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The Island Clean Energy Transition Agenda is a strategic roadmap for the transition process
towards clean energy. It is designed by the local community, for the local community. Starting

from an examination of the current dynamics on the island, the Clean Energy Transition
Agenda spells out a vision of the island that is shared by the members of the island community.
The perspectives of different island stakeholders are aligned to work towards this common
vision by identifying possible pathways, including common goals and effective strategies.

This Island Clean Energy Transition Agenda for Sifnoswas developed jointly by  the Sifnos Island
Cooperative and the Municipality of Sifnos, with the support from  the schools of Sifnos, the Port
Authority of Sifnos and the Agriculture Cooperative of Sifnos. It was co -authored by the Clean
Energy for EU Islands Secretariat who facilitate d the writing of the document and provide d
some technical advice.

This document is the first version of the Clean Energy Transition Agenda for Sifnos which
describes the current context in the island . It illustrates the strategies developed by the
transition team to accelerate the energy transition. In case of new decisions agreed within the
transition team, some modifications could be done at a later stage

The Clean Energy for EU lIslands Secretariat is an initiative o n behalf of the European
Commission aimed at catalysing the clean energy transition on EU Islands. The Secretariat is
managed by Climate Alliance, REScoop.eu and 3E, and collaborates with a wide range of

local stakeholders, authorities, academia and citize ns. The work done by the Secretariat is
done in close collaboration with local, regional, national and international partners, with
particular support from the Technical Educational Institute of Crete and the University of the
Balearic Islands .
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Geographic Situation

Sifnos Island ispart of the Cyclades island group ,inthe region of South Aegean Seain Greece .

Sifnos is located around 130 km from Athens mainland which represent a journey of around 3
to 5 hours.
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Figure 1 Localisation of Sifnos at the country level Taken from Google Maps

Sifnos has an area of 74 km 2, it isabout 15 km long and 7 .5 km wide , and it has a shoreline of
70 km. More than 25% of Sifnos territory belongs to the Natura 2000 European Network of
Nature Protection Areas . In addition, the traditional Cycladic architecture and the
environmental and cultural wealth of the island have led to Sifnos being a Landscape of
Outstanding Natural Beauty since 1976.
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Figure 2 Map of Sifnos Taken from Google  Maps

Its permanent population is 2,625 of which 438 are students, one of the highest per capita ratio
in Greece. During high season , in July and August, the population peaks up to 16,000 with the
tourist visitors.

Other challenges besides the lack of clean energy as mentioned by different local
stakeholders are: basic medical care (no general practitioner), sewage and waste water
treatment, solid waste management,  availability of drinking water, high energy consumption
of public lighting and low quality of road infrastructure.

Local Government

Sifnos is an island municipality . The Island is Governed by the 17 members  of the Municipality
Board, headed by the Mayor of Sifnos, elected every five years

Economic Activities

The main source ofincome  intheisland comes from tourist services provided to approximately
90,000 visitors annually, averaged in the last five years. Other sources of income include
pottery, agriculture, livestock farming, fishing and beekeeping.

Conne ction to the mainland

There is no road connection , neither electrical interconnection, between Sifnosand mainland
Greece and with the surrounding Cyclades islands

SIFNOS
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The scope of the description oihcludesh ¢he demdnd n dnd s energ
generation of electricity, heating, transport on the island , and transportto and from the island.

The analysis is carried out by considering the breakdown of the final energy consumption per

fuel type and sector.

The energy consumption data for Sifnos is based on data retrieved in 2018 from energy
companies and on estimated values in those case s where no data was available. The Hellenic
statistic s authority, the Hellenic Coast Guard of Sifnos, the Public Power Corporation, the
Regula tory Authority for Energy, the Sifnos Island Coop erative and shipping companies
participated in providing  information .

The total electricity consump tion data is provided by the Public Power Cooperation.  Then,
consumption associated to transport on the island is estimated based on the number of
vehicles and an average number of kilometres covered annually. Consumption due to ferry
transport is estimate d according to the quantity of arrivals and departures provided by the
Hellenic Coast Guard of Sifnos, the average consumption of the vessels communicated by

two ferry companies, the average distance of trips and an appraisal of the percentage of

participa tion.

Figure 2 gives the annual energy consumption breakdown . The highest energy consumption is
due to transport to and from the island , 529,733 MWh per year , which adds up to  88% of the
final energy consumption. The largest share of energy is consumed as diesel and fuel oil.

Renewable energy , for both heat and electricity , make s up only a small share of the energy
sources.

Energy consumption breakdown

TRANSPORT TO AND FROM THE 88%
ISLAND

ELECTRICTY 8%

TRANSPORT ON THE ISLAND 3%

HEATING | 1%

Figure 3 Annual energy consu mption breakdown

The sections below give a discussion per energy vector.
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Transport to and from the island

The transport to and from Sifnos represents the major
with 8 8% of the yearly total energy  consumption, 529, 733 MWh. The island is only connected

to the mainland by ferries, there are no plane connections. The frequency of ferries is
characterised by seasonality.  During high season, around 25 to 30 ferries travel  toand from the
island per week compared to only 3 connections per week during the rest of the year. In total,

1,966 ferries arrived on Sifnos in 2018.

Three ferry companies connect Sifnos with ~ the main land and neighbouring other islands : Sea
Jets, Aegean Seed Lines and Zante Ferries. The ferries are using both diesel and marine diesel

oil to power the vessels. According to the ferry companies, the average consumption of the

diesel and the marine diesel oil vessels are respectively consuming 154 liters of diesel per
nautical mile and 1 90 liters of marine diesel oil per nautical mile. In 2018, almost 2.5 million liters

of diesel and 5 million liters of marine diesel oil were consumed to power the ferries from the

port of Piraeus to Sifnos. The total emission is about 141,968 tCO 2eq/year which represents 89%
oftheisland 6 s t ot a lemissions.u a |

Electricity

The share of electricity consumption per sector is shown in Figure 3. The results highlight the
high electricity consumption from the tertiary non municipal buildings which gathers
businesses, offices and mainly hotels. The high standards hotels of Sifnos are equipped with
devices which are consuming significant amount of energy like AC cooling systems or lighting.

Around 60% of the total electricity consumption on the island comes from hotels. Tourism is the
main source of income on the island which has an important impact on its economy. The rest

of the electricity is consumed in residential and municipal buildings and only a few is consumed

for agriculture, forestry and fisheries.

Electricity consumption per sector

Tertiary (non municipal) buildings,

equipment/facilities 60%

Residential buildings 25%
Public lighting 9%
Municipal buildings, equipment/facilities 5%

Agriculture, Forestry, Fisheries 1%

Figure 4 Annual e lectricity consumption per sector

The island is not electrically inter-connected to the other Cyclades islands. The total installed
capacity is11.5 MW, which is mainly generated by the diesel power plant in Plakoto owned

by Public Power Corporation (PPC). A picture of the power plant is shown in Figure 4. It utilizes
nine synchronous generation units of 1.1 MW each. The annual diesel demand for power
generation is more than 4 million li  tres (which represents a primary energy demand of 44,982

MWh) and it is used to produce 18 GWh of electricity. This demand includes electricity
consumption for the desalination of sea water for the supply of 90% of the fresh water



Q)
CLEAN ENERGY @

..~ FOR EU ISLANDS

SIFNOS
requirements of Sifnos. The annual consumption for the desalination of the water in Sifnos is
372 MWh which represents 2% of the total annual electricity consumption.
Figure 5 : PPC&6s diesel power pl ant i n Pl akotxedgensisfcanted, wi t h exh
fuel tanks (centre and lower right), two containers with mobile gensets (centre and left) and the 1.5 kv
distribution lines (left)
Besides the fossil-fuel based generation,  Sifnos counts with 335 kW of photovoltaics generators
distributed over 25 residential and two small commercial installations. The photovoltaic
installations produce 589 MWh of electricity per year. Early in 2019, the national P ublic Power
Corporation installed 2wind turbines with atotal capacity of 1.26 MW ontheisland. This project
was supported by the local community energy initiatives to address the concerns of the
residents regarding wind turbines.
Table 1 Sifnos sources of electricity generation
Primary energy Final energy  Share
Technology demand production of
MWh/yr MWh/yr total

Diesel 44,9082 18,704 80.8%

Wind power - 3,863 16.7%

Solar Power - 589 2.5%
The final energy produced by the wind turbine shown in Table 1 is an estimation, assuming a
capacity factor of 0.35 according to the value found
-Technical Descriptiond report.

