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Sustainable Energy Planning for Islands

« Sustainable for environment, people and economically
« Energy for electricity, heat, industry and transport

« Planning through consideration of local oppotunities, limits
and ideas

Sustainable

» Islands are especially effected by climate change and require
support S

Economy



PhD Overview

« Small and/or secluded communities and islands

« Transition to sustainable, smart renewable energy systems
* From challenges and opportunities

 To strategies and recommendations

Focus on Samsg, Orkney and Madeira (& explore further islands)
« Test and integration of their energy systems
» Observe and optimize electrification

e Sustainable use of local resources

Technical analyses and models of islands and their comparison

Conclusions on Sustainable Energy Planning for Islands
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Test size

Focus

How are the current situations, trends, challenges and opportunities for island energy systems?

How can the transition of islands towards smart renewable energy systems be assisted and replicated?



o (oo Island Size Population | RE share
Specific Islands
Samsg, DK 114 km?2 3,700 60%
* Three case studies/islands Orkney ors km oo 000 .y
« SMILE islands, UK ’
* Visits, cooperation, discussion ongoing y;deil‘a, 741 km? 250,000 31%
» Technical scenario analyses Germany
* Energyplan Fohr 82 km? 8,600
« Reference and future scenarios Pellworm L 1,100
Helgoland 4 km?2 1,200 5
» Comparison and study of further islands Gzeece
and experiences .
Spain
« Germany, Greece, Spain, ... 2




H2020 SMILE Project Involvement

SMart IsLand Energy systems (SMILE Grant Agreement 731249)

May 2017 — April 2021
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http://www.h2020smile.eu/
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« Improve conditions, sustainable development

Overcome challenges and barriers

Coordination and cooperation of several islands

Technical, market and policy evaluation

Suggestions, strategies, guidelines

= Understand and support transition towards 100% renewable energy systems



Specific research so far...

Comtantn butx avmbaie ot Soaon O w

energy

Residential versus ¢ C ination of ph

in smart energy systems

Hannah Mareike Marczinkowski’, Poul Alberg Ostergaard

oo of Aenng ASBor (e By Adsurgat |4 W00 A gey. e e

ARTICLE INTO AssTRACT

r—r— This s preets a1 @naly @3 of el con ai T v

Avauie et B Marn 2018
et

fam et e et Sy of 3w b (7Y 1y
Pt ey b cimeved o S i g - S opEeEas
B ]

Itaic and battery [ £ ) ]

Contonts fists available at ScionceDirect

Energy

P
caar ey o o -
e s sy e o s o S e T Journal homepage: www elsevier.com/iocate/energy -
DBt dan eTme S Woh Dw e ey e -
EUROPEAN COMMISSION A ooral vrnn o o

o Giommag e M T S EAN R Bdcee & tebndy
e Fom 4 BT G — WK 03 B 0w
et wad s g S e s The v e o sem

Smart Island Energy Syi Innovation and Networks Executive Agency

Grant agreement no. 731249 et e s a s s Evaluation of electricity storage versus thermal storage as part of two = m
Deliverable D8.1 — different energy planning approaches for the islands Samse and s
Orkney

Reference energy simulation models
islands

Document Details

Due date 31-01-2018

Actusi dewwery date 30-01-2018

Lead Contractor AAU Pien Univery
Version Fins! rev0

AAU Pisn
AAU, 5K, SE. SEL CES, ACK
RINA-C

SMILE
Smart Island Energy Systems

Deliverable D8.2
Short and medium-term scenarios for the three pilot islands

Document Details

Due date 31-12-2018
Actual delivery date 26-12-2018
Lead Contractor AAU Plan (Aalborg University)
Version Final rev0

red by AAU Plan
Input from AAU, SK, SE, EEM, LIBAL, CES
Reviewed by RINA-C

Level Public

Project Contractual Details

Project Title Smart Island Energy Systems
Project Acronym SMILE

Grant Agreement No. 731249

Project Start Date 01-05-2017

Project End Date 30-04-2021

Duration 48 months

L lnvedaton

Brape has 4 mistons ¢ meyy Lages with 4 40% (D), emisdon
= dcsion befom 20 with respect 2 1900 bhevels [1] The dece
Tkt yrector beinga keye ke atio (e energy sysamm, will seed B
Py & ey e i etiey D wducion Gt e & sode .
ution of S deddcty vt i mquied and 4t e of s,
Bexible smart energy sysiens ax explunl in aatemia [23]. I
aldiin whie 4n bucroasing @B of Ducuaiog romew dbe chex-
Seity prdation cambinal Wi 4 grwey ey demand
S D 14 T 4l e g Sentw Tens e Moad-Solhowiog
»len of Be chcuiiy wysiem, Se very same tachemiogie s

cooutiminl wnart energy s aponch can i et help
bt hikence b tamen pundiacion and demand 2 wiice
olbema ¢ pedk demands Mah dxhandogcal s xu for s
approach lnchale whad power [4.5] phet oveliaic (PV) [6.7] e s
Bdex 9] powenbga (011 and bawy ecwolyes
I

8}
The rdle of bamery systems in snart emergy Syt is abo &

* Cormes pewet ng st
ol s e ot s B (. MBS B | e B s B
(%A Smepanty

ey 0 10 & ey WAL 13
L L

Socal poies e g D ERA-N

e S Uhagh o8 W
€1 ampie buame b et 4t
rapean Umon Hokaoa 2
wpaes)| 5] dio ald e
mom Wi De abn B pa
ey

