs of the community. However, this kind of monetary benefit creation scheme worsens
the developer costs and indirectly affects the LCOE. Developers can benefit if the LCOE impact of
the proposed non-monetary co-existence strategies is worse than that of monetary benefit creation
schemes. We suggest further studies to evaluate the economic impacts of each option.

5. Conclusions

A set of novel co-existence options that can be used to create a win-win situation among local
coastal communities and the emerging MRE industry in Japan were evaluated based on DS-AHP
in this study. Based on the key stakeholder interview results and a literature survey, the following
co-existence options were considered: (1) providing real-time, in-situ ocean information from MRE
farms; (2) using MRE structures as artificial reefs and support structures for fishing; (3) co-location
with other industries such as leisure, tourism and aquaculture; (4) sharing generated electricity for
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local users at a subsidized rate; and (5) use of local resources to construct and operate the power
plant, creating business involvement opportunities. By analyzing the preference results from the
questionnaire survey, we found that stakeholders’ decisions were mostly based on the perceived
impacts on their daily lives. Local residents who interact less with the ocean generally preferred the
stakeholder engagement aspect, with the intention of creating local benefits and thereby a win-win
situation between the emerging MRE sector and traditional marine industries. Stakeholders who were
interacting with the marine areas tended to know the real potential and limitations of the proposed
co-existence options. Thus, there was a significant difference between the preference patterns of fishers,
developers, and other stakeholders, where the final results indicate that fishers generally preferred the
first option of sharing oceanographic information, whereas the general public and project developers
preferred the fifth option of using local resources to construct and operate the power plant, thereby
creating business involvement opportunities. Since these results were obtained by employing DS-AHP,
the impact of uncertainty and data unavailability was minimal. We recommend using this approach
not only when new information is available for the decision makers, for example after the initiation
of real commercial MRE projects with more certain information and after commissioning the first
commercial projects in the area, but also for other instances where stakeholder decisions have to be
evaluated amidst a significant level of uncertainty and data unavailability.
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Abstract: The evolution of human societies along with efforts to enhance economic welfare may
well lead to the deterioration of the environment. Deforestation is a usual process throughout
evolution that poses pressing and potentially irreversible environmental risks, despite the ecological
and modernization processes that aim to limit those risks. The economic growth–environmental
degradation relationship—namely, the environmental Kuznets curve (EKC) hypothesis—is studied
in alignment with the autoregressive distributed lag (ARDL) approach. The novelty of the study is
attributed to the use of the carbon emissions equivalent derived by deforestation as an index for
environmental degradation in Bulgaria as a new entrant into the European Union (EU). In addition,
we use the gross domestic product (GDP) per capita as a proxy for income, being determined as an
independent variable. Research findings cannot validate the inverted U-shape of the EKC hypothesis;
instead, an inverted N pattern is confirmed. The implementation of appropriate policies aiming
at the protection of the environment through the diversification of economic activities is related
to the use of forest land and other resources, or related sectors (agroforestry, ecotourism activities,
and scientific research), rather than only the direct utilization of forested areas; the limitation of
afforestation processes and their negative impacts on citizens’ welfare are also addressed.

Keywords: environmental Kuznets curve; deforestation; ARDL with bounds test

1. Introduction

The multifunctionality of forests in Europe stems from the diversity of tree species and ecosystems.
Indicatively, forests serve as a regulatory tool for hydrologic cycles, provide refuges for biodiversity,
contribute raw material for medicinal and forest products, prevent soil destruction, and satisfy
recreational, spiritual, and aesthetic value needs [1]. However, the most significant impact is related to
climate change mitigation, since it contributes greatly to exchanges in energy, water, carbon dioxide,
and other chemical substances [1,2]. The significant contribution of forests to climate change mitigation
has become recognized in the existing literature recently [3]. Given that the destruction of forests
reduces the ability of the Earth to absorb CO2 from the atmosphere [4], an effort was initiated for its
limitation. This effort was established with the negotiation of the Montreal UNFCCC CoP held in 2005,
in which the dominant motto for forest management is “Reducing emissions from deforestation and
forest degradation” (REDD).

In Europe, forests correspond to 37% of the terrestrial surface with ecological, economical, and
soci-ocultural impacts, as mentioned above [5,6], while eastern and central European countries do still
have large and relatively undisturbed forests compared to western European countries [7,8].
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Within the last couple of centuries in the name of societal modernization and urbanization,
deforestation has become a necessary tool, which permanently converts forest land into other land
uses [9].

A high level of deforestation is globally considered an anthropogenic environmental problem [9,10].
The impacts of this problem are more severe for less developed countries, and less extended for
developed countries. Indeed, developed countries are exerting intense efforts for afforestation, which
led to an increase in the forest area, estimated at 1% from 1990 to 2005 [11]. The linkage among
deforestation, forest degradation, and climate change is attributed to fewer trees absorbing less
greenhouse gases (GHGs); therefore, deforestation is indirectly causing increased quantities of carbon
dioxide emissions [12,13]. In addition, according to macro-sociologists, carbon dioxide emissions may
be indicative of marketable outsourcing production for developing countries [13]. Deforestation in
global terms is related to the cooling effect and the warming carbon cycle, due to changes in albedo
and evapotranspiration [14].

Deforestation in the European Union (EU) constitutes an environmental issue of adverse negative
impacts within the last few decades. Motivation policies for deforestation are characterized by
complexity and are differentiated from region to region and from country to country. One of the major
reasons for deforestation in the EU, according to the FAO (2016) [15], is related to the agricultural
expansion for the production of specific food commodities (accounting for 80%), while the issues of
urbanization/infrastructure interpret less than 10% of deforestation each.

Bulgaria is selected as the country to be studied, since it has become a new member state in the EU
in 2007 and it is ranked fourth among EU members in terms of gross domestic product (GDP) growth
for the last decade. The change from a highly centralized, planned economy to an open, market-based,
upper-middle income economy has become achievable after a decade of slow economic restructuring
and growth, high indebtedness, and a loss of savings. The time period until its entrance into the EU
was characterized by an exceptionally high economic growth and improved living standards. However,
in the last decade, few positive impacts were implemented. Particularly, the global economic crisis of
2008 and a period of political instability in the period 2013–2014 urged the Bulgarian government to
achieve the objectives of growth and shared prosperity.

Today, for Bulgaria, the most importance issues to be addressed are those of raising productivity
and handling the rapid demographic change. Particularly, higher productivity growth is critical to
accelerate convergence, as Bulgaria’s income per capita is only 47% of the EU average, which is the
lowest in the EU.

Furthermore, in Bulgaria, according to statistics provided by the FAO [15], 36.1% or about 3,927,000
ha of the total area is forested, 8.6% (338,000.00) of which is classified as primary forest, which is
the mostly bioversatile and carbon-dense forest area. In addition, 815,000 ha are forest plantations.
Besides, deforestation has currently become a significant issue, since Bulgaria’s forests contain 202
million metric tons of carbon in living forest biomass.

The overexploitation of forests—being not accompanied by a project for sustainable
management—as well as a lack of effective surveillance of forests and forest areas in Bulgaria
resulted in losing an average of 30,000 ha or 0.90% per year [16].

Common methods of deforestation for Bulgaria are burning trees and clear cutting. These practices
are considered controversial, since they leave the land completely barren. Degradation and deforestation
may well lead to a devastating chain of events both locally and globally, including the loss of species,
the water cycle (trees are important to the water cycle, since they absorb rain fall and produce water
vapor that is released into the atmosphere), soil erosion, life quality, and floods during winter.

The low income is encouraging the government to implement institutional and legislative changes,
such as low tax rates and promotional investments. On the other hand, the country’s forest cover
has been expanding gradually, at an annual rate of 0.6% over the period 1990–2015 [17], while as an
EU member, Bulgaria is required to implement the EU Timber Regulation, which came into force in
March 2013.
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Another major alarming problem with the forests in Bulgaria is illegal logging. Among the types
of illegal logging are the illegal lending of forest area and damage of forest stands to obtain extended
harvesting volume at a lower price.

Nowadays, the legislation has become strict regarding the activities and rights related to forest
management and timber harvesting. The state forestry staff should control logging activities, but all
the violations in forests are caused by a lack of governance and enforcement of existing regulations
and laws, thus necessitating cooperation among forest employees. Moreover, low salaries have led to
high rates of corruption in terms of state forest services as well as to limited and ineffective control
mechanisms [16]. It is noteworthy that deforestation and forest degradation account for approximately
20–25% of global anthropogenic greenhouse gas (GHG) emissions, which are the major source of
emissions from developing countries [18]. Deforestation in Bulgaria, as among all ex-socialist countries,
and especially in private forests, is becoming limited according to statistical data, which is attributed
to the modernization, urbanization, and immigration phenomena that were initiated in the period of
socialism. In Bulgaria, data are available only for the case of afforestation, but not for deforestation.
An indirect conclusion can be reached through the change in the land area covered by forests as
well as the afforestation rate. Particularly, a decrease in the afforestation rate was observed during
the 1990s, when the afforested areas per year were decreased under 10,000 ha year−1, and after 2009,
under 5000 ha year−1. The major reasons for this decrease are the following: the large mastered areas
for afforestation, the development of silvicultural systems with natural regeneration priority, chronic
economic crises, as well as a lack of resources.

There are plentiful studies addressing the environmental Kuznets curve (EKC) hypothesis, where
deforestation has been used as a proxy for environmental degradation, given the direct effects of
growth on natural capital, in order productive agrarian efforts and policies to be promoted [19]. A lack
of data for the deforestation area was the reason that the authors in this study used the GHG emissions
generated by deforestation as an index for environmental degradation.

