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Abstract
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The importance and benefits of transitioning away from fossil fuel based energy systems is
becoming ever clearer. The transition is especially crucial for geographic islands that typically
have limited, or no, access to mainland energy networks. This limited access means that
they must rely on costly, economically and environmentally, imported fossil fuels for energy
production. This isolation and reliance on imported fuels makes islands particularly energy
insecure, which is only expected to worsen because of climate change. At the same time, much
of the current guidance and policy developed to help plan for islands’ energy transition is
based on the conditions and circumstances present on the mainland or on energy planning that
focuses primarily on technical or economic parameters. To plan for a smoother, more successful
transition away from fossil fuel based energy production on islands, more data is needed about
islanders themselves and their local circumstances as well as planning guidance flexible enough
to fit the variable needs of island planners that goes beyond a techno-economic focus.

In this PhD Thesis and in response to these transition issues, an energy planning platform,
REACT-DECARB, has been developed to specifically address the needs of island energy
planners. This platform seeks to be holistic in its approach to facilitate the island energy
transition planning procedure by considering typical island characteristics and energy transition
processes while also including key technical, social, environmental and economic dimensions
and granting planners flexibility in how they incorporate them. Additionally, surveys and
interviews with island residents are conducted to gain an understanding of islanders’
motivations, priorities and awareness in relation to energy and energy transition as well as to
determine if these can be of guidance to island energy transition planners.

The applications of the REACT-DECARB platform on geographic islands representing eight
different countries from around the EU with varying populations, land areas and climates
identified energy transition opportunities and obstacles specific to the islands where the platform
was applied as well as to other islands seeking to transition their energy systems. Moreover,
these applications of the planning platform demonstrated its ability to help island planners
in the development of holistic energy transition paths. The platform takes island energy
transition planning beyond a focus on techno-economics by including a wider range of planning
dimensions allowing them to decide the methods best suited to their island’s needs. Further,
the interactions with island residents demonstrated that their relationships to energy could be
informative in the development of energy transition plans as well as likely being critical to their
success. Islanders’ understandings, motivations, priorities and awareness were found to be not
only directly useful in guiding planners during the designing of island energy transition plans
but can also serve to inform planners in how best to educate local residents about and engage
them in local energy transition projects. Ultimately, the work in this Thesis contributes to the
efforts to make sure islands’, and islanders’, needs and perspectives are considered and included
as a part of the wider energy transition.
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1. Introduction

1.1 Energy planning on islands 
There are around 11,000 inhabited islands in the world, a fifth of which are in 
the EU (Miaschi, 2017). The EU islands alone have a population that exceeds 
15 million (European Commission, 2019a). Geographic islands can have lim-
ited, or no, access to other energy networks and often rely on ever more costly, 
economically and environmentally, fossil fuels for their energy production. 
Fossil fuels, with very few exceptions, must be imported to the islands, which 
only further increases their costs. This combination of isolation from larger 
power systems and reliance on imported fuels makes islands particularly en-
ergy insecure. Moreover, the overall increased insecurity that comes as a result 
of the impacts of climate change are expected to be particularly difficult for 
island communities to handle (Storlazzi, et al., 2018; World Bank, 2022; 
IPCC, 2023). These concerns all point to a need for constructive, actionable 
energy planning to transition island energy systems and not simply in national 
plans but also at local and regional levels. 

To this end, researchers have considered the best technical paths to 
transition island energy systems and increase island energy independence, 
using existing tools and creating new ones (Basir Khan, et al., 2014; Bhakta 
& Mukherjee, 2017; Dorotić, et al., 2019; Barone, et al., 2021). Other 
researchers have examined the limitations in existing policy structures and 
note areas where they don’t serve island energy transition goals and give 
recommendations on how to correct the deficiencies (Stephanides, et al., 2019; 
Marczinkowskia, et al., 2022). Still others have evaluated islanders 
themselves and their roles in the transition (Heaslip & Fahy, 2018; Abi 
Ghanem & Crosbie, 2021; Pacheco, et al., 2022). Ultimately, planning for 
island energy transition is multifaceted and seeks the best possible decisions 
in what is necessarily a complex, interdisciplinary process. 

Bringing these disparate, but still closely connected, areas of research 
together is needed for an integrated solution for islands which allows them to 
seek both their energy independence and transition goals. This solution should 
consider not only the technical, social, economic and environmental 
information needed for making complex energy planning decisions but also 
provide a means of managing that information and the process in a systematic 
way. Further, planners need to have an understanding of their island’s 
residents’ motivations and awareness levels. This is particularly important 
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since many activities closely related to a renewable energy transition expect 
much higher degrees of engagement and personal energy awareness from 
residents than has been previously expected. A well developed transition plan 
that appears to successfully meet all the planning objectives for an island may 
very well fall flat due to unfounded expectations or beliefs about the island’s 
residents. 

1.2 Aim and outline 
The objective of this Thesis is to provide a more comprehensive, inclusive 
energy planning perspective for the specific needs of islands when transition-
ing to energy systems reliant on renewable energy sources through the devel-
opment and application of an island planning platform. The developed plat-
form seeks to be holistic in its approach to facilitate the island energy planning 
process by considering typical island characteristics and energy transition pro-
cesses while ensuring key technical, social, environmental and economic di-
mensions of transition are included. This platform is supplemented with an 
investigation of the impacts that greater social inclusion and islander energy 
awareness have on the planning for energy transition. The goals of this Thesis 
are stated as the following research questions: 

1. How can island planners integrate social, technical, environmental 
and economic criteria in an energy planning platform to guide their 
energy system’s transition? 

2. How can island residents’ energy understandings, motivations, pri-
orities and awareness guide island energy transition planners? 

These questions are answered though the development and application of an 
energy planning decarbonisation platform for islands’ energy systems, RE-
ACT-DECARB, (Papers II-IV) as well as through interaction with island res-
idents to gather information on their attitudes, motivations and understandings 
on key energy transition concepts and activities (Papers I and V).  

By answering these questions, this Thesis seeks to help fill the gap in island 
energy transition research that exists between selecting energy production 
technologies or generating techno-economically feasible energy scenarios on 
islands and the integration of energy planning approaches on islands that con-
sider the key planning elements together and acknowledge the role island res-
idents are expected to play. By doing so, this work contributes not only to the 
broader planning research for islands but also to policy research by identifying 
areas of potential misalignments or barriers to island energy transition goals. 
Further, this work contributes to social research on island energy transition by 
highlighting the awareness of islanders towards the specifics of energy transi-
tion, their motivations for engaging with it as well as the opportunities and 
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risks of both. Taken together, these contributions can potentially be used to 
advance, and perhaps increase the rate of, island energy transition. 

The comprehensive summary, Section I, of this Thesis provides a back-
ground to the topic and briefly summarizes the included papers. In the printed 
version of the Thesis these papers are included in full text in Section II. 

The comprehensive summary is outlined as follows. Chapter 2 presents the 
background for the work done and clarifies the need for energy transition, its 
importance for islands and provides context for the work done in the papers. 
Chapter 3 presents the methods applied in the papers included in this Thesis 
and Chapter 4 then summarizes those papers. Chapter 5 includes a discussion 
of the results of the included papers, while considering also their validity and 
limitations. Chapter 6 presents the overall conclusions of this Thesis and 
Chapter 7 identifies areas for potential future research. 
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2. Background 

2.1 Climate change and energy transition  
If greenhouse gas concentrations are to be kept to a level that limits global 
temperature change to a maximum of 2 degrees, significant preparation and 
action needs to be taken across all levels, from governments to individuals. To 
this end, much of the world is in the process of decarbonizing their energy 
systems through the integration of ever more renewables while also electrify-
ing processes in efforts to reduce greenhouse gas emissions (IPCC, 2023), 
simultaneously aiding a number of Sustainable Development Goals (SDG) 
(United Nations, 2023). Further, this decarbonisation process also provides 
the added benefit of increasing energy security through increased utilization 
of local energy sources. 

Unfortunately, this transition process, which often requires substantial sys-
temic changes in the energy system, hasn’t progressed smoothly or evenly 
with some locations undertaking it far more rapidly than others (De La 
Esperanza Mata Pérez, et al., 2019; Eicke & Goldthau, 2021). Recent world 
events have further conspired to complicate an already complex process, from 
the Covid-19 pandemic and its related lockdowns and governmental alloca-
tions away from CO2 reducing energy transition technologies (Tian, et al., 
2022) to the war in Ukraine leading to calls to speed up the transition to in-
crease energy security (International Energy Agency, 2023). Despite tempo-
rary drops in CO2 emissions during the pandemic and changes in opinions on 
moving away from fossil fuels following the start of the war in Ukraine 
(Steffen & Patt, 2022), both events have been a mixed bag for the actual im-
plementation of the transition (Zakeri, et al., 2022; Wiertz, et al., 2023). 

Different approaches have been suggested to help reduce greenhouse gas 
emissions. These include reforestation (Bastin, et al., 2019) and other methods 
of removing CO2 from the air and storing it (Aminu, et al., 2017), increasing 
energy savings such as with better building design (Cabeza & Chàfer, 2020), 
improving farming sustainability (Abbass, et al., 2022) and transitioning away 
from fossil fuel based transport (Dominković, et al., 2018) and energy systems 
(Child, et al., 2019). The transitions away from fossil fuels for transport and 
energy, beyond helping reduce greenhouse gas emissions, are together with 
electrification further lifted as means of increasing countries’ energy security 
(De La Esperanza Mata Pérez, et al., 2019; Fuentes, et al., 2020). 
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Most of these actions require a range of varied supporting policies from 
governments to be successful (Michaelowa, et al., 2018; Krogstrup & Oman, 
2019) on top of a change in attitudes (Whitmarsh & Capstick, 2018). Some of 
this mitigation work is already underway, such as with increased renewable 
generation, primarily wind and solar PV production, providing for a larger 
share of electricity generation, see Figure 1. Further, nearly five million 
hectares of trees are planted each year (FAO and UNEP, 2020) and energy 
efficiency improvements have resulted in global energy intensity dropping 
(IEA, 2023a). 

Figure 1. Share of low-carbon sources in world electricity generation, hydropower 
and bioenergy included together as ‘Other renewables’ adapted from IEA (2022) 

No matter the reasons for the transition actions taken, what has been done 
hasn’t been enough to prevent increases in greenhouse gas emissions. Energy 
demand has increased faster than the expansion of renewables, with much of 
the difference having been covered by fossil fuels (IEA, 2023b). Deforestation 
is outpacing reforestation globally by nearly 2:1 (FAO and UNEP, 2020). 
Global CO2 emissions are still increasing  despite efficiency increases  
(Friedlingstein, et al., 2022), as can be seen in Figure 2. 
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Figure 2. Fossil CO2 emissions for the globe, including a shaded uncertainty of ± 5 % 
and a projection for 2022 adapted from Friedlingstein, et al. (2022) 

At a high-level, policies need to be put into place that encourage reduced 
energy consumption. Policy changes need to be made that phase out and 
eliminate the policies and investments that subsidize or otherwise support the 
continued use of fossil fuels (Nowag, et al., 2021; Dubash, et al., 2022) or 
their derivatives (Skovgaard, et al., 2023). Adding to the complexity, these 
policies should be carefully tailored as to not, or to not be perceived to 
(Douenne & Fabre, 2020), increase, create or further entrench, economic and 
social disparities within or between countries and groups (Carley & Konisky, 
2020).  

At an individual level, it has been suggested that people need to change 
their attitudes and behaviours towards energy and its use. This change in atti-
tude has so far not been hindered by a lack of awareness of climate change 
(Whitmarsh & Capstick, 2018) but rather by individuals’ concepts of its spe-
cific causes (Douenne & Fabre, 2020) and their own energy use habits (Kim 
& Shcherbakova, 2011; Brounen, et al., 2013; Walker & Hope, 2020). Many 
are often simply unaware of or unfamiliar with the tools they could use 
(Parrish, et al., 2020; Abi Ghanem & Crosbie, 2021). Further, this lack of 
awareness has been shown to be a barrier to individuals changing their habits 
and the use of new technologies and methods that reduce or shift their energy 
consumption to help reduce emissions (Bugden & Stedman, 2019; 
Biresselioglu, et al., 2020; Parrish, et al., 2020; Gohary, et al., 2022). How-
ever, individuals have also expressed concern about climate change and its 
impacts and shown a willingness to take action (Douenne & Fabre, 2020), 
especially when informed of what can be done (Heaslip & Fahy, 2018; 
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Pacheco, et al., 2022). As with high-level changes, preparation should be done 
to effectively engage with individuals and groups and it should be tailored as 
well as possible to inform and connect on the points most relevant for them. 
This engagement, when possible, should also be developed to address ques-
tions about local energy transition opportunities and activities. It should not, 
however, be expected that these engagement methods will, by themselves, re-
sult in the desired actions by individuals and some degree of other policy sup-
port encouraging action may be needed (Bithas, et al., 2023). 

2.2 Energy transition on islands 
Beyond their generally higher vulnerability to the impacts of climate change 
(Storlazzi, et al., 2018; IPCC, 2023), geographic islands have additional rea-
sons to transition away from reliance on fossil fuel-based electricity and heat-
ing systems. Among these is a desire to achieve energy independence from, 
or at very least increase energy security and reduce reliance on, energy sup-
plied from the mainland whether from easily disrupted fuel deliveries or es-
tablishment of costly undersea cables. Despite their incentives to transition, 
and often plentiful access to local renewable energy sources, the transition is 
stymied by a number of barriers. Many of these are not unique to islands, such 
as lack of awareness (Parrish, et al., 2020), uncertainty around rules related to 
the installation and use of energy transition systems (Biresselioglu, et al., 
2020) as well as policy and planning misalignment (Zepa, 2022; 
Marczinkowskia, et al., 2022) but can be worsened by their isolated nature. 

