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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; Doroti¢, 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-1V) 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 CO; 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 CO; 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 CO; from the air and storing it (Aminu, et al., 2017), increasing
energy savings such as with better building design (Cabeza & Chafer, 2020),
improving farming sustainability (Abbass, et al., 2022) and transitioning away
from fossil fuel based transport (Dominkovi¢, 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).

as

30

® Wind @ SolarPV @ Other renewables

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 CO, 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 CO, 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-Rodriguez & Garcia 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-1V)

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-1V)

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 oft-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; Ringkjeb, 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 (Geid], 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
(Bati¢, 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 Ostergaard, 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 Il 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,

25



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 I1I 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-1V) and lifetime investment cost (Paper IV).
Environmental criteria for the scenarios have been assessed using LCA (Paper
IIT) 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 I'V) and a combined evaluation of different local social impacts
of the planned scenarios (Paper V). 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 I1I-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 & Stowinski, 2013; Watrobski, 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) 11 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 1V, three different MCDA methods have been applied to assess which
energy transition scenario is preferred on the Faroe Islands, the PROMETHEE
I 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
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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 |
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 |
and V was to spread awareness of the REACT project.

The survey in Paper [ 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 1. 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 11

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 111

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 I 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, CO,-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 11, 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
IT 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 (Szabo, 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 (Trondheim,
etal.,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 (Trondheim, 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
IT and III and applied in Papers I-1V 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; Ringkjeb, 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 (Trondheim, 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-1V 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 |
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.

38



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 (L4,
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 (Ohrlund, 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 héllbar omstéllning fran energisystem baserade pa
fossila brénslen till fornybara ar bade nédvandig och gynnsam for samhéllet i
stort, savél som for individen. Denna omstillning dr kanske dn viktigare for
Oar vilka ofta saknar eller har begriansad koppling till fastlandets energinétverk
och som pa grund av sin isolering dr beroende av importerade energikéllor
vilket gor deras energiproduktion mycket osiker och sirbar. Oarna ir ofta
tvungna att anvidnda fossila branslen som inte bara dr ekonomiskt kostsam-
mare utan dven i forlingningen kan leda till klimatférandringar med konse-
kvenser som kan bli 6desdigra just pa dessa platser.

For att paskynda dars hallbara energiomstéllning behovs ett planerings-
verktyg som kan producera praktiska och tillimpningsbara 16sningar och me-
toder som dven omfattar helhetslosningar for en hallbar omstéllning och pro-
duktion av gron energi. Tanken &r att planeringsverktyget ska erbjuda en
okomplicerad och flexibel process som inkluderar relevant teknisk, social,
ekonomisk och miljoméssig information. Det ska samtidigt hantera informat-
ionen pa ett systematiskt sétt, s att ménniskor som arbetar som energiplane-
rare kan anvinda den for att fatta holistiska beslut. For detta syfte har energi-
planerings plattform REACT-DECARB utvecklats.

Energiplanerings plattformen har tillimpats pa atta geografiska 6ar samt
pa en gruppering av dar, samtliga inom EU. Dessa olika omraden har en vari-
erande befolkningsmingd, landyta och klimat och de representerar totalt atta
olika lander. Plattformen borjar med att samla grundldggande data om en 6
och denna data bor vara mer djuplodad 4n bara en inventering av detaljerna
kring Ons befintliga energisystem och potentiella fornybara energi kéllor. I
forst steget bor data samlas in som tillter energiplanerare att utveckla mer
inkluderande och praktiska omstillningsplaner. Till exempel bor specifika de-
taljer samlas in om 6ns markanvindning och potentiella hinder avseende re-
gleringar och icke-regleringar for en omstéllning samt forvéntade elpriser. In-
formation om &bornas energimedvetenhet och motiveringar i forhallande till
deltagande i energiomstéllningsprocessen dr nddvandig for att f6lja plattfor-
mens andra steg.

Efter det att grundldggande data har samlats in kan den anvindas for att
utveckla tekniskt genomforbara scenarier for 6ns energiomstéllning. For att
riknas som ett tekniskt genomforbart scenario bor scenariot inte bara uppna
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Ons energikrav utan ocksa ta hinsyn till befintliga begransningar som upp-
tackts under plattformens forsta studie. Ett sddant scenario bor bland annat
folja eventuella restriktioner for var det &r tillatet att utféra och konstruera
energiprojekt samt om négra typer av energiproduktion &r otillatet. Scenariot
bor ocksa vara realistiskt géllande 6bornas roller och deltagande, eller brist pa
dessa. Plattformens nésta steg styr energiplanerare att genomfora analyser av
varje scenarios sociala, ekonomiska och miljomaéssiga forutsdttningar med
métvirden och metoder som de anser vara bast. Plattformens fjarde steg kom-
binerar resultaten fran analyserna samt de olika scenariernas tekniska detaljer
med en metod for besultsanalys. Denna metod bor informeras av lokala akto-
rers preferenser for att kunna utvirdera vilket energiomstéllnings scenario
som &r att foredra

Plattformens tillimpningar pa olika dar har identifierat mojligheter for en
héllbar omstillning for samtliga av darna. Mojligheterna inkluderar en stor
potential for fornybar energiutveckling, sédnkta priser for elproduktion och ett
potentiellt starkt intresse fran invanarna att delta i omstillningen. Tillimp-
ningarna har ocksa identifierat flertalet potentiella hinder for omstillningen,
bland dessa finns utbredda restriktioner for vart projekt kan utvecklas, bris-
tande politisk samordning samt hoga ekonomiska- och miljoméssiga kostna-
der nir mélet med omstéllningen &r att 6n ska bli helt oberoende i sin energi-
forsorjning. Ett annat hinder som identifierades var att 6borna, trots ett starkt
uttryckt intresse for att delta i aktiviteter for omstillningsarbetet, saknade
medvetenhet och forstaelse for ett antal energikoncept som &r kopplade till
energiomstillningen. Utdver hinder och méjligheter visade tillimpningen av
plattformen att lokalbefolkningens preferenser, bade i den sociala analysen av
scenarierna och nir lokala beslutsfattares preferenser inkluderades i MCDA,
hade tydliga effekter pa det foredragna scenariot for energiomstéllningen pé
0arna.

Sammanfattningsvis erbjuder REACT-DECARB-plattformen en anvén-
darvénlig fyrastegsprocess innehéllande grundldggande planeringselement.
Samtidigt tillater plattformen flexibilitet i hur dessa element inkluderas nér
planerare utvecklar och viljer mer balanserade scenarier for en energiomstall-
ning pa just deras 6. Vidare visar resultaten fran plattformens tillimpningar
att dess vdgledning har formégan att hjélpa energiplanerare att forbéttra sina
planeringsrutiner genom att géra dem mer holistiska och inkluderande, vilket
i sin tur potentiellt kan paskynda processen for 6arnas energiomstillning.
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