In this research context, the extended deforestation and the carbon emissions generated by
deforestation are related to the GDP per capita (as motivation for income improvement). This scientific
background can be a subject of econometric study under the framework of the EKC on providing
policy tools to enable a strategy design that can provide alternative and more profitable sources of
income. In this study, the ARDL bounds cointegration technique was deployed, and it validated the
reversed N Kuznets pattern for the data applied. The novelty of the study stands on the use of the
GHG emissions generated by deforestation for a country with many particularities regarding the
issue of deforestation, including a lack of data, suffering from the problem of illegal logging, and
strong motivation for afforestation. The study is organized as follows: Section 2 describes the existing
literature, Section 3 outlines the methodology, Section 4 provides and discusses the results, and the
concluding remarks are succinctly presented in Section 5.

2. Literature Overview

2.1. Environmental Kuznets Curve Hypothesis (EKC)

The EKC hypothesis is an empirical relationship that assumes the existence of a relationship
between environmental quality or pollutant emissions and economic growth. Two plausible
explanations have been suggested for the interpretation of the environmental–economic performance
relationship [20,21]. The first interpretation is related to an income effect, because the environment is
valued as a luxurious asset. Therefore, in the initial stages of the economic development process, the
individuals are not willing to trade consumption for investment in environmental protection, resulting
in a decline in environmental quality. Once individuals reach a specific level of consumption, which is
known in the EKC literature as the “income turning point”, they ask for increasing investments for
improving the environment. In addition, after the turning point, environmental quality indicators
(showing pollution and environmental degradation) begin to improve.
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Potential factors for the interpretation of the EKC are the following: first, the scale of production
related to production expansion with the mix of products produced, and the mix of production inputs
used, is considered constant under the condition of technological status. Second, different industries
are characterized by different pollution intensities, while the output mix typically changes along
with economic development. Third, changes in the input mix may well be related to the substitution
of less environmentally damaging inputs to production for more damaging inputs, and vice versa.
Another significant factor is the trade openness and specifically the increasing trade openness in the
case of Tunisia, which is validated as statistically significant with both linear and nonlinear ARDL [22].
Four, it is noteworthy that the improvements in the state of technology, especially those changes in
production efficiency and emissions-specific changes in process that result in less pollutant emitted per
unit of input.

Nevertheless, there has been not a consensus on the validation or rejection of the EKC hypothesis.
Specifically, several studies are devoted to environmental degradation as an endogenous variable and
income per capita as an exogenous variable with mixed results [23].

2.2. Previous Studies

2.2.1. EKC General

Starting from Grossman and Krueger [24], plentiful studies can be mentioned with differences in
terms of study period, methodological adaptation, power of income, and choice of control variables [25].
The data employed can be time series cross-section, or even panel data, also with different results [26,27].
For the time period 1991–2009, the time-series analysis involved nearly eight broad categories of
methods, while the results obtained from these studies are inconclusive. An inverted U-shape was
validated for France by Ang [28] for 1960–2000 with the assistance of ARDL methodology; Ozatac et al.
also validated an EKC pattern for Turkey [29] with the same methodology for the period from 1960 to
2013. On the other hand, the N-shape EKC pattern was a finding by Akbostancı et al. [30] for Turkey
for the period from 1968 to 2003, with the assistance of the cointegration technique. Regarding the
panel data, the most common methodology is FMOLS, which Apergis and Payne introduced [26] for
the study of six Central American countries for the period of 1971 to 2004, providing evidence of an
inverted U-shaped EKC. The same conclusion was obtained by Liu et al. [31] referring to 10 newly
industrialized countries for the period from 1971 to 2013, and Aruga (2019) [27] for a number of Asian
Pacific countries.

2.2.2. EKC and Deforestation

Deforestation is a process that is increasing as a result of economic expansion. Therefore, interaction
among deforestation and prosperity has become a subject of extended studies with significant efforts
to be succinctly described below.

Cropper and Griffiths [32] valued deforestation not as an environmental degradation index, but
as an environmental management measure. Specifically, this study involved the impact of population
and income increase on the reduction of forest areas for 64 developing countries including those in
Africa, Asia, and Latin America, which all feature huge forests and forest areas. According to these
findings, the EKC was validated for countries in Latin America and Africa, where the per-capita GDP
is lower than the estimated highest point of the curve ($5.420 and $4760 respectively in 1985 prices or
at about $9100 and $7900 in 2001 prices. Therefore, the ECK did not reach the highest point, implying
limitations in the validation of the EKC.

The constant growth of the global population and the adverse exploitation of natural sources
to satisfy human needs, have led to deforestation along with conversion to agricultural lands.
The depletion of the world’s forests in both tropical and temperate regions is causing considerable
environmental problems that hamper sustainable economic development. In approaching the
deforestation trend, some researchers argued that this activity might be slow or reverse, unveiling
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the validity of the EKC hypothesis. Nevertheless, the results and conclusions of studies investigating
EKC contradict each other. Moreover, the relevant literature compared OECD countries with the
non-OECD countries of Latin America, Asia, and Africa in determining the ways under which the
various factors of economic growth, population, trade, urbanization, agricultural land conversion, and
cereal yield impact deforestation rates [33]. These authors concluded that the OECD countries present
an N-shaped curve, while for the African region, an income-based EKC pattern is validated. It is
also noteworthy that the trade openness and the internationalization of the marketplace, along with
widespread urbanization, are all impacting the regions in a different way, but only these countries
have shown less deforestation attributed to higher cereal yields [33].

The validity and credibility of the EKC method to examine the deforestation process has attracted
plentiful studies. Even though deforestation is widely studied, the relationship between economic
development and deforestation remains questionable. In this context, a meta-analysis of selected EKC
studies for deforestation included 69 studies, offering 547 estimations regarding the differentiation
and vulnerability of EKC-reported results [34]. These authors investigated a range of choices—such
as econometric strategy, measures of deforestation, geographical area, and the presence of control
variables—on the probability of finding an EKC. It was argued that the validity and credibility of the
EKC method is solidified, and the theoretical alternatives to the predominance of EKC as a method to
examine the deforestation process could fade [34]. In deepening scientific understanding upon the
functionality of EKC and in perceiving alternative means of explaining how capitalism and ecological
disorganization (pollution) are interconnected under Marxist theory, Lynch [35] illustrated the limited
ability of common EKC interpretation and attempted to implement a Marxian interpretation of the
EKC. Under this context, Marxian analysis supports a reasonable interpretation for the inverted “U”
shape of pollution where increased pollution is expected due to ongoing economic development.
Furthermore, occasionally, the orthodox EKC may fail to fulfill EKC predictions in developing countries,
thus implying that pollution rises in these areas. In the long term, pollution is reduced in poor nations,
but it leads to a rise in pollution in the global context. However, as time passes, the production in
developing economies is increasing, which leads in turn to an upward trend for pollution [35].

The main socio-environmental parameters that determine deforestation are the: property rights,
the agricultural price index, the forest area, population, income, and timber prices [36]. Therefore, a
plausible methodological tool to investigate the impact of deforestation-induced factors is the EKC.
Under this research context, Esmaeili and Nasrnia [36] deployed the autoregressive distributed lag
approach to yield the deforestation function, confirming the existence of an inverted U-shaped EKC
for deforestation in Iran. Moreover, their research proved a linkage among deforestation and property
rights, forest area, agricultural price index, and terms of trade. Additionally, the key aspects that
support sustainable forest land uses and a reduction in the deforestation rate are the improvement of
secure property rights and the environmental policies planning in Iran [36].

Regarding the roles of trade openness and agricultural productivity under the EKC, researchers
have investigated these factors under the applicability of the EKC hypothesis in relation to emissions
from the non-oil sector, such as agriculture (i.e., all GHG emissions from agriculture) among
the sub-Saharan African countries [37]. Particularly, authors were focused on two indicators of
environmental change, namely that of “rate of deforestation” and “all greenhouse gas emissions from
agriculture” (Agri-GHG) in addressing whether the EKC hypothesis exists for both indicators applied
and, secondly, to investigate the effects of macroeconomic and institutional variables on both of these
previously considered indicators. Specifically, it is noteworthy that: (a) the EKC exists (such as an
inverted “U”-shaped) only for all GHG emissions from agriculture; (b) agricultural production and
trade openness significantly increase both of the applied environmental change indicators, and (c)
population growth significantly reduces Agri-GHG, while economic growth significantly increases the
“rate of deforestation” in the region examined [37].

Zafeiriou et al. [38] studied the temporal environmental degradation agricultural income
relationship for three ex-socialist newly entrants in the EU (Bulgaria, the Czech Republic, and
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Hungary), for which the EKC hypothesis was confirmed for the first two countries, while for Hungary,
it was not confirmed upon the specific data employed.

Barbier and Burgess [39] focused on a study of deforestation estimation in tropics through the
extension of cultivated areas. The sample involves countries of the tropics in Africa, Latin America,
and Asia for the period from 1961 to 1994. According to their findings, the EKC was validated as a
turning point, generating $8700.00 GDP per capita in 2003 prices. The model included a number of
economic and social variables, such as GDP growth, the population increase rate, cereal production,
land-use distribution, the exports of agricultural products, political corruption, and political stability,
as well as property rights implementation. According to these findings, the expansion of agricultural
area was positively affected by the population increase rate, while the agricultural land distribution,
exports, and political stability positively impacted the dependent variable [39].

Similarly, Ehrhardt-Martinez et al. [40] utilized data for the time period from 1980 to 1995 and for
the 74 least developed countries in Africa, Asia, and Latin America. These authors studied the validity
of the ECK hypothesis and signified that the threshold value is estimated at $1150 in 1980 prices (or
$2354.00 in 2003 prices).

In another study regarding deforestation, Lantz [41] used the annually deforestation rates in
five Canadian regions for the time period of 1975 to 1999 as proxy for forest area deforestation
in order to unveil different relationship patterns, including those between income–deforestation,
population–deforestation, and technological improvements–deforestation, across time. According to
these findings, the deforestation area was negatively related to income evolution, which was constantly
decreasing. Therefore, the impacts on the forest destruction lead to higher incomes, and they are more
efficiently reflected to the population [41].