As compared to the mainland, islands face additional challenges in the 
form of higher costs and greater difficulty in balancing their energy systems, 
which are often over-dimensioned to handle seasonal tourism (Basir Khan, et 
al., 2014; Blechinger, et al., 2016). The individuality of each island’s energy 
system requires flexibility and careful targeting by any national policies cre-
ated for the integration of renewables as well as those created to speed the 
updating of local grids to ease balancing challenges (Clean energy for EU 
islands secretariat , 2023). Further, islands are also especially territorially con-
strained which leads to conflicts between the deployment of renewable energy 
technologies and other existing land uses (Cardinaletti & Di Perna, 2009). 
Much like the grid issues, land use needs to be considered on an island by 
island basis, together with local stakeholders, to establish both the most suit-
able technologies for the island’s energy transition as well as locations where 
they would be appropriate (Clean energy for EU islands secretariat, 2023). 

A significant amount of research has been done around the transitioning of 
island energy systems, with much of it focused on showing the potential eco-
nomic savings that can be achieved by the transition (Calise, et al., 2014; 
Blechinger, et al., 2016; Groppi, et al., 2018; Javed, et al., 2019) or assessing 
different scenarios for their techno-economic feasibility and often only 
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considering the circumstances of a single island (Bhakta & Mukherjee, 2017; 
Gils & Simon, 2017; Gioutsos, et al., 2018; Ali, et al., 2018, 2018; Meschede, 
et al., 2018; Cabrera, et al., 2018; Lozano, et al., 2019; Curto, et al., 2020; 
Chen, et al., 2020; Bertheau, 2020; Uwineza, et al., 2021; Torabi, et al., 2021; 
Groppi, et al., 2021; Canales, et al., 2021; Obara, et al., 2021). Additional re-
search has expanded on this to include other important considerations such as 
project placement and the encouragement of energy transition rather than hav-
ing a main, or sole, focus on techno-economics and single island application 
(Polatidis, et al. 2009; Tsoutsos, et al., 2009; Tegou, et al., 2012; Child, et al., 
2017; Schallenberg-Rodríguez & García Montesdeoca, 2018; Alves, et al., 
2019; Giamalaki & Tsoutsos, 2019; Alves, et al., 2020; Barone, et al., 2021; 
Gkeka-Serpetsidaki & Tsoutsos, 2022). A further growing body of research 
on island energy transition has focused on identifying, understanding and 
giving recommendations to address barriers to island energy transition on 
various levels (Stephanides, et al., 2019; Abi Ghanem & Crosbie, 2021; 
Marczinkowskia, et al., 2022). 

These different areas of research are all relevant to island energy transition, 
but the significant focus on a project or scenario’s techno-economics has not 
infrequently allowed social, and occasionally environmental, concerns to go 
unconsidered or to be only superficially addressed for a single island. This has 
also left the wider applicability of the various methods applied sometimes un-
clear and potentially lacking in crucial aspects needed for successful island 
energy planning. To this end, additional work is needed to integrate these dif-
ferent areas of research to provide more holistic island energy transition plan-
ning. 

2.3 The REACT project 
The work done in this Thesis has been conducted within the Horizon 2020 
‘Renewable Energy for Self-Sustainable Island Communities (REACT)’ re-
search and innovation project. REACT sought island energy independence 
through a combination of using of local renewable energy sources, optimizing 
consumption and storage of the generated energy and engagement with is-
landers. Figure 3 below shows a visual conceptualization of the REACT pro-
ject’s various components. 
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Figure 3. The REACT project layout (REACT, 2019) 

The REACT project includes eight islands from around the EU of varying 
sizes and climates. Three of these islands are referred to as Pilot islands where 
project technologies are installed and the REACT solution is first tested. The 
remaining five islands are known as Follower islands where plans for the scal-
ing up and replication of the REACT solution have been done. The project’s 
Pilot islands are La Graciosa in Spain, the Aran Islands in Ireland and San 
Pietro in Italy. The project’s Follower islands are Gotland in Sweden, Lesvos 
in Greece, the Isle of Wight in England, La Réunion in France and Majorca in 
Spain. For reference, each of these island’s locations have been marked in 
Figure 4. Note that La Graciosa and La Réunion have been placed as insets 
and are located in the Atlantic Ocean west of Morocco and Indian Ocean east 
of Madagascar, respectively. 
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Figure 4. Locations of the REACT islands noted in red (Barney, et al., 2021). 

Additional details on the project islands as well as the work conducted within 
the project can be found on the project’s webpage REACT2020.eu. The papers 
comprising this Thesis seek to build upon existing energy transition research, 
both generally and on islands, within the context of the REACT project’s 
goals. 
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3. Methods used 

3.1 The REACT-DECARB Platform (Papers I-IV) 
The REACT-DECARB platform is an energy planning framework that has 
been developed to address identified gaps and integrate existing knowledge in 
island energy planning in a coherent, useful and replicable way for use not 
only in research but also by island planners. The REACT-DECARB platform 
does this by providing explicit decision support to island planners to develop, 
analyse and select the best portfolio of local renewable energy production pro-
jects/technologies to be installed on their islands. As seen in Figure 5, each 
step has examples of information or activities which should, if relevant, be 
included during that step. The first step of the platform, the gathering of 
locally relevant data, including any technical limitations or requirements, 
feeds directly into the second step of the platform, energy planning where 
situation specific transition scenarios are generated, see Section 3.2.1. The 
third step of the platform includes analyses of the scenarios developed, see 
Section 3.2.2, while the fourth step employs a Multi-Criteria Decision 
Analysis (MCDA) decision-aiding tool, see Section 3.3, using the results of 
the prior steps. If none of the scenarios developed are considered acceptable 
during the MCDA step, new scenarios could be generated and analysed before 
undergoing a new round of MCDA. The final output of the platform is a rank-
ing of the provided scenarios. 
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Figure 5. The REACT-DECARB platform for islands: structure and flow of analysis 
(Barney, et al., 2021). 

Paper I considers the three REACT pilot islands and focuses primarily on the 
first step of the REACT-DECARB platform, Data collection, and the second, 
Energy planning. It further applies the economic and sensitivity analyses of 
the Analysis step. The Data collection step is considered for three islands 
while the Energy-planning and Analysis steps are focused only on the island 
of La Graciosa. 

Paper II includes all eight islands of the REACT project and primarily co-
vers the Energy planning step as well as the Economic analysis and risk por-
tions of the Analysis step of the platform. The Energy planning step results in 
21 energy scenarios across the eight islands that are then subjected to eco-
nomic and risk analysis. 

Paper III also studies all eight islands of the REACT project, though it co-
vers an additional portion of the Analysis step of the platform from Paper II 
and includes the MCDA step. The same scenarios examined in Paper II are 
also analysed in Paper III and the social and environmental impacts of these 
scenarios are evaluated. The results from these two analyses, along with those 
from Paper II, are used by a MCDA method to decide which of the set of 
scenarios generated for each island is preferred when emphasis is placed on 
different sustainability criteria. 

Paper IV covers the Faroe Islands and all steps of the REACT-DECARB 
platform, from Data gathering to application of MCDA methods. The platform 
is applied to five energy transition scenarios for the islands. 
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3.2 Energy system modelling and assessment tools 
(Papers I-IV) 
Different tools are commonly used in assessing the environmental and social 
impacts of energy systems, technically designing the energy systems, as-
sessing the cost of the energy systems and, in some cases, a combination of 
all these. A multitude of these tools exist which can be used in isolation or 
together, such as net present value or lifecycle assessment (LCA), to make 
evaluations. Different methods of assessment are, expectedly, appropriate de-
pending on what is being assessed and what is best suited to the particular 
situation. Energy planning tools such as MARKet Allocation (MARKAL) and 
The Integrated MARKAL-EFOM System (TIMES) have been broadly ap-
plied to national energy systems (Taylor, et al., 2014; Pfenninger, et al., 2014), 
but have seen limited use in isolated areas due to the tools’ design assumptions 
(Liu, et al., 2018). Other energy planning tools are more appropriate for iso-
lated and off-grid systems such as the Hybrid Optimisation of Multiple Energy 
Resources (HOMER) tool that has been used frequently to perform energy 
planning also on islands (Bahramara, et al., 2016; Prina, et al., 2021).  

As there are well in excess of 100 different energy modelling tools with 
differing purposes and ways of achieving those purposes there have been sev-
eral attempts to review, compare, classify and categorize the different models 
to help planners choose the appropriate model for their needs, see (Connolly, 
et al., 2010; Nakata, et al., 2011; Sinha & Chandel, 2014; Hall & Buckley, 
2016; Ringkjøb, et al., 2018). Pfenninger et al. (2014) evaluate and categorize 
national and international planning models based on how well they address, 
or don’t address, energy system challenges, such as the lack of the human 
dimension in the models. Tools used for isolated systems and geographic is-
lands are specifically considered in (Liu, et al., 2018) and (Prina, et al., 2021), 
respectively, while Weinand et al. (2020) consider the tools used in studies 
with systems seeking local energy autonomy. 

A brief inventory and description of the key methods and tools used in the 
different papers included in this Thesis is presented here. 

3.2.1 Scenario generation 
The scenarios generated in Paper I are optimizations using the Energy Hub 
model. The model functions as an interface between energy frameworks and 
uses a limited set of energy assets to determine the optimal energy and tech-
nology usage needed at given levels of demand (Geidl, et al., 2007). Available 
energy suppliers, renewable energy share, characteristics of the equipment 
used, such as transformer and storage efficiency, and expected loads are some 
of the inputs used by the model. The Energy Hub model has commonly been 
applied in conjunction with a range of different renewable energy sources 
(Batić, et al., 2016) as well as with demand response (Wang, et al., 2017; Xu, 
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et al., 2021). Paper I uses the model to simulate explorative strategic scenarios 
of the impacts different combinations of solar PV capacity together with var-
ied amounts of demand flexibility have on the total system operating costs for 
the island of La Graciosa, Spain. 

The Energy Hub model is further used to develop the explorative scenarios 
in Papers II and III using a combination of heuristic and optimization 
methodologies with differing goals across, but not within, the islands 
considered. Scenarios for three islands are generated seeking optimised RES 
and battery storage capacities to minimize operating costs using load and 
storage flexibility. From the generated scenarios, nine have been chosen, three 
for each island, that show the impacts of differing RES and storage capacities. 
Six additional scenarios for two other islands have been created through 
optimization of electricity import and export values, maximizing the 
correlation of supply and demand with the minimization of net metering. The 
remaining six scenarios have been generated with the goal of finding the RES 
and battery storage combinations which result in island  electricity autonomy. 

The explorative scenarios evaluated in Paper IV have been created in the 
EnergyPlan software. The software is suited for considering multiple energy 
consumption sectors together, allowing for a more complete picture of an 
energy system and better planning (Lund, et al., 2021). It can be used to plan, 
to varying degrees, for the technical, economic and environmental dimensions 
of energy systems. The software is suitable for regional to national planning 
of energy systems and is frequently used for island energy planning (Prina, et 
al., 2021). The software has been used to model energy systems for evaluation 
and planning purposes (Alberg Østergaard, et al., 2010; Connolly, et al., 2014; 
Bonati, et al., 2019). The software’s outputs for certain technical and 
environmental criteria for the developed scenarios are used in the evaluation 
of the performances’ of the scenarios in Paper IV. 

Assessing the social criteria of energy scenarios is a difficult task. A 
common, though rough, method for doing so is to estimate the jobs created by 
an energy scenario and using that as a benchmark for social impacts, where 
the more local jobs created by a scenario is taken to imply greater social 
acceptance. There are various methods for calculating job creation (Cameron 
& van der Zwaan, 2015; Sheikh, et al., 2016; Ram, et al., 2020; Nasirov, et 
al., 2021); in Papers III and IV only locally created jobs are considered. 

In addition to the job creation social metric, Paper IV uses a combined so-
cial scoring method to determine the social impacts of different energy sce-
narios using a modified approach from that applied by Evans, et al. (2009). 
Different technological components of the energy scenarios in Paper IV are 
evaluated for their impacts on visibility, noise and change in land use. The 
magnitudes of changes to these three impacts is qualitatively assessed from a 
literature review that gives special consideration to local preferences by inclu-
sion of Faroe Islands’ residents’ landscape values, how they would like to see 
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their island developed and their related narratives on different renewable en-
ergy technologies (Plieninger, et al., 2018). The performance on each of these 
impacts for each technological component of the scenario are combined to 
provide a combined social impact score. 

3.2.2 Assessment tools 
The levelized cost of energy (LCOE) is regularly employed to economically 
analyse different energy generation technologies and systems. The calculation 
of LCOE is simple conceptually, the total lifetime estimated costs of the tech-
nology/project divided by its total estimated lifetime energy production equals 
the minimum price that each unit of production must be sold at for the tech-
nology to break-even financially (Kost, et al., 2018). The lifetime costs of a 
technology include its investment costs, such as for its manufacturing and in-
stallation, while annual costs include outlays such as those for operations and 
maintenance costs. Depending on the LCOE method used, annual costs and 
electricity generation can be discounted to the present value to make them 
comparable. Several methods for calculating LCOE exist though some are 
more commonly used than others (Tran & Smith, 2018; Aldersey-Williams & 
Rubert, 2019). Three of these methods are used, one on an annuity basis, one 
on a non-annuity basis, and one based on equity cost with fixed un-degraded 
annual production, and their results are considered in Paper II while a single 
method is used in IV. The results from one of these methods in Paper II is 
additionally used in Paper III’s MCDA application.  

