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Preface

The current dissertation has been conducted in the School of Chemical Engineering in
the department of Economics and Business Administration during the year of 2020-2021, under
the supervision of Associate Professor Mr. Aggelos Tsakanikas.

The basis for this research originally stemmed from my passion for developing
sustainable methods and scenarios to power remote areas and communities that face serious
electrification and other relevant to power supply issues. As the world moves further info the
digital-eco-friendly age, and new technologies arise, there will be a greater need o put them
in action and give those communities access to green and zero-emission, reliable energy fo
power their residences and businesses.

The topic and the relevant study points came after my working experience in Gommyr
Power Networks, a renewable energy systems advisor and project developer company with a
focus on solar PV microgrids and battery energy storage. While working there | gained
experience and knowledge fo support and study the idea of fransforming distant islands with
electrification issues into smart and intelligent hubs that can be sustained through the
exploitation of local renewable energy sources.

For this research | would like to thank my supervisor Mr. Aggelos Tsakanikas for the frust
and support for this inifiative. Moreover, | could not have achieved my current level of success
without the support of Dr. Aimilia Protfogerou — Laboratory Teaching Stuff who provided patient
advice and guidance throughout the research process. | would also like to thank Gommyr
Power Networks, for sharing their knowledge and sources for this study.

Last but not least, | would like to thank my fellow colleagues that were a good
companion on this journey that has finally come to an end. Thanks again fo all the
aforementioned conftributors, | now can be called a Graduate Chemical Engineer of National
Technical University of Athens.
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Absitract

The principal aim of this research is fo investigate the possible scenarios which are
adequate to substitute the current energy system in the Greek islands and idenftify the most
feasible scenarios confributing fo the development plans for specific islands that have high
costs of connecting their electricity supply system to the mainland. Therefor the development
of a microgrid solufion under the umbrella of smart islands initiative is researched.

Before getting in depth on the analysis of the scenarios, a general research is
conducted to understand the current energy status worldwide and in Greece. Moreover, a
breakdown of the technologies is being analysed in order to understand and choose the most
fit technologies for this investigation.

The first stage of the analysis is the creation and modelling of a reference scenario
which represents as realistic as possible the current energy systemin Astypalea and the energy
balance characteristics. These concern the fuel utilization types, energy sources mostly used
and the profiles in the demand and supply side.

The second stage includes the development and modelling of one suggested
alternative scenario which is capable to fulfil the existing demands, substituting the reference
scenario and respond to the goals setf in the research question. This alternative scenario is
created based on the reference scenario data and according to the Smart Energy System
concept.

The third stage includes the workplan for the development of the alternative scenario,
including detailed workforce and table of work packages and deliverables.

The fourth stage is the financial aspect of the project that includes a detailed budget
regarding development and operation.

The results of the simulations for the alternative scenario are presented and analysed,
following by a discussion regarding the uncertainties and the need for sensitivity analysis to test
the robustness of the results and identify connections between inputs and outputs. In this way
crucial information is obtained regarding the factors which may alter the results in case of
being changed even though the sensitivity analysis is not realized. It stands though as a better
understanding of the results and conclusions made and how these might change.

Finally, the sensitivity factors and uncertainties in calculations are outlined and
discussed regarding possible influences, followed by a general discussion.

Keywords: Smart Islands, Renewable Energy, Energy Storage Technologies, Solar Systems,
Battery Storage, Smart Technologies, Greek Islands, Project Development, Project
Management, Project Budgeting

2020-2021 R



National Technical
University of Athens

MepiAnyn

KOplog oTOXOG TNG TTAPOVLOAC EPELVAG Eival N SIEPELYVNON TWYV TIBAVWY CEVAPRIWY TTOL
ETTAPKOLY YIA TNV AVTIKATAOTAON TOL CNUEPIVOL EVEQYEIAKOD CLOTALATOS OTNY ACTLTTAAQIA.

MNpiv guPpaBlvouue TNV avAALon TV oevapiwy, SIEEAYETAl UIA YEVIKN EQELVA YIA TNV
KATavonon TNG TREXOLOAC EVEQYEIAKNG KATAOTAONG TTAYKOOUIWGS KAl oTny EAAGSa. EmmTAéoy,
YivETal QvAALON TWV TEXVOAOYIWY TIPOKEIUEVOL VA KATAVONBOULY KAl VA €TTAEYOLV Of TTAEOV
KATAOAMNAEG TEXVOAOYIEC YIa TNV EELVA AULTH.

To mMpTO OTAdIO TNG £PELVAG Eival N SnuUIoLEYIA KAl YOVTEAOTIOINON EvOC CEVAPIOL
avaeopdAg TO OTTOIO AVTITTIPOCWTIELE OCO TO SLVATOV TTIO PEANICTIKA TO ONUEPIVO EVEQYEIAKO
oLOTNUA oTNV ACTOTTAAQIA KAI TA XOEAKTNPIOTIKA TOL EVEQYEIAKOL 1I00JLYIOL. ALTA APOPOLY
TOLG TOTTOLC XPNONG KALGIUWY, TIC TINYEG EVEPYEIAG TTOL XPNOIUOTIOIOLYVTAI WG ETT TO TTAEICTOV
KAl Ta TTPO@IA OTNV TTAELPEA TNS {ATNONG KAl TS TTPOCPOPAC.

To 6e0TEPO OTASIO TTEQIANAUPBAVEN TNV AVATITLEN KAl UOVTEAOTTOINCN EVOG TTOOTEIVOUIEVOL
EVOAACKTIKOD CevapIoL TO OTIOIO &ival IKAVO VA €KTTANOWOEl TIG LTIAPXOLOEG ATIAITATEIG,
AVTIKABIOTWVTAG TO 0eVAPIO AVAPOPAG KAI AVTATIOKQIVOUEVO OTOLG OTOXOLG TTOL TIBEVTAl OTNY
EPELVNTIKA £PWTNON. ALTO TO EVAAAAKTIKO CevApIo SnuIoLpYETal ye PAon Ta Sedopeva oevapiov
aAvaPoOPAC KAl COPPWVA HE TNV £vvold TOL EELTTVOL EVEPYEIAKOV CLOTAUIATOC.