Chiu [42] validated that deforestation was decreased in alignment with the income increase in
more than 52 developing countries. Similarly, Farhani et al. [43] confirmed the validity of EKC for
the relationship between income–environmental sustainability in South African and Middle Eastern
countries. The study of Parajuli et al. (2019) [44], who studied the impact of forests, agricultural
area, and energy consumption on the carbon emissions generated by 86 countries by developing the
dynamic panel data approach, is also noteworthy.

2.2.3. EKC Methodological Issues

The validity of the environmental degradation–income per capita relationship has been subjected to
plentiful studies within the last two decades, which is in alignment with the different indexes considered,
and also with different linear and nonlinear methodologies applied [38,45–52]. The deterioration of the
environmental problems caused by carbon emissions and especially GHG emissions, the identification
of the impacts of climate change on global economy [53], and the concepts of eco-efficiency sustainability
under the context of the global economy supported motives for these theoretically approached scientific
fields. The prevailing econometric methodology upon the environmental degradation–economic
growth relationship is either linear or nonlinear cointegration. The inverted U pattern of this relationship
was initially introduced by Grossman and Krueger [47]. Esteve and Tamarit [54] outlined the most
significant empirical studies, including those performed by Ozturk and Acaravci [55], Halicioglou [56],
Soytas and Sari [57], and Soytas et al. [23], showing contradicting results with linearity to be the
common feature among all of them. The existence of nonlinearities was initially studied by Esteve
and Tamarit [54], noting that the implementation of the threshold cointegration validated the EKC
hypothesis for Spain over a long-run reference period.

The present study, with the aid of the ARDL cointegration technique, investigated the relationship
of environmental degradation–economic growth by using the: (a) carbon emissions generated due
to deforestation as an index for environmental degradation, and (b) GDP per capita as an index for
economic growth for the new EU entrant country of Bulgaria. The use of this index for environmental
degradation is the novel contribution of this study, comparing to existing literature.
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3. Data Methodology

3.1. Data

In the study, authors employed carbon emissions generated by deforestation as an index for
environmental degradation for the time period from 1990 to 2015. On the other hand, as an index for
economic growth, the GDP per capita is considered for the same time period. Both variables refer to
the country of Bulgaria. The data employed were derived by the FAOSTAT database. The variables
involve the carbon emissions equivalent in thousands of tonnes derived by deforestation for the
1990–2015 time period and per capita income as an index for economic growth.

The variables employed in the study are illustrated in the following Figures 1 and 2, respectively.
Figure 1 depicts the evolution of GDP per capita for the time period between 1990–2015. Specifically,
there is an evident sharply increasing trend over the period from 2004 to 2005, whereas in the last
decade, the GDP per capita has been doubled, and has been stable ever since.

 
Figure 1. ln(GDP/capita) for Bulgaria. GDP: gross domestic product.

 

Figure 2. Evolution of carbon emissions generated by deforestation (1990–2015) for Bulgaria (ln(Cit).

Figure 2 shows the per capita GDP (in USD), with an upward trend and stability after the year 2010.
Figure 2 shows the evolution of carbon emissions equivalent (in ln), although the pattern of its

evolution cannot be defined with accuracy.
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3.2. ARDL Methodology

The methodology employed is the ARDL bounds cointegration technique. The following ARDL
model is used for the scope of this study:

ΔLnCt = α0+ α1T +
p−1∑
i=1
α1iΔlnCt−i +

p−1∑
i=0
α2iΔlnGDPt−i +

p−1∑
i=0
α3iΔlnGDP2

t−i

+
p−1∑
i=0
α4iΔlnGDP3

t−i + φ1lnCt−1 + φ2lnGDPt−1 + φ3lnGDP2
t−1 + εt

(1)

where Ct denotes carbon emissions generated by deforestation, GDP denotes gross added value per
capita, T denotes the time trend, α0 the constant, Φ1,2,3 denotes the long-run coefficients, α1i, α2i,
α3i, and α4i denote the short run parameters, Δ denotes the first difference operator of the variable
employed, and P denotes the lags determined by the employed lag length optimization criteria such
as Akaike Information Criterion (AIC) and Schwarz Bayesian Criterion (SBC). The general model
provided above is supplied under the condition that it suffers from stability problems; a modified
model might be employed, since the time trend T or the constant coefficient should be omitted.

Equation (2) includes the long-term and the short-term parameters. Implicitly, ϕ1, ϕ2, ϕ3, and ϕ4

denote the long-term parameters, and therefore reject the null hypothesis; ϕ1 = ϕ2 = ϕ3 = ϕ4 = 0 (no
cointegration) against the alternate (that is ϕ1, ϕ2, ϕ3 � 0) confirms that the variables are cointegrated.
The cointegration test is based on the computed F-statistic, being compared to the critical values
provided for small size data by [58]. The potential results of this test are synopsized in Table 1.

Table 1. Results of F statistic test.

Condition Result

Fstatistic > UCB Cointegration
Fstatistic ≤ LCB No cointegration

LCB ≤ Fstatistic ≤ UCB Uncertain (Result depends on the lagged error
correction term for a long-run relationship)

One of the advantages of the specific methodology involves its efficiency when implemented to
variables that have different orders of integration, but this order should be less than two [59]. Therefore,
prior to the estimation model and testing the existence of cointegration, it is a prerequisite to explore
the order of integration for the variables used in the model. Implicitly, the authors examined the
existence of a unit root in the behavior of GDP per capita and carbon emissions equivalent generated
by deforestation. The unit root tests employed are the DF-GLS test and the augmented Dickey Fuller
(ADF) with break point test. The major advantage of the last-mentioned test involves the simultaneous
detection of potential structural breaks along with stationarity for the time series studied.

The break unit root test involves a two-step procedure. In the first step, the authors detrended the
series with the appropriate trend and break variables, and also with the assistance of ordinary least
squares (OLS), and in the second step, the existence of a unit root with the assistance of a modified
Dickey–Fuller regression is implemented to the detrended series [60]. The initial model may involve
non-trending or trending data with an intercept break or trend break. The results refer either to the
trend or to the break specification (trend, intercept, or both).

Misspecifications are a potential problem of improper unit root test selection. For that reason
and for the selection of an optimal method and model of the unit root test, this study used the one
proposed by Shrestha and Chowdhury [61].

Having confirmed that the variables employed are not I(2) allowed the authors to implement
the ARDL approach. The slightly modified Johansen cointegration technique—namely, the ARDL
model—is free from residual serial correlation and endogeneity problems [62]. A number of advantages
can be mentioned—including, among others, that the lags employed in the model are selected in a
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general-to-specific modeling framework [61–63]. Furthermore, the dynamic error correction model
(ECM) through a simple linear transformation [64] integrates the short-run dynamics with the long-run
equilibrium. Another serious advantage is related to the lack of problems resulting from non-stationary
time-series data [63].

Prior to the model estimation and according to the methodology suggested by Pesaran et al. [65],
the authors chose the lags for optimum model. The selection of the best model was based on the lowest
prediction error. The next step confirmed the existence of a long-run relationship with the assistance of
the bounds test and the error correction model.

The long-run relationship to be surveyed is the following for the ARDL (p,q,r) model:

lnCit = λ1lnGDP + λ2lnGDP2 + λ3lnGDP3 ut + μ + λ3Dt + δt (2)

where lnCit denotes the carbon emissions generated by deforestation for the country to be surveyed,
lnGDP denotes the gross domestic product (GDP) per capita trend in logarithmic form, lnGDP2 denotes
the quadratic form of the GDP per capita, lnGDP3 denotes the cubic form of the GDP per capita, and Dt

is a dummy variable that captures a single structural break. This structural break may be detected in
the relationship among the variables studied for Bulgaria, in case that is statistically significant. In case
the parameters λ1 and λ2 are found to be positive and negative respectively as well as statistically
significant, the EKC is validated.

In the last step of the analysis, a sensitivity test was performed, through which parameter stability
and goodness of fit is tested, which includes the cumulative sum of squares of recursive residuals
(CUSUM test). The parameter stability is ensured in case the graphs mentioned above lie within the
bounds [65,66].

The error correction model is provided by Equation (3):

(1− L)

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

lnCt

ln(GDP)t
ln
(
GDP2

)
t

ln
(
GDP3

)
t

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
=

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

ϕ1

ϕ2

ϕ3

ϕ4

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
+

p∑
i=1

(1− L)
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α11i a12i a13i a14i
b21i b22i b23i b24i
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ε41i ε42i ε43i ε44i
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+
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β
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ECMt−1 +
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η1i
η2i
η3i
η4i

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
(3)

where (1-L) denotes the lag operator and ECMt–1 denotes the lagged error correction term generated
by the cointegrating equation, while the η terms are white noises. Short-run causality is confirmed in
case the F statistic for the parameters of first differences is statistically significant, whereas the long-run
causality is evident in case the lag of the error correction term with the assistance of t–statistics is
reported as statistically significant.

4. Results

The results of the methodology are provided in the following Tables 2–7. In the first step of the
analysis, two different unit roots tests were implemented, namely the DF-GLS unit root test and the DF
break unit root test. The results of those tests are provided in Tables 2 and 3, respectively.

Table 2. Elliott–Rothenberg–Stock DF-GLS test.

t–Statistic 5% Critical Value

lnCit −1.11 −1.955
lnGDP −1.148 −1.955
D(Cit) −4.85 *** −1.955

D(GDP) −4.39 *** −1.955

*** Rejection of null hypothesis in 5% level of significance.
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Table 3. Break unit root test; minimize Dickey–Fuller t-statistic.

t-Statistic p-Value Structural Break

lnCit −2.964 0.71 2005
lnGDP −2.978 0.697 2002

D(lnCit) −6.927 *** 0.01 2006
D(GDP) −4.803 *** 0.012 2006

*** Rejection of null hypothesis in 5% level of significance; Critical value for 5% level of significance: −4.443649.

Table 4. F-test estimation result.