To evaluate the uncertainties involved with the use of estimated values 
when calculating the LCOEs in Papers II and IV, Monte Carlo analysis (MCA) 
has been employed. MCA employs random sampling from a set of inputs to 
perform repeated iterations of a calculation. By doing this, a distribution of 
the potential results of the calculation based on the given inputs and the 
likelihood a range of results will occur is provided which provides a clearer 
view of the impacts of uncertainties (Pereira, et al., 2014). Paper II 
additionally employs the RETScreen planning tool to further analyse scenario 
economic performance. RETScreen is a project feasibility tool that can assess 
electrical and thermal projects’ technical, financial and environmental feasi-
bility (Natural Resources Canada, 2019). 

LCA is a tool commonly used to determine the lifetime environmental 
impacts of different products and services. LCA is useful in providing a 
detailed review of the lifetime environmental impacts of a product, process or 
service, however such a broad level of inclusion means its calculation can be 
impacted by assumptions, simplifications and estimations of key data over the 
periods being modelled (Turconi, et al., 2013). What this means practically is 
that the results of LCA provide an indication of the environmental impacts 
that can occur. LCA has been applied broadly to evaluate buildings (Petrovic, 
et al., 2019), different energy production methods (Rossi, et al., 2023; Wang, 
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et al., 2019) and even to conduct comparisons between different technologies 
within the same energy production method (Vellini, et al., 2017). For Paper 
III, the LCA has been calculated on the developed scenarios’ construction, 
transportation, and installation phases using the Global Emission Model for 
Integrated Systems (GEMIS) software and its database (International Institute 
for Sustainable Analysis and Strategy, 2019) along with data provided by 
manufacturers. Paper III uses the results of the LCA analyses to estimate the 
environmental impacts of the different proposed island energy scenarios. 

The results from the modelling and assessment tools above are primarily 
used to establish the values of key criteria for energy planning scenarios as 
identified in the REACT-DECARB platform that can, in-turn, be used in 
MCDA of these scenarios. The economic criteria for the scenarios have been 
assessed using LCOE (Papers II-IV) and lifetime investment cost (Paper IV). 
Environmental criteria for the scenarios have been assessed using LCA (Paper 
III) and estimated carbon dioxide emission values (Paper IV). Social criteria 
for the scenarios have been assessed using a combination of local job creation 
(Papers III and IV) and a combined evaluation of different local social impacts 
of the planned scenarios (Paper IV). Technical criteria for the scenarios have 
been assessed using three different optimization methods (Papers II and III) 
and the EnergyPlan software (Paper IV).  

3.3 Decision Aiding Methods and Tools (Papers III-IV) 
Making decisions on complex situations, like those around planning for en-
ergy transition that touch on many different aspects of society, is a difficult 
proposition. Decision makers nearly always need to evaluate the given options 
using a number of criteria to decide which is best. It is often the case that the 
criteria used by the decision makers are in some way conflicting, which makes 
selecting the best option much more difficult. Further, these decisions fre-
quently aren’t being made in a vacuum by a single person and many different 
stakeholders have input on which of the criteria being used to assess the op-
tions are the most important. Given its complexity, various different tools and 
methods have been developed to assist decision makers in making their deci-
sions.  

Among these tools are the MCDA methods. These methods create a coher-
ent framework to gather, organise, and analyse all relevant information for 
making a decision and, in the process, makes the procedure of making the 
decision both robust and transparent (Lahdelma, et al., 2000). The MCDA 
process begins with the identification of the decision that needs to be made. 
The problem should then be structured so the available options or alternatives, 
along with their consequences, can be found. Once these have been deter-
mined, the evaluation criteria to be used should be identified. For energy plan-
ning these criteria are broadly classified by the aspect which they represent 
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(technical, economic, environmental or social) and often are linked to the fea-
sibility and sustainability of the energy system (Wang, et al., 2009; Antunes 
& Henriques, 2016). The MCDA process should include input from relevant 
stakeholders, who must first be identified. The interactions with the relevant 
stakeholders are iterative as the stakeholders should be able to influence the 
problem definition, alternatives and criteria while these, in turn, should also 
determine who is a relevant stakeholder (Guitouni & Martel, 1998; Zeleny, 
1982). 

There are more than 200 different MCDA methods available that can be 
applied to decision problems and different methods can potentially provide 
different results for the same problem. No single method is superior to all other 
methods for every decision problem, which is likely the reason for the number 
of methods. As a result of the plenitude of options, there have been attempts 
to create frameworks and websites to help identify the optimal method to use 
for the decision being. None of these decision frameworks to select a decision 
tool has been universally accepted (Salminen, et al., 1998; Guitouni, et al., 
2000; Polatidis, et al., 2006; Roy & Słowiński, 2013; Wątróbski, et al., 2019; 
Cinelli, et al., 2022). Using different MCDA methods to ensure the choice of 
method isn’t determinative of the preferred solution has also been 
recommended (Mardani, et al., 2017). It can also be noted that the use of 
MCDA for energy planning and environmental policy has been found to be 
advantageous as, among other benefits, it can help to reach compromises, pro-
mote multidisciplinarity and encourage public participation (Cajot, et al., 
2017). 

While the selection and application of one or more MCDA methods is an 
important step within the REACT-DECARB platform and should be given 
consideration, it is important that the selection process for the method not be 
overwhelming. As the platform is also intended for use by those who have 
likely neither the time nor inclination to wade through complex MCDA 
methods, conceptually and arithmetically simple and straightforward methods 
are likely preferable.  

Different methods of MCDA have been used when determining the 
preferred energy transition options in Papers III and IV. In Paper III, the 
reference Preference Ranking Organization METHod for Enrichment of 
Evaluations (PROMETHEE) II outranking MCDA method (Brans & 
Mareschal, 2005) has been applied using the results of the prior steps of the 
platform, see Subsections 3.2.1 and 3.2.2, as criteria to determine which 
energy transition options are the most preferred for eight islands in the EU. In 
Paper IV, three different MCDA methods have been applied to assess which 
energy transition scenario is preferred on the Faroe Islands, the PROMETHEE 
II method, the Technique of Order Preference Similarity to the Ideal Solution 
(TOPSIS) goal method (Hwang, et al., 1993) and the Simple Additive 
Weighting (SAW) full aggregation method (Ishizaka & Nemery, 2013). All 



 28 

three methods use real criterion weights elicited from relevant local 
stakeholders. 

3.4 Interviews and surveys (Papers I, IV and V) 
Understanding an individual’s conditions, awareness and desires requires that 
these individuals be directly engaged with in some way. Different methods for 
engaging with them exist and can include surveys, focus groups and 
interviews. 

A survey is used in Paper I and both a survey and interviews of island 
residents are used in Paper V. In Paper I the survey is used to obtain 
information on the island respondent’s familiarity with key energy transition 
concepts to gauge their willingness to use technologies or join activities 
related to energy transition as well as what motivates them to do so. Paper V’s 
survey and interviews gather similar information to that gathered in Paper I 
but also attempts to gauge the respondent’s knowledge of their own energy 
usage. A secondary goal of both the surveys and interviews used in Papers I 
and V was to spread awareness of the REACT project. 

The survey in Paper I was distributed to the REACT project’s Pilot islands 
and includes questions on demographics, household temperature control 
systems, knowledge of smart grid concepts and potential motivators for taking 
part in smart grid projects. The survey and interviews in Paper V include 
questions on demographics, energy literacy, energy transition awareness, 
willingness and reasons for taking part in energy transition activities as well 
as a number of open-ended questions on energy transition and the 
respondent’s concerns. All questions had been translated into the local 
language of the island, as needed. 

The interviews in Paper V use a semi-structured format and the interviewed 
persons purposively selected (Guest, et al., 2006) using convenience sampling 
with snowballing (Noy, 2008; Robinson, 2013). The survey in Paper I was 
delivered to the permanent households on the Pilot islands in the REACT 
project while the survey in Paper V was made available online. The results of 
both the interviews and survey in Paper V have been analysed using 
comparative frequency as well as conceptual and relational content analysis 
(Carley, 1993; Bengtsson, 2016) while only comparative frequency analysis 
has been used to analyse the responses to the survey in Paper I. The results of 
the survey in Paper I were used to help inform the development of the 
scenarios generated by indicating a potential level of local demand flexibility, 
see Subsection 3.2.1.  

In addition, limited surveys have been employed in Paper IV to elicit 
energy project criteria preferences from persons identified as key stakeholders 
for energy transition projects on the Faroe Islands. 
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4. Summary of the papers 

4.1 Paper I  
The potential savings that can be achieved through the combination of 
engagement with island inhabitants for demand flexibility and the island’s 
RES potential are evaluated. The general assessment techniques for renewable 
energy potential are addressed for different technology types relevant for 
islands including solar, wind, tidal, wave, geothermal and hydro. These 
general techniques and conditions are then taken a step further to analyse the 
three Pilot islands within the REACT project with regards to their different 
renewable energy potentials for wind, solar and wave energies. Further, social 
conditions which can motivate community and individual participation in 
island energy transition projects are also considered. 

For both energy potential and community participation, further investiga-
tion is done on the island of La Graciosa. This investigation finds that, despite 
having generally favourable energy conditions, the island is a challenging 
place to build energy projects due to the vast majority of the island, and its 
surrounding waters, being in some way classified as environmentally pro-
tected. These limitations leave viable only technologies that would pass the 
legal requirements for installation on or in very close proximity to homes 
within the island’s two small villages. Analysis of the island of La Graciosa’s 
residents’ interest in community participation in energy projects using a sur-
vey indicates that respondents from the island are quite motivated to partici-
pate in each of the identified general participation motivating categories of 
Community identity, Financial, Environmental and Social norms.  

The specific characteristics of the island of La Graciosa are then used to 
generate several hundred renewable energy projects. These scenarios 
represent a wide range of combinations of differing levels of solar PV capacity 
and demand flexibility. In addition, the high levels of islanders’ motivation to 
participate, noted in the surveys, are interpreted to mean islanders would be 
willing to adapt their demand flexibility which, in turn, is used to guide sce-
nario generation. These renewable energy project scenarios are analysed to 
find the varying levels of additive savings that are made possible through the 
implementation of demand flexibility above those achieved through just solar 
PV production.  The results of this analysis of the impacts of demand 
flexibility show that there are clear cost savings, particularly at higher levels 
of flexibility and production capacity. It is also found that the savings from 
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demand flexibility levelled off after a given degree of flexibility. The levelling 
off point for the additive savings is also found to rise as the level of production 
increased.  

A number of the generated scenarios include solar PV generation capacity 
levels outside what is likely achievable, given the placement restrictions on 
the island, and use flexibility levels outside what is realistically achievable on 
the island, despite the degree of expressed support found from the survey. 
These unlikely, or currently impossible, to achieve scenarios are removed to 
provide a set of more feasible scenarios with a maximum flexibility of 30% 
and installed capacity of one MW. Even with these less optimistic demand 
flexibility scenarios, savings of between 1 - 4 percent are found with ≤ 1 MW 
installed capacity. 

4.2 Paper II 
The Data gathering, Energy planning and a part of the Analysis steps of the 
REACT-DECARB platform are applied in an initial presentation of the plat-
form to test its ability to assist energy planners in developing more holistic 
plans. This first application of the platform is done on eight geographically 
diverse European Union islands, one located in the Indian Ocean, see Figure 
4 in Section 2.3. In total, 21 scenarios are developed for these islands and are 
then evaluated for their economic performance. The economic performances 
of the scenarios are determined using three different methods of calculating 
the LCOE. In addition, sensitivity and risk analyses are conducted on two 
scenarios for two islands to evaluate the impacts changes in key economic 
parameters have and to determine a likely distribution of LCOE values at a 
given level of risk. It is found that the method of LCOE calculation has only 
a minor impact on the resulting cost per unit of production. 

The LCOE’s that are obtained are in line with those found in other island 
energy planning research (Basir Khan, et al., 2014; Gioutsos, et al., 2018; 
Javed, et al., 2019; Mendoza-Vizcaino, et al., 2019; Canales, et al., 2021; 
Uwineza, et al., 2021). Further, in all cases, the LCOEs that are found are 
greater than the given local market prices for electricity, though, in some 
cases, the LCOE is lower than the local production costs of electricity from 
fossil fuel sources due to governmental subsidization (Govern de les Illes 
Balears, 2015; Deligiannis, 2017; Fintikakis, 2020). It is additionally found 
that the fully autonomous scenarios, which rely heavily on battery storage, 
perform the worst, which is also in line with other research which notes the 
high cost of achieving autonomy using RES (Gioutsos, et al., 2018; Javed, et 
al., 2019; Canales, et al., 2021; Uwineza, et al., 2021). 

The sensitivity analyses of the two island scenarios find that, in some 
circumstances, feasibly achievable changes in key economic values can 
potentially cause a scenario’s LCOE to drop below market prices for 
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electricity. In other circumstances, it is found that no realistically achievable 
change in key economic values allow a scenario to be competitive with the 
market price. The Monte Carlo risk analysis for the same two scenarios further 
reinforced the unlikelihood that they could reach the target market prices. 

It is additionally seen that heavy reliance on battery capacity to achieve full 
electrical energy autonomy is prohibitively expensive. Less aggressive usage 
of batteries in scenarios, however, is found to have less noticeable impacts on 
the scenario LCOE. More broadly, it is found that areas where energy 
development is prohibited on islands are common and range from being 
extensive to near total on all eight islands examined. It is also found that the 
touristic timings and impacts on the islands are not generalizable, even within 
the same climate zone. 

4.3 Paper III 
Analysing the same 21 technical scenarios as used in Paper II, the final two 
steps of the REACT-DECARB planning platform are applied to complete the 
verification of the platform’s ability to assist energy planners in developing 
more holistic energy plans. The scenarios’ environmental and social 
performances are assessed before being used as criteria, along with criteria 
derived from the technical and economic results provided in Paper II, in the 
PROMETHEE II MCDA methodology to give a final ranking of the scenarios 
for each island. 