To 1piTo oTAbdIO TrEPINaPPAvEl TO OXESIO epyaaiac yia TNV avamTugn ToL EVAAAAKTIKOD
OevVaAPIoOL, CULUTTIEPIAAUPAVOUEVOL AETITOUEQOVS €QPYATIKOL SLUVAUIKOL KAl THVAKA TIAKETWV
EpPyaoiac kal TapadoTéwy.

To TéTapTOo OTASIO €ival N OIKOVOWIKN TITLXN TOL £PYOUL TTOL TTEQIAAUPAVEI AETITOUEQN
TeoOTToAOYICUO yia Tnv avamTuén (CAPEX) kar Tn Aatovpyia (OPEX) Tou evAAAGKTIKOU
oevapiov.

Ta ATTOTEAECUATA TWV TTPOCOUOITEWY VIO TO EVAAAAKTIKO CevAplo TTapoLaoialovTal Kal
avaAvbovTal, JeTd amd pia oLlNTNON OXETIKA WE TIG aPeRAIOTNTEG KAl TNV AvAYKN YA avalvon
€LAICONCIAC VIa va eAeyxOel N €LPWOTIA TWV ATTOTEAECUATWY KAl VA TTIPOCSIOPICTOLY Ol
oLv&EaeIg HETAEL EI0POWYV KAl EKPOWY. Me Tov TPOTTO aLTO AAUPAVOVTAI KPICIUES TTANPOPOPIES
OXETIKA PE TOLG TTAPAYOVTEG TTOL PTTOPOLYV VA UETARAAOLY TA ATTOTEAECUATA O€ TIEQITITON
aAayng, TapOAo TTOL N AvAALON eLAICONCIAC Sev TTPAYUATOTIOIEITAI. LTEKETAl OUWC WS HIC
KAADTEQN KATAVONCN TWV ATTOTEAECUATWY KAl TV CUUTTEQACUATRV TTOL £YIVAV KAl TTAC ALTA
utToPEl va aAANGEouy.

TENOC, TTEpIyPAPOVTal Kal oulNTOLVTAI Of TTAPAYOVTEC £LAICONCIAG Kal o aRePAIOTNTES
OTOLG LTTOAOYIOHUOUC OXETIKA HE TIC TNOAVEG ETMEEOEG, AKOAOLOOLUEVN ATTO HIA YEVIKA

ouvlnTnon.
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Ekrerapévn MepiAnyn
Eicaywyn

H mapoboa SIMAWUATIKN apXIKA KAVEN JIa avAALON TOL TOUED EVEQYEIAC O OTTOIOG ExEl
apxioel va aAANalel Pe TTOAG LTTOOXOUEVOLS TOOTTIOLC HE TNV TTAYKOCUIA LIOBETNON TEXVOAOYIGV
AVAVEROIUWY TTNYWV evépyelag (AME) pe oToxo &éva RICCIUO Kal TTIo TTRACIVO PEAAOV. 'HTav n
Sekaetia Tou 1970, dTav o1 TTEPIRANOVTOAOYOI TIPOWONCAVY TNV avATITLEN AVAVEDCIUWY TTNYWV
EVEQYEIAG TOOO WG AVTIKATAOTACN TNG EVEEXOHEVNG EEAVTANCNG TV OPLKTRV KALGIUWY, 000
KAl ¢ ammddpacn atmmo TNV e€APTNON ATTO TO TTETPEAAIO [1]. TEA, O TEXVOAOYIEC AVAVEDTIUWY
TINYQWV EVEPYEIAC KLPIAPXOLY OTNV TIAYKOOUIA Ayoped YId VED SLVAUIKOTNTA TTAPAYWYNGS
evEPYEIAG. H NAIOKA-PWTOROATAIKN) KAl N QIOAK &veépyela eival OANO Kal TIEQICCOTEQO Ol
PONVOTEPES TTNYEC NAEKTPIKAC EVEQYEIAG O TTOAAEC AYOPES KAl Ol TIEPICTOTEPES ATTO TIC AAANEG
AVAVEDOTIUEG TTNYEC EVEQYEIAC Ba eival TANPWS AVTAYWVICTIKEC HECQA OTNV £TTOUEVN SEKAETIAL.

MeTa amd ekTeTAUEVN AVAALON TWV KOPIV AVAVEWOIUWY TINYWV EVEQYEIQC OTO
KepdAaio 1, kataANEaue OoTa TTAPCAKATW CLUTTEPACUATA OCOV APOPA TO KOOTOG KAl TNV
ammodoTIKOTNTA TOLC.

Evipyeia Biopdalac:

H evépyeia TNG Plopalacg Sev UTTOPE VA XAPAKTNEIOTE G EVAC ATTOTEAECHATIKOG TPOTIOC
TTAPAYWYNC EVEQYEIAG YIA £va TTOADTIAOKO TIEQIRGANOV, OTIWC TA EAANVIKA vNold, KaBwg Ta
edapn eival oTeyvd pe avénuévn aAatoTNTA TTOL KABIOTA SOLCKOAN TNV KAANEPYEIC EVEQYEIAKWY
@LTEIWV. EMTTALOV, Ta ATTOPANTA TTOL TTAPAYOULV Ol VTIOTTION Sev ETTAPKOLY YIA TNV KAALWN OAKYV
TV EVEQYEIOK®V ATTaAIThoewY. QOTOC0, N evépyed TNG Plopdalac PTrope va XeNnoIUoTToINOE wg
SeLTEPELOLOA TINYI NAEKTPIKAC EVEQYEIAG OE UETAYEVEDTEPO OTASIO OTA TTACICIA TNG AVATITLENG
TOL «EELTTVOL VNCIOLY KAl PIAG TTIO TTPACIVNG ADONG YIA TNV AVAKOLKAWON TV ATTORANTWV.