Figure 5 shows the estimated electricity demand curve in 2020 in Sifnos. It highlights the
significant seasonal variation in the electricity demand due to tourism, with a maximum peak
demand of 6 MW in summer comparedto 3 MW in winter.
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Figure 6 Electricity demand curve in 2020 in Sifnos

Transport on the island

When converted to primary energy equivalents, the energy consumption on the island used

for internal transportation is 17,281 MWh, coming from diesel and gasoline . Thisrepresents 3%
ofthei s | ayeadtstal energy consumption and includes vehicles used on road transport -
mainly cars, buses and moto -cycles.

There are several bus lines on the island, serv ed by two municipal and three privately owned
buses that connect the individual vi llages with Apollonia, the main village. The average
distance between two connection points is 7 km. The tourist offices also offer mini -van and
coaches to transport the tourists. Another alternative is the taxi , with ten taxi vehicles operating
on Sifnos.

The last green transport mode in Sifnos is the bicycle . However, due to the rolling countryside
bicycles are notreally used on the island. Few hotels  offer the possibility to rent an electric bike
which allow tourists to visit the island  in a more carbon -neutral way.

Heating

Heating represents a small share of the energy consumption per year, 2.8 GWh . This isdue to
high winter temperatures in Sifnos, around 10°C. Heating -oil which is predominantly used  for
heating in the residential sector . Sifnos counts 1,002 households, 20 hotels and 10 public
buildings. Some solar thermal devices are also installed in some buildings which produce
628 MWh additional heat per year for use in households and hotels.

10
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Civil society organizations

Sifnos Island Cooperative

In January 2014, the Sifnos Island Energy & Development Cooperative (SIC) was founded in
accordance with the International Co -operative Alliance principles.

TheSi fnos | sl and Energy & Devel opment Cooperat
of renewable energy installations capable of securingthe  energy autonomy of Sifnos Island.
In order to achieve this objective, S  ifnos Island Cooperative has signed a Memor andum of
Collaboration with the Municipality of Sifnos and has conducted a full project study , the
Sifnos Hybrid Station, and applied to the Regulatory Authority of Energy (RAE) in Greece, for

a production permit for a Hybrid Power Station.

Contact:  Sofia Armeliniou

Businesses

Production Supervisor in Sifnos P ublic Power Corporation Thermoelectric Power Station

The Public Power Corporation is involved in the energy transition in the island. At the
beginning of the year, the Public Power Corporation installed two wind turbines in Sifnos
which increased the share of renewables on the island.

According to the Sifnos Island Cooperative, the Pub lic Power Corporation is interested in the
Sifnos Hybrid Station as its operators working in the thermal power plant could work in the
Hybrid Power Plant.

Contact: Apostolos Diaremes

Association of Professionals & Merchants

The association is positive towards sustainability; however , the members feel a bit sceptical
about the Sifnos Island Cooperative regarding the size of the project.

Rental House Association

The association is positive towards sustainability in general and is supporting the Sifnos Island
Station project. The membersof t he association dondt urregadingt
the integration of the Sifnos Island Station, and they would like mo re information about the
Sifnos | sland Cooperativefs activities.

Public Sector

Governmental Actors

President of Sifnos Municipality Board

11
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The Municipality of Sifnos has signed a collabor ative agreement with Sifnos Island
Cooperative in October 2014 and since, the Mayor of Sifnos joined the Sifnos Island
Cooperation representatives on their visits to the Ministry of Energy, RAE, HEDNO etc.

On the 12t of October 2018, the Municipality Board of Sifnos unanimously decided to fully
support the project of the Sifnos Hybrid Station presented in detail by the Sifnos Island
Cooperati ve. In addition, the Sifnos Municipality decidedto become a member of S ifnos
Island Cooperati ve once the Sfnos Island Cooperative will change its statue into Energy
Community in accordance to the new law.

Contact: Konstantinos Soulis

Greek distribution system operator (HEDNO)

HEDNO in general is supportive to the energy  transition of the Greek non -interconnected
islands through hybrid (i.e., generation & storage) power plant concepts. Several
representatives emphasize the need to prioritize public resources and efforts and they
recommend giving priority to islands that ma y not become connected to the mainland

in the medium -term future.

Greek Regulatory Authority for Energy  (RAE)

The Greek Regulatory Authority for Energy is currently processing the Sifnos Island
Cooperativeds application for a pSifwweHybrig Statidnu «
The application was submitted in September 2016 and complemented in April 2017.
According to the Sifnos Island Cooperative, t he Regulatory Authority of Energy signalled

in November 2018 that the application had passed the technical evaluation and entered

the financial evaluation.

Schools and Academia

Primary Education

Kindergarten

In the kindergarten and schools of primary education in Sifnos , environmental education is
implemented within school hours  in which a Il students are involved. Some of the them es are
pollution, recycling, biodiversity, waste management, renewable energy sources etc.

Teacher s are raising awar eness among the pupils about climate change and to make them

aware of their responsibilities recycling, energy waste, overconsumption and renewable
energy recourses.

Few years ago, all schools of Sifnos (kindergarten, primary, secondary) were involved in  a
project reducing plastic bags on the island, co -organized with the  Sifnos Island Cooperation

Contact: Evangelopoulou Maria

12
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Secondary Education

Gymnasium -Lyceum of Sifnos

The Sifnos Secondary Education provides e nvironmental education and raises awareness
among students. The objective of this program is to educate the student s to become
sustainable citizens which respect their environment.

Contact: Nikos Mpelios

University

Technical Educational Institute of Crete (TEIC)

The Sifnos Island Cooperative has been closely collaborating with the TEIC since December
2015. The TEIC supported them with the technical description of the hybrid power plant and
the application for the power production permit.

13
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Non -Interconnected Island  policy and regulation

According to the Mini st the total penediratieniofinstalled c8paciysof 9 5 , o}
wind, solar and small hydroelectric power plants connected to the P ublic Power Corporation

network and independent producers on isolated islands or interconnected one to another,

shall not exceed 30% of peak hourly demand (in MWh) for the last year in which there are

officially published Public Power Corporation data . 0

National policy and regulation

Greece has access to renewable energy sources such as hydro -power, wind, solar energy and

biomass. Al most 61% of Greece®s primary energymangeds are
fossil fuel (99.6%), with the remaining 39% being covered through domestic energy sources,

mainly lignite (77%) and RES(22%)(1). Greece is making strong efforts as it  nearly doubled its

share from RES from 6.9% of gross final energy consumption in 2004, to 15.5% in 2017  (2). Over

the period 2000 to 2015 the energy efficiency for final consumers improved by 33%. The larg er

decrease was registered to transport sector with a decrease of 40% over the period, then to

industry with a decrease of 29% and to household with a decrease of 28% 3).

a. Targets

The governmentds declared policy is to diversify &en
dioxide (CO2) intensity of the economy while increasing energy security and implementing
energ y market reforms to make the sector more competitive 4).

Greeceds NECP is bagpd on three pillars

o In terms of renewable energy, the target for 2030 is set at a share of 31%. To achieve
this goal, the plan foresees a radical transformation of the electricity sector, as
renewable energy will substitute fossi | fuels with over 55% of final electricity
consumption.

o0 Increasing e nergy savings with one -third of current consumption by 2030. This
practically means , among others, renovating and replacing 10% of residential buildings
by 2030 with new near -zero energy ¢ onsumption.