F-Bounds Test Null Hypothesis: No Levels Relationship

Test Statistic Value Signif. I(0) I(1)

F-statistic 7.39 10% 2.37 3.2
k 5% 2.79 3.67

2.5% 3.15 4.08
1% 3.65 4.66

*** Rejection of null hypothesis in 5% level of significance.

Table 5. Long-run form.

Variable Coefficient Std. Error t-Statistic Prob.

lnGDP −13.39 *** 0.456 −29.31 0.0000
lnGDP2 −0.143 *** 0.018 −7.620 0.0000
lnGDP3 2.65 *** 0.190 13.96 0.0000

*** Rejection of null hypothesis in 5% level of significance.

Table 6. Error correction model.

Variable Coefficient Std. Error t-Statistic Prob.

D(GDP3) *** −0.176 0.025144 −6.452 0.0000
D(GDP(-1)) −0.0035 0.002349 −1.487 0.23
D(GDP2) *** 2.496 0.356405 6.583 0.00

CointEq(-1) *** −0.607 0.104571 −5.899 0.00
R-squared 0.7156

*** Rejection of null hypothesis in 5% level of significance.

Table 7. Autocorrelation and heteroscedasticity test of the model’s residuals.

F-Statistic p-Value

Breusch–Godfrey autocorrelation test 0.28 0.75
ARCH heteroscedasticity test 1.118 0.268

According to these findings, the first unit root test confirmed that the variables used in the
model—that is, deforestation as a proxy for environmental degradation and economic growth,
respectively—are I(1), which is non-stationary in levels and stationary in first differences.

The second unit root test employed, which takes into consideration the existence of structural
breaks, does also confirm that the variables are I(1), as evident in Table 3. Furthermore, this test provides
the potential structural breaks of the time-series studied. Based on these, potential explanations for the
structural breaks were identified. The year 2006 is a significant hallmark, since it coincides with the end
of the privatization of the state-owned firms. This is significant for GDP per capita and deforestation
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due to a reduction in the foreign direct investments (FDI). In addition, regarding the year 2002, the
mechanisms of coordination and management for the implementation of the strategy on structural
funds have been refined. Finally, the year 2005 corresponds to when the Kyoto protocol was entered
into force, specifically on 16 February 2005, which may adequately interpret the behavior of the carbon
emissions equivalent generated by deforestation for the case of Bulgaria.

Having empirically confirmed that the time series studied are not I(2), the ARDL methodology
was well deployed. The ARDL model selected based on the Akaike criterion, was ARDL (1,0,2,1).
In the next step, the estimated F test suggests that the null hypothesis according to which no level
relationships exist cannot be accepted, a result implying the existence of a long-run relationship among
the variables studied, as evident in Table 4.

The next step in the analysis involves the estimation of the cointegrating relationship (long-run
relationship) model based on the ARDL bounds test and is provided in Table 5.

The estimated error correction term that describes the speed of convergence to the steady state is the
following: Cit − (−10.4642*GDP_CAPITA + 2.0064*(GDP)2 − 0.1017*(GDP)3 − 3.0495). The coefficients
of the long-run relation are found to be statistically significant (for 10% level of significance), while
the signs of the coefficients are as follows; λ1 < 0, λ2 > 0, and λ3 < 0. Therefore, the signs validate the
reversed N Kuznets curve pattern. This pattern implies that emissions would begin to rise again once
a second income turning point is passed.

The estimation of the error correction model is provided in Table 6. The negative coefficients
of ECTt–1 are corroborating the short-term relationship in the model. The coefficient of the ECTt–1 is
indicative of the speed of convergence from short-term disequilibrium to the long-term equilibrium
in the approximately 15.5 months in the linear ARDL model. The negative (positive) coefficients of
DGDPt–1 (DGDPt–12) do not confirm the existence of the EKC hypothesis (inverted U pattern) with a
one-year lag in the model. Subsequently, the inversed N Kuznets curve is also fully validated for the
case of Bulgaria in the short run.

In the short term, it is shown that the statistical significance of the cubic form implies the validity
of the N Kuznets curve pattern (not inverted N Kuznets, contrary to the long term). Regarding the
diagnostic tests as observed in Table 7, we conducted the Breusch Godfrey autocorrelation test and
ARCH heteroscedasticity of the estimated model residuals.

The last step in the analysis involves the study of the parameter’s stability with the Cumulative
d CUSUM square (CUSUMsq) tests, the results of which are illustrated in Figure 3. Specifically, in
Figure 3, the particular plot lies within the critical bounds at a 5% significance level, which indicates
that the estimated model is stable in the research period.

 

Figure 3. Illustration of cumulative sum of squares of recursive residuals (CUSUM) of squares
stability test.
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Furthermore, the parameter stability CUSUM of squares and the diagnostic tests provided in
Table 7 confirm the robustness of the linear ARDL estimates test.

5. Conclusions

Among EU members, Bulgaria was selected as one of the newly entrant economies, having a high
growth rate and specific condition in the deforestation process. This study investigated the validity of
EKC in alignment with the ARDL approach of carbon emissions generated due to deforestation (in
thousands of tonnes per 1000 ha of deforested ex forest land) as an index of environmental degradation,
and the per capita GDP (in thousand of USD dollars) as an index for income. According to these
findings, a reverted N Kuznets curve pattern was validated, which was a result implying two different
income thresholds for change in the behavior of carbon emissions. This result was validated not only
for the long-term period, but also for the N pattern relationship for the short term. Having confirmed
the validity of the opposite N-shaped EKC implies that the economic growth initially will improve
environmental quality to a certain income level, where the relationship will be positive before it once
again becomes negative. This finding is not only interesting, but also challenging to interpret. Possibly,
it could be a consequence of the initial environmentally-friendly attitude of the Bulgarian economy and
its limitations toward deforestation as well as the efforts aiming to afforestation, compensating for the
increased emissions caused by the scale effect. The results were based on carbon emissions generated
by deforestation, and these may well efficiently and indirectly describe the forest land situation in
Bulgaria, and contribute effectively to the design and implementation of environmental policies that
are capable of eliminating the deforestation problem in Bulgaria.

The process of afforestation could provide a solution to the problem of deforestation—namely, a
reduction in GHG emissions and an increased absorption of environmental pollutants. In addition,
policies and measures design and implementation should promote the efficiency of human activities
in order to ensure that the economic losses attributed to the limited exploitation of forest resources
are limited.

The state’s efforts for afforestation (a plausible explanation for the findings) were outperformed
by the illegal logging, and the low wages of the civil servants in the forest service may also lead to a
higher quantity of carbon emissions generated by deforestation. Therefore, initiatives should be taken
for the counteraction of these behaviors that can be achieved by seminars, in order for residents to
be better informed, and a provision of motivation for them to pursue a limitation in deforestation.
This motivation could include, among others, economic incentives for the conversion of forestland to
agricultural uses such as taxes or subsidies. Furthermore, clearly defined and enforced property rights
to timberlands could also provide an effective solution to the limitation of the problem.

To synopsize the novel institutional measures that should be taken, we aim to limit the degradation
of forest resources, which in turn will bring about a decrease in the carbon emissions generated by
deforestation. Furthermore, the smooth forest land use with alternative methodologies may well lead
to quality environmental improvement and the prosperity of rural and urban surrounding areas.

The specific conditions that dominate in Bulgaria despite the country complying with the
agri-environmental measures adopted by the EU may also interpret the opposite N pattern of
environmental performance–GDP per capita relationship, necessitating a more insightful study
regarding the formation of the variables and the evolution of this relationship. For that reason, the
findings of this study contradict the findings of Zambrano-Monserrate et al. [67] that confirmed the
validity of EKC for other five European countries with the same methodology for a longer time horizon.
Based on the aforementioned results, the environmental policies mainly for the case of Bulgaria should
be directed to the expansion of forest land, since forestry production and agricultural exports may
increase jointly, allowing a significant progress for environmental protection inside the continent.

The study also unveiled a remarkable conclusion regarding the shape of the EKC, thus suggesting
research intensification in order for the pollution–income relationship to be identified. The relationship
may well be studied in alignment with an alternative methodology while considering other possible
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shapes than those already examined and expected in other EKC core studies. It is important to further
investigate the relationship between income and environmental degradation in order to combat climate
change and reach sustainable economic development.

Conclusively, regarding suggestions for the future research, the implementation of a different
nonlinear ARDL methodology on available data could provide more concise and accurate results, as
well as the implementation of panel data analysis to support researchers with more general results
regarding the agro-environmental EU policy for more countries.
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Abstract: Renewable energy sources (RES) have gained increased popularity across the world mainly
due to their ability to contribute to environmental protection through the generation of infinite
‘clean’ energy. To achieve a greater diffusion of renewables, however, small-scale investments
implemented by individuals are critically important. In contrast to citizens whose attitudes have
been consistently explored by research, there is little evidence on the attitudes towards investments
among environmental students who will occupy positions of responsibility and play key roles in the
environmental sector in the future. Hence, the purpose of the present study is to identify the most
important factors that affect environmental students’ willingness to invest in renewable energy (RE)
by developing a logistic regression model. According to our analysis, the participants in their majority
expressed their willingness to invest, while environmental values, the low risk and profitability
of renewable investments, as well as preferences for certain energy types were significant factors
determining this willingness. However, willingness to invest was irrespective of the current taxation
and subsidies, suggesting that significant improvements are required in these areas. The present
study could be particularly useful for policymakers since the necessary steps to create favorable
investment environments in Greece and elsewhere are highlighted.