AIONIKN evépyela:

H alohikry evépyeia Sev cival €mMiong IO QTTOTEAECUATIKN €VEQYEIAKN ALON yia TA
KATOIKNUEVA EAANVIKA VNOIA, KABWG OTIWC avapeépdnke cival damavnpég emevoLOoEIS e
TIEQIBAANOVTIKEG ETTITITACEIC KAI OXI KATAAANAEG ADCTEIC VIO KATOIKNWEVES TTEPIOXES, OTTWGS TA VN OIS
TTOL OTOXELOLPE O ALTAY TNV £peLVA. Mia KOADTEPN XPNON ALTAC TN TEXVOoAoyiag Ba ATav oTa
akatoiknta Ened vnaoid OTToL To KOOTOC YIA LTTOBAAACCIEG CLVSETEIS Sev Ba eival LYPNAD Kall Ol
ATTOOTACEIG B £XOLY VONUA OTO VA ETTEVOSLCOLIE O ALTOL TOL €i60LC TN ALON. QCTOCO, AKOUN
KAl JE ALTO TO EVEQYEIAKO OEVAPIO, UTTOPEI VA XOPAKTNPIOTE (G N OIKOVOUIKG aTToSOTIKA ALON,
KABWG LTTAPXOLY KAl AAAEG ADOEIC OTIWC TA (PWTOPOATAIKA €VEQYEIOKA CULOTAPATA TTOL
TAIPIAZOLY KAALTEQA OTO TevVAPIO UAG.

DdwTOROATAIKA NAIAKN eVEPYEIQ:

YOUTTEPACUATIKA, N (PWTOPROATAIKA evépyea cival TO  KAAOTEQO  OevAPIO  TTOL
XPNOIUOTIOIEITAI YIA TA ATTOPAKPLOPEVA EAANVIKA vNOId, SES0UEVOL OTI ATTOTEAOLY UIA TTOANG
LOTTOOXOMEVN OIKOVOUIKA ALON Kal 16AVIK YIa Ta vNOoIA-oTOXOLG KAl WG €K ToLuToL Bda
XPNOIUOTIOINGE OTNY avAALCN ALTAC TNG £PELVAC. EKTOC ATTO TNV TEXVIKN TTOOOTITIKY), XApn TNV
TAXEa Peion ToL KOOTOLC KAl TV LAIKG®YV, TO KABICTA pia attd TIG TIO TIPOCITEG KAl ALIOTTIOTEG
AOCEIC VIO TO CLYKEKPIUEVO TTEPIBAAANOV OTO OTIOIO €0TIALEI ALTA N €PELVA.
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MNa TIC AavAYKEC ALTAG TNG £PELVAC Ba XPNOIUOTIOINBOLY YIa TOV OXESIACOUO Ol
TEXVOAOYIEC TNG NAIGKAC EVEPYEIAC, OULYKEKQIUEVA TWV PWTOPOATAIKGDY OCLOTNUATWY Of
oLVSLACUO HE TEXVOAOYIEC ATTOBNKELONG, CLYKEKPIUEVA UTTATAPIEC AIBIOL KABWS Ta TeAeLTAIA
XPOVIO N XPNnon Toug gival cLVNBNG KAl Of TTIO OIKOVOMIKEG TEXYOAOYIEC OTNV ayopd.

ETiong €yIve Kal PIa PIKER avAALON OXETIKA UE TIG £ELTTVEG TEXVOAOYIEC TTOL UTTOPOLY VA
EQAPUOCOOLY YIA KAl VA EVOWUATOO0VLY OTO OLOTNUA EVEQYEIAG TTOOKEIUEVOL VA SIACPANOTE
N OMOAM TTAPAYWYT) KAl TTAPOX NAEKTRIKOVL PELUATOC YIA TNV IKAVOTTOINON TWV ATIAITHCEWY TOL
vNoIoU.

TeENOG, TTPOKEIUEVOL AOITTOV YIA VA ATTOKTHOOULUE UIa €KOVA YId TNV AvatTuén Twv
OULYKEKPIPEVWY CLOTNUATWY OTNV EAANASQ, vivetal pia avAAbon TOL TOPED eVEQYEIAS KAl TRV
OLOTNUATWY TTOL AEITOLPYOLY ALTA TNV CTIYUI OTNV XWPEA OTO £TOUEVO KepdAaio.

Evepyeia otnv EANGSC

Y10 KepAAQIO 2 YiveTal ApXIKA hIa avAaALON TOL TOUEA EVEQYEIAG OTNY EAANGSA pe Ta €ENG
evpNuaTa. To KAVLOIUO TIOL ETKEATEI OTOV EAANVIKO evepyelaKO TOpEQ €ival TO TTIETPEAQIO,
AVTITTPOCWTTELOVTAG TTEPITTOL TO 51% ToL TPES (Total Primary Energy Supply) yia 1o £€10g 2019. H
EANGSa kaTéxel Tn Se0TEPN BEon oTn XPNoN TETPEACIOL HETAEL TV XWPEWV HEAWY TNG IEA
(International Energy Agency) kal e€aptatal oxebSOv ATTOKAEIOTIKA aATiO TIC &0AYWYEG
TeTpeAaiov. O AvBpakKaAg gival To SeLTEPO TTIO KLPIAPXO KAVLCIUO pE PePISIo 23% oTo TPES kaTd
TO £10C 2019 KaI XPNOIUOTIOIEITAI KLPIWSG OTNY TTAPAYWYH NAEKTPIKAC EVEQYEIAG KAl £va HIKPO
HEPISIO YIa RIOPUNXAVIKOLSG OKOTTOVG. TO PLOIKO AEPIO KATAAAUPAVEN TNV TPITN BECN TOL TTAEOV
XPNOIUOTIOIOVEVOL KALTIUOL OTO CLVOAKO EPOSIACUO TIPWTOYEVOLG EVEQYEIAG YIA TO £TOC
2019, pe pepibio 11%. L& VEVIKEG YPAMMEG, TA OPLKTA KALCIUA CLUPAAAOLV OTOoV EAANVIKO
OLVOAIKO EQOSIACUO EVEQYEIAG O ONUAVTIKO £TTITIESO, KABWS TO TTOCOCTO £pOace TO 84% TO
£10G 2016, yeyovog mov 0dnynaoe TNV EANGSa oty éRdSoun Béon peTadd Ty Xwpwyv Tou IEA [32].