0 The reduction of energy poverty, by ensuring equal and unhindered access to basic
goods and services for all

Greeceds 2030 target for greenhousESSspcos,istoréddcd)t e mi ssi o
by 16% compared to 2005. In the NECP Gre ece also aims to reduce dependence on lignite
power and provides th e framework for investments totalling EURS3S5 billion .

Greece has made steps towards the promotion of energy democracy and boosting citizens
participation .Withthe Act N4513/2018 (6),the conceptof energy communities was introduced
in Greece and isdefine d as urban partnerships to strengthen the sub -economy and innovation
in the energy sector. The law aims to enable citizens, local actors such as municipalities and
regions and small and medium -sized local businesses to participate in the energy transition
and energy planning through their dir ect active involvement in energy projects, with priority
being givento RESEnergy communities can produce, distribute and supply renewable energy

from plants up to 1 MW.

14
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b. Sector regulation
1 The Ministry of Environment and Energy (YPEN) has the responsibi lity for the definition
and implementation of the national energy policy as well as the coordination of the
energy sector, including the promotion of RE%7).
1 The Regulatory Authority for Energy (RAE) is an independent administrative authority,
with financial and administrative independence under the supervision of YPEN.
1 RAE monitors the operation of the energy markets, including electricity from RES (8).
1 The Operator of the Electricity Market (LAGIE) has the responsibility for the operation of
the electricity market (9).
1 The Independent Power T ransmission Operator S.A. is the Transmission System Operator
for the Hellenic Electricity Transmission System (10).
1 The Hellenic Electricity Distribution Network Operator S.A. (HEDNO/DEDDIE) is tasked
with the operation , maintenance and development of the power distribution network
in Greece (11).
1 The Centre for RESand Saving (CRES) is a national entity for the promotion of RES
rational use of energy and energy conservation (12).
European policy and regulation
1. Energy and climate action
Energy is one of several shared competences between the European Union (EU) and the
Member St ates. EU policy is currently based on three
1 Competition;
I Sustainability;
1  Security of supply
Through policy and regulatio n, the EU promotes the interconnection of energy networks and
energy efficiency. It deals with energy sources ranging from fossil fuels, through nuclear power,
to renewables (solar, wind, biomass, geothermal, hydro -electric and tidal). Three legislative
packages were adopted to harmonise and liberalise the internal European energy market
between 1996 and 2009. These addressed issues of market access, transparency and
regulation, consumer protection, supporting interconnection, and adequate lev els of supply.
For a while now, the EU is acti vel y-caponcsocietyanshig Eur oped

regularly updating its rules to facilitate the necessary private and public investment in the
clean energy transition

A variety of measures ai ming to achieve an integrated energy market, the security of energy
supply and a sustainable energy sector are at the cor

1T Renewables Directive: mandatory targets, national
1 Emission Trading Scheme ( ET$, reflec ting a carbon price to achieve the cap.

1 Energy Union: secure, sustainable, competitive and affordable energy

1 3rd energy package: unbundling, harmonised grid operation rules, network codes etc.

1 Energy Efficiency Measures

1 Institutional measures: ENTSOs, LER, CEERE¢

1 Development of the longer  -term framework: 2020, 2030, 2050,

15
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As the EU is on track t o EUleaddrs agréedis OcobeRW14toranevg et s, t he
climate and energy objectives for 2030 following a proposal put forward by the European

Commission. The 2030 framework aims to make the European Union's economy and energy

system more competitive, secure and sustainable. It will increase certainty for investors,

especially for long -term infrastructure projects, and give guidance to EU governme nts in

preparing national policies.

European climate and energy targets

=20 % 20% 20 %
2020 GHG renewables energy
emissions efficiency

32 9% 32.5%
2030 renewables Ly
efficiency

A centrepiece of the 2030 framework is the binding domestic target to reduce greenhouse

gas emissions by 40% below 1990 levels by 2030. This will put the EU on the most cost  -effective
path towards its agreed objective of an 80 -95% reduction by 2050. EU leaders also agreed on
raising the share of renewable energy to at least 32%, and an indicative energy efficiency
target of at least 32.5% by 2030. The proposed framework will bring multiple benefits: reduced
dependency on imported energy, a lower bill for imported energy, greater innovation,
economic growth and job creation, increased competitiveness and better health through

reduced air pollution.

2. Latest legislation package

On 30 November 2016, the European Commission published its so -called "Winter Package" with
eight proposals to facilitate the transition to a "clean energy economy" and to reform the

design and functioning of the European Union's electricity market. This pa ckage of proposals
can be divided into three categories:

1 proposals to amend the existing energy market legislation;
1 proposals to amend the existing climate change legislation;
I proposals for new measures.

In the autumn of 2018 and spring of 2019, several d irectives were adopted  under the Clean
Energy for all Europeans Package . The eight legislation measures can be placed in four
groupings:

1. Enerqy Efficiency:
o The Energy Efficiency Directive; and
0 The Energy Performance in Buildings Directive
2. Internal Energ y Market Reform:
o The Internal Electricity Market Design Regulation;
0 The Internal Electricity Market Design Directive;
o0 The Agency for the Cooperation of Energy Regulators (ACER) Regulation; and

16
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o0 The Risk Preparedness in the Electricity Sector Regulation.
3. Renewable Energy:
o0 The Renewable Energy Directive;
4. Governance:
0 The Governance of the Energy Union and Climate Action Regulation.

These new Electricity Market Design  (EMD) rules make the energy market fit for the future and
place the consumer at the cen tre of the clean energy transition. The new rules are designed

to empower energy consumers to play an active role in driving the energy transition and to
fully benefit from a less centralised, and more digitalised and sustainable energy system. The

new rules enable the active participation of consumers whilst putting in place a strong
framework for consumer protectio  n.

The Clean Energy Package

Innovative Inter-connected

I Enabling Framework — IEE— ﬁ

Energy Union Governance

Inclusive

Energy Efficiency Renewables Electricity Market
Design
2 Energy Efficiency Revised gD
= Directive, Energy | Renewable
. : Performance of ‘ —— ‘ Energy gelricity marke
Seoclly- e RiCclive Regulation on risk-

mssmme Buildings Directive
preparedness,

ACER regulation

Safe for all
_e----- ;

Digital Investment-friendly

3. Energy communities

For EU Islands the most important new rules are those that empower  citizens and small
producers under the new concept of Renewable (REDII) or Citizens (EMD) Energy
Communities . These are groups of citizens, social entrepreneurs, pu blic authorities and
community organisations participating directly in the energy transition by jointly investing in,
producing, selling and distributing renewable energy.

17
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* Generation of energy from renewable resources and technologies, which are partly or wholly owned by local
communities

* Groups of citizens, social entrepreneurs, public authorities and community organisations participating directly in
the energy transition by jointly investing in, producing, selling and distributing renewable energy

What can they do?

* Produce, consume, store and sell renewable energy, including through renewable power purchase agreements;

* Share, within the renewable energy community, renewable energy that is produced by the production units
owned by that renewable energy community;

» Access all suitable energy markets both directly or through aggregation in a non-discriminatory manner

It is noticed throughout the EU that the participation of local citizens and loca | authorities in
renewable energy projects through renewable energy communities has resulted in substantial

added value in terms of local acceptance of renewable energy and access to additional

private capital which results in local investment, more choice for consumers and greater
participation by citizens in the energy transition. Therefore, the RED Il and the EMD state that
the Member States should ensure that renewable energy communities can participate in
available support schemes on an equal footing w ith large participants. To that end, Member
States should be allowed to take measures, such as providing information, providing technical

and financial support, reducing administrative requirements, including community -focused
bidding criteria, creating ta ilored bidding windows for renewable energy communities, or
allowing renewable energy communities.

It is up to the Member States to setthe  fees and tariffs to be borne by the CEC . They can allow
the CEC to be a distribution system operator (DSO) or a closed distribution system operator
(CDS), and they must facilitate the roll -out of RECs by removing market barriers and taking
account of RECs in support mechanisms.
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Sifnos Island has actively undertaken a path to achieve 100% renewable energy generation
Their specific chosen path, its impact and alternative choices are discussed in more detail sin
this section.