To analyse the sensitivity of each criterion, and the ranking of each island’s 
scenarios, five different weighting setups are applied, one with equal weights 
for each criteria and four with a single criterion weighted most heavily. This 
results in five different weighting setups for each island considered. The 
scenarios are ranked for each island, excluding the Aran Islands for which no 
ranking is required as only a single scenario had been generated. 

Energy yield per inhabitant, CO2-equivalent saved per inhabitant, LCOE 
and local employment in job-years per inhabitant are, respectively, used for 
the technical, environmental, economic and social criteria in the MCDA 
application. The sensitivity of the determined rankings to each of these criteria 
is established through the above noted variations of their weights, providing 
specific insight into the different conditions for each island. Differing levels 
of island autonomy can have very different impacts on the sustainability 
criteria which relate to cost and location. In the same vein, it is found that if 
the cost criteria are not the most heavily weighted criteria a fully autonomous 
system can potentially rank well in an MCDA.  

It is further found that relying on batteries to achieve island electrical 
autonomy within a country with low carbon costs for electrical production 
may result in carbon costs that exceed carbon savings, even when using RES 
production. This is found to be due to the embedded carbon costs from the 
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RES system’s production and, to a lesser extent, transportation and 
installation. In countries where this is the case, and relevant environmental 
criteria are heavily weighted, establishing a connection to a mainland grid will 
likely outperform autonomous scenarios excepting cases when such a 
connection is technically or economically wholly impractical.  

4.4 Paper IV 
A series of potential energy systems for the Faroe Islands are developed with 
the aim of achieving 100% renewable electrical energy production by 2030. 
These systems are then evaluated for their technical, economic, social and en-
vironmental performance. The location of the Faroe Islands is shown in Figure 
6. The scenarios generated include increased electrification of the island’s 
transport, industry as well as heating. The five energy system scenarios are all 
based on the current trajectory of the goals and plans of the local Faroese gov-
ernment but four change a characteristic of these plans so the impacts can be 
evaluated. The four alternative systems consider, respectively, the impacts of 
increased heat savings, tidal energy production, increased hydro usage and 
offshore wind power production. These systems’ social, environmental, tech-
nical and economic performances are determined using eight different criteria 
through application of the REACT-DECARB platform. Once these perfor-
mances have been found, three different multi-criteria decision methodolo-
gies, PROMETHEE II, TOPSIS and Simple Additive Weighting (SAW), are 
applied to evaluate these five systems. 
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Figure 6. Location of the Faroe Islands, inset in red (Barney, et al., 2022) 

Weights for each of the eight criteria are provided by stakeholders from the 
Faroe Islands to determine both individual and average weighted rankings of 
the systems. A final weighting where each criteria is equally weighted is also 
included to show the results when there is no emphasis on any specific criteria. 

Using the PROMETHEE II MCDA method, the results show that there is 
no clear consensus between the stakeholders on which system is preferred. 
The overall results show, however, that the Offshore system ranks well with 
five out of the six stakeholder weightings applied. The remaining systems 
don’t perform consistently across the different weightings excepting the 
Current Trajectory system, which ranks lowest in five out of the six 
weightings. Application of the TOPSIS MCDA method using the same 
weights as were applied with the PROMETHEE II methodology show some 
amount of consensus for which system is preferred. Unlike the PROMETHEE 
II application, the Hydro system performed well in all six weightings. Further, 
as opposed to the PROMETHEE II method, the Offshore system was 
considered to be a middling performer. 

Consideration of the ranking disagreements between the two methods, par-
ticularly around the ranking of the Offshore system, show that they result from 
a difference in the process the methods used to analyse the systems. The TOP-
SIS method, based on the distance from the best to worst solutions for each 
criterion, was found to over-emphasize one criterion. The third MCDA 
method was employed, SAW, to help assess the impact of this over-emphasis 
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on the rankings using the same weights as used in the TOPSIS and PROME-
THEE II analyses. The results of the SAW rankings lined closely up with the 
PROMETHEE II rankings. A sensitivity study of the rankings for both the 
TOPSIS and PROMETHEE II methods showed them to be stable. 

The results of this paper demonstrate that the explicit inclusion of local 
social perspectives on their islands’ development (as described in Section 3.2) 
as decision criteria has a clear impact on which of the systems is preferred. 
The impact was most apparent in the shift towards the systems employing 
offshore energy generation technologies, though these systems still suffered 
from other significant issues for other assessed criteria, such as overproduc-
tion and overall higher costs as compared to the onshore systems. 

4.5 Paper V 
A semi-structured interview method across three islands included in the 
REACT project, Gotland, Lesvos and Majorca, supplemented with an online 
survey on one additional REACT island, La Réunion, are used to gather 
information on island resident’s knowledge of their own energy usage and 
their familiarity with key energy transition concepts. Further, the respondent’s 
willingness to take part in or use energy transition related activities or 
technologies is assessed. This improved understanding of inhabitants’ 
positions seeks to guide planners in how best to engage their local residents 
and which energy transition actions used elsewhere could be applied on the 
surveyed islands. 

Majorities of respondents on all islands knew the price they paid monthly 
for electricity though significantly fewer respondents on the islands knew how 
many kWh they had used. Additionally, markedly different levels of 
awareness are noted across the islands for different concepts but it is found 
that there were substantially lower levels of awareness across all islands for 
‘specific’ concepts and activities closely related to energy transition planning. 
For example, while majorities on all four islands express at least some 
understanding for the concept of ‘Saving energy’, the majority of only a single 
island’s respondents express the same for the ‘Demand response’ action. 

Respondent willingness to join activities or use technologies related to 
transition is, unlike the awareness for those very same activities or 
technologies, high. Majorities of respondents on three of the islands also 
express interest in joining energy communities, the only exception being the 
island of Gotland. Gotland’s respondents reported far higher initial awareness 
of energy communities than respondents on the other islands but are the least 
likely to express willingness to join them, potentially due to local regulatory 
barriers. Conversely, large majorities of all islands’ respondents express 
willingness to use demand response technology. This reported willingness is 
higher than the expressed awareness of demand response. 
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During the interview/survey the respondents are asked to rank five options 
in order of importance for why they would use a demand response technology. 
What is considered the most important varied by island though ‘Ease of use’ 
is ranked as the most important or next most important reason on all islands. 
On three islands ‘Economic savings’ are the most or next important reason, 
while one island’s respondents feel ‘Environmental issues’ are more 
important. There is no clear link between willingness to use demand response 
on the islands and what respondents rank as their most important consideration 
for using it. 

The open-end questions asked indicate an overall positive attitude by 
respondents towards their island’s future energy management. This attitude 
about their island’s overall energy future does not appear to correlate with the 
respondents’ own willingness to engage in activities related to the local energy 
transition. The respondents from the island with the most pessimistic view of 
their island’s energy future, Mallorca, express the most interest in engaging 
with an energy transition activity or tool. Conversely, Lesvos’ respondents 
have a more positive outlook on their island’s energy future but were less 
willing to engage with a transition activity or tool. 

Taken as a whole, there appears to be an opportunity for island planners to 
engage and attract their island’s residents. This engagement could take the 
form of information on potential transition activities as well as guides for how 
such activities could be pursued on their island. The best method for engaging 
with resident’s varies by island, with some being more interested in economic 
savings while others being more concerned by environmental benefits. 
Further, it is likely that a range of methods are needed to reach as many 
residents as possible.  
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5. Discussion  

5.1 Energy transition planning 
A rapid transition to renewable energy sources in global energy systems is 
critical to address the underlying causes of climate change and to potentially 
slow its progression. Geographic islands, in particular, find themselves vul-
nerable and are arguably among the regions in greatest need to transition their 
energy systems away from a dependence on imported fossil fuels to local, re-
newable based systems. Beyond global climate gains achieved from transi-
tioning, which relatively speaking are small, islands also gain the added ben-
efit of increasing their energy security though reduced reliance on mainland 
energy imports. This Thesis considers a platform developed to assist in the 
planning of this island energy transition while also supplementing the plan-
ning work by studying the understandings and desires of island inhabitants. 

A good deal of the existing research for energy transition planning, both on 
and off islands, has been based around techno-economic solutions (Szabó, et 
al., 2015; Weida, et al., 2016; Meschede, et al., 2018; Khosravi, et al., 2019; 
Prina, et al., 2021). Unfortunately, these solutions often fail to materialize into 
actual transition action. Examples of this can be see for several of the islands 
considered in this work, such as solutions for the Faroe Islands (Tróndheim, 
et al., 2019), Lesvos (Kaldellis, et al., 2009), La Réunion (Selosse, et al., 2018) 
and Majorca (Curto, et al., 2019). In the case of the Faroe Islands, the least 
cost technically feasible solution presented was developed together with the 
Islands’ only electricity utility and at no point are the social considerations of 
the solution noted and only a passing reference is made to the solution’s envi-
ronmental concerns (Tróndheim, et al., 2019).  

Simply saying it is technically possible to build a new system which meets 
environmental and energy independence goals in the abstract is of some use 
to planners but leaves too many details in the planning process unaddressed to 
be actionable. These missing local planning and social realities are crucial for 
increasing acceptance (Skiniti, et al., 2022) while their inclusion can poten-
tially also improve (Heaslip & Fahy, 2018) and speed the planning process 
(Pacheco, et al., 2022). The REACT-DECARB platform described in Papers 
II and III and applied in Papers I-IV is a solution for bridging the gap between 
what is technically possible and what more closely approaches employability 
for planners by explicitly requiring the inclusion of these missing realities in 
some way. 
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The platform described and applied attempts to be broadly inclusive in its 
approach, addressing not only technical and economic considerations but also 
social and environmental. The platform begins with the crucial gathering of 
local data to be used in the development of technically feasible scenarios but 
doesn’t direct how these scenarios are to be generated as a great many methods 
may be suitable to do so (Connolly, et al., 2010; Nakata, et al., 2011; Sinha & 
Chandel, 2014; Hall & Buckley, 2016; Ringkjøb, et al., 2018), allowing for 
greater planning flexibility. What is crucial to these scenarios, however, is that 
they are technically feasible and based on relevant local data, as found in Pa-
pers I through IV. Development of energy transition scenarios that cannot be 
realistically implemented due to local policy restrictions, such as including 
development in prohibited areas (Selosse, et al., 2018), is of limited value to 
island planners beyond serving as, in the best case, benchmarks or aspirational 
goals. 

After technically feasible energy transition scenarios are available, the de-
scribed platform’s analysis step ensures that often-overlooked social and en-
vironmental criteria will be considered in some way. Further, the economics 
of the scenarios as well as a consideration of the risk and sensitivity of their 
outputs, which may vary depending on the tool used, are explicitly included. 
Inclusion of an economic evaluation may seem unnecessary given that the 
economics of transition scenarios are rarely overlooked, and are in fact often 
a main focus point (Tróndheim, et al., 2019; Lozano, et al., 2019; Javed, et al., 
2019), but as the platform seeks to provide a holistic planning evaluation its 
inclusion is needed. As with the generation of the transition scenarios, no set 
method for evaluating social, environmental or economic performance is pre-
scribed by the platform granting greater flexibility to planners in how they 
conduct the analyses. This flexibility, however, comes with the risk that the 
analyses may not be appropriate or detailed enough to properly represent the 
characteristics of what is being analysed. 

The next step of the platform is to consider the results of the prior steps 
together with the aid of a MCDA method to assist planners in evaluating the 
scenarios. Again, no specific MCDA method is suggested, though one which 
has a relatively easily comprehended methodology by planners (Salminen, et 
al., 1998; Polatidis, et al., 2006) is ultimately preferable so they are able to 
follow the method’s process as well as to explain it and trust its conclusions. 
This focus on comprehensibility can potentially also help bridge the gap be-
tween MCDA’s academic and practical application for energy planning 
(Bhardwaj, et al., 2019). It is likely worth comparing the results of different 
tools whenever possible, as was done in Paper IV, to ensure the method used 
isn’t determinative of the preferred solution (Mardani, et al., 2017). 

Unlike much of the prior energy planning research for islands which focus 
on applications for single islands (Basir Khan, et al., 2014; Bhakta & 
Mukherjee, 2017; Gils & Simon, 2017; Cabrera, et al., 2018; Curto, et al., 
2020; Uwineza, et al., 2021; Groppi, et al., 2021), Papers II-IV illustrate how 
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the planning platform can be applied to multiple islands over a wide 
geographic and population range while also providing analyses of key criteria 
as well as identifying how different MCDA methods could potentially impact 
the ranking of scenarios. Paper II and III’s findings of the prohibitive cost of 
batteries, in both an environmental and economic sense in most cases 
examined, for island energy autonomy is an example of the clear guidance the 
platform can provide when planning local transitions. The same papers show 
the importance of consulting local planners when developing the scenarios to 
be considered so as to not, at the very least, incorrectly assume land 
availability or touristic trends and project impacts (Heaslip & Fahy, 2018; 
Pacheco, et al., 2022; Clean energy for EU islands secretariat , 2023).  

Should the steps of the platform be followed, the results obtained will be 
of some practical use to planners, i.e. local governments, energy companies or 
agencies. That said, even a faithful application of the platform may not provide 
a ‘build ready’ or successful project due to changing local realities on all 
considered criteria. Further, a scenario that is supposedly socially attractive 
may be far more difficult to implement than initially expected due to low 
levels of awareness and engagement by locals as seen in Paper V. Similarly, 
policies and economic realities may change, requiring new analysis or even 
completely new scenarios. Optimistically the platform will be enough on its 
own to accelerate energy transition on islands  and meaningfully help in efforts 
to keep global temperature change below 2 degrees and advance SDGs but, 
more realistically, it will likely fill a guiding role for planners by providing 
more fully considered transition scenarios. 