H mapaywyn evépyeiag oL TTpoépxeTal atto AMNE mapovaciace STt abénon oe SidoTnua
10 €TV, KAIYakoLuevn amod 5,9% 1o 2006 ot 12,5% 10 2019, pe Ta PIOKALCIUA KAl TA ATTOPANTA
va €LBLVOVTAl YIA TO AUICL TIEQITTOL TNG TTapaywyng AME ota TPES. Eival onuavtikd va
avaeEpovue 0Tl N EANGSa katexel TN §ebTEPN BEon PETALL TV XWPwVY TNG IEA oTo Lepidio TNG
NAIOKNG EVEQYEIDQG.

MeEAETVTAC TO eANVIKO SIKTLO NAEKTPIKNG evépyeiag, eival duvatn n SIAKPIoN Kal N
Sidipeon TOL €BVIKOL SIKTOOL NAEKTPIKNAG EVEQYEIAG HUE TO NTTEIPWTIKO SIKTLO NAEKTPIKNG EVEQYEIQSG
NG ITePeAC EANASAGC KAl TO 0LOTNHA NAEKTEOEOTNONG TV EAANVIKGV VNOIGWV HECK PIKPOTEQWY
TOTTIIKQV SIKTOWY. Ta vnoid 1oL §ev TPOPOSOTOLVTAI ATTO TO NTTEIPWTIKO SIKTLO NAEKTPIKNAG
evépyelag, ovoualovtal Mn Aiaouvéedepeva Nnoid (MAN) Tng EANGSAG. Ta TrepiococdTepa ato
TA EAANVIKA VNOIG TPOPOSOTOLVTAI ATTO ALTOVOUA NAEKTOIKA CLCTAUATA E NAEKTPIKN evEPYela
TTOL TTAPAYETAl KLPIWG ATTO TOTIKOULG OEePUONAEKTOIKOLS OTABUOLS KAl Ot OPICUEVEG
TEPITTTACEG armd AMNE. O BepUONAEKTPIKOI OTABUOI XPNOIWMOTIOIOLY ApyO TIETREACIO, PAPL
TeTPEAAIO (UaloLT) kal EAa@PEL TTETPEACIO (VTICEA). Ta TeAeLTAIA XPOVIA, TA EAANVIKS vNOoIA &ev
EXOLV AKOPN OLVEEBE PE TO NTTEIPWTIKO NAEKTPIKO SIKTLO AOYW TEXVIKGV KAl OIKOVOUIKGV
TIEQLIOPICHAY TTOL BETOLV TO ETTEVSLTIKO KOOTOG CNUAVTIKA LWNAOD.

Emiong a&iCel va avagepBei TG 0 onueRIVOC TPOTTOC EVEQYEIAKNG TTAPOXNG OTa MAN
TTapoLolalel EexwPIoTA TTPOPANUATA TA OTIOIA PTTOPOLY va TASIVOUNBOLY Ot OIKOVOUIKA,
TEXVIKA KAl TIEPIBAANOVTIKG KAl TTAPOLOIAZOVTAI OTIG ETTOUEVES TTAPAYPAPOLG.
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ATTO OIKOVOUIKY) ATTOWn, OLVOAIKA, Ta MAN xapakTneilovtal amd avénuévo KOOTOG Ot
oVYKPION HE TO NTTEINWTIKO NAEKTPIKO SIKTLO. AVAALTIKA, TO PECO PETARANTO KOOTOC (AVC) cival
800 £WC OKTW POPEC LYNAOTEPO ATTO TN PECN OPICKM TIUR TOL CLOTAKATOS TOL HTTEIPWTIKOL
NAEKTPIKOL  SIkTVOL [35]. To pECO KOOTOC TIOPAYWYNS TWY ALTOVOU®Y OTABUGV
NAEKTOOTTIAPAYWYNS TTOL AEITOLPYOLV HE TIETPEACIO TOV ALyouoTo ToL 2017, oOUPWVA HE
EmioNUa OToIXEIA TOL BlIAXeEIPIoT TOL EAANVIKOL AIKTOOL Alavoung HAekTPIKAG Evépyeiag
(AEAAHE), SiauoppaBnke o1a 336,96 € avd PeyaPatmpda, TIEQITTOL ETTTA POPES LYNAOTEPO ATTO
TNV OPICKN TN TNG NTTEIPWTIKAG X®OPACS, YOPW oTa 50 € yeyapatwpa [37].