The transition team of  Sifnos, charged with spearheading the Clean Energy Transition Agenda,

is mainly driven by the Sifnos Island Cooperative , the Municipality of Sifnos, with the support
from the faculty and the schools of Sifnos, the Port Authority of Sifnos and the Agricultu re
Cooperative of Sifnos ,which gather people willing to participate in the energy transition of the
island .

The members of the transition team have been working together to develop a vision for Sifnos.

The Sifnos Municipality with the Sifnos Island Cooper ative signed the Memorandum of
Understanding where the parties agreed on their responsibilities towards the development of

the Clean Energy Transition Agenda.

The transition team had carried out together activities to raise sustainability on the island. A
relevant example is the action implemented to reduce the use of plastic bags on the island.

The action was led by the Sifnos Island Cooperative and supported by both the Municipality

of Sifnos and the public schools who organized educational activities to raise awareness
among the students.

Since 2013, the members of the Sifnos Island Cooperative have done lots of strategizing in
order to develop a strong vision for their islands.

The Sifnos Island Cooperative has developed in collaboration with the  Technical Educational
Institute of Crete an energy project study to install a Hybrid Power Station combining wind

turbines and a hydro pumped storage system. The project has been submitted to the
Regulatory Authority of Energy (RAE) in Greece, and since the S ifnos Island Cooperative is
waiting for the approval of the project. The project is still currently under revision by the Greek

Regulatory Authority for Energy  which caused a delicate situation on the island.
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The vision developed by the  transition team isto turn Sifnosinto an energy independent island

thanks to predominant local renewable sources. The main objective behind it, is to protect the
island community and  its economy.

In order to produce 100% of renewable energy by 2030, t he electricity will be generated from
renewable sources installations jointly owned by the inhabitants of Sifnos and private investors .
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The core pillars of the energy transition represent the energy -related areas whereimp  rovement
should be addressed for the energy transition . For each of the pillars of the Local Energy
Transition, a general objective is identified and a strategy, including organisational structures

and relevant technologies, are described. These pillars li nk the vision of the transition with the
current island reality. If developed, the pillars will include the financing concepts that have
been considered.

Pillar 1 & Electricity generation and storage

Objective : To take ownership of electricity  production on the island in order to bring economic
benefits and local employment to the island communities.

There have been studies that investigate d possible solutions for achieving energy
independence, these solutions are divided into one strategy and two technology alternatives.

Strategy | To build and operate the Sifnos Hybrid Station
- Wind potential assessment

Technolo . . ) . .
. 9y To install PV panels combined with electric batteries
Alternative |
Technology To use deep sea storage system
Alternative I P ge sy

Each of these solutions were investigate  d and the values provided are directly taken from the
following reports:

1  Technical description of a Hybrid Power Plant guaranteed Power 8 MW in Sifnos Island,
developed by the Sifnos Island Cooperative in collaboration with the Technical
Education Institute of Crete in 2016

1 Optimization of the energy supply system of the island Sifnos, submitted by the
Fraunhofer - Institute for Energy Economics and Energy System Technology in 2018.
1 CellCube 0 a storage system based on the vanadium redox flow technology submitted

by TESCO engineering in 201 6
Strategy 1: To build and operate the S ifnos Hybrid Station

The first strategy that the island is considering is a combination of wind and hydro pumped
storage. Their intention is to completely remove the usage of diesel for electricity generation
by implementing these two technologies.

The Sfnos Hybrid Station was conceptualised based on 3 principles.

1. De-carbonization : The Sfnos Hybrid Sation project aims at 100% R enewable Energy
Sources electricity generation and gradually replacing oil for heating and transport
(electric vehicles, boats, hydrogen fuelled ferry) rendering Sifnos 100% RES self -sufficient
by 2030.

21

SIFNOS



CLEAN ENERGY

FOR EU ISLANDS SIFNOS

2. Sustainable development : The Sfnos Hybrid Sation is a long -term infrastructure project
fully protecting and substantially enhancing the touristic character of the island for the
present and for generations to come.

3. Innovation : The employment of sea water for Hydro  -storage combined with  renewable
energy sources could be the first hybrid system of its kind installed in Europe which will
be an example for EUislands and maritime territories.

Technology description

The proposed technology isbased on wind generation combined with a pump hydro storage
system described as follows in the  Sifnos Island Cooperative feasibility report:

Technical description of a Hybrid Power Plant report

0The Sifnos Hybrid Station is composed of several wind turbines and a hydro pumped storage
system. The hydro storage systems use an upper reservoir to pump up water when there is
excess power generation and a lower reservoir to drain the water through hydro generators
when energy is de manded. The innovative component of the proposed project is to use the
sea as a lower reservoir, providing immense water capacity, compared to the scarce fresh
water available on islands and lowering the costs of building a lower reservoir. 6

The Sifnos Island Cooperative, supported by the municipal ¢ ouncil, is developing the Hybrid
Power Plant Project which consistsof a wind park of 11.5 MW and a Pumped Hydro Storage
Plant with a Hydro Power capacity installed of 8 MW. The capacity was based on the annual
power peak demand which is 6. 37 MW in order t o cover 100% of the annual electricity
consumption. The feasibility study has been published in 2016 and the project is still currently
under revision by the Greek Regulatory Authority for Energy - REA.

Technical description of a Hybrid Power Plant report

The guaranteed power from the hydro -turbines and during a 24-hour period implies
guaranteed energy output, on average, per day, equal to 42 .46 MWh. Accordingly, the
effective capacity of the upper reservoir to produce guaranteed energy is for 18.69 days ,
starting for fully filled and without any energy storage during this period . This autonomy
period of the system ensures its sufficiency and ability to continuously meet the power
demand from the hybrid  power plant safely.

Maturity of the technology

Both wind energy and pumped hydro storage are mature technologies. Pumped hydro
storage is an attractive solution for medium  -term storage system which is relevant for island s
with high seasonal differences in electricity demand . Moreover, pumped hydro stor age has a

relatively high round trip efficiency of around 80-85%.

The innovative component of the proposed project is to use seawater instead of fresh water

Thisrequires some precautions. First ly, sea water is very corrosive due to its salty composition

The materials chosen for the construction of the reservoir, the penstocks and the turbine are

determinant to ensure the durability of the componen:
use steel but FRP material could be a good alternative (13). Second, the potential infiltration of

seawater inside the soil will have a harmful impact on the surrounding ecosystem. It is important
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to use highly efficient impermeable liners to avoid infiltration. Last, it is necessary to build a
proper energy dissipa tion system in order to avoid damages when the water is discharged into
the sea.

According t o t he Si f no s althoagh ahe duse Wb sep ewatert seems |, 0

complicated, marine grade equipment and machinery for pumping effectively sea water
have been widely used by marine vessels for decades and all sea water corrosion aspects
have been successfully addressed. The potential infiltration of seawater inside the soil which
will have a harmful impact on the surrounding ecosystem will be excluded thanks to
double layer sealing foreseen by the study for the construction of the sea water reservoir. The
first (lower) sealing layer will made using Bentonite from the nearby Island of Milos. The second

the

(upper) sealing layer will be the same as the one used in the sea water reservoir in Okinawa,

Japan, with a perfect service record of 17 years. The Sifnos Hybrid Station solutions to use sea
water will be an example for the following worldwide projects. 6

Assessment of grid balancing benefit

On a general aspect, a hydro pumped storage system, according to its capacity, can allow
a high renewable penetration while maintaining the island grid balanced . Hydro turbines can

be ramped up relatively quickly which gives to the technology a fast time response.

Hydropower can store electricity over weeks, months or season s according to the size of the

reservoir and the water evaporation

Grid congestion is currently one of the main barriers of increasing the penetration of renewable

electricity generation in Sifnos. The storage system of the station presents the advantage to

increase th e grid absorption capacity for renewables .