5.2 The role of island residents in planning 
As island planners begin building and considering scenarios to transition their 
island energy systems away from fossil fuels it is clear that, to be successful, 
local inhabitants need to be included at an early stage in whatever plans that 
are made (Heaslip & Fahy, 2018; Skiniti, et al., 2022; Pacheco, et al., 2022). 
These energy transition plans often expect local energy users to become 
active, engaged parts of the new energy system. This change from passive 
consumers to active prosumers means greater awareness and understanding of 
their own energy use and of the needs of the energy system, all of which have 
generally found to be lacking (van den Broek, 2019; Walker & Hope, 2020; 
Gohary, et al., 2022). Complementary to the energy transition platform 
described and applied above, this Thesis examines local island inhabitants’ 
energy awareness and understandings while considering their respective 
causes and impacts on willingness to engage in transition activities. Papers I 
and V both highlight the importance of engagement with local communities 
and the value of understanding the factors influencing inhabitant participation 
and how they can impact energy transition planning. 
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Different reasons for participant engagement, as are a few potential barriers 
to that engagement, are described in Paper I with some reiteration in Paper V. 
Community identity is noted as a driver for participation in energy projects, 
where community identity is described as a desire to make things better for 
everyone in the community and, more generally, to simply make things better 
for others. This pro-social goal was found to be a strong motivator for respond-
ents on the island of La Graciosa in Paper I, as exemplified by their motivation 
to use smart grid technologies, such as demand response, to reduce their car-
bon dioxide emissions, similar to attitudes seen in other local communities 
(Pratt & Erickson, 2020). Relatedly, social norms in the community were 
found to play a role in motivating people to participate. Interestingly, the level 
of importance given to island self-sufficiency in Paper V, arguably also part 
of community identity, was quite low. 

Paper I further found that residents on La Graciosa were interested in using 
new technologies and saving energy, which was also found to be the case on 
the other islands (Abi Ghanem & Crosbie, 2021) as well as more broadly (Li, 
et al., 2017). This aligns with the findings in Paper V, where majorities of the 
respondents on all of the involved islands expressed openness to using a de-
mand response tool and where environmental issues were given high, though 
notably lower than on La Graciosa, levels of importance. A number of the 
respondents on these islands expressed an interest in learning about new en-
ergy technologies and in joining transition related initiatives such as energy 
communities. 

Another motivator for taking part in energy transition projects identified in 
Paper I is that of financial benefit, where the benefit could be either savings 
or rewards for using smart grid technologies. Economic motivation is broadly 
cited in literature as being a main motivator for engaging in demand side man-
agement activities both for mainland residents (Li, et al., 2017; Naghiyev, et 
al., 2022) and island residents (Abi Ghanem & Crosbie, 2021). This was found 
to be even more motivating on the island of La Graciosa than community iden-
tity, in particular for economic savings. In Paper V, the respondents on the 
included islands also considered economic savings as important to their deci-
sion of whether or not to use a smart grid tool, though how important it was 
varied by island. The respondents on Lesvos and Mallorca considered it to be 
the most important factor when making their decision of whether or not to use 
the tool. Ease of use, however, was considered an important motivator on all 
considered islands, ranking as first or second on each island, a finding in line 
with onshore resident’s motivations (Murtagh, et al., 2014; Naghiyev, et al., 
2022).  

It was noted in Paper V that island residents had a generally low level of 
awareness for concepts and activities related to energy transition, similar to 
awareness limitations those that exist for those living on the mainland 
(Brounen, et al., 2013; Sovacool & Blyth, 2015; Boogen, et al., 2018). Despite 
the low levels of initial awareness for these concepts, the island respondents 
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still indicated a willingness to participate in energy transition activities and 
use related tools once the tool or activity had been explained to them. Further, 
Paper V provided additional insights on the islands’ respondents’ attitudes to-
wards their island’s future energy management. These attitudes were largely 
positive across all four islands despite, or perhaps because of, residents’ low 
awareness of energy transition concepts and activities. 

The findings, taken together, show that mainland drivers for using energy 
transition also apply to some extent to island inhabitants, in particular the de-
sire to achieve economic savings (Broman Toft, et al., 2014; Kardooni, et al., 
2016) and avoid inconvenience (Öhrlund, et al., 2019; Parrish, et al., 2020). 
Some difference was noted in Paper V in that the islanders were potentially 
more conscious of their electricity costs, possibly as a result of them being 
higher than those found on the mainland (Sigrist, et al., 2017; Fintikakis, 
2020). These findings can be of clear use to island energy planners when 
considering how best to engage their residents in both helping to develop and 
join local energy transition projects as well as in what actions to pursue. 

5.3 The value of social perspectives to planning 
The REACT-DECARB platform was created to facilitate the energy transition 
on islands by moving beyond the, in literature, all too common reliance on 
techno-economic scenarios. Accomplishing this is, unsurprisingly, easier said 
than done. It is far cleaner and less complicated to produce cookie cutter 
solutions, tools and models that planners, if they are even contemplated, can 
simply, or often not so simply, insert given values to produce the ‘best’ 
transition solution or solutions. While there is unarguably a place for these 
techno-economic scenarios on their own they rarely come to fruition which, 
given the pressing need to act to mitigate climate change, isn’t optimal. 

The platform isn’t a panacea that will solve every issue in developing 
realizable scenarios. Its flexibility, however, in permitting the use of different 
methods and tools to complete its various steps means planners can easily 
adapt it to their needs while it guides them in what to include. Further, 
considered together with the input from islanders, it is clear that an energy 
transition scenario that is marketed as environmentally, technically and 
economically acceptable will struggle to succeed if the people expected to be 
part of the new system are unfamiliar with it and/or unwilling to be good, 
active prosumers.  

As a result, a social analysis of developed scenarios that considers, at a 
minimum, islander awareness of energy transition concepts and tools, 
particularly those envisioned to be deployed, is some of the basic data needed 
to begin to properly develop or analyse the social viability of energy transition 
plans. If the desired participants are unaware of the tools or activities to be 
used, it is risky (Li, et al., 2017; Bugden & Stedman, 2019; Biresselioglu, et 
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al., 2020; Parrish, et al., 2020) to expect islanders to be accepting of them. 
That noted, from the responses in Paper V it appeared that an initial lack of 
awareness didn’t preclude their willingness to take part once informed. This 
finding puts additional emphasis on the value of spreading knowledge of 
transition tools and techniques and should be a consideration early in 
development process for the feasible scenarios.  
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6. Conclusions 

Island communities find themselves in an enviable but precarious position 
with regards to the ongoing energy transition. On the one hand, they are often 
in possession of the renewable resources they need to successfully divest 
themselves of the expensive, unreliable and environmentally damaging fossil 
fuel based electricity production technologies and obtain a greater degree of 
independence and energy security. While on the other hand, they are facing 
complicated transition processes filled with uncertainty in nearly each step. 
Much of the guidance and policy developed to help energy transition is based 
on the conditions and circumstances present on the mainland that can, all too 
often, impede rather than facilitate transition activities on islands. To plan for 
a smoother, more successful transition away from fossil fuel based energy 
production on islands, more information is needed about islanders themselves 
and their local circumstances as well as guidance flexible enough to fit the 
variable needs of island planners that goes beyond technical and economic 
details. 

Through applications on a number of diverse islands, the REACT-DE-
CARB energy planning platform was found to be able to help island planners 
in the development of holistic energy transition scenarios. In the creation of 
these scenarios the platform guides island energy transition planning beyond 
only techno-economic assessments and explicitly includes a broader range of 
planning criteria by directing their use while also providing planners flexibil-
ity in how they do so. These applications of the platform provided additional 
results, both specific to the islands where the platform was applied to, as well 
as findings pertinent to planners on other islands seeking to transition their 
energy systems. Additionally, surveys and interviews conducted with island 
residents demonstrated that these residents’ relationships to energy could be 
informative for the development of energy transition plans as well as likely 
being critical to their success. Islanders’ understandings, motivations, priori-
ties and awareness were found to be not only directly useful in guiding plan-
ners during the designing of island energy transition scenarios but can also 
serve to inform planners in how best to educate local residents about and 
engage them in local energy transition projects. 

Energy transition is happening across the world but unless more action is 
taken to ensure that policies and guidance are created to assist islands, among 
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the locations most likely to first experience the consequences of not transi-
tioning, they may fall behind in the process. The work in this Thesis contrib-
utes to the efforts to make sure islands’, and islanders’, needs and perspectives 
are considered and included as a part of the wider transition. This work further 
highlights the need for greater understanding of islands’ starting conditions as 
no single policy action or planning method is able to address all islands’ en-
ergy transition needs; particularly as islands’ circumstances and needs vary 
significantly.  
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7. Future work 

While this Thesis has expanded on what is known about islands and islanders 
and developed a planning platform to help with island energy transition, fur-
ther research is still needed. This includes the clear need to increase under-
standing of the specific desires and concerns of islands and islanders, which 
in turn could potentially be used to help inform the creation of new transition 
policies and identify the tools to be used in island energy planning. More spe-
cifically, the finding that islanders’ willingness to take part in energy transi-
tion activities was high even when initial awareness was low raises several 
points of interest that warrant additional study. It would be valuable for plan-
ners to understand the durability of this willingness by giving these willing 
islanders more information on what participation entails to see how willing-
ness is impacted. If willingness drops once an islander is more fully informed, 
or potentially actually engaged in the activity, understanding which elements 
of the activity are unattractive may allow for better development of local en-
ergy planning. Depending on the elements that caused islanders to be less will-
ing to participate, it may also inform the shaping of national policy and regu-
lation for those transition activities on islands and potentially beyond. 

Further, work is also needed to evaluate the feasibility of the needed full-
scale electrification of the transport and heating sectors on islands for energy 
transition. It is often taken as a given that this electrification, and related grid 
expansion, will take place and nearly as often the economic, social or envi-
ronmental price of this transition is not considered or only considered indi-
rectly. As has already been noted in this work, the expectation that policies 
designed to work for mainland circumstances should not be also be expected 
to function on islands, and this applies to electrification. Better understanding 
of the ways in which the electrification processes can differ on islands could 
help both prepare the islands for electrification as well as guide national poli-
cies to better aid island electrification. A further, and closely related question, 
is the role of energy storage in this process. This question is even more crucial 
on islands with their autonomous and semi-autonomous grid operations. 

Additional work is also underway to consider what could have been im-
proved in the REACT project and what can be done to successfully dissemi-
nate the project’s successes to other islands seeking to transition their energy 
systems. Related to this dissemination, further applications of the REACT-
DECARB platform are expected. 
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8. Svensk sammanfattning 

Det blir allt tydligare att en hållbar omställning från energisystem baserade på 
fossila bränslen till förnybara är både nödvändig och gynnsam för samhället i 
stort, såväl som för individen. Denna omställning är kanske än viktigare för 
öar vilka ofta saknar eller har begränsad koppling till fastlandets energinätverk 
och som på grund av sin isolering är beroende av importerade energikällor 
vilket gör deras energiproduktion mycket osäker och sårbar. Öarna är ofta 
tvungna att använda fossila bränslen som inte bara är ekonomiskt kostsam-
mare utan även i förlängningen kan leda till klimatförändringar med konse-
kvenser som kan bli ödesdigra just på dessa platser.  

För att påskynda öars hållbara energiomställning behövs ett planerings-
verktyg som kan producera praktiska och tillämpningsbara lösningar och me-
toder som även omfattar helhetslösningar för en hållbar omställning och pro-
duktion av grön energi. Tanken är att planeringsverktyget ska erbjuda en 
okomplicerad och flexibel process som inkluderar relevant teknisk, social, 
ekonomisk och miljömässig information. Det ska samtidigt hantera informat-
ionen på ett systematiskt sätt, så att människor som arbetar som energiplane-
rare kan använda den för att fatta holistiska beslut. För detta syfte har energi-
planerings plattform REACT-DECARB utvecklats. 

Energiplanerings plattformen har tillämpats på åtta geografiska öar samt 
på en gruppering av öar, samtliga inom EU. Dessa olika områden har en vari-
erande befolkningsmängd, landyta och klimat och de representerar totalt åtta 
olika länder. Plattformen börjar med att samla grundläggande data om en ö 
och denna data bör vara mer djuplodad än bara en inventering av detaljerna 
kring öns befintliga energisystem och potentiella förnybara energi källor. I 
först steget bör data samlas in som tillåter energiplanerare att utveckla mer 
inkluderande och praktiska omställningsplaner. Till exempel bör specifika de-
taljer samlas in om öns markanvändning och potentiella hinder avseende re-
gleringar och icke-regleringar för en omställning samt förväntade elpriser. In-
formation om öbornas energimedvetenhet och motiveringar i förhållande till 
deltagande i energiomställningsprocessen är nödvändig för att följa plattfor-
mens andra steg. 