ATIO TEXVIKI ATTOWN, Ol LPICTAPEVOI OTABUOI NAEKTPOTIAPAYWYNGS TTOL AEITOLPYOLV UE
TIETPENQIO AEITOLPYOLY O€ PEYIOTO ETTITTESO, 16IdC KATA TNV LYWNAR TTEPIOSO (Bepivr) TTEPIndOC), yia
va KaALWOULV TNV avgnuévn {NTNON NAEKTPIKAGC EVEQYEIAC AOY@ TOL TOLPICUOL. MPOKEITAl YIa HIa
onNUAavTKAn SLOKOAIA TTOL CNPERA SEV UTTOPEI VA QVTIUETWTTIOE ATTOTEAECUATIKA O VNOIWTIKOG
EVEQYEIOKOC TOUEAG. O OTABUOI NAEKTOPOTIAPAYWYNS TTOL ALITOLEYOLV CE HEYIOTO RBABUO
EVOEXETAI VA £XOLY APVNTIKES ETTITITWOEIG, OTIWS SIAKOTIEC PELUATOG. H TTPOKANCN TNG KAALWNG
TV KAAOKAIPIVAV POPTIV KAl TG AIXUNGS TNG {NTNONG O& OPICHEVA VNOIA TTAPAKAUTITETAI ATTO
AAEG AOOEg, OTIWG €ival N evolkiaoNG OPENTWY HOVASWY VTIEA N N HECW HETAPOPAC
TTAPAYWYNGS ATTO AAAD SiKTLA OTTOL LTTAPXEI TTAeOVALOLOA TTAPAYWYIKA IKaAvoTNTa [37] [36].

EmTAEOV, Eva AANO TEXVIKO EUTTOSIO TTOL TTPETTEI VA ANPOEi LTTOWN €ival N TeExVIKN SIAPKEIT
(NG KAl N XAUNAR ammodoon TWV ONUEPIVAY OTABUWY NAEKTPOTTAPAYWYNG. H TTapoxn
NAEKTEIKOL peLUATOG OTA 32 N SlacLVSedepiva vNOIA TNG XWPEAC eEacpaAileTal amrd oTabuUoLS
XAUNANG XENTIKOTNTAC (VTICEA Kal uadobT) TTOL EXOLV eyKATACTABE ATTO TN SekaeTia Tov 1960
kaitou 1970 [37].

ATTO TG TIOPATIAV®, &ival caQiéc OTI LTTAPXE EVTEVOUEVN avAykKn OAAAYNG OTov
EVEQYEIAKO TOUED TV EANNVIKWY VNOIWY KAl OTOV TIPOCSIOPICHO ATTOTEAECUATIKOTEPWYV TROTIWY
€€EAOPANONG eVEQYEIAG YIA KAALYN TV AVAYK®YV. Ta TEAELTAIA XPOVIA, LAOTIOINBNKAY SPACEIG
KAl TIOWTOROVLAIEG PE OTOXO TNV AVTIMETWTTION TOL NTAWATOG TNG TTAPOXNGC EVEPYEIAC 08 OAA TA
vnola NG EE kal Tnv mpooBnon TnG SIadikaciag PeTAPaAcNG TOL EVEQYEIAKOL TOLC TOUED ATTO
OPULKTA KAVLCIUA ¢ KABAPN eVEPYEID. AQKETOI OPYAVIOHOI KAl E0ELVNTIKOI POPEIC EXOLY UEAETATEI
Kal avatTuel TMAOTIKA £oya EELTTVAOV VNOIWVY KAl TTOAEWY TTOL EXOLV WG PACN TNV TTPACIVN
EVEQYEIQ TIPOKEIMEVOL VA €EETACOLY KAl VA ETMKLEWOOLY TN OKOTIUOTNTA KAl TIG OETIKEG
TIEQIBAANOVTIKEG ETTITITACEIC TTOL PTTOPOLY VA TTOOKAAECOULY. XTNV ELPGTIN KAl PE Eupaon OTNV
EANGSQ Bpiokoupe 3 TETOIOLG OPYAVIOUOULG:

Ovoparemovopo Opyaviouob Meploxn eotiaong
DAFNI (AikTLO Bicdolywy | EANGSa — Nnoid Aiyaiou
EANVIKGV NNOIGV)

Smart Islands Inifiative EupoTraikd Nnoia

Pact of Islands Eupotraikd Nnoid

Mivakag 1 Opyaviouoi Tov cuveéovTal e EELTTVA VNOIA KAl TOUED £0TIAONG

MEo ALTAG TNG £PELVAC, EXOLUE WG PACN TNV 1I6E0AOYIA TRV EELTIVOV VNOIQV KAl
SIELELVOLE TIC ETTIAOYEC YIQ TO ETTOUEVO VNOI TTOL EXEI TIG ATTAPAITNTEG ATTAITACEIC KAl
TTPOSIAYPAPES OTE VA AAPel UEPOG O¢ ALTh TN YeTaRaon. Eival yeyovog o1 TpéTel va
avanTuxBoLV TTEPICCOTERA TTIAOTIKA £0YA HE LWNAOTEQES SLVATOTNTES, XPNTILUOTIOILVTAG
vNoId TTOL XPEIAloVTal AANO eVEQYEIAKO COCTNUA O CLVSLACHO [E EELTIVEC TEXVOAOYiES. ETOl,
Ta EANVIKG vNOIA €ival pid KAAR apxn KABWS OTIWG avapEpONKe EXOLY TNV avaykn yia
AVTIKATACTACN TOL TPEXOVTOG EVEQYEIAKOD TOLG CLOTAUATOG.

2020-2021 R




National Technical
University of Athens

MEAETN YIa TNV avaTTTuEn bTodounc ota MAN

170 KEPAAQIO 3 YIVETAI HIA TTIO EKTETAUEVN AVAALON TOV VNOIWV YIA VA eEaKPIPwOEi Kal va
EMAEXOEl Eva vnoi yia autn TNV £pevva TTOL Ba ATAvV KATAMNAO YIa TNV avATITLEN LIAC TETOIAG
LTTOSOUNG TTOL TTEPIEYPAPNKE OTA TTAPATIAVE KEPAAQIA. TO COUTTIAEYUA TTAPAYWYNG EVEQYEIAG
TV MAN armoteAeital ammd 32 avTOVOUA NAEKTPIKA CLOTAPATA, TA OTTOIA TTAPEXOLY NAEKTOIKNA
evépyela e 61 vnold. TUVOAIKA, kaTd Tn Sidpkeia Tou 2017, n eykateoTnuévn 1IoxLS ATav 1808,35
MW . EmTTAéOV, OI eYKATAOTACEIC AVAVEWOIUWY TTNYWV EVEQYEIAC AEITOLEYOLY O& TTOAG aTTd TA
MAN. H cuvoAiKA xwpenTIKOTNTA TV oTabuwy AME ota MAN Atav 459,59 MW 1O TTIPMTO
TETPAUNVO TOL 2018.'OCOV APOPEA TA UEPISIA KATAVAAWONG evEQYEIAS, TO 81,5% KAALTITETAI ATTO
BepPIKoLS OTABLOVLGS Kal TO 18,5% atrd oTaBuovg AME. To uepidio AME katavéuetal wg eENg [54]:

e 60,7% QIOAIKN evépyela

o 34,3% nAiakn evépyela (pwToROATAIKOI OTABUOI)

o 4,7% nNakn evépyela (PWTOPROATAIKA TNV OKETTA KaI net-metering)

e 0,3% ammd aAAeg AME (QuLTA gival N ekTIMPEVN CLVEICPOPA OTNV Evépyea AME amod eva
HIKOO LEPONAEKTPIKO OTABUO OVOUAOoTIKAG 1oxVog 0,3 MW kal pia pIkpr uovasda
BloagpioL ovOPAOTIKAG I0xLOC 0,5 MW, TTou AeitovpyoLy otny Kpntn)

INUEIVETAI OTI EVA CNUAVTIKO XAPAKTNEICTIKO TWY EVEQYEIAKGDY CLOTNUATWY TV MAN
gival n xpNnon vevvntpiv (KLVPIWS VTIZEA) yia TNV KAALWN ETTITTAEOV, ETTOXIOKGY AVAYKWV O€
NAekTEIKNA evepyela. Ol YevvATEIES evoIKIGZoVTal KATA KAVOVA aTTO TOLG TTAPAYWYOLS EVEQYEIAC
KAl JETA@EQOVTAl OTA vNOIA. ALTO, QULOIKA, TTIPOKAAEI ALENCEC OTO KOOTOC TTAPAYWYNC
EVEQYEIAC Kal Ba avaALBei TrepaITéP.

YOUMGVA UE TIC TTAPEXOUEVEG TTANPOPOPIES, ETTICNUAIVETAI KAl TTAAI N avAykn yid Thv
EANGSa va AGPRel coPapd uTtown TNV OIKOVOUIKR {nUid TTOL TTPOKAAOLY Ta ONUEPIVA CLOTAPATA
TTAPOXNG NAEKTPIKAG evEPYEIAG OTO €0vog. H avaykn peTapacng o€ mo @QINKEC TTPOG TO
TTEPIBAANOV ADOEIG eival oapnG. H EANGSa TTpéTtel va AGRel bTTOWN TIG SLVATOTNTEG TWV TTNYWV
AlME Kal va emw@eAnBei atto TIC TREXOLOEG ETTEVOVLOEIC KAl XoNUATOSOTNCN TTOL TTAPEXOVTAI ATTO
TNV Evptn. Eva KaAO Eekivnua eival ol TTPWTOROLAIEG TTOL €0TIAOLY OTA EAANVIKA UnN
Slaouvbedepeva vnold - €€ 0L KaI TO ETTIKEVTPO ALTAG TNG £PELVAG.

MNa ToLG OKOTTOLG ALTAG TNG £PELVAG TO VNOi TNC ACTLTTAAAIAG Ba eEeTAOTE KABWC
KAAOTITEl OAQ TA KOPIA XAEOAKTNPEIOTIKA KAl ival éva amod Ta TTP@TA vNoIA TTOL TTPOKETAl VA
HETATOATTOLY OTO TTACICIO TNG TTPWTOROLAIAG (EELTTVGY VNOIWVY. ITIC AKOAOLOEG £VOTNTES, N
¢pevva £oTiAlel OTO TIAPAOKAVIO TOL VNOIoOL TNG ACTOTTAACIAC KAI UE TNV XPNON KATIOIWY AAARY
TTAPOUOIWY EPELVRY BA OKIAYPAPNOOLY OI TPEXOLTEC AVAYKEG, TIOAVEC ADCEIC KAl EVEQYEIAKS
OLOTAWATA TTOL PTTOPOLY VA AVTIKATACTACOLY TO LTTAPXOV.

To vnoi TNG ACTLTTAAQIAC

H AcTumtdAcia €ival pia 16avIK Kal QVTITIOOCWITELTIKY) HEAETN TIEQITITGONG YIA TN
SlgPebVNON  UEANOVTIKQV TTIPOOTITIKGV  HIKPGWY, CUTOVOUWY NAEKTPIKQY OCLOTNUATWY  OTd
EMNVIKA vNoId. BpiokeTal oTn pECN TOL Alydiou, KAl Ol ATTOOTACEIC HETAEL TOL VNTIOL KAl AAAGDY
MEYAAGV VNOIWY, KABWS KAl ATTO TNV NTTEINWTIK XWEA €ival APKETA UEYAAES [69].

2020-2021



National Technical
University of Athens

Q¢ ek TOLTOL, TIPAKTIKA, N AETOLPEYIA VOGS ALTOVOUOL NAEKTPIKOL CLOTAUATOG OTNV
ACTOTTAAQIA €ival LTTOXPEWTIKA, SIOTI N COVEECT) TOL PE AAAD, HEYAALTEQA NAEKTPIKA CLCTAUATA
(A pE TO SIAcLVEESEUEVO NAEKTEIKO SIKTLO TNG NTTEIPWTIKAG XWPEAGS) gival SOCKOAN.

O POVIUOC TTANBLOPOC TOL VNOIOL, COPPWYA HE TNV TEAELTAIA aTToyEAPn, eivar 1334
KATOIKOI. TO euPadov Touv vnoloL cival 96,9 xAu2. H ActomrdAaia eival évag apketd SNUOPIANG
TOLPIOTIKOC TTPOOPICUOC, EI8IKA TOLC KAAOKAIPIVOLC UAVES KAl ETOI KATA CLVETTEID N {ATNON
evépyelag avfaverarl Kata TN SIAPKEIC TOL KAAOKAIPIOU.