Keywords: willingness-to-invest; energy investments; renewable energy sources (RES); perceptions;
attitudes; department of forestry; environmental science; university students

1. Introduction

For a fourth consecutive year, the worldwide net capacity additions for renewable energy
significantly exceeded those for fossil fuels and nuclear power, while renewables accounted for more
than one-third of the total global installed power capacity in 2018. During the same year, a total of USD
36.3 billion was invested in small-scale distributed capacity (i.e., investments in solar photovoltaics
systems smaller than 1 MW), a 15% decrease compared to 2017 [1].

Regarding Greece, the development of renewable energies shows a definite upturn [2] while the
Renewables 2019 Global Status Report placed the country among the nine countries in the world which
present more than 20% electricity production from renewables [1]. According to the latest reports [3],
in Greece, the share of renewable sources accounted for 31% of electricity production in 2016 with the
main renewable sources being solar, wind, and hydropower. More analytically, solar power production
witnessed a striking growth since it rose from 0.16 TWh in 2010 to 3.9 TWh in 2016. Likewise, wind
energy production increased from almost nonexistent levels in the end of the 1990s to 5.1 TWh in 2016,
which corresponds to 10.5% of the total electricity production. At the same time, hydropower has
been experiencing a steady increase in its share of renewable electricity, but with significant annual
fluctuations—reaching 5.5 TWh in 2016 which accounts for 11.4% of the total production. During the
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same year, the share of electricity from bioenergy covered less than 1% of the total production [3].
At the same time, the country is renowned for its impressive implementation of solar installations and
Greece is one of the pioneers in terms of solar systems’ use, with the first systems being installed in
the late 1970s, whereas in 2016, the country had already achieved one of the highest shares of solar
photovoltaics in the total primary energy supply among IEA countries [3].

The impressive share increases mentioned above were driven mainly by supporting policies and
in specific by a series of feed-in-laws, namely Law No 3468/2006, Law No 3734/2009, and Law No
3851/2010 [4–6]. These laws established fixed prices for renewable electricity, forming an attractive
investment environment. Law No 3851/2010 is still in effect today and was initially established to
address the numerous pending applications for the approval of photovoltaic system applications
which had brought the domestic photovoltaic market close to collapse. The same law also foresaw the
simplification and acceleration of administrative processes which concerned the permits of installations.
In addition to the feed-in laws and the simplification of procedures, various programs and mechanisms
have been introduced to aid the development of renewable energies in Greece. For instance, the
Financial Program “Save Energy at Home II” provides financial support for upgrading the energy of
residences. Beneficiaries, who are selected based on the residence’s initial energy category and their
income, are offered support through fractional subsidization combined with favoring bank loans from
contracting bank institutions. The actions following the provision of finance enhance the energy of the
residence with the focus being placed on shell improvements and upgrades in heating/cooling systems
as well as warm water usage [7]. Simultaneously, the country is designing competitive auctions for
larger wind and solar installations as well as market-based premiums to prevent high-cost overruns [3].
With regard to these new policies and measures, the renewable sector can be expected to experience
further development and attract considerable small- and large-scale investments which will in turn
help the country to further increase the share of its renewable electricity production.

Beside large investments implemented by the state and private investors, small-scale investments
made by citizens can contribute significantly to the achievement of the targets and the rapid diffusion
of renewables [8]. To increase small-scale investments, however, citizens need to be adequately willing
to invest their savings or part of their income in renewable energies. In Greece, the public responded
positively to incentives for photovoltaic systems (enacted with Law 3468/2006) and laws forming an
attractive investment and licensing climate. Moreover, the applications were so numerous that the
licensing for specific photovoltaic categories had to be suspended [6]. This reflected the increased
interest of householders to invest in their own microgeneration system when the conditions in terms of
incentives and legislation were deemed favorable. In addition, it is interesting to observe that citizens’
positive response to investments in photovoltaics was recorded during the time of economic crisis.

In a broader perspective, the public needs to be positively inclined towards investments in
environmentally friendly energy technologies to proceed with the investment. Acknowledging the
effect of personal attitudes on decision-making regarding investments, a growing body of research
has been examining attitudes indicating that attitudes comprise the key to predict investment
behaviors [9,10].

In the relevant literature, most previous studies have typically focused on the willingness of
individuals to pay for renewable energy [11–19], while a substantial number of studies has explored
individuals’ willingness to invest in renewable energy [9,20–24]. As observed, no study has so far
examined explicitly young respondent groups such as undergraduate students whose study field
is closely related to the environment. Nevertheless, it is quite relevant to examine the attitudes
of students majoring in environmental sciences not only because these students have an adequate
understanding of energy topics, but mainly because in their future careers they will be required to
take a stand towards renewable energy and their decisions will affect the deployment of renewable
energy. Hence, the primary aim of the present study is to identify the factors that affect the willingness
to invest in renewables among students majoring in the Department of Forestry and Management of
the Environment and Natural Resources at the Democritus University of Thrace. Moreover, the study
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also builds participants’ profiles by collecting data relating to their sociodemographic characteristics
and their views on energy-related topics.

The present study and its findings could be particularly useful to policymakers, developers, and
marketers in their efforts to create favorable investment environment in Greece and elsewhere.
In addition, our results reveal new insights into individuals’ investment willingness, thereby
contributing to the relevant literature strand and enabling researchers to build on the findings
to carry out further studies. Furthermore, the novelty of the present paper is the focus on students’
awareness about RES by examining the factors that affect their willingness to invest in renewable
energy in their later life through the performance of logistic regression analysis.

The paper is structured as follows. In the next section, the findings of previous relevant studies
are presented and discussed. Then, Section 3 describes the area of study as well as the methodology
the authors followed to perform the study and to develop the logistic regression model. The results are
thoroughly presented in Section 4 and discussed in Section 5. Afterwards, in Section 6, conclusions
based on our analysis and discussion are drawn.

2. Literature Review

The diffusion of renewable energies is a prerequisite for achieving a low-carbon energy system
that can alleviate pressing environmental issues such as climate change [25,26]. Nowadays, citizens are
given the option to participate in this endeavor by investing in renewable energy and, in this regard,
discovering the attitudes of the public towards investments is an integral part of strategies aimed
at increasing investments. Acknowledging the role of the public, a growing body of literature has
examined its perceptions and attitudes in an attempt to identify the factors that affect the willingness
to invest in renewables. Overall, these studies illustrate that environmental values, confidence in the
technology of renewable energy systems, previous experience in investments, age, place of residence,
educational level, preference for comfort, social class, and house ownership are factors that can
determine the investment willingness of the public [9,10,20,24,27–29].

In terms of environmental values, in countries which are known for their successful implementation
of renewable energy, citizens were mainly driven by their environmental values to invest in RES.
Indicatively, in a qualitative study on household adoption of small-scale electricity production in
Sweden, environmental concerns were what motivated adopters’ decisions to install the systems,
while the respondents emphasized the need to think about the environment and live ‘as ecologically
sustainably as possible’ [30]. Similar results emerged in another study in the US [31] with the
development of a fuzzy logic reference model indicating that for consumers who had already adopted
photovoltaics in US, the perceived environmental benefit was positively related to their decision-making.
Likewise, in Canada it was observed that environmental values could predict the adoption of sustainable
technologies among citizens [27]. The important role of environmental values was also detected in
Austria, Italy, and Germany, where relevant studies examining the socio-psychological patterns of RES
investments concluded that the desire to make a contribution to environmental protection comprised
a key factor for making investments favoring the environment [23,29]. It is also noteworthy that
environmental awareness was identified as an important investment factor in countries which present
a relatively lower installed RES capacity such as Tunisia, Egypt, Lebanon, Jordan, [28] and Turkey [32].
This indication suggests that environmental awareness is universally influential and to some degree
independent of financial restrictions.

Apart from environmental awareness, attitudes towards the financial aspect of investments in
renewables are important to discuss. As indicated, the decision to make investments is often based on
the individual’s evaluation of the expected profitability which if deemed adequate, the investment
proceeds [33]. This resonates with Bergek et al. [8] who claimed that investments in renewable energy
are made when an opportunity is identified and when the value of exploiting this opportunity is
high enough. Building on this, the same research team concluded that the potential value of an
opportunity, namely the profit, is a notable motive behind the decision, while accessibility of financial
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resources affects further investment willingness. At the same time, although incentives had initially
paved the way to citizen investment, their long-term effectiveness is often disputed. On one hand,
financial incentives have undoubtedly assisted the diffusion of renewable energies across different
countries [32,34]. Nevertheless, the positive impacts of financial incentives are often unexpectedly
temporary and unstable because individuals tend to revert to their previous behavior once rewards are
removed, whereas individuals who are intrinsically motivated to act altruistically respond negatively
to extrinsic rewards [35].

In contrast to the positive influence of environmental values and perceived profitability, the lack
of trust in the technology of renewable systems can affect adversely an individual’s decision to invest.
In particular, it was indicated that potential investors’ low degree of confidence in the effectiveness
of the technology was negatively related to their decision-making [24]. Furthermore, homeowners
were less likely to invest when they misunderstood the functioning of the technology [29] or when
they considered that the renewable systems were new on the market and therefore disadvantageous to
purchase [30]. The lack of confidence can thus to some extent account for the fact that the diffusion
of RES is relatively slow and that microgeneration technologies are often described as ‘resistant
innovations’ in many European countries [10].

As with all types of investments, experience is considered an influential factor in the final
decision to invest in renewables. However, existing research findings are conflicting about whether
previous investment experience causes positive or negative responses to RE investments. In particular,
Leete et al. [36] found that investors who were experienced in marine renewable energy were less
likely to do so again since they understood the scale, cost unpredictability, and the required time
for developing these technologies. Conversely, Masini and Menichetti [24] as well as Ek et al. [33]
argued that former experience with investments increases the likelihood to invest in renewable
energy. Regardless of these studies, it appears that in the case of photovoltaic panels, which are
widely implemented in some European countries, such as Germany and Denmark [37], being able to
‘experience’ and observe the functioning of the systems on the rooftops of neighboring houses can
stimulate the interest of individuals and induce them to invest [27] as was the case with California
where the early installation of solar photovoltaic panels in the neighborhood of potential investors
rapidly diffused the installation of solar panels [38].