Efter det att grundläggande data har samlats in kan den användas för att 
utveckla tekniskt genomförbara scenarier för öns energiomställning. För att 
räknas som ett tekniskt genomförbart scenario bör scenariot inte bara uppnå 
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öns energikrav utan också ta hänsyn till befintliga begränsningar som upp-
täckts under plattformens första studie. Ett sådant scenario bör bland annat 
följa eventuella restriktioner för var det är tillåtet att utföra och konstruera 
energiprojekt samt om några typer av energiproduktion är otillåtet. Scenariot 
bör också vara realistiskt gällande öbornas roller och deltagande, eller brist på 
dessa. Plattformens nästa steg styr energiplanerare att genomföra analyser av 
varje scenarios sociala, ekonomiska och miljömässiga förutsättningar med 
mätvärden och metoder som de anser vara bäst. Plattformens fjärde steg kom-
binerar resultaten från analyserna samt de olika scenariernas tekniska detaljer 
med en metod för besultsanalys. Denna metod bör informeras av lokala aktö-
rers preferenser för att kunna utvärdera vilket energiomställnings scenario 
som är att föredra  

Plattformens tillämpningar på olika öar har identifierat möjligheter för en 
hållbar omställning för samtliga av öarna. Möjligheterna inkluderar en stor 
potential för förnybar energiutveckling, sänkta priser för elproduktion och ett 
potentiellt starkt intresse från invånarna att delta i omställningen.  Tillämp-
ningarna har också identifierat flertalet potentiella hinder för omställningen, 
bland dessa finns utbredda restriktioner för vart projekt kan utvecklas, bris-
tande politisk samordning samt höga ekonomiska- och miljömässiga kostna-
der när målet med omställningen är att ön ska bli helt oberoende i sin energi-
försörjning. Ett annat hinder som identifierades var att öborna, trots ett starkt 
uttryckt intresse för att delta i aktiviteter för omställningsarbetet, saknade 
medvetenhet och förståelse för ett antal energikoncept som är kopplade till 
energiomställningen. Utöver hinder och möjligheter visade tillämpningen av 
plattformen att lokalbefolkningens preferenser, både i den sociala analysen av 
scenarierna och när lokala beslutsfattares preferenser inkluderades i MCDA, 
hade tydliga effekter på det föredragna scenariot för energiomställningen på 
öarna. 

Sammanfattningsvis erbjuder REACT-DECARB-plattformen en använ-
darvänlig fyrastegsprocess innehållande grundläggande planeringselement. 
Samtidigt tillåter plattformen flexibilitet i hur dessa element inkluderas när 
planerare utvecklar och väljer mer balanserade scenarier för en energiomställ-
ning på just deras ö. Vidare visar resultaten från plattformens tillämpningar 
att dess vägledning har förmågan att hjälpa energiplanerare att förbättra sina 
planeringsrutiner genom att göra dem mer holistiska och inkluderande, vilket 
i sin tur potentiellt kan påskynda processen för öarnas energiomställning. 



 47

9. Acknowledgements 

As I close in on the end of this thesis, I am at a bit of a loss how the past five 
years seem so short and yet so long. It seems like it was just yesterday that I 
was panicking that I was approaching the two-year mark without a paper or 
PhD course to my name. The first corrected itself just in time for Covid-19 to 
roll in and cause a whole other stack of worries, but at least the plethora of 
distance learning opportunities that popped up helped resolve the second con-
cern. In the end, everything has gone as smoothly as I could have hoped! 

I would like to first and foremost thank my supervisor Heracles Polatidis. 
The thanking here begins well before the PhD even started, with the hours of 
playing Settlers of Catan and his introduction of the concept of ‘a small but 
respectable village’. Like me, though much contested by our spouses, Hera-
cles understood that we were there to play Catan - chat was only allowed as 
time permitted (or for trades). More on point, Heracles nudged me in the di-
rection of the PhD and has guided me along the way, been equally befuddled 
by the PhD system at the university and been mostly optimistic about each 
step in the process. More simply said, if it hadn’t been for Heracles none of 
this would have happened. 

Further thanks goes out to both of my co-supervisors, Stefan Ivanell and 
Magdalena Kuchler. Stefan for, before anything else, giving me the original 
job that I will be reverting to after this, but also for your practical guidance 
and commentary along the way. Magdalena for her comments on my work, 
catching the things I was too close to see! I would also like to extend a thanks 
to both Simon and Mikael for providing a last minute review, during the hol-
idays no less!  

I would also like to thank my fellow PhD students for helping and commis-
erating along the way, sorry I wasn’t much for showing up to the fikas (no 
matter how long I’m in Sweden, I don’t think I will ever really get them). A 
special thanks to my PhD mentor and, until this last year, desk neighbour Hen-
rik Asmuth for putting up with my questions and, on many occasions, ram-
bling thoughts. An apology also to Charlotte that now gets those thoughts. 

A thanks to all the other colleagues in the Wind group, it’s been a pleasure 
and an honor working with you over the past decade and a bit. All the fikas 
(which I rarely attended), the birthday celebrations (mostly there), planning 
meetings (never missed) and all the rest. I would also like to extend a special 



 48 

thanks to everyone that I’ve dragged out on lunch walks, no matter the 
weather! 

I would further like to thank all my collaborators for helping make my pa-
pers possible. In large part, this means my REACT colleagues, many of whom 
I hope to see and work with again! I would like to also thank Uni Reinert 
Petersen for collaborating with me without ever actually having met face to 
face just because we had a shared interest in islands. 

A thanks to my extended family, nearly all of whom are largely or com-
pletely unaware of what I am doing over in Sweden, but thanks anyhow for 
helping shape me into the person I am today. Thanks to my siblings for... I 
thought I had something here? Guess not. Y’all should probably do better, 
perhaps by sending more things for me and my fam? Rhett and Matt, you’re 
good. For now. 

Thank you Mom for always encouraging me and enabling me to excel at 
school, read and learn and, perhaps most importantly of all, to go for the win. 
After always being just behind you through the higher education process, I am 
going to beat you to the PhD. Pick it up slacker. Thank you Mark for all your 
support over the years, even when I wasn’t very nice. Thank you Dad for sorta 
trying to get why I was that I was doing, pretty much my whole life. Thank 
you Kathy for being positive and fun to be around. Thank you Aunt Annie for 
your open generosity and always having a place for us when we visit. Thanks 
Anita for putting up with me over the years, despite my inability to fix your 
stuff ‘good’ – glue and tape aren’t always the solution, or at least that is what 
I have been told. 

Finally, I would like to thank my wife Maria and my kids, Inara, Alba and 
Rey. As I say up top, you didn’t make any of this PhD process any easier but 
then again, I wouldn’t be doing this without you and really who wants things 
easy! Maybe one day you’ll read this? Probably not, but who knows! Either 
way, thanks for always not caring in the slightest about PhD issues and putting 
things into perspective - Octonauts, mobile phone games, horses and plants 
need close consideration too! Oh, and thanks to my dogs Triss and Alex who 
have been faithful, if not always thrilled, running companions.  

 



 49

10. References 

Abbass, K. et al., 2022. A review of the global climate change impacts, adaptation, 
and sustainable mitigation measures. Environmental Science and Pollution 
Research, 29(28), pp. 42539-42559. 

Abi Ghanem, D. & Crosbie, T., 2021. The Transition to Clean Energy: Are People 
Living in Island Communities Ready for Smart Grids and Demand Response?. 
Energies, Volume 14, p. 6218. 

Alberg Østergaard, P. M. B. V., Möller, B. & Lund, H., 2010. A renewable energy 
scenario for Aalborg Municipality based on low-temperature geothermal heat, 
wind power and biomass.. Energy, 35(12), p. 4892–4901. 

Aldersey-Williams, J. & Rubert, T., 2019. Levelised cost of energy–A theoretical 
justification and critical assessment. Energy policy, Volume 124, pp. 169-179. 

Ali, I., Shafiullah, G. & Urmee, T., 2018. A preliminary feasibility of roof-mounted 
solar PV systems in the Maldives. Renewable and Sustainable Energy 
Reviews, pp. 18-32. 

Alves, M., Segurado, R. & Costa, M., 2019. Increasing the penetration of renewable 
energy sources in isolated islands through the interconnection of their power 
systems. The case of Pico and Faial islands, Azores. Energy, Volume 182, pp. 
502-510. 

Alves, M., Segurado, R. & Costa, M., 2020. On the road to 100% renewable energy 
systems in isolated islands. Energy, Volume 198, p. 117321. 

Aminu, M. D., Nabavi, S. A., Rochelle, C. A. & Manovic, V., 2017. A review of 
developments in carbon dioxide storage. Applied Energy, Volume 208, pp. 
1389-1419. 

Antunes, C. H. & Henriques, C. O., 2016. Multi-Objective Optimization and Multi-
Criteria Analysis Models and Methods for Problems in the Energy Sector. In: 
S. Greco, M. Ehrgott & J. Rui-Figueira, eds. Multiple Criteria Decision 
Analysis. 2 ed. New York: Springer, pp. 1067-1165. 

Bahramara, S., Moghaddam, M. P. & Haghifam, M. R., 2016. Optimal planning of 
hybrid renewable energy systems using HOMER: A review. Renewable and 
Sustainable Energy Reviews, Volume 62, pp. 609-620. 

Barney, A., Petersen, U. R. & Polatidis, H., 2022. Energy scenarios for the Faroe 
Islands: A MCDA methodology including local social perspectives. 
Sustainable Futures, Volume 4, p. 100092. 

Barney, A. et al., 2021. Transition towards decarbonisation for islands: Development 
of an integrated energy planning platform and application. Sustainable Energy 
Technologies and Assessments, Volume 47. 

Barone, G. et al., 2021. Increasing renewable energy penetration and energy 
independence of island communities: A novel dynamic simulation approach 
for energy, economic, and environmental analysis, and optimization. Journal 
of Cleaner Production, Volume 311, p. 127558. 

Basir Khan, M. R., Jidin, R., Pasupuleti, J. & Shaaya, S. A., 2014. Optimal 
combination of solar, wind, micro-hydro and diesel systems based on actual 



 50 

seasonal load profiles for a resort island in the South China Sea.. Energy, 
Volume 82, pp. 80-97. 

Bastin, J. F. et al., 2019. The global tree restoration potential. Science, 365(6448), pp. 
76-79. 

Batić, M. et al., 2016. Combined energy hub optimisation and demand side 
management for buildings. Energy and Buildings, Volume 127, pp. 229-241. 

Bengtsson, M., 2016. How to plan and perform a qualitative study using content 
analysis. NursingPlus Open, Volume 2, pp. 8-16. 

Bertheau, P., 2020. Supplying not electrified islands with 100% renewable energy 
based micro grids: A geospatial and techno-economic analysis for the 
Philippines.. Energy, Volume 202, p. 117670. 

Bhakta, S. & Mukherjee, V., 2017. Performance indices evaluation and techno 
economic analysis of photovoltaic power plant for the application of isolated 
India’s island. Sustainable Energy Technologies and Assessments, Volume 20, 
pp. 9-24. 

Bhardwaj, A., Joshi, M., Khosla, R. & Dubash, N. K., 2019. More priorities, more 
problems? Decision-making with multiple energy, development and climate 
objectives.. Energy Research & Social Science, Volume 49, pp. 143-157. 

Biresselioglu, M., Demir, M., Kaplan, M. & Solak, B., 2020. Individuals, collectives, 
and energy transition: Analysing the motivators and barriers of European 
decarbonisation. Energy Research & Social Science, Volume 66, p. 101493. 

Bithas, K., Latinopoulos, D., Mentis, C. & Chatzivasileiadis, T., 2023. Reshaping 
preferences over coastal and marine environment. Evaluating temporal effects 
on preferences raised by information campaigns. Ocean & Coastal 
Management, Volume 243, p. 106740. 

Blechinger, P. et al., 2016. Global analysis of the techno-economic potential of 
renewable energy hybrid systems on small islands. Energy Policy, Volume 98, 
pp. 674-687. 

Bonati, A. et al., 2019. The integration of exergy criterion in energy planning analysis 
for 100% renewable system. Energy, Volume 174, pp. 749-767. 

Boogen, N., Filippini, M., Kumar, N. & Blasch, J., 2018. Energy efficiency, bounded 
rationality and energy-related financial literacy in the Swiss household sector, 
Bern: Swiss Federal Office of Energy SFOE. 

Brans, J. & Mareschal, B., 2005. Promethee Methods. In: Multiple Criteria Decision 
Analysis: State of the Art Surveys. International Series in Operations 
Research & Management Science, Volume 78. 

Broman Toft, M., Schuitema, G. & Thøgersen, J., 2014. Responsible technology 
acceptance: Model development and application to consumer acceptance of 
Smart Grid technology. Applied Energy, Volume 134, pp. 392-400. 

Brounen, D., Kok, N. & Quigley, J., 2013. Energy literacy, awareness, and 
conservation behavior of residential households. Energy Economics, Volume 
38, pp. 42-50. 

Bugden, D. & Stedman, R., 2019. A synthetic view of acceptance and engagement 
with smart meters in the United States. Energy Research & Social Science, 
Volume 47, p. 137–145. 

Cabeza, L. F. & Chàfer, M., 2020. Technological options and strategies towards zero 
energy buildings contributing to climate change mitigation: A systematic 
review. Energy and Buildings, Volume 219, p. 10009. 

Cabrera, P., Lund, H. & Carta, J. A., 2018. Smart renewable energy penetration 
strategies on islands: The case of Gran Canaria. Energy, Volume 162, pp. 421-
443. 



 51

Cajot, S., Mirakyan, A., Koch, A. & Maréchal, F., 2017. Multicriteria Decisions in 
Urban Energy System Planning: a review. Frontiers in Energy Research, 
Volume 5. 

Calise, F., Cipollina, A., Dentice d’Accadia, M. & Piacentino, A., 2014. A novel 
renewable polygeneration system for a small Mediterranean volcanic island for 
the combined production of energy and water: Dynamic simulation and 
economic assessment. Applied Energy, Volume 135, pp. 675-693. 

Cameron, L. & van der Zwaan, B., 2015. Employment factors for wind and solar 
energy technologies: A literature review.. Renewable and Sustainable Energy 
Reviews, Volume 45, pp. 160-172. 

Canales, F. A., Jurasz, J. K., Guezgouz, M. & Beluco, A., 2021. Cost-reliability 
analysis of hybrid pumped-battery storage for solar and wind energy 
integration in an island community. Sustainable Energy Technologies and 
Assessments, Volume 44, p. 101062. 

Cardinaletti, M. & Di Perna, C., 2009. Tools and Concepts for the Local Energy 
Planning, s.l.: Intelligent Energy Europe. 

Carley, K., 1993. Content Analysis. In: R. Asher, ed. The Encyclopedia of Language 
and Linguistics. Edinburgh: Pergamon Press, pp. 725-730. 

