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Overview

This paper brings insights into the energy traositpolicy making process in islands while solvihg ttapacity
sizing problem and the investment allocation isstiee framework raises the general problem of tletatity
management in remote electrical grids to continlyotesach the balance between production and cornsompo
operate with sufficient reserve margins to guaruged stability and to insure returns on capitghhenough to
attract investors. The case study is Yeu IslanBremch territory located in the Atlantic Ocean,26f knf, 5,000
regular inhabitants and up to 40,000 inhabitantinduithe summer.

Yeu Islands has good energy renewable potentiah as wind, solar and wave, as well as biomasssifajnably
managed. Yeu Island currently exploits a limitedrshof its solar potential and has ambitious ptsjéar further
deploying energy renewables. However, the indusdeaelopment of projects on the island faces cairgs related
to urban planning, touristic and fishing activitiatong with conditions for the conservationNgtura 2000 sites.

Yeu lIsland is interconnected to the mainland grietwork through distribution submarine cables. Ewerg
consumption scenarios for 2030 show an increaskeirpower demand by 30%, and peak demand well atheve
current interconnection capacity. Policy makers almut to consider two options, on the supply side
implementation of renewable energies, and on theadd side the management of energy consumptiomghro
smart grids and hydrogen storage means.

This research builds a methodology which integreslesid specific constraints to build energy trdosiscenarios in
support to public choices. Scenarios combine coxnglehnologies at different maturity levels (TRLiween 3 and
9) with demand management solutions, which areocasmmon as house insulation, or complex such as tap-w
electrical vehicle storage. These options are gostplan, implement, operate and maintain, degtgtive effects
in terms of employment, innovation and growth. Timestment allocation programme is a trade-off leetwcosts
and expected benefits from supply and demand imerss, priority being given to demand peak shapirgects.
Next on project efficiency comes the local energydpiction, based on wind, solar, wave and biomass.

The island being interconnected with the mainlandrgntees the equilibrium of power supply and demaich
eliminates the risk of power plants overcapacity agserve margins provision. While reversely actimg power
cable connections, any production excess on tladstould be sold on the market, this business hogiag
successfully experienced in Scotland (Orkney Is$qathd Denmark (Bornholm Island).

The project aims at simulating the island powetesyssuch as to obtain the level of energy indeperydeegree
that optimally meets the constraints of urban plagstandards and money scarcity. It highlightslteeefits of grid
interconnection in terms of energy and investmexptital saving. Projections will be compared to aoenpletely
remote energy case where grid stability and supeburity would have significantly high costs congb®f large
fixed costs and non technical losses from readyp@erate power plants.

The paper is organized as follows. Section 1 intoed the problem and makes an overview of energices in

different islands worldwide. Section 2 describes #mergy scenarios boundaries and sets maximuralléust
capacity options for each technology, under localiad and political constraints. Section 3 det#lils economic
model used to simulate the equilibrium between uppd demand for power and mobility. Section 4idespthe

model results and gives orders of magnitude ofstments required. Section 5 assesses the polidicatipns and
put in balance costs and benefits from a sociakwidrspective. Section 6 concludes that one ofrtaket pull

instruments in support to renewables and storagipben and wave in particular, could be the Statelvement in

infrastructure building, as the necessary investrimetihe energy transition to a low carbon economy.



Methods

An optimization model is built to minimize the shoun system cost to operate and generate the poneer
economic constraint of hourly supply and demandlibgum, and technical constraints of plants opier wind
speed, solar irradiance, tide cycles, biomass fatesnd distribution grid capacity. The model gndmic with
8,760 time slices and simulates the local markety-hour over one year. The model results areapriated to
the entire technical lifetime of technologies sashto reproduce the investors business model. @tmoenics of all
energy projects are assessed by calculating théisent Value of benefits and the Levelised CbEnergy. The
supply aggregates the power generated by locagemeojects (wind, solar, wave, biomass), the caanection to
the inland and the hydrogen storage while dischar@power-to-power; power-to-mobility). The demandludes
the aggregated power consumption from residentia @rtiary sectors, from the local industry andctical
vehicles, and from the hydrogen production to ffighing vessels and the bus fleet. Calibration asda on
projections to 2030 of the power demand and ofehdtory renewable energy potential.

Results

Three main scenarios are selected and depicted.

o First scenario focusses on investments in dematelreeasures, such as energy saving projects amtl gumoks
with storage and communication techniques and dsvithis allows reducing the demand by at least aBéoto
shave the peak by 10%.

0 The second scenario combines investments in desidadnanagement with renewable energy projectergev
cases are tested such as to select the best ecooomibination of energy projects, based on theiestment cost
and usage rate. In general, small remote areas lmaveprofusion effect (smoothing effect), and liedt
uncorrelation degree of intermittent energy resesird his increases the risk to curtail the powesurplus. Yeu
Island being grid interconnected to the mainlahd, risk of curtailment could partly be eliminatddhe power in
excess generated on the island could be sold oménket provided that the distribution cable cafyais large
enough to transport the power. Scenario sizing imesoan exercise of how much local supply is necgdsa
match the demand such that any excess could beigodtibmarine cables.

o The third case builds an energy independency siceiraorder to draw the costly and complex gridteys
specific to remote islands. Results estimate thanfiial cost and depict the infrastructure requiedalance
continuously supply and demand. This case highldighe complexity of the system when the energy imix
composed for 90% of intermittent energy resourcebjch leads to overcapacity while removing the
interconnection to the inland. The curtailment riathigh for each energy project, which affects ghefitability of
investments and the maintenance operations wigitgiéntly shutting down the power plants.

Conclusions

Energy scenarios resulting from the optimizatioareise list the energy flows from local potentedources, storage
means and mainland supply, and give orders of madmiof the costs and expected benefits. Techraadbgptions
recommended by scenarios are the first step i@dhicy decision process. Options are next ordbsedconomic
importance, in terms of employment and growth e#feby political value of the energy independenegreée, and
social acceptability in terms of standards protectf the local economy and natural sites. Weighthe decision
criteria will be calibrated based on Yeu Islandulatpry and policy makers, on the civil societyraph and national
provisions on energy transition. Each scenarioaksveifferent regulatory requirements since différeperators act
on the power market each with conflicting markeatsigies. New regulatory provisions should be dramterms of
tariffs, grid codes, technology curtailment ordegject selection and market operation.
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