Market

Technical description of a Hybrid Power Plant report

for the t otal cost of the project . It states thatt he most expensive components of the project

Station will come from the sale of guaranteed electricity and the sale of guaranteed pow

The results of the Sifnos Hybrid Station financial analysis show an estimation of EUR 37,255,000

the wind park and the upper reservoir which  represent respectively 35%and 25% of the total
investment costt According to the study, t he i Sifvos Hybride

er.

The Sifnos Island Cooperative highlighted thatthey  0expects to find the required equity for this
project mainly from citizens (residents and sympathizers) as well as a minority share from the
contractor. In addition, the Cooperative is pl anning to apply for financial help from the
European Investment Bank to finance the Sifnos Hybrid Station which offer loans with low

interests. On the income side, the feasibility study estimates a required feed -in tariff of 324

EUR/MWh. The Sifnos Island Cooperative 8s i s now waiting for a
the Greek energy regulator RAE. 6

Examples of previous projects or case studies

9 Tilosis a small Greek island with a total permanent population of 500 inhabitants during

power

the winter and approximately 3,000 in summer. Currently, Tilos is supplied by an
underwater cable  which is not reliable and caused several blackout sin the past. The
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new r enewable energy system developed through an EU Project, is a hybrid system

which combines batteries  with a total capacity of 2.88 MWh and a nominal power of

800 kW, that are recharged by an 800 kW wind turbine and a photovoltaic park of

160 kWp. In case of emergency, a diesel genset is connected to the grid. The electricity

generation is optimized by Smart Metering and Demand Side Management tools. TILOS

received EUR11 million of funding under the EUG6s Hori
total cost of the proje ctis EUR15 million. This project is the first battery -based Hybrid

Power Station in Greece and issuance of all relevant permits, including the firs PPA,

which disrupted the local energy market and paved the way for system replication.

1 El Hierro is a small volcanic island in the Canary archipelago. Until recently, electricity
was generat ed by diesel generators . In 2014, a hybrid power system consisting of  five
wind turbines of 2.3 MW and pumped -storage hydropower system was installed with a
total capacit y of 10 MW. The total cost of the project was EUR82 million, and the
project has been criticized for its high capital and operational cost. A main difference
between the El Hierro project and the Sifnos Hybrid Power system is that El Hierro  was a
projectbasedonatop -downapproach whereasthe HPS projectin Sifnos is developed
by the Sifnos Island Energy & Development Cooperative (SIC) that works according to
a bottom -up approach.

1 In Okinawa, in Japan, the Yanbaru plant was an experimental Seawater Pumped
Hydro Storage Station installed in 1999. The total capacity of the station was 30 MW
and the Philippine Sea is used as the lower reservoir. The inner surface of the reservoir
wa s covered with an impermeable liner to avoid seawater infiltration and the fibre -
reinforced tubes are used instead of steel tubes to prevent corrosion. Last, the turbine
is made of stainless -steel resistant to sea water. The Japanese operator could not put
the power station into practical use because the electric demand  in Okinawa had not
grown as predicted, and the plant was not profitable as a business . For this reason, t he
power plant was dismantled in 2016.

1 In Chile, Espejo de Tara paca, is aproposed 300 MW pumped hydro storage plant that
operates with seawater. The goal of this project is to eliminate the intermittency issues
of a 561 MW photovoltaic solar plant.  The construction of the plant should begin in
2020.

Key stakeholders to enga _ge for further development

Greek Regulatory Authority for Energy
Civil work company

TSO

Sifnos Island Cooperative

Local authorities

Power grid operator (IPTO/ADMIE)

=A =4 =2 -4 =4 -4 A

Public Power Company (PPC)
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Wind potential assessment

An initial wind assessment study was conducted using available data from various measuring
stations around Sifnos .

Technical description of a Hybrid Power Plant report

The results from the Sifnos Hybrid Sation study show a mean wind speed of 5.1 m/sec at an
altitude of 74 m. The installation of the 2 ,000 kW wind turbine, located at 78m above ground
level, will provide around 7 GWh per year taking into consideration the shading, hysteresis
and transmission losse s. Taking into consideration the annual electricity consumption in
Sifnos, 18 704 MWh, 3 wind turbine sof 2,000 kW will cover the future demand.

Assessment of grid balancing benefit

Integrating wind generation into the grid affects the power system 0 security and stability due
to the intermittency of the generation. In Sifnos, it is currently not possible to inject more
electricity into the grid due to the little available grid capacity. Combining renewable

generation with a storage solution ¢ ould solve this situation.

Market

The cost of electricity from wind is falling. In December 2018, Wind Europe published an article
highli ghting that the price of onshore wind turbine had decrease d compared to July 2018 from
EUR68-72/MWh to EURS55-65/MWh , according to the results from the second onshore wind
auction. The low -price can be explained by the participation of investors with large wind
portfolio in Greece which put pressure to decrease prices. These results are promising for the
future of wind ene rgy in Greece.

However, it is important to note that the balancing cost (storage cost) must be considered
together with the cost of wind power. Without the necessary infrastructure for grid balancing
it is impossible to increase the number of wind turbine s in the island grid.

Examples of previous projects or case studies

1 The Public Power Corporation installed in Sifnos two wind turbines of 1.26 MW capacity
at the beginning of  2019.

The Sifnos | sl and Coop ewiatmeasuements begunl iimIO80 andhhayt
had to wait 30 years the installation of wind turbines. In addition, during the installation of the

two wind turbines, the crew erecting the wind turbines quoted that Sifnos was the first island in
Greece they faced no opposition of any k ind while transporting the wind turbines from the
port to the erecting site. 0

Key stakeholders to engage for further development

1 Local community

1 Power grid operator (IPTO/ADMIE)
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1 Public Power Company (PPC)

Alternative Transition Paths

Concentrating the electricity generation on one rene wable source to generate electricity
could present a risk due to the unreliable characteristic of renewable sources . A solution to
prevent this risk could be to diversity the sources of electricity genera  tion. For the Sifnos Hybrid
Station, the integration of both solar and wind resources combined with a storage mechanism

could balance much better the grid and ensure a more reliable system.

The Sifnos Island Cooperative believe sthat dcombining wind turbi  nes and PVs for the electricity

generation in Sifnos Hybrid Station present significant advantages. Especially due to the

apparent climate change, the regular Northern winds that have always been blowing in the

Aegean Sea during July and August, could not blow for several consecutive days. Therefore,

the employment of 2 MW PV at the expense of a wind turbine is gaining momentum among

the Sifnos |Island Cooperativeds technical t eam. Fi na
the requested Production Permi t, in accordance to the existing regulatory framework in

Greece. 0

Another important aspect in the integration of renewables in a hon -interconnected island like
Sifnos, is the existing limitation of penetration. According to the Ministerial Decision 8295/9 5,
othe total penetration of installed capacity of wind, solar and small hydroelectric power plants
connected to the Public Power Corporation network and independent producers on isolated

islands or interconnected one to another, shall not exceed 30% of pe ak hourly demand (in
MWh) for the last year in which there are officially published Public Power Corporation data . 0

The total installed capacity in Sifnos of both wind 1.26 MW and solar PV 335 kW, has almost
reach ed the 30% of peak hourly demand. Theinte gr ati on of renewable wonot
without combining it with system storage.

Technology Alternative I Toinstall PV panels combined with electric batteries

Technology description

1 Photovoltaic systems convert solar radiation to electricity , which is then either directly
consumed locally orfed into the electricity grid. As power production depends on the
presence of sunlight, generation is highe st during midday and there is no production
at night. 335 kW of PV panels have a Iready been installed on the island. They produce

about 2.5% of the islandds a mByinceadsingtheawnberofci ty con
PV modules on public building, hotels and private housing, the percentage of
renewables in the electricity mix canincreas eandt he i sl andds dependence

fuel decreased. Moreover, as suggested by the Sifnos Island Cooperative, diversifying
the energy sources with a large Solar Plant will bring more reliability to the gird.