Carley, S. & Konisky, D., 2020. The justice and equity implications of the clean 
energy transition. Nature Energy, Volume 5, pp. 569-577. 

Chen, A. et al., 2020. Pathways to climate change mitigation and stable energy by 
100% renewable for a small island: Jamaica as an example.. Renewable and 
Sustainable Energy Reviews, Volume 121, p. 109671. 

Child, M., Kemfert, C., Bogdanov, D. & Breyer, C., 2019. Flexible electricity 
generation, grid exchange and storage for the transition to a 100% renewable 
energy system in Europe. Renewable Energy, Volume 139, pp. 80-101. 

Child, M., Nordling, A. & Breyer, C., 2017. Scenarios for a sustainable energy system 
in the Åland Islands in 2030. Energy Conversion and Management, Volume 
137, pp. 49-60. 

Cinelli, M. et al., 2022. Recommending multiple criteria decision analysis methods 
with a new taxonomy-based decision support system. European Journal of 
Operational Research, 302(2), pp. 633-651. 

Clean energy for EU islands secretariat , 2023. Clean energy for EU Islands: Study 
on regulatory barriers and recommendation for clean energy transition on EU 
islands , Luxembourg: Publications Office of the European Union. 

Connolly, D., Lund, H., Mathiesen, B. V. & Leahy, M., 2010. A review of computer 
tools for analysing the integration of renewable energy into various energy 
systems. Applied Energy, Volume 87(4), pp. 1059-1082. 

Connolly, D. et al., 2014. Heat Roadmap Europe: Combining district heating with heat 
savings to decarbonise the EU energy system. Energy Policy, Volume 65, pp. 
475-489. 

Curto, D. et al., 2020. Evaluation of the optimal renewable electricity mix for 
Lampedusa island: The adoption of a technical and economical methodology. 
Journal of Cleaner Production, Volume 263, p. 121404. 

Curto, D. et al., 2019. A renewable energy mix to supply small islands. A comparative 
study applied to Balearic Islands and Fiji. Journal of Cleaner Production, 
Volume 241, p. 118356. 

De La Esperanza Mata Pérez, M., Scholten, D. & Stegen, K. S., 2019. The multi-speed 
energy transition in Europe: Opportunities and challenges for EU energy security. 
Energy Strategy Reviews, 26(https://doi.org/10.1016/j.esr.2019.100415),  
p. 100415. 



 52 

Deligiannis, C., 2017. "Electroshock" the cost of electricity production for islands. 
[Online]  
Available at: https://m.naftemporiki.gr/story/1269824/ilektrosok-prokalei-to-
kostos-paragogis-reumatos-gia-ta-nisia 
[Accessed 12 September 2021]. 

Dominković, D. F., Bačeković, I., Pedersen, A. S. & Krajačić, G., 2018. The future of 
transportation in sustainable energy systems: Opportunities and barriers in a 
clean energy transition. Renewable & Sustainable Energy Reviews, Volume 
82, pp. 1823-1838. 

Dorotić, H. et al., 2019. Integration of transport and energy sectors in island 
communities with 100% intermittent renewable energy sources. Renewable 
and Sustainable Energy Reviews, Volume 99, pp. 109-124. 

Douenne, T. & Fabre, A., 2020. French attitudes on climate change, carbon taxation 
and other climate policies. Ecological Economics, Volume 169, p. 106496. 

Dubash, N. et al., 2022. National and sub-national policies and institutions. In: P. 
Shukla, et al. eds. IPCC 2022: Climate Change 2022: Mitigation of Climate 
Change. Contribution of Working Group III to the Sixth Assessment Report of 
the Intergovernmental Panel on Climate Change. Cambridge, UK and New 
York, NY, USA: Cambridge University Press. 

Eicke, L. & Goldthau, A., 2021. Are we at risk of an uneven low-carbon transition? 
Assessing evidence from a mixed-method elite study. Environmental Science 
& Policy, Volume 124, pp. 370-379. 

European Commission, 2019a. Clean energy for EU islands initiative. [Online]  
Available at: https://ec.europa.eu/energy/en/topics/renewable-
energy/initiatives-and-events/clean-energy-eu-islands 

Evans, A., Strezov, V. & Evans, T. J., 2009. Assessment of sustainability indicators 
for renewable energy technologies. Renewable and Sustainable Energy 
Reviews, 13(5), pp. 1082-1088. 

FAO and UNEP, 2020. The State of the World’s Forests 2020. Forests, biodiversity 
and people., Rome: UNEP. 

Fintikakis, G., 2020. On islands we pay up to 6,000 euros per household for 
electricity. [Online] Available at: 

  https://www.e-mc2.gr/en/node/7698 [Accessed 12 September 2021]. 
Friedlingstein, P. et al., 2022. Global Carbon Budget 2022. Earth System Science 

Data, 14(11), pp. 4811-4900. 
Fuentes, S. S. et al., 2020. Transition to a greener Power Sector: Four different scopes 

on energy security. Renewable Energy Focus, Volume 33, pp. 23-36. 
Geidl, M. et al., 2007. The energy hub–a powerful concept for future energy systems. 

s.l., Third annual Carnegie mellon conference on the electricity industry, p. 14. 
Giamalaki, M. & Tsoutsos, T., 2019. Sustainable siting of solar power installations in 

Mediterranean using a GIS/AHP approach. Renewable Energy, Volume 141, 
pp. 64-75. 

Gils, H. C. & Simon, S., 2017. Carbon neutral archipelago – 100% renewable energy 
supply for the Canary Islands. Applied Energy, Volume 188, pp. 342-355. 

Gioutsos, D. M., Blok, K., van Velzen, L. & Moorman, S., 2018. Cost-optimal 
electricity systems with increasing renewable energy penetration for islands 
across the globe. Applied Energy, Volume 226, pp. 437-449. 

Gkeka-Serpetsidaki, P. & Tsoutsos, T., 2022. A methodological framework for 
optimal siting of offshore wind farms: A case study on the island of Crete. 
Energy, Volume 239, p. 122296. 



 53

Gohary, F. E., Nordin, M., Juslin, P. & Bartusch, C., 2022. Evaluating user 
understanding and exposure effects of demand-based tariffs. Renewable & 
Sustainable Energy Reviews, Volume 155, p. 111956. 

Govern de les Illes Balears, 2015. Energías renovables y eficiencia energética en las 
Islas Baleares: Estrategias y líneas de actuación, s.l.: Govern de les Illes Bale. 

Groppi, D. et al., 2018. Analysing economic and environmental sustainability related 
to the use of battery and hydrogen energy storages for increasing the energy 
independence of small islands.. Energy Conversion and Management, Volume 
177, pp. 64-76. 

Groppi, D., Nastasi, B., Prina, M. G. & Astiaso Garcia, D., 2021. The EPLANopt 
model for Favignana island’s energy transition. Energy Conversion and 
Management, Volume 241, p. 114295. 

Guest, G., Bunce, A. & Johnson, L., 2006. How Many Interviews Are Enough?: An 
Experiment with Data Saturation and Variability. Field Methods, 18(1), pp. 
59-82. 

Guitouni, A. & Martel, J.-M., 1998. Tentative guidelines to help choosing an 
appropriate MCDA method. European Journal of Operational Research, 
109(2), pp. 501-521. 

Guitouni, A., Martel, J.-M. & Vincke, P., 2000. A Framework to Choose a Discrete 
Multicriterion Aggregation Procedure. Handbook of Systemic Autoimmune 
Diseases. 

Hall, L. M. H. & Buckley, A. R., 2016. A review of energy systems models in the 
UK: Prevalent usage and categorisation. Applied Energy, Volume 169, pp. 
607-628. 

Heaslip, E. & Fahy, F., 2018. Developing transdisciplinary approaches to community 
energy transitions: An island case study. Energy Research & Social Science, 
Volume 45, pp. 153-163. 

Hwang, C.-L., Lai, Y.-J. & Liu, T.-Y., 1993. A new approach for multiple objective 
decision making. Computers & Operations Research, 20(8), pp. 889-899. 

IEA, 2022. Share of low-carbon sources and coal in world electricity generation, 
1971-2021. Paris: IEA. 

IEA, 2023a. Tracking Clean Energy Progress 2023, Paris: IEA. 
IEA, 2023b. CO2 Emissions in 2022, Paris: IEA. 
International Energy Agency, 2023. Russia's War on Ukraine. [Online]  

Available at: https://www.iea.org/topics/russias-war-on-ukraine 
[Accessed 8 September 2023]. 

International Institute for Sustainable Analysis and Strategy, 2019. GEMIS - Global 
Emissions Model for integrated Systems. [Online]  
Available at: http://iinas.org/gemis.html 

IPCC, 2023. Climate Change 2023: Synthesis Report. Contribution of Working 
Groups I, II and III to the Sixth Assessment Report of the Intergovernmental 
Panel on Climate Change. Geneva: IPCC. 

Ishizaka, A. & Nemery, P., 2013. Multi-Criteria Decision Analysis: Methods and 
Software. West Sussex: John Wiley & Sons, Ltd.. 

Javed, M. S., Song, A. & Ma, T., 2019. Techno-economic assessment of a stand-alone 
hybrid solar-wind-battery system for a remote island using genetic algorithm. 
Energy, Volume 176, pp. 704-717. 

Kaldellis, J., Zafirakis, D. & Kavadias, K. A., 2009. Techno-economic comparison of 
energy storage systems for island autonomous electrical networks. Renewable 
& Sustainable Energy Reviews, 13(2), pp. 378-392. 

Kardooni, R., Yusoff, S. B. & Kari, F. B., 2016. Renewable energy technology 
acceptance in Peninsular Malaysia. Energy Policy, Volume 88, pp. 1-10. 



 54 

Khosravi, A., Syri, S., Assad, M. E. H. & Malekan, M., 2019. Thermodynamic and 
economic analysis of a hybrid ocean thermal energy conversion/photovoltaic 
system with hydrogen-based energy storage system.. Energy, Volume 172, pp. 
304-319. 

Kim, J. H. & Shcherbakova, A., 2011. Common failures of demand response. Energy, 
36(2), pp. 873-880. 

Kost, C. et al., 2018. Levelized cost of electricity Renewable Technologies, Freiburg: 
Fraunhofer Institute for Solar Energy Systems ISE. 

Krogstrup, S. & Oman, W., 2019. Macroeconomic and financial policies for climate 
change mitigation, s.l.: IMF. 

Lahdelma, R., Salminen, P. & Hokkanen, J., 2000. Using Multicriteria Methods in 
Environmental Planning and Management. Environmental Management, 
26(6), pp. 595-605. 

Li, R., Dane, G., Finck, C. & Zeiler, W. W., 2017. Are building users prepared for 
energy flexible buildings?—A large-scale survey in the Netherlands. Applied 
Energy, Volume 203, pp. 623-634. 

Liu, Y. et al., 2018. Modeling, planning, application and management of energy 
systems for isolated areas: A review.. Renewable and Sustainable Energy 
Reviews, Volume 82, pp. 460-470. 

Lozano, L., Querikiol, E. M., Abundo, M. L. S. & Bellotindos, L. M., 2019. Techno-
economic analysis of a cost-effective power generation system for off-grid 
island communities: A case study of Gilutongan Island, Cordova, Cebu, 
Philippines. Renewable Energy, Volume 140, pp. 905-911. 

Lund, H. et al., 2021. EnergyPLAN – Advanced analysis of smart energy systems. 
Smart Energy, Volume 1, p. 100007. 

Marczinkowskia, H. M., Østergaard, P. A. & Mauger, R., 2022. Energy transitions on 
European islands: Exploring technical scenarios, markets and policy proposals 
in Denmark, Portugal and the United Kingdom. Energy Research & Social 
Science, Volume 93, p. 102824. 

Mardani, A. et al., 2017. A review of multi-criteria decision-making applications to 
solve energy management problems: Two decades from 1995 to 2015. 
Renewable and Sustainable Energy Reviews, Volume 71, p. 216–256. 

Mendoza-Vizcaino, J. et al., 2019. Integral approach to energy planning and electric 
grid assessment in a renewable energy technology integration for a 50/50 target 
applied to a small island.. Applied Energy, Volume 233-234, pp. 524-543. 

Meschede, H., Child, M. & Breyer, C., 2018. Assessment of sustainable energy 
system configuration for a small Canary island in 2030. Energy Conversion 
and Management, Volume 165, pp. 363-372. 

Miaschi, J., 2017. How Many Islands are There in the World?. [Online]  
Available at: https://www.worldatlas.com/articles/how-many-islands-are-
there-in-the-world.html 

Michaelowa, A., Allen, M. & Sha, F., 2018. Policy instruments for limiting global 
temperature rise to 1.5°C – can humanity rise to the challenge?. Climate Policy, 
18(3), pp. 275-286. 

Murtagh, N., Gatersleben, B. & Uzzell, D., 2014. A qualitative study of perspectives 
on household and societal impacts of demand response. Technology Analysis 
& Strategic Management, 26(10), pp. 1131-1143. 

Naghiyev, E. et al., 2022. Cost, context, or convenience? Exploring the social 
acceptance of demand response in the United Kingdom. Energy Research & 
Social Science, 87(10.1016/j.erss.2021.102469), p. 102469. 



 55

Nakata, et al., 2011. Application of energy system models for designing a low-carbon 
society. Progress in Energy and Combustion Science, Volume 37(4), pp. 462-
502. 

Nasirov, S. et al., 2021. Expansion of renewable energy in Chile: Analysis of the 
effects on employment. Energy, Volume 226, p. 120410. 

Natural Resources Canada, 2019. RETScreen. [Online]  
Available at: https://www.nrcan.gc.ca/energy/retscreen/7465 

Nowag, J., Mundaca, L. & Åhman, M., 2021. Phasing out fossil fuel subsidies in the 
EU? Exploring the role of state aid rules. Climate Policy, 21(8), pp. 1037-1052. 