In addition to the above factors, the age of potential investors has been found to affect an
individual’s inclination to invest; however, age seems to exert an ambiguous influence on investment
decisions. On one hand, there is evidence that younger individuals are more open to RES compared to
their older counterparts [24]; but, on the other hand, different findings indicated that older people were
more likely to be aware of microgeneration technologies and hence more likely to adopt them [10].
That being said, recent findings detected that older respondents were unwilling to invest in renewable
technologies probably because they were discouraged by the long payback periods [28]. It can thus
be suggested that the influence of age as a factor affecting investments is multifaceted and unclear,
thereby calling for further investigation.

Another factor that has been found to be substantially influential is the type of place an individual
resides with studies showing that rural dwellers are generally more positively inclined towards
renewable investments [39]. For example, city inhabitants in Ireland were unaware of renewable
microtechnologies [10], whereas rural residents in Germany were more willing to switch from their
current conventional energy situation to a sustainable domestic energy system compared to the city
inhabitants who participated in the same study [29]. The same applied to Swedish respondents living
in rural areas who regarded investments in micropower plants as a ‘logical and practical option’ which
enabled them to become self-sufficient and energy independent but also resonated with their chosen
lifestyle and wish to use the available natural resources [30].

Other variables affecting investment willingness encompass educational level, house ownership,
as well as preference for maintaining comfort, status quo, and social class. Of these, high educational
level [29,34] and house ownership [23] have been found to have a positive effect on an individual’s
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willingness to invest in renewable energy, while higher educational levels are also linked to increased
concerns about the ecological impacts of renewable installations [40]. Meanwhile, in their decision to
change their current fossil fuel-based energy system, homeowners can be affected by social norms [9]
and their wish to maintain their accustomed comfort and current status quo [29]. In relation to
this point, the application of behavioral economics revealed that individuals have the tendency to
make social comparisons, follow other people’s behavior, and comply with social norms, namely the
explicit and implicit rules, guidelines, and behavioral expectations [35]. In this regard, individuals are
expected to invest if other people in their close environment have done so and vice versa. As for social
class, so far it has been indicated that those belonging to the upper-middle classes are more aware of
microgeneration technologies [10] and hence more likely to adopt them.

As observed, the literature on investment willingness relating to renewable energy has mainly
focused on analyzing the perceptions and intentions of citizens in different countries. In relation to
university students, there is a plethora of relevant studies exploring students’ knowledge, perceptions,
and attitudes towards renewables in different countries [41–46], whereas the existing studies analyzing
undergraduate students’ willingness either to pay for or invest in renewable energy are scarce.
Indicatively, so far it has been indicated that Chinese undergraduate students were willing to pay
additional amounts of money for clean energy or for switching from their current conventional energy
systems to renewable energy-based or forest bioenergy-based systems [43]. Likewise, Canadian and
Romanian students were positively inclined towards paying for renewable energy-based electricity [47].
Meanwhile, a considerable share of Palestinian university students (60.3%) expressed their willingness
to invest in RES projects if such an opportunity emerged, while 71.3% of respondents regarded
investments in these projects as successful [48]. It can be seen that only a few studies have, inter alia,
examined the investment willingness of university students while no study has performed further
analyses to understand the factors that determine their willingness or unwillingness to make renewable
investments in the future.

The main conclusion to be drawn from the previous research efforts on attitudes towards
investments in renewables, given the aim of this paper, is that overall there exists substantial interest
in this special type of investments. With the exception of environmental awareness, which has a
profound impact on potential investors, certain factors have emerged as complex and thus further
research is needed to understand them. Their investigation should, however, not be neglected because
these factors can pave the way for increasing investments. In addition, the understanding of potential
investors’ mindset can become an effective tool in the hands of policymakers and developers to create
a favorable investment environment that will attract more investments among citizens who wish to
make profit, but also citizens who look to express their environmental values through investing in
environmentally friendly energy production systems.

3. Materials and Methods

3.1. Area of Study

The Area of Study was the Department of Forestry and Management of the Environment and
Natural Resources of the Democritus University of Thrace, which is located in the town of Orestiada
in northern Greece. The Department was founded in the academic year 1999–2000 and its current
enrollment rate is 105 new students per year. It is worthwhile to note that the Department of Forestry and
Management of the Environment and Natural Resources aims at promoting the Sciences of Forestry and
the Environment while advancing scientific knowledge in the area of Natural Resources Management.
The graduates are highly qualified and capable of conducting research and using advanced technologies
for the development, improvement, protection, and management of forests, forest lands, and the
natural environment. Another objective of the Department is to contribute to the development of
the Science of Forestry through academic training, research, scientific publications, and textbook
development. Finally, the Department and its graduates can help improve the management of forests
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in Greece and protect the country’s natural environment. The duration of the undergraduate studies is
five years and the curriculum includes multiple courses. Beside the explicitly environmentally- and
forestry-related courses, students also attend renewable energy-related courses, such as “Renewable
Energy Sources”, “Energy and Environment”, and “Forest Energy”. In addition, there are courses
which aim at enhancing students’ environmental awareness such as “Environmental Education”,
“Environmental Communication”, “Environmental Policy”, and “Forest Policy” [26].

3.2. Methods

The findings which are presented in this paper are part of wider research which investigated
the awareness levels of the students majoring in the Department of Forestry and Management of the
Environment and Natural Resources about renewable energy sources.

For the purposes of the study, a structured questionnaire consisting of 21 closed-ended questions
was designed (the full version of the questionnaire can be seen in Karasmanaki and Tsantopoulos [26]).
The closed-ended type was considered appropriate since it requires little time and effort to be
completed. To ensure that the questionnaire could give coherent and accurate results, it was tested
on a limited scale and minor changes were made. Once the final form was ready, the questionnaire
was administered to the participants at the beginning of regular class periods with the consent of the
professors. The respondents of the sample were undergraduate students of all years of study and, in
total, 214 students took part in the study.

The questionnaire consisted of six sections with the first involving a set of questions collecting
participants’ sociodemographic characteristics. The second section included questions which
investigated students’ awareness about RES but also their views on various environmentally- and
energy-related topics. Then, the third section examined their willingness to invest in renewables, to
work in the RES sector and to pay for the development of RES. Afterwards, the fourth section explored
respondents’ feelings about energy scarcity due to resource depletion and their preferences for various
energy types. The fifth section investigated their perceptions of ways and approaches to transition to
a low-carbon energy system as well as reasons to adopt RES. Finally, the last section explored their
views on environmental responsibility and their preferences for different types of media. It should also
be noted that the questions were rated on five-, six-, and ten-point Likert scales, while there were also
questions with dichotomous (“yes/no”) answers.

Once the collection of the questionnaires was completed, the data were analyzed with the Statistical
Package for Social Sciences (SPSS). Initially, descriptive statistics were estimated for all variables.
Then, logistic regression was employed to estimate the parameters of a logistic model. According
to Hosmer et al. [49] logistic regression is a statistical method for analyzing a dataset in which there
are one or more independent variables which determine an outcome. The outcome is estimated with
a dichotomous variable (in which there are only two possible outcomes). In logistic regression, the
dependent variable is binary or dichotomous meaning that it only contains data coded as 1 (such as
‘True’, ‘Yes’) or 0 (‘False’, ‘No’). If the dependent variable is continuous, it can be dichotomized at some
logically meaningful cut point. The goal of logistic regression is to find the best fitting and logically
reasonable model to describe the relationship between an outcome (dependent or response variable)
and a set of independent (predictor or explanatory) variables [49]. Moreover, unlike the classic linear
regression where the parameters are computed using the least squares method, logistic regression
estimates the parameters using the likelihood ratio. In this way, the response variable (predicted) is a
function of the likelihood that a particular observation (individual) will be in one of the two categories
of the dichotomy.

In the present study, since the dependent variable was binary (dichotomous), the function of the
binary logistic regression was:

f (Z) =
ez

1 + ez =
1

1 + e−z (1)
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where Z is the input variable and f (Z) its outcome. One of the advantages of this function is that the
input variable takes positive and negative values, whereas the outcome f (Z) ranges between 0 and 1.
More analytically, the variable Z represents the combined influence of a set of variables, while f (Z)
defines the likelihood of a specific outcome resulting from this action.

In addition, variable Z expresses the measure of the overall contribution of all participating
independent variables to the model and is defined as:

z = β0 + β1X1 + β2X2 + · · ·+ βkXk (2)

where, β0. is the intercept of the regression line and βi the coefficients of the independent variables,
expressing the contribution of each variable.

When a coefficient takes a positive value, the explanatory variable increases the likelihood of a
successful outcome (i.e., the realization of the event). Conversely, a negative coefficient value means
that the variable decreases the likelihood of the outcome. In addition, a high value of the coefficient
would signify that the independent variable significantly affects the likelihood of the realization of the
event, whereas a low value would denote a small effect of the independent variable on the likelihood
of having the relevant result.

4. Results

First, the results of descriptive statistics concerning the sociodemographic characteristics of the
students participating in the survey are presented. The next part of the results reveals students’
preferences for different energy types, their views on reasons for adopting renewables, and their
daily environmental habits. Finally, the logistic model that emerged from the application of logistic
regression is fully described and explained.

4.1. Sociodemographic Characteristics

According to Figure 1a, 53.7% of the participants were male and 46.3% female. As for their year of
study, Figure 1b shows that the second- and third-year of study presented lower participation, while
first, fourth, and fifth years had greater percentages.

 

(a) 

 

(b) 

Figure 1. Percentages of (a) Students’ gender; (b) Students’ year of study.