1 Several types of electric battery technologies exist on the market. The most widely

utilised for utility scale energy storage systems is lithium  -ion technology . In general, th is
technology exhibits a high average storage cycle efficiency of 80 -90%.
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Potential of the technology

The geographic situatio n of Sifnos is favourable for solar power , as the average horizontal solar
irradiance on the island is 18 25 kW/m 2.

' 1880 kW/m?
1860 kW/m?
1840 kW/m?
1820 kW/m?

' 1800 kW/m?

Figure 7 Repartition of the Horizontal Solar Irradiation in Sifnos

The rough terrain and the traditional architecture on the island do not favour large -scale PV
project nor small-scale on the flat roofs of buildings as they would severely damage the high
aesthetic the tradi tional house settlements present as a tourist attraction.

Neverthe less, in the open call for proposals addressed when examining alternatives for the

Sifnos Energy Autonomy Project, Tesco Engineering in collaboration with Gildemeister Energy
Solutions, offered three scenarios for large scale PV combined with Vanadium redox flow
energy storage systems.
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CellCube 0 a storage system based on the vanadium redox flow technology re port

The three proposals presented by Tesco Engineering after
demand in Sifnos over the past five years, were the following:

closely analysing the daily energy

A. 63% RES in the Sifnos demand mixture with 9MWp PVs and 15 CellCubes 200kW -
800kWh at a cost of 27,367,500 euro

B. 83% RES in the Sifnos demand mixture with 1I5MWp PVs and 25 CellCubes 200kW -
800kWh at a cost of 44,362,500 euro

C. 89% RES in the Sifnos demand mixture with 15MWp PVs and 25 CellCubes 200kW -
1600kWh at a cost of 59,227,952 euro

All three proposed installation had an expected life of service of 20 years , an e stimation of
1650 kWh/kWp electricity generation and a prerequisite that the existing diesel generating
Station of Sifnos will remain in service in order to supplement the small amounts of energy
required by the proposed systems. The following table shows the result of the TESCO
Engineering study:

PV 9 MWp 14MWp 14MWp
Generator 5,5MW 5,5MW 5,5MW
CellCube 200-800 * 15 200-800 * 25 200-1600 * 25
Renewable Fraction 63% 83% 89%
Capital cost € 27,367,500 44,362,500 59,227,952
LCOE/kWh € 0,272 0,239 0,254
LCOE (2%inflation, 7% 0,323 0,321 0,326

interest rate)/kWh €

Recommended scenario

M aturity of the technology

Over the past 20 years, solar PV has developed into a mature technology with a large track

record across the world. Components, expertise and trained personnel are available
throughout Greece, which has one of the highest per capita solar PV capacity in th e world.
Sifnos already has a small share of PV installations on roofs.

The battery technology improved significantly the past few years. Currently, it is one of the
highest energy densities which means that more energy can be stored with less weight. The
technology has a low self -discharge rate around 1.5 -2% per month and requires low
maintenance. However, the technology presents some disadvantages like its tendency to
overheat and a potential auto -damage at low voltage.
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Market

After obtaining the res ults from the Tesco Engineering study, the Sifnos Island Cooperative
emphasised on the high cost of electrical batteries storage systems that does not compete
with the price of the pumped hydro storage system.

Assessment of grid balancing benefit

Simultaneity of electricity production and consumption is important, in particular for island

grids. Considering the demand side of households, the first p ea k of consumption occurs in the
morning between 7 and 9am before people go to work , the second p eak happen sbetween
6 and 9pm when people come back home. However, the peak of solar power production
generally happens around mid day andt he electricity consumption and electricity production
therefore exhibit low simultaneity

The simultaneity can be increased by two means. First, with the integration of energy storage
system connected to the PV panels, the electricity could be stored and released during high

demand. Batteries are particularly a good solution to tackle grid instabilities due to their fast -

electric response and can participate in the frequency regulation. Another aspect of the
technology is its role to increase the grid capacity. In case of a shortage, the batteries can
supply electricity meanwhile the correction of the system.

Second, through demand side management, electricity demand can be shifted to times of

high PV production. Consumers that focus on s elf-consum ing PV production can contribute to
reduc ing the grid peak when production and consumption occurring at the same time . For
instance , demand from electrical cooling during the high season can be used to this effect.
Moreover, local generation and consumption reduce the power system losses and increases
system efficiency.

Examples of previous projects or case studies

T In 2012, in Crete, the Bali Paradise Hotel installed solar PV on its roof with a total
capacity of 80 kWp. The annual energy production is 112  MWh/year and is saving
67.2 CO2eqlyear. The total cost of the project was EUR203,500 which represents
EUR2.54/Wp installed. The electricity is fed into the grid and the retail price was
EURO0.441/kWh paid by the Public Power Corporation under the Feed in Tariff scheme.

1 On Pellworm Island, located off the North Sea coast of Germany, lithium -ion batteries
where imple mented for the SmartRegion Pellworm project. The project had the
objective to increase the integration of renewable resources into an already
congested distribution grid. By installing 560 kWh of energy storage, the level of self -
consumption increased, the  grid was better controlled, and more renewables were
implemented. This project also created a strong community engagement (14).

1 On the Greek island Tilos the Technology Innovation for the Local Scale, Optimum
Integration of Battery Energy Storage (TILOS) project is testing the integration of an
innovative local -scale, molten -salt battery (NaNiCI2) energy -storage system in the real
grid environment. The pr ototype battery -storage system will improve micro -grid energy
management and grid stability, increase renewable energy use and provide services
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to the main grid. If successful, this energy storage technology could be widely
replicated on islands to complem  ent and encourage the use of variable renewable

energy sources. The total capacity installed is 2.8 MWh.

Key stakeholders to engage for further development

1 Power grid operator (IPTO/ADMIE)

1 Battery lithium -ion manufacturer
1 Solar PV installers & retailers
1 Local community (hotel owners)
1 Local turbine owners (PPC)
The st u@eglCubeo da storage system based on the vanadium redox flow technology 0

submitted by the Tesco Engineering was introduced to the General Assembly of the Sifnos
Island Cooperative , owhich unanimously voted in favour of the proposed Sifnos Hybrid Station
incorporating the wind park and the pumped hydro storage system .06

Technology Alternative Il:  To use deep sea storage system

The Fraunhofer Institute for Energy Economics and Energy System Technology conducted a

study from January to March 2018 on the 0O0Optimizatio
i sland Sifnosbé6. The report presents sever al energy s
and storage. The potential of a novel Pumped Hydro Storage system was assessed, the

StEnSea, Storing Energy at Sea.

Optimization of the energy supply system of Sifnos Island report

The Sfnos Island Co o p e r a t iquest fosbetterealternatives to the proposed Sifnos Hybrid
Station, the Fraunhofer -Institute For Energy Economic and Energy System Technology was
employed to conduct a study on the Optimization of the energy supply system of Sifnos
Island, in order to fin d the optimal renewable energy sources to supply the Sifnos electricity
grid, also examining the use of a novel energy storage system using specially constructed
deep sea bulbs named StEnSea.

Fraunhofer IEE has developed a software, which finds the optima I mix of renewable
energy sources and storage capacity to supply a defined area with electrical energy. The
software OptMix aims towards the minimization of the levelized costs of energy (LCOE)

to identify the most economically profitable  solution. The sof tware has been developed for
the German market and is equipped with a related default data set. In this project, data

from the Sifnos Hybrid Station report were used to adjust the software for the Greek island
Sifnos.

Fraunhofer |IEE final report examined 1 0 different renewable energy sources scenarios also
including partial diesel generation, in order to minimize the required renewable energy
installation cost . The report provid es to the Sfnos Island Cooperative 6 s t ec h ni luighl
detailed information o n the possible advantages of mixing wind and solar energy for the
required production.
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Description of the technology
The StEnSea (Storing Energy at Sea) system uses the sea itself as the upper storage reservoir. A
hollow concrete sphere is installed at the bottom of the sea and represents the lower storage
reservoir. The storage system is fully charged when the hollow sphere is emp ty and discharged
by filling the sphere with the surrounding seawater. The inflowing water drives a pump turbine,
which consequently feeds energy into the grid.