Ta gy ety e v ar s e
e propects focs o et |
= sl ommanoe, sl
-, Which dime CSon She de
ant comman techmig il
P
o of drpumure in e §
g w3 itodod
e g e d on e ow apl

The island Samce i ke
Eneyy bkl s e of {
ey sobsbe 5] Sl
opea Eoecs dace W0
gt whah buth have §

The project has received funding from the European Union’s Horizon 2020 research and innovation
programme under Grant Agreement No 731249

Hannah Mareike Marczinkowski’, Poul Alberg Ostergaard

Dpartmens of Phresing Auborg Unsersity. Readburgade W, 500, Adbarg, Deneak

ARTICLE INFO

BSTRACT

Avallable cakne 19 Masch 2019

Istand energy sys tems should aim for potential for
Jocal emerzy supply 1o ncraase their ndependence and securky of epyly besdes other bemeds. Two
e ads addressing this problem can be abserved: On the one hand. Bcreasing the Jocal use of mnewable
learicky b the ey iy seckor by lavesing In Basery Energy Socage Sysevs (BES), On the sther
hand. the integration of 4l energy sec

renewatle ekctrkity i heat

0 4 Smart Energy System (SES) with the comversion of
s dnchieg e usage of Thermal Energy Storage (TES). In this paper,

Kywara
Battery eonrgy otage sysien
Therma sarage sysem

ae nergy syst dyses using Enesgy PLAN for

he Dk Sutes and e Orkney inonds in Scosand. T imvetigation shows that BESS w0
address only the electricity sector, while TFS furthermare improves issues in the heating sector and
cnables poss bilkies in the transport sector, The TES approach results in overall reduced energy system
costs, while the BESS has a sronger effect on the exchange of electricity. Depending on the vaous

o TES

energy systems, beth

aches present po
demanstrates more sdvantages for the whole ene gy sy stem.

© 2019 Eisevier L1d. All rights reserved.

1. Introduction

slands present special energy systems particularly when either
completely disconnected from a larger electricity grid or when
having 4 poor o limited connection, making them vulner able and
dependent on that connection. With or without this connection.
islands are generally furthermore depending on other imports to
supply the transport of heating sector with the required fuels
Locally produced electricity or biomass barely support these needs
for most of the Ewropean islands and energy autonomy is rarely
reached. Thus, from an economic perspective, lslands that may be
under economic pressure already need 1 buy encrgy and resources
from other places.

To address this siuation, istands should be encowaged o utilize
3 much local resources a powibe.focusing on rencwable energy

ton due to 3

of wind andjor sola resources | 12 They should also aim for mgna

* Cormspanding author
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efficiencies and the Integration of all energy sectors Into a smart
energy systems (SES) (3] to reduce overall primary energy con.
sumption. This suggested holistic iew 0n energy system planning
contradicts the focus of recent cases of island energy planning
which to 4 large extent focus only on the electricity sector and in
relation o this on batteries as the solution t fluctuating electricity
production {$-11].

To understand the challenges and opportunities of islands, &
well as to RES,
compared. Therefore, the European Union is founding various
projects under the Horizon 2020 research programme to study
islands, such as the SMart IsLand Energy systems (SMILE) project. In
the SMILE project. the focus lies on the elecricity sectot. To form
SES, however, the Tansition of islands should entail the integration
of all energy sectors — electricity, heating, cooling. Industry and
transport, specifically making use of the access tothe RES | ). With
the clectricity focus, a core element In the SMILE project s to
address electricity storage to improve the incegration of locally
produced RES. To achleve a SES, however, thermal storage can also
be of importance and could be given more attention.




Research done:

https://www.energyplan.eu/

Energy system analysis
Hourly for one year

Holistic, aggregated, technical
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Specific research so far

... on the RE transition (today & future) of S

Deliverable D&.1
Reference energy simulation models for the three pilot
inlands

Deliverable 08.2
Short and mediumterm scenarios for the three pilot islands
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... the RE transition:
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... the RE transition:
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Specific research so far
... on storages on Samsg and Orkney

Battery Electricity (BESS) vs. Thermal Energy Storage (TES)
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Dissemination

 SDEWES conferences 2017, 2018 (2019 invitation to special session on smart islands)

 http://www.sdewes.org/

« AAU conference on 4GDH and Smart Energy Systems

 https://smartenergysystems.eu/

» Green Island Conference Germany

 http://greenicon.de/

 International Hybrid Power Systems workshop

* http://hybridpowersystems.org/

15
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Towards a sustainable future for islands

 Study and compare more islands

Evaluate trends and solutions

« Marine Energy!?

Assess energy markets and policies

Analyse, consult and guide interested people

Listen, learn and repeat

Ask questions

16



Towards a sustainable future for islands: electricity

Electricity demand 24 hours

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Electricity demand 365 days
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Electricity production 24 hours (wind and solar)
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Electricity production 365 days (wind and solar
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Towards a sustainable future for islands: heating

« Demand reductions, efficiency increase, insulation, etc.
* District heating

* https://heatroadmap.eu/petag/

e Solar heat

* Heat pumps

18


https://heatroadmap.eu/peta4/

Towards a sustainable future for islands: transport

 Reductions
e Electric vehicles

» Biofuels

19



Sustainable Energy Planning for Islands

Combining/Coupling electricity, heating, industry and transport

Education and information

Step by step suggestions to solutions

Support, participation (both ways)

Sustainable

20



Thank you for listening!

Modelling Renewable Energy for Islands

SUSTAINABLE ENERGY PLANNING, AALBORG UNIVERSITY

Hannah Marczinkowski
hmm@plan.aau.dk )
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