Noy, C., 2008. Sampling Knowledge: The Hermeneutics of Snowball Sampling in 
Qualitative Research. International Journal of Social Research Methodology, 
11(4), pp. 327-344. 

Obara, S., Fujimoto, S., Sato, K. & Utsugi, Y., 2021. Planning renewable energy 
introduction for a microgrid without battery storage. Energy, Volume 215, p. 
119176. 

Pacheco, A. et al., 2022. Energy transition process and community engagement on 
geographic islands: The case of Culatra Island (Ria Formosa, Portugal). 
Renewable Energy, Volume 184, pp. 700-711. 

Parrish, B., Heptonstall, P., Gross, R. & Sovacool, B., 2020. A systematic review of 
motivations, enablers and barriers for consumer engagement with residential 
demand response. Energy Policy, Volume 138, p. 111221. 

Pereira, E. J. d. S., Pinho, J. T., Galhardo, M. A. B. & Macêdo, W. N., 2014. 
Methodology of risk analysis by Monte Carlo Method applied to power 
generation with renewable energy. Renewable Energy, Volume 69, pp. 347-
355. 

Petrovic, B. et al., 2019. Life cycle assessment of a wooden single-family house in 
Sweden. Applied Energy. 

Pfenninger, S., Hawkes, A. & Keirstead, J., 2014. Energy systems modeling for 
twenty-first century energy challenges. Renewable and Sustainable Energy 
Reviews, Volume 33, pp. 74-86. 

Plieninger, T. et al., 2018. Identifying and assessing the potential for conflict between 
landscape values and development preferences on the Faroe Islands. Global 
Environmental Change, Volume 52, pp. 162-180. 

Polatidis, H. et al., 2009. Decision Aid with the MCDA-RES Software: A Wind-
Hydro Energy Application for an Island of the Aegean, Greece. Energy 
Sources, Part B: Economics, Planning, and Policy, 4(4), pp. 407-419. 

Polatidis, H., Haralambopoulos, D. A., Munda, G. & Vreeker, R., 2006. Selecting an 
Appropriate Multi-Criteria Decision Analysis Technique for Renewable 
Energy Planning. Energy Sources, Part B: Economics, Planning, and Policy, 
1(2), pp. 181-193. 

Pratt, B. W. & Erickson, J. D., 2020. Defeat the Peak: Behavioral insights for 
electricity demand response program design. Energy Research & Social 
Science, Volume 61, p. 101352. 

Prina, M. G., Groppi, D., Nastasi, B. & Garcia, D. A., 2021. Bottom-up energy system 
models applied to sustainable islands.. Renewable and Sustainable Energy 
Reviews, Volume 152, p. 111625. 

Ram, M., Aghahosseini, A. & Breyer, C., 2020. Job creation during the global energy 
transition towards 100% renewable power system by 2050. Technological 
Forecasting and Social Change, Volume 151, p. 119682. 

  



 56 

REACT, 2019. Technology. [Online] Available at:  
https://react2020.eu/wp-
content/uploads/sites/5/2021/01/React_technology_EN-1.jpg 
[Accessed 2 May 2023]. 

Ringkjøb, H.-K., Haugan, P. M. & Solbrekke, I. M., 2018. A review of modelling 
tools for energy and electricity systems with large shares of variable 
renewables. Renewable and Sustainable Energy Reviews, Volume 96, pp. 440-
459. 

Robinson, O., 2013. Sampling in Interview-Based Qualitative Research: A 
Theoretical and Practical Guide. Qualitative Research in Psychology, 11(1), 
pp. 25-41. 

Rossi, F. et al., 2023. Comparative scenario-based LCA of renewable energy 
technologies focused on the end-of-life evaluation. Journal of Cleaner 
Production, Volume 405, p. 136931. 

Roy, B. & Słowiński, R., 2013. Questions guiding the choice of a multicriteria 
decision aiding method. EURO Journal on Decision Processes, Volume 1 (1-
2), pp. 69-97. 

Salminen, P., Hokkanen, J. & Lahdelma, R., 1998. Comparing multicriteria methods 
in the context of environmental problems. European Journal of Operational 
Research, 104(3), pp. 485-496. 

Schallenberg-Rodríguez, J. & García Montesdeoca, N., 2018. Spatial planning to 
estimate the offshore wind energy potential in coastal regions and islands. 
Practical case: The Canary Islands.. Energy, Volume 143, pp. 91-103. 

Selosse, S., Garabedian, S., Ricci, O. & Maïzi, N., 2018. The renewable energy 
revolution of reunion island. Renewable and Sustainable Energy Reviews, 
Volume 89, pp. 99-105. 

Sheikh, N. J., Kocaoglu, D. F. & Lutzenhiser, L., 2016. Social and political impacts 
of renewable energy: Literature review. Technological Forecasting and Social 
Change, Volume 108, pp. 102-110. 

Sigrist, L. et al., 2017. Economic assessment of smart grid initiatives for island power 
systems. Applied Energy, Volume 189, pp. 403-415. 

Sinha, S. & Chandel, S. S., 2014. Review of software tools for hybrid renewable 
energy systems. Renewable and Sustainable Energy Reviews, Volume 32, pp. 
192-205. 

Skiniti, G., Daras, T. & Tsoutsos, T., 2022. Analysis of the Community Acceptance 
Factors for Potential Wind Energy Projects in Greece. Sustainability, 14(23), 
p. 16009. 

Skovgaard, J. et al., 2023. Finance for fossils – The role of public financing in 
expanding petrochemicals. Global Environmental Change, 
80(https://doi.org/10.1016/j.gloenvcha.2023.102657), p. 102657. 

Sovacool, B. & Blyth, P., 2015. Energy and environmental attitudes in the green state 
of Denmark: Implications for energy democracy, low carbon transitions, and 
energy literacy. Environmental Science & Policy, Volume 54, pp. 304-315. 

Steffen, B. & Patt, A., 2022. A historical turning point? Early evidence on how the 
Russia-Ukraine war changes public support for clean energy policies. Energy 
Research and Social Science, Volume 91, p. 102758. 

Stephanides, P. et al., 2019. The social perspective on island energy transitions: 
Evidence from the Aegean archipelago. Applied Energy, Volume 255, p. 
113725. 

Storlazzi, C. D. et al., 2018. Most atolls will be uninhabitable by the mid-21st century 
because of sea-level rise exacerbating wave-driven flooding. Science 
Advances, 4(4). 



 57

Szabó, S., Kougias, I., Moner‐Girona, M. & Bódis, K., 2015. Sustainable energy 
portfolios for small island states. Sustainability, 7(9), pp. 12340-12358. 

Taylor, P. G., Upham, P., McDowall, W. & Christopherson, D., 2014. Energy model, 
boundary object and societal lens: 35 years of the MARKAL model in the UK. 
Energy Research & Social Science, Volume 4, pp. 32-41. 

Tegou, L.-I., Polatidis, H. & Haralambopoulos, D. A., 2012. A Multi-Criteria 
Framework for an Isolated Electricity System Design with Renewable Energy 
Sources in the Context of Distributed Generation: The Case Study of Lesvos 
Island, Greece. International Journal of Green Energy, 9(3), pp. 256-279. 

Tian, J. et al., 2022. Global low-carbon energy transition in the post-COVID-19 era. 
Applied Energy, Volume 307, p. 118205. 

Torabi, R., Gomes, L. & Morgado-Dias, F., 2021. Energy Transition on Islands with 
the Presence of Electric Vehicles: A Case Study for Porto Santo. Energies, 
14(12), p. 3439. 

Tran, T. & Smith, A., 2018. Incorporating performance-based global sensitivity and 
uncertainty analysis into LCOE calculations for emerging renewable energy 
technologies. Applied Energy, pp. 157-171. 

Tróndheim, H. M. et al., 2019. The Least-Cost Path to a 100% Renewable Electricity 
Sector in the Faroe Islands. Agia Pelagia, s.n., p. 6. 

Tsoutsos, T. et al., 2009. Sustainable energy planning by using multi-criteria analysis 
application in the island of Crete. Energy Policy, 37(5), pp. 1587-1600. 

Turconi, R., Boldrin, A. & Astrup, T., 2013. Life cycle assessment (LCA) of 
electricity generation technologies: Overview, comparability and limitations. 
Renewable and Sustainable Energy Reviews, Volume 28, pp. 555-565. 

United Nations, 2023. The Sustainable Development Goals Report - Special Edition, 
New York: United Nations Publications. 

Uwineza, L., Kim, H. G. & Kim, C. K., 2021. Feasibility study of integrating the 
renewable energy system in Popova Island using the Monte Carlo model and 
HOMER. Energy Strategy Reviews, Volume 33, p. 100607. 

Walker, I. & Hope, A., 2020. Householders’ readiness for demand-side response: A 
qualitative study of how domestic tasks might be shifted in time. Energy and 
Buildings, Volume 215, p. 109888. 

van den Broek, K. L., 2019. Household energy literacy: A critical review and a 
conceptual typology. Energy Research & Social Science, Volume 57, p. 
101256. 

Wang, J.-J., Jing, Y.-Y., Zhang, C.-F. & Zhao, J.-H., 2009. Review on multi-criteria 
decision analysis aid in sustainable energy decision-making. Renewable and 
Sustainable Energy Reviews, 13(9), pp. 2263-2278. 

Wang, J. et al., 2017. Review and prospect of integrated demand response in the multi-
energy system. Applied Energy, Volume 202, pp. 772-782. 

Wang, L. et al., 2019. A comparative life-cycle assessment of hydro-, nuclear and 
wind power: A China study. Applied Energy, pp. 37-45. 

Wątróbski, J. et al., 2019. Generalised framework for multi-criteria method selection. 
Omega, Volume 86, pp. 107-124. 

Weida, S., Kumar, S. & Madlener, R., 2016. Financial Viability of Grid-connected 
Solar PV and Wind Power Systems in Germany. Energy Procedia, pp. 35-45. 

Weinand, J. M., Scheller, F. & McKenna, R., 2020. Reviewing energy system 
modelling of decentralized energy autonomy. Energy, Volume 203, p. 117817. 

Vellini, M., Gambini, M. & Prattella, V., 2017. Environmental impacts of PV 
technology throughout the life cycle: Importance of the end-of-life 
management for Si-panels and CdTe-panels. Energy, pp. 1099-1111. 



 58 

Whitmarsh, L. & Capstick, S., 2018. Perceptions of climate change. In: S. Clayton & 
C. Manning, eds. Psychology and Climate Change. s.l.:Academic Press, pp. 
13-33. 

Wiertz, T., Kuhn, L. & Mattissek, A., 2023. A turn to geopolitics: Shifts in the German 
energy transition discourse in light of Russia’s war against Ukraine. Energy 
Research and Social Science, Volume 98, p. 103036. 

World Bank, 2022. On the Frontlines of Climate Change, Small Island States Can 
Lead in Resilience. [Online] Available at: 
https://www.worldbank.org/en/news/feature/2022/04/11/on-the-frontlines-of-
climate-change-small-island-states-can-lead-in-resilience 
[Accessed 13 September 2023]. 

Xu, X. et al., 2021. Look-ahead risk-constrained scheduling for an energy hub 
integrated with renewable energy. Applied Energy, Volume 297, p. 117109. 

Zakeri, B. et al., 2022. Pandemic, war, and global energy transitions. Energies, 15(17), 
p. 6114. 

Zeleny, M., 1982. Multiple criteria decision making. New York: McGraw-Hill. 
Zepa, I., 2022. From energy islands to energy highlands? Political barriers to 

sustainability transitions in the Baltic region. Energy Research & Social 
Science, Volume 93, p. 102809. 

Öhrlund, I., Linné, Å. & Bartusch, C., 2019. Convenience before coins: Household 
responses to dual dynamic price signals and energy feedback in Sweden. 
Energy Research & Social Science, Volume 52, pp. 236-246. 

 
 





Acta Universitatis Upsaliensis
Digital Comprehensive Summaries of Uppsala Dissertations from
the Faculty of Science and Technology 2358

Editor: The Dean of the Faculty of Science and Technology

A doctoral dissertation from the Faculty of Science and
Technology, Uppsala University, is usually a summary of a
number of papers. A few copies of the complete dissertation
are kept at major Swedish research libraries, while the
summary alone is distributed internationally through
the series Digital Comprehensive Summaries of Uppsala
Dissertations from the Faculty of Science and Technology.
(Prior to January, 2005, the series was published under the
title “Comprehensive Summaries of Uppsala Dissertations
from the Faculty of Science and Technology”.)

Distribution: publications.uu.se
urn:nbn:se:uu:diva-510328

ACTA UNIVERSITATIS
UPSALIENSIS

2024


	Abstract
	List of Papers
	Contents
	1. Introduction
	1.1 Energy planning on islands
	1.2 Aim and outline

	2. Background
	2.1 Climate change and energy transition
	2.2 Energy transition on islands
	2.3 The REACT project

	3. Methods used
	3.1 The REACT-DECARB Platform (Papers I-IV)
	3.2 Energy system modelling and assessment tools (Papers I-IV)
	3.2.1 Scenario generation
	3.2.2 Assessment tools

	3.3 Decision Aiding Methods and Tools (Papers III-IV)
	3.4 Interviews and surveys (Papers I, IV and V)

	4. Summary of the papers
	4.1 Paper I
	4.2 Paper II
	4.3 Paper III
	4.4 Paper IV
	4.5 Paper V

	5. Discussion
	5.1 Energy transition planning
	5.2 The role of island residents in planning
	5.3 The value of social perspectives to planning

	6. Conclusions
	7. Future work
	8. Svensk sammanfattning
	9. Acknowledgements
	10. References