Figure 8 Scaled prototype of the StEnSea system
Maturity of the te chnology
The StEnSea storage system i s not a mature technology yet as mentioned in the Fraunhofer
report Othe StenSea system is the most promi sing on
necessary to make further analysis to identify an installation sit e. Additionally, it must not be
neglected that the StEnSea system is currently in development and the full -scale system is not
yet commercially availableo.

A decision has been made by th e Sfnos Island Cooperative Board, to install for actual
operational testing , one bulb of the StEnSea system, complementary to the pumped hydro
storage system, if adequately financed by the interested party
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Pillar 2 8 Energy demand for heating

Objective: To facilitate the conversion of buildings on Sifnos to be more sustainable in their
energy usage.

The objective of the energy transition is in the first place to reduce the heat requirements as
much as possible by implementing energy saving measures and improving the buildings
envelop . Secondly, rene wable sources of heat are preferred over non -renewable sources.
Finally, non -renewable sources are used as efficiently as possible, ideally in devices that have

a high coefficient of performance.

Strategy | To improve the envelop performance of buildings and implement
sustainable construction

Strategy |l To use heat pumps for space heating

Strategy I To install solar thermal to heat domestic water

Strategy |: To improve the envelop performance of buildings and implement sustainable
construction

Sifnos is one of the very few islands in Aegean Sea that have been continuously inhabited since

2,400 B. C. unt il today. Though the main reason for t
the sustainability characteristics of the Sifnianso  ciety also affected architecture. The traditional

architecture of Sifnos Island is synonymous to what we nowaday s cal l 0OBioclin
Architectured. Over 50 cm thick ext-sdepnféhewalbadvdrs, s mal |
on the north side of the bu ilding, white colour for minimum attraction of the sun rays during

summer and cistern to collect rain water. Internal wall and roof insulation with canes, sea

wheat and lime mortar. However, the houses built in the last 30 years, all use concrete frames

and 20-22 cm thick cavity walls with organic insulation, the same structure used in Athens and

most major cities in Greece.  These constructions are not well insulated and required a high

energy consumption.

The energy demand in buildings  mainly depends on the insulation performance of the building.

Improving the insulation of the envelope is the first step to improve energy efficiency which

means reduce the heat losses and ensure summer comfort . According to a testimony of the

previous May or of Si fnos, the major problem on the isl ani
insulate heat. In order to improve the envelop of the buildings, the first steps are the following:

1 Insulation of external walls, roofs, lofts and floors

1 Replacement of window s and doors

91 Draught proofing

1 Installation of solar shading systems

1 Employment of natural ventilation techniqu e (15)

In a later stage, the Sifnos Island Cooperative is willing to train builders and general public to
return to sustainable methods  of construction. However, this action requires a certain amount
of time which will be allocated the next few years.
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Strategy | I: Touse heat pumps for space heating

Technology description including organisation

A heat pump is a device which can provide both heating and cooling in one integrated unit.
Heat pumps can be used in households for residential uses and are scalable for larger
buildings.

Maturity of the tech _nology

A heat pump is a mature technology w hich consume less primary energy than boilers to
produce heat . Different factors are mainly used to evaluate the performance of the device,
the main one is the Coefficient of Performance (COP) . It is defined as the ratio between the
useful heat transfer for heating/cooling and the required driven energy.

In order to operate a heat pump in the most efficiently way, when choosing the device six
factors have to be considered: climate, temperature , auxiliary equipment, technology, size
and control system.

Market

According to the European Heat Pumps Association, since 2014, the heat pumps market has
increased by 14% percent each year in Europe to reach in 2018 EUR1.3 million of sales. The
price of a heat pump depends mainly on the size of the energy needs. For the device and its
installation, the cost starts from around EUR10k for a residential application ~ which can be a
significant investment, but the operating costs are 75% lower than operatin g a fossil fuel boiler.
Thanks to the high operating efficiency, the payback time is often very short.

Examples of previous projects or case studies

1 In Imerovig li in the Santorini island, the Andromeda Villas which is a luxurious hotel,
installed an ener gy saving system. Heat pumps were installed to replace an oil boiler,
for heating the water and the swimming pools of the hotel. The oil boiler was consuming
12,000 liters of fuel per year which represents around EUR16,000. Currently, thanks to
the heat p umps, the annual energy consumption to heat the water is 14,300 kWh with
a cost of EUR2,145 per year. Regarding the technical performance, the owners of the
hotel are satisfied with the investment they made since the system allowed to save
more energy than it was plan.

Key stakeholders to engage for further development

1 Heat pumps manufacturer
1 Local government

1 Hotel owners
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Strategy | ll: Toinstall solar thermal to heat domesticwa  ter

Technology description including organisation

A solar panel is a simple device which collect sheat from the sun and use sit to heat up water
which is stored in a hot water tank. The solar water heating panel is mounted on the roof. Sifnos
has already installed some solar thermal units to heat water. Currently, the installed solar panels
are providing 638 MWh per year.

Maturity of the technology

Solar heating water panels are a mature technology . The efficiency of the device depend s
on the geographic location and the solar resource. The installation of solar heating water
panels in Sifnos and more precisely for hotels could reduce significantly the electricity bills.
Market

Usually, a solar water heating system is more expensive than a conventional water heating
system. However, in the long term, a solar water heating panel will allow to save money and
even more in island as the cost for conventional fuels like heating oil is high.

According to the Greek solar water heater provider Andrianos, the price of a device starts
around EUR900 for a capacity of 120 liters and an area of 2 m2.

In Sifnos Island, there are three well trained water panel contractors and there are several
houses that have replaced their 12-16 years old water panels with new ones.

Examples of previous projects or case studies

1 Sifnos has already installed several solar heating water panels on roofs, many of them
connected to the central heating systems of th e house in order to save on diesel for
heating during the winter.

Key stakeholders to engage for further development

1 Local community (hotel owners, citizens)
1 Solar heating water panels installers & retailers

1 Local Authority
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Pillar 3 - Transport on t he island

Objective : To decarbonise the islandds transport system by
electric mobility

Strategy | : Todevelop a Sustainable Island Mobility Plan  (SIMP) for Sifnos

Sifnos isinvolved in the Sustainable Island Mobility Plan (SIMP) , which aim s to evaluate the
problems and challenges that an island faces related to mobility and the provision of
sustainable mobility solutions on transport and land -use planning, mobility management,
pricing policy and logistics. It addresses several issues, such as boosting public transport,
ensuring that vehicles can move around and park on the island safely, promoting
environmentally -friendly modes of transport (cycling, walking), providing accessibility for
vulnerable groups (elde rly, children, mobility impaired), etc. The SIMP gather  sthose issues and
supports to make collaborative decision s on how they are going to be solved in the most
efficient, environmentally -friendly and socially beneficial way. At the same time, it will
con stitute an important tool for the municipality to seek funding, in order to bring about the
necessary changes that will decisively improve the quality of life for everyone.

The project started in Sifnos at the beginning of September 2018 and the first meet ingwas h eld
on the 12t of March 2019. This project involves different stakeholders including the residents,
professionals and visitors of the area, in collaboration with specialised scientists and the
Municipality which all have a role to play.

Currentl y, the Sustainable Island Mobility Plan team is analysing the situation of the Municipality
thanks to online surveys which gather questions regarding the needs, habits, preferences and
problems of the trips made by visitors and permanent residents.

Diffe rent actions that can be proposed in the SIMP are:

1 Assist Sifnos Municipality in finding funding at regional, national and European level to
invest in an electric bus that covers the entire island.

1 In collaboration with Municipality, create incentives fo r local auto -motto rental
businesses replace their fleets with electrical vehicles.