TOUPWVA PE TTANPOPOoEIeg ToL AEAAHE O TTAPAKAT® TTIVAKAC £Xel eEQXOEl OXETIKA PE TN
{NTNON NAEKTPIKAGC EVEQYEIAG:

Total annual electricity demand 6.56 GWh
Hourly maximum demand value 2224 kW
Hourly minimum value 241 kW
Annual average load value 748.90 kW

Table 17 Info concerning Astypalea electricity demands and loads

MEOKEeIWEVOL VA EKTIUNBEI KAl va oxedlaoTel ToO cLOTNUA otV AcTLTTAAAId, SiEEdyETal
EexwPIOTA £pELVA YIa KABOE TOUEQ, WOTE VA EXOVLE TTIO PEAAICTIKA KAl AKPIRM ATTOTEAECUATA YIT
TOV OXESIAOUO. LLYKEKQIUEVA £XOLV AVAALOEI O TTAPAKATW TOUEIC:

e  OIKIOTIKOG Topéag

o Toutag Zevobdoxeiwv Kal AAAGY LTTNEECIWY SIAUOVAG

e Touéag Emxeipnoewy gayntoL

e Touéag Exmaibevong

e Agpobpouio Kal AAAA KTipIa.

o Touéag Obikob PwTIoUOL

e Touéag'Yépevong

YOUTTEQACUATIKA, TA ALTOVOPA NAEKTOIKG CLOTAKIATA TV MAN, 18IaiTepa Ta

ATTOPAKPLOUEVA, ATTOTEAOLY TNV 16AVIKA TTEQITITGON YIA TN XPNON AVAVEWOTIUWY TTNYWV
EVEQYEIAC LTTEP TV TOTTIKGV KOIVGVIQWV, RACEI ATTOKEVTRWHEVWY EPaPUOYY. H
ATTOKEVTOWUEVN EKUETAOANELON ATME O€¢ QTTOUCKPLOMEVA VNOIA €ival Evag ATTIOG, BICIUOG
TPOTIOG afloTroinoNG TNG TTPACIVNG evePYelag. O1 KLPEPVNTIKES TTONITIKEG Ba TTRETTEl VA
LTTOOTNEICOLY TTIO EVEPYA ALTO TO EI6OC EVEPYEIAKOL UEANOVTOG YIA TA MAN.

METATPOTIN TOL VNOIOL TNG AoTLTTAAAIOC o€ EEuTTVO
NNoi

‘O TTPOAVAPEEBNKE, AV KAl N SIACOLVEES UE TO NAEKTPIKO SIKTLO ATTOTEAE OTPATNYIKA
emAoYr TNG EAANVIKAG KLREPVNONG, N ACTUTIAACIO ATIEXEI TTOAD ATTO TNV NTTEINWTIKA XWEA KAl
AANO pEYOALTERA evepyelaka cuoThuaTta (POsog, Kwg, Kpntn, Na&og). To kO6OTOC YIia TNV
ETIEKTACN TV EVEQYEIAKWV SIKTOWV e LTTOPPEULXIA KAADSIA gival ApKeTA LYWNAO. TLvoLALOVTAG
Sedopéva ammd oxeTIkoLG TTOPoLS [80] [81] [82], ekTiwATal OTI TO ATTAEAITNTO KOCTOG YA TNV
ETTIEKTACN TOL SIKTLOL TTPOG ALTOVOUA VNOIWTIKG CLOTAUATA avépxetal o€ 1.000.000€/km.

2020-2021



National Technical
University of Athens

ANQ oevapIa YIA TNV NAEKTPOSOTNCN TOL VNOIOL TTOL £RELVABNKAV gival Ta akOAOLOA

[60]:

e Ievaplo A: Tlepaimép XPNON QAVAVEDOCIUNG EVEQYEIAC XWEIG TNV TIPOCONKN
ATTOONKELTIKOV XGPOL

- Al: DTOPROATAIKS KAl HIKOOG LEPONAEKTPIKO OTABUO.
- A2: DWTOPROATCIKSG, AVEUOYEVVATPIES KAI MIKPOG OTABUOG LEPONAEKTOIKAG EVEQYEIQG.

e Ievapio B: Mepaimépw XPNON AVAVEDROIUWY TINYWV EVEQYEIAC WE TNV TIPOOCONKN
MTTATAPIV CLOTNUATWY ATTOBNKELONG evipyelag (Li-lon)

- B1: ®TOROATAIKA KAl CLOTOIXIA UTTATAPICV.
- B2: ®WOTOROATAIKA, AVEUOYEVVATRIES KAI CLOTOIXIA UTTATAPICV.

- B3: ®wTOROATAIKG, QVEUOYEVVNTPIEC, UIKPOC OTABUOC LEPONAEKTPIKAG EVEQYEIAG KAl
oLaTOoIXIa PTTATAPIV.

‘ExovTag TIG MO TTAVE TTANPOMOPIES KAl ATTO TNV AvAALON OTA TTPONYOLUEVA KEPAAQIA
EKTIUATAI TIWC N KAAOTEPN €MAOYN YIa TO vnoi TNG ACTLTIAAQIAG &ival n  AvarmTtuén
PWOTOROATAIKGDV TTAPKWY Ot CLVOSLACHUO PE ATTOBNKELON EVEQYEIQG OE UTTATAPIES YIa TNV
IKAVOTTOINTIKA AEITOLEYEIA TOL VNOIOL. MEPIKG Ao TA TIPOTEPAWATA Yia TNV XPNon Twv
PWOTOROATAIKGDYV Eival TA €ENG:

TepAoTia XwpeNnTIKOTNTA
‘Ocov apopd TO avBPWTTIVO XPOVOSIAYPaUUd, Eival UIa alcvIa TTNYN EVEQYEIQG.
NepIParNOVTIKA aopalig

‘OTTWG KAl AANEC AVAVEDTIUES TTNYES EVEQYEIAG, N NAICKN EVEQYEID €ival AOPAANG YIA TO
TEPIPAANOV. Aev Ba TTPOKAAETEI POTTAVON ) LTTORABUICN TOL TTEPIBAANOVTOG.