The students’ family background in terms of parental occupational and educational level were
also examined. As given in Figure 2a, a significant share of the students’ fathers was employed in
the public (26.6%) and private (22%) sector. Likewise, as it appears in Figure 2b, a similar proportion
of the participants’ mothers were also employed in the public and private sectors (24.8% and 21.5%,
respectively). Meanwhile, a substantial percentage of mothers (23.8%) were full-time housewives
without being engaged in paid work. Finally, only 11.7% and 17.2% of parents were unemployed and
pensioners, respectively.
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(a) 

 

(b) 

Figure 2. Percentages of (a) Fathers’ occupation; (b) Mother’s occupation.

With regard to parental education, overall students’ parents exhibited a high educational level.
A considerable proportion of fathers (36.9%) and mothers (45.3%) were higher education graduates,
whereas the percentage of parents having attended merely compulsory education was notably lower
(Figure 3a,b).

 

(a) 

 

(b) 

Figure 3. Percentages of Educational level of (a) father and (b) mother.

4.2. Descriptive Statistics

The surveyed students were asked whether they were willing to invest in renewable energy in the
future. Results depicted in Figure 4 show that the clear majority of students, by 85%, was inclined to
make a RE investment in their later life.

 
Figure 4. Percentages of students’ willingness to invest in renewable energy sources (RES).

Afterwards, the students evaluated different energy production technologies based on the types
they preferred to be further developed in Greece. For this evaluation, the students were given a
10-point scale (where 1 stands for “to be less developed” and 10 for “to be more developed”) on which
they marked their preference. As Figure 5 depicts, approximately seven out of ten students supported
the development of solar energy and almost six out of ten supported wind energy. Conversely, only
about one out of ten students favored nuclear fuels or coal combustion.
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Figure 5. Students’ assessment of energy production technologies to be developed in Greece.

Afterwards, students were asked to what degree they agreed or disagreed with various reasons for
adopting renewable energy. Specifically, the students evaluated, using a five-point scale ranging from
“strongly disagree” to “strongly agree”, a variety of reasons for installing an RE system, such as wind
energy or photovoltaics. According to our results (Figure 6), approximately eight out of ten students
perceived that reduced pollution levels, country’s increased energy independence, and improved air
quality were the most important reasons for installing a renewable energy system.

 

Figure 6. Students’ degree of agreement with reasons for adopting RE systems.
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To discover respondents’ environmental attitudes, students evaluated their daily practices and
habits on a five-point scale. Results given in Figure 7 indicated that relative to transportation,
approximately eight out of ten students were willing to use the bicycle or cover short distances on foot
to lower their individual environmental impact. As for energy saving, about eight out of ten students
were willing to switch off the lights when leaving a room or opt for energy-efficient light bulbs and to
turn off the tap while brushing teeth or shaving. Yet, the examination of their eating habits showed
that only three out of ten participants were willing to reduce the consumption of meat and cured meat
products for the sake of the environment.

 

Figure 7. Students’ daily environmental practices and habits.

4.3. Logistic Regression Model

Next, to predict “Students’ willingness or unwillingness to invest in RE”, Logistic Regression was
conducted. The dependent variable was the “Students’ willingness or unwillingness to invest in RE”
(V1) and as independent variables the factor scores resulted from a factor analysis to the multivariates
“Students’ preference for energy sources to be developed” (V2), “Reasons for RE adoption” (V3), and
“Participants’ daily habits” (V4) were used. Factor analysis has been performed in previous work [26]
and its outcomes are used here as input variables in the logistic regression model. The factors of the
three multivariate variables are described below.

The multivariate “Students’ preference for energy sources to be developed” (V2), gave three
factors with significant loadings (V2_1, V2_2, V2_3). Factor V2_1 can be referred to as “Renewable
sources and natural gas” since it includes the renewable energy types and natural gas (“Wind
energy”, “Hydropower”, “Solar energy”, and “Natural gas”). The second factor (V2_2) can be termed
“Conventional energy types” because it involves explicitly fossil fuel-based energy technologies such
as “Coal combustion”, “Lignite combustion”, and “Oil combustion”. The third factor V2_3 can be
referred to as “Nuclear fuels and biofuels” since it contains only these two energy sources.

The second multivariate “Reasons for RE adoption” (V3) examined participants’ views on reasons
for adopting renewables. The factor analysis resulted in five important factors (V3_1, V3_2, V3_3,
V3_4, V3_5). Factor V3_1 can be termed “Environmentally- and energy independence-related reasons”
because it contains the variables “Improved air quality”, “Increased energy independence of our
country” and “Reduction in pollution”. The second factor (V3_2) can be referred to as “Reasons related
to financial motives and minimum work” as it includes the variables “Subsidies for the purchase of the
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RE system”, “Subsidies for the maintenance of the RE system”, “Fixed and guaranteed income”, and
“Minimum amount of work”. The third factor (V3_3) contains the variables “Lower-risk investment for
savings” and “Higher profitability compared to other investments” and thus can be called “Investment
reasons”. The fourth factor (V3_4) contains distinctly reasons related to tax exemptions that adopters
are entitled to when they install an RES system (“Tax exemptions due to installation cost of RE” and
“Tax exemptions due to maintenance cost of RE”) and thereby V3_4 can be termed “Tax exemptions”.
The fifth and last factor (V3_5) can be termed “Socially- and employment-related reasons” because
under this factor the variables “Enhanced social prestige-entrepreneurial activity”, and “New job
positions—unemployment reduction” were loaded.

The multivariate “Participants’ daily habits” (V4) gave three factors. The first factor (V4_1) can be
termed “Energy/water saving and recycling/reusing habits” since it includes the variables relating to
energy/water saving and recycling habits. More specifically, these were “I am willing to switch off the
lights when leaving a room or use energy-efficient light bulbs”, “I am willing to recycle”, “I am willing
to re-use or give my old clothes to the needy” and “I am willing to turn off the tap while brushing
teeth or shaving”. The second factor (V4_2) can be referred to as “Transport and heating habits” since
it contains variables concerning transport and heating choices which were “I am willing to use the
bicycle”, “I am willing to cover short distances on foot” and “I am willing to turn the thermostat down
to 18 ◦C”. Finally, since the third factor (V4_3) includes variables which relate to participants’ behavior
as consumers and their willingness to use public transport it can be termed “Consumer habits and
willingness to use public transport”. More specifically, the included variables are “I am willing to buy
products travelling short distance”, “I am willing to buy organic products”, “I am willing to reduce
the consumption of meat and cured meat products”, “Instead of the car I am willing to use public
transport”, and “I am willing to buy products with less or recyclable packaging”.

The scores of the above described factors were used to perform the logistic regression analysis
and derive the model of Equation (2), with the students’ willingness to invest in renewable energy as
dependent variable. All factors (independent variables) were included in the analysis and the stepwise
procedure with forward selection of variables was implemented to find out the significant ones. Table 1
shows the output of the logistic regression analysis related to the model fit tests and statistics.

Table 1. Logistic regression results—model fit indices.

Omnibus Tests of Model Coefficients

Chi-Square Degrees of Freedom Significance

Step 3 Step 4.850 1 0.028
Block 29.925 3 0.000
Model 29.925 3 0.000

Model Summary

−2 Log likelihood Cox & Snell R Square Nagelkerke R2

Step 3 150.647 a 0.130 0.229

Hosmer and Lemeshow Test

Chi-square Degrees of Freedom Significance

Step 3 11.528 8 0.174
a Estimation terminated at iteration number five because parameter estimates changed by less than 0.05.

The Omnibus test of model coefficients gives a Chi-Square of 29.925 on 3 df, significant beyond
0.001, rejecting the null hypothesis that adding the variables to the model has not significantly increased
our ability to predict the decisions made by the Students’ (willingness or unwillingness) to invest in RE.

Under “Model Summary” (Table 1) we see that the −2 Log likelihood statistic is 150.647. This is
the value that was compared to the −2 Log likelihood for the null model in the Omnibus test of model
coefficients and resulted in significant predictability for the model. The R2 values (Cox & Snell and
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Nagelkerke’s) are approximations of how much variation in the outcome is explained by the model.
Nagelkerke’s R2 value indicates that the model explains roughly 23% of the variation in the outcome.

The Hosmer & Lemeshow test demonstrates the goodness-of-fit of the model, since the value of
Chi-Square = 11.528 corresponds to a statistical significance greater than 0.05.

Next, the classification table (Table 2) compares the observed willingness of the students to invest
in RE with that predicted by the model. The overall percentage of correct prediction is almost 90%
(observations correctly classified), indicating a very good performance of the model.

Table 2. Classification table.

Observed

Predicted

Invest in RE Percentage Correct

Yes No

Step 3 Invest in RE
Yes 181 1 99.5
No 26 6 18.8

Overall Percentage 87.4

The results showed that only three variables were significant, that is V2_3, V3_3, and V4_1.
Accordingly, Equation (3) took the following form:

V1 = 2.097 + 0.500 V2_3 ∗+0.599 V3_3 ∗+0.840 V4_1∗ (3)

where V1 is the dependent variable and V2_3 - V3_3 - V4_1 are the independent variables and (*)
indicates the statistically significant beta coefficients at p < 0.001 level.

Table 3 presents the regression coefficients (B), the standard error (S.E.) of each coefficient, the
Wald statistic (for the statistical significance testing), and the odds ratio (Exp (B)) for each variable in
the model. All regression coefficients are statistically significant (at 0.01 level, except for V2_3 which is
significant at 0.05 level) and positive, indicating that increasing influence of all variables is associated
with increased odds of willingness to invest in RE. The 0.607 odds ratio for V2_3 indicates that the odds
of investing are more than 60% for each one-point increase in V2_3 score. That is, for each one-point
increase of V2_3, there is a 60.7% increase of the odds that the student will invest in RE. Similarly, for
each one-point increase in the scores of V3_3 and V4_1, an increase of 55% and 43.2%, respectively, is
expected in the odds that the student will invest in RE.

Table 3. Statistical significance of the variables in the model.