1 In collaboration with Municipality, create incentives for local goods transporters
replace their lorries with electrical ones.
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Pillar 4 - Transport to and from the islan d

Objective: to decarbonize ferry transport by switching to a low carbon transport solution to
connect the Cycladic islands

Strateg y | To acquire a hydrogen fuelled all -weather passenger vessel through
European funding

Sea transport with the ferry is  the major single energy demand related to the island. Around
90% of t he ¢t enissiond aré du€ @ maritime transport. Three companies are
connecting Sifnos which are Sea Jets, Aegean Feed Lines and Zante Ferries. The distance
between Athens and Si  fnos is about 130 km which represent  saround 3 to 5 hours trip according

to the vessel. Sifnos is also connected to other Greek islands w ith a high rate trip during the
summer. All the ferry connections and the far location from the mainland of Sifnos, are the
main factors for the high CO 2 emissions.

Replacing ferry vessels requires a significant investment and low-carbon alternatives are also
still very expensive . Fuelling is an important challenge, especially considering the significant
distance between Sifnos and Athens and the variable weather conditions of the Aegean Sea.
Replacing the ferries with a low -carbon alternative is therefore a particularly cost -inten sive
undertaking.

The Sifnos Island Cooperative suggests implementing a hydrogen ferry inside the Cyclades
Islands which will connect Sifnos to the international airports of the surrounding islands of Paros,
Mykonos and Santorini.

Technology description _including organisation

Few technologies exist to replace fossil fuels to power maritime vessels. Hydrogen is one of
them but is it still an immature technology which has not been showed case on a large scale
yet.

Hydrogen can be produced using diverse r esources including fossil fuels, such as natural gas
and coal, biomass, non -food crops, nuclear energy and renewable energy sources, such as
wind, solar, geothermal, and hydroelectric power to split water. It is possible to classify three
types of hydrogen

- Grey hydrogen , which is produced using fossil fuels which is the major hydrogen
produced in the world today

- Blue hydrogen , which meets the low carbon threshold but is produced using non -
renewable energy sources like nuclear

- Green hydrogen , which is ge nerated using renewable energy sources

Currently, two type s of technologies exi < for hydrogen ferr ies. The first one is a ferry using
hydrogen as a direct fuel. The direct combustion of hydrogen powers the motor to drive the

vessel. The second technology uses a hydrogen fuel cell which converts compressed
hydrogen gas into electricity to power electric  al motors . In order to power the engines, the
ferry will carry onboard  tanks filled in by pressurised gas . The advantage of hydrogen s its lower
density which allow to produce more energy in a smaller volume and the possibility to store it
for long periods . In Sifnos case, the long distance between the mainland and the island
requires a solution capable of storing enough fuel to power the engines d uring the entire
journey which makes hydrogen a potential alternative. Then, if the hydrogen is produced on
the island by renewables, an electrolyser will be installed to convert the electricity produced
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into hydrogen. The hydrogen will be stored intoata  nk which will be connected to a Hydrogen
Refuelling Station which will fill the onboard tanks with hydrogen.

Maturity of the technology

The first hydrogen ferry was launched in 2015 by the Scandlines company and since the
company keeps on manufacturing m ore ferries. A hydrogen boat is still an innovative
technology which  needs more experience to become mature at both the technical and
economic levels. The efficiency of the cycle from production to consumption of the hydrogen
can be improved and the devices like the electrolyser and the fuel cell are stillvery expensive .
For instance, in many cases boats need a backup diesel in case their fuel cell breaks in the
middle of the sea

However, with the development of future hydro gen projects, the technology =~ seems promising.
Hydrogen present several advantages like its versatility. It ~ can be used not only in shipping  but
also it can balance the variability of renewable energy sources , it can be used in industrial
processes or in th e road transport sector.

Market

Hydrogen ferry are more and more present on the market but there are still being developed
under pilot projects to keep on improving the efficiency of the technology.

Fuel cells remain expensive devices, not well established on the market and require refu elling

infrastructure. This is the chicken and egg  problem; the fuel ce lls are not well developed due

to the | ack of refuelling stations and refuelling sta
According to a study made by Roland Berger, a fuel cell powered ferry with a fuel cell stack,

a hydrogen tank, battery and electric motor present a capital cost of approximately

EUR255,000 (16). The hydrogen ferry is not competing yet competing with conventional ferries.

The Sifnos Island Cooperative will try to fund the project by Horizon 2020 which aims to achieve
smart, sustainable and inclusive economic growth.

Examples of previous projects or case studies

1 In Scotland, inside the HySeas project consortium, the com pany Ferguson Marine is
building a renewable hydrogen powered ferry using Ballard fuel cells and it is expected
to be launched in 2021.

1 In Orkney, a different project has been developed with a stationary fuel cell installed
in the harbour. It provides ele ctricity on demands for ships and the heat produced by
will be piped into nearby buildings.

1 The EVERYWH2ERE projectaims at demonstrating the potential of Fuel Cell gensets. The
device is composed of a fuel cell stack, a power electronics battery and a hy drogen
storage and presents the advantage to be used in mobile applications. In Greece,

8 x 25 kW containerised plug and play hydrogen gensets will be deployed for quayside
power for ferries.

Key stakeholders to engage for further development
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1 Research structures
1 Local, regional and national government
1 Ferry companies
1 Cycladic islands governments
Solution Technology Lifetime (year) Capital Overall
maturity cost ( suitability
Hydrogen ferry Semi-mature 255,000 Medium
Fuel cell Semi-mature Transportation - Medium
5,000h
2,000-
Stationary 40,000h 10,000
Electrolyser Semi-mature 60,000h 500 Medium
17)
Complementary path : Hydrogen storage
Technology description including organisation
As presented in the previous section, the integration of a hydrogen ferry will require the
production of hydrogen, refuelling stations and a hydrogen storage tank.  All the development
of these infrastructures could be an opportunity to usethe hydrogen inaopower to hydrogen
system. The hydrogen stored inside the tank could be convert into electricity and then injected
inside the grid.
If Sifnos replaces its ferries by hydrogen ones, the island will need to develop all the necessary
infrastructures to produce, store and use the hydrogen. Once the devices will be installed in
the island, it could be financially interesting to combine the need to power the ferries with the
need to produce electricity. |  n a case of a sufficient hydrogen p roduction , the gas could be
stored into tank during the winter and then used to power the grid in summer, when the
electricity demand increases.
Maturity of the technology
The technology isnét well devel oped yet dcomresso t he hi

the gas in order to store it. However, some pilot projects are already implemented which allow

to increase the efficiency of the technology. Compared to chemical batteries, hydrogen

storage and fuel cells do no t self-discharge, which is a signific ant parameter for seasonal
storage. In the long term, stationary fuel cells combined with hydrogen storage, could replace

diesel generators which require more maintenance and emit a huge amount of CO 2 emissions.

Market

Currently, hydrogen storage is n ot economically competitive due to the high price of
generation, transportation and distribution. The CAPEX is very high compared to alternative
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solution like pumped hydro or battery storage. Manufacturers recently communicated the

price for the electrolys er and its installation at around  EUR500/kW (18). The price of the fuel
cel I highly depends on the technology used and can be range between EUR2000 to 10000/kW
(19). In specific location like island, where the electricity cost is very high due to the price of

diesel, the integration of hydrogen storage combined with renewables presents a potential

niche market. In this case, long -term hydrogen stor age may become an economic reality (20)

Examples of previous projects or case studies

1 Orkney is a group of islands to the north of Scotland with a big potential of wind, tidal
and wave resources. In the islan d of Eday, an 0.5 W electrolyser has been installed
which is power by the electricity produced from both, the wind and tidal turbine. The
hydrogen is produced by the electrolyser and stored as compressed gas in a tank.
Then, the hydrogen shipped to Kirkwal |
systems to make use of hydrogen.

Key stakeholders to engage for further development

1 Universities
Electrolyser manufacturers
Power grid operator (IPTO/ADMIE)

Local authority

= =4 =4 =4

Local renewables operator
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Completing the previous chapters permitted to define three different energy pathways which are illustrated in the follow

Figure 9 Identified energy pathways for Sifnos

ing figure. 2
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