Model Variables B S.E. Wald Significance Exp(B)

V2_3 0.500 0.235 4.532 0.033 0.607
V3_3 0.599 0.218 7.529 0.006 0.550
V4_1 0.840 0.222 14.281 0.000 0.432

Constant 2.097 0.246 72.849 0.000 0.123

V2_3: “Nuclear fuels and biofuels” to be developed
V3_3: “Investment reasons” (risk and profitability)

V4_1: “Energy/water saving and recycling/reusing habits”

5. Discussion

The purpose of this study was to analyze the factors that influence the willingness of environmental
students to make investments in renewables. To that end, logistic regression analysis computed various
factors to discover which of them affected participants’ willingness to invest the most, and “Energy/water
saving and recycling/reusing habits” was identified as a factor with great influence. In other words,
the likelihood to invest in renewable energy increases when respondents adopt pro-environmental
behaviors, particularly in terms of energy/water saving and recycling. This finding resonates with
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the observations of theoretical social psychology which indicated that individuals with positive
environmental attitudes are likely to adopt a responsible behavior that involves a lower environmental
impact [50], which could possibly involve investments in technologies that produce clean energy. Hence,
our study confirms the findings of previous studies showing that citizens who install renewables were
mainly motivated by their environmental awareness and positive environmental attitudes [23,27–31].

Additionally, the analysis revealed that “Lower-risk investment for savings” and “Higher
profitability compared to other investments” was another investment affecting factor. Therefore, the
likelihood to invest in renewables will increase when the involved investment risk is low and when
the expected profitability is higher than that of other types of investments. Moreover, in view of this
finding, it is possible to assume that students may have acknowledged that renewable investments
can be long-term and perhaps more secure than other investments activities such as buying bonds
and shares.

The third factor, which according to our analysis was important to investments, was “Nuclear
fuels and biofuels”, showing that investments will increase if these energy types are further developed
in Greece. Here, the term ’biofuels’ refers to fuels which are produced from biomass; however, as
with other agricultural procedures, biofuel feedstock production can have impacts on sustainability
which are context-specific [51], with the most severe impacts being greenhouse gas emissions, changes
in land-use and water-use, as well as water and air pollution [52,53]. These impacts can result from
the cultivation of plants and crops which are necessary for the production of biofuels which is often
criticized as unsustainable [54]. On the other hand, nuclear power is commonly regarded as exceedingly
hazardous, thereby causing negative public reactions [55,56]. Despite the drawbacks of these two
energy types, both nuclear power and biofuels comprise technologies with low carbon emissions
which are less implemented in Greece and this can perhaps explain why ‘Nuclear fuels and biofuels’
emerged from the analysis as an important investment factor. To understand students’ mindset in
relation to these contentious energy production technologies, qualitative-oriented studies would be
effective as they could reveal how environmental students perceive energy technologies which often
receive skepticism.

According to our analysis, “Tax exemptions” and “Reasons related to financial motives and
minimum work” were found to be unimportant to investments and thus are of the greatest interest
to discuss. The indicated unimportant role of tax incentives is in sharp contrast with other studies
which have shown that tax incentives are able to attract investments [57,58]. This implies that the
current taxation for investments in renewable energies in Greece is unfavorable and as such it does
not comprise a factor that will increase small-scale investments. Likewise, it is interesting that the
variables “Subsidies for the purchase of the RES system”, “Subsidies for the maintenance of the RES
system”, and “Fixed and guaranteed income” were not indicated as significant investment factors.
Again, this may suggest that the respondents were not satisfied with the provided subsidies or with
the income that microgenerators receive for the produced electricity (feed-in-tariffs). However, this
is inconsistent with the findings of studies conducted in other countries showing that subsidies and
feed-in-tariffs played a significant role in attracting small-scale investments [23,32,59].

In the present study, students in their overwhelming majority reported their intention to invest
in renewables in the future, thereby resonating with previous findings which have also revealed
willingness among university students to make renewable investments in the future [43,47,48].
Furthermore, the willingness that was recorded in our survey could have been related to the participants’
sociodemographic characteristics, such as their education level. In specific, although the surveyed
students have not graduated yet, they could be regarded as having a high level of education since they
have been studying at the university for at least one year. In this light, their high educational level
could have positively influenced their willingness to invest and this interpretation is validated by other
studies showing that highly educated individuals are more positively inclined towards renewable
energy investments [29,34].
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As mentioned earlier, the age of potential investors appears to be influential to individuals’
intention to invest without, however, knowing whether this is a positive or negative influence since
the findings of the relevant literature are conflicting. Our sample explicitly consisted of undergraduate
students and thus most respondents were aged between 19 and 23, while they clearly expressed their
willingness to invest. Hence, our results suggest that young age is positively related to investment
willingness, thereby confirming similar former findings [24].

Moreover, students’ stated preference for solar and wind power in specific resonates with
other studies conducted in Greece [34,60–62] as well as studies performed in other countries [63,64].
With regard to Greece, solar and wind are not only implemented to a higher degree in comparison
to other renewables, but also their installations are located in different areas and in more apparent
places than the plants of other RES such as biomass and hydropower [65]. From this perspective, it is
reasonable to assume that respondents favored mostly solar and wind power because they were more
familiar with these two renewable types.

In contrast to their support for renewable types, participants expressed a remarkably limited
preference for fossil fuel-based energy production technologies. Again, their background of
environmental studies could explain their little support for conventional fuels. That is, students’
knowledge of the detrimental impacts of this technology on the environment is likely to have played a
role in forming negative attitudes to fossils and raising their awareness about renewable energies.

Another interesting finding was that respondents rated the energy independence of the country as
the most important reason for installing renewable energy. To contextualize this finding, it is important
to note that, currently, Greece imports fossil fuels to meet the greatest part of its energy needs; however,
fuel imports can have negative effects on the economy of a country because fuel prices are subjected to
abrupt increases due to geopolitical crises. In this context, students must have been conscious about
the economic impacts of fuel imports and must have acknowledged that higher installed capacities
of renewable energies can help the country to become energy independent and secure its economy
from fuel price fluctuations. Respondents may also have known that Greece could become energy
independent because it presents an impressive renewable energy potential and is greatly advantageous
regarding its wind and solar energy potential [66].

In terms of their environmental behavior, respondents have mostly adopted energy and water
saving habits probably because they know through their studies that all daily habits involve a certain
environmental impact regardless of how simple they may seem. Nevertheless, the participants did not
express the same awareness about the consumption of meat and seemed to be unwilling to reduce its
consumption for the sake of the environment. Interestingly, this finding is consistent with that of a
previous study [62] which also detected reluctance to decrease meat intake among secondary school
students in Northern Greece. The reported unwillingness in both cases could be related to the absence
of large meat industries in Greece and to the fact that the country imports the biggest part of beef,
while only a small amount is produced locally. This means that the contribution of the meat industry’s
methane emissions to environmental issues has not been discussed sufficiently, suggesting that the
respondents were probably ignoring that the frequent consumption of meat involves a negative impact
on the environment. However, since they have clearly reported their intention to be careful about their
environmental behavior in terms of energy and water consumption, it can be stated that the students
would possibly also become mindful of their diet habits if they knew more about the impact of the
meat industry on the environment.

6. Conclusions

Knowing the factors which affect investment decisions is a crucial step in order to increase the
amount of investments made in renewables. With regard to our findings, it can be inferred that
investments increase when individuals adopt pro-environmental behaviors that focus on energy
and water saving and when investments in renewables are safer and more profitable compared to
other types of investments. In addition, the development of biofuels and nuclear fuels could also
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increase investments as their development was also indicated as a significant factor in the final logistic
regression model.

Since willingness to invest was irrespective of certain variables, it would be highly relevant to
improve these areas in order to trigger investments in renewables. In particular, since tax exemptions
were not identified as investment factors, further tax exemptions or tax reductions should be introduced
for individuals who purchase renewable energy systems or perform maintenance on their installations.
In addition, our analysis has shown that the provided financial incentives and the income from
renewable investments were not positively related to respondents’ willingness to invest, suggesting
that the current subsidy system and the provided income from investments are not effective in attracting
investments. To reverse this negative trend, a more generous subsidy system should be applied which
would specifically finance the purchase and maintenance of small-scale installations, while the quota
of the income from investments in renewables should be increased.

Moreover, our study has highlighted certain areas for future research. Since participants expressed
a greater preference for wind and solar energy than other renewable types, the reasons behind the
limited support for other renewables ought to be studied. In our discussion, we have attributed it
to their higher familiarity with solar and wind as these consist the most implemented renewables
in Greece. However, future research work should investigate students’ knowledge of and attitudes
towards hydropower, biomass, and geothermal power.

Despite the fact that the present study was conducted during a time of economic recession,
the overwhelming majority of students was found willing to invest in environmentally friendly
technologies. It would be of great interest to perform a similar study in times of more favorable
economic conditions and compare the results of both studies to indicate whether financial difficulties
were positively related to participants’ increased investment willingness.

As previously discussed, respondents’ reluctance to reduce meat for the protection of the
environment could be a result of the lack of large cattle farms in Greece and the subsequent lack of
debates on methane emissions’ contribution to environmental issues. Although this appears to be a
reasonable explanation, its validity should be confirmed by further studies.

Moreover, to ensure that the students’ investment willingness will be turned into actual investment
in the years to come, policymakers and developers should create a favorable investment environment
that will meet the expectations and needs of young individuals who wish to invest in renewable energy.
For this special category of potential investors, loans at low interest rates could be granted, thereby
enabling them to invest in their own plant or in an energy project.

Finally, a limitation of our study is that it has examined only the investment willingness of
environmental students as these were considered the most suitable respondents given the purposes of
our study. However, it is equally important to examine the willingness of students majoring in other
disciplines in Greece and elsewhere, because they are also potential investors and their intention to
invest in renewable energy ought to be examined.
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