EvmrpocappooTo

AV Kal CLXVA TOTTOBETOLVTAI OTIG OTEYEG, TA NAIAKA TTAVEA UTTOPOLY VA TOTTOBETNBOLY
OTTIOLSATTOTE.

OIKOVOMIKA aTroSoTIKO

H TipR TV NAIOKGY CUAAEKTV ONUEICE SPACTIKA TITON TA TEALLTAIA XEOVIA KAl TO
KOOTOG £YKATACTACNG EiVAI TTIPOCITO YIA £TTeVOLOEIC. ETITTALOV, €ival TNIO ATTOSOTIKO ATTO TTAELPAG
KOOTOLG HAKPOTIPOBECUA.

Aiyo £€¢ KaBOAoL KOGTOG CLVTNPENONS

Ta nAIaka TTAveN cuvNBWS SIaPKOLY ¢wG Kal 30 XPOVIA, ETTOUEVWG §EV CLVETTAYOVTAI
¢€oba ouvtnpnong.

Na 10 vnoi TNG ACTOTTAAQIAG KAl TO OXeSIAOUO TV NAIKQOV AYPOKTNUATWY B6a
S1QIPECOLLE TIC 2 KOPIEC TTEPIOXEG TTOL ATTEXOLY PETAEL TOLG YIA VA PEICOLY TN CLVEECN KAl
AAAa £€0ba. Ta SVO TUAPATA €ival ETTOUEVWG:

e TuAua A (n SLTIKA TTAELES TOL VNTIOL)
e Tunua B (n avatoAikr TTAeLPd TOL VNOIOL)
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Section A (West) Section B (East)

Residential sector 1.8491 GWh 0.2809 GWh

Hotels and other | 1.7557 GWh 0.0443 GWh

accommodation types

sector

Dinning businesses and food | 0.9502 GWh 0.1798 GWh

catering services sector

Public Buildings 0,4700 GWh 0.3000 GWh

Street Light and other public | 0.3820 GWh 0.1660 GWh
| lights sector

Other 0.23 GWh

Total 5.64 GWh 1 GWh

Table 35 Data for Section A and Section B Solar Farms

TOUPWVA JE TNV AvAALON TTAPATTAVE YIVETAI KAl O DTTOAOYIOUOG TOL €EOTTAICUIOL KAl TO KABE

Section.

Section A (West) Section B (East)
Total (annual) 5.64 GWh 1 GWh
Daily 0.015 GWh/day 0.003 GWh/day
9 hours irradiation 1,7 MW 0.3 MW
Battery Capacity 400 kWh Li-ion 100 kWh Li-ion
455W/panel 3496 panels 617 panels
Total panels 4113 panels
Total Battery Capacity 500 kWh Li-ion

Table 39 Data for total Sizing of Solar Farms

[I\Gvo epyaoiwov yia Tnv avamnTuén Ttou ‘E€uttvou
NNc1ob TS ACTLUTTOAQIAC

Ye ALTO TO KEPAAaIO éxel Sle€axBel eva TAAVO €pyaoiv KABWG Kal pia avaAubon
KATAAANAOL TTPOCWTTIKOV. M auTd TO £pY0 evTOTTIOLUE TREIG KOPIEG PATEIS KAl SeKATPIA TTAKETA
Epyaoiac Ta omroia cuvowilovTal TTAPAKATW:

e ®aon 1 - Totmkr TPoEToINACIA, TEANKOG IXeSIaouOC Kal MNpoundeia

MET - TeEAIKA UNXQVIKA

ME2 - KovoTikr) Siaxeipion

ME3 - Tuupaoeg

ME4 — Logistics kal MeTapopég

O O O O

e ®aon 2 - Kataokevn kal 8éon o€ Aeirovpyia

ME5 - Texvikn eTToTITEIC

ME6 - EeykataoTaon Evepyelakwy ToTNUAT®Y
ME7 — EykatdoTacn AAAWYV CLOTNUATWY

E8 - Back-office Management

ME9 - Eyxeipidio Aeitovpyiag

O O O O O
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o [EIT0 - Ekmraidevon TOTIKGV Opuadwy
e ®aon 3 - AcTovpyia kal BeATIOTOTTOINCN

o TE1T - Alaxeipion ZooTNUATWY
ME12 - AciTovpyia kal TuviRENoN
o TE13 - MNpoetoipacia TEAKAS £kBeong

TOUPWVA Kal he Tov oxedlaoud evog Gantt chart mov dnuiovpynBnke yia avt) Tnv
EPELVA, EKTIATAI TTWS OAOKANPO TO £PYO Ba SIapkETEl 24 UNVES YIa va TTAPASKOE! e ETTITLXIC
LTTOBETOVTAG OTI apPXilel TTPWTN eRSouada AmpIAiov 2022 kal OAOKANPGVETAI TNV TEAELTAIA
epSopada Tov MapTiov 2024, TLYKEKQIUEVA:

e H®ddaon 1 6a mepINapPAvel TOLS TTPWTOLS TECTEPIC UNVES TOL XPOVOSIAYPAUUATOC
(ATTpiNiog 2022 - lovAIog 2022)

e H ®daon 2 6a mepIAauPavel Tov pnva 5 £€g Tov 170 pnva ToL XeovodiaypdupaTog
(AbyovoTog 2022 - lobAIog 2023)

e H ®daon 3 6a Siapkéoe amd Tov 180 £ ToV 240 Priva Tou XpovodiaypdAuuaTog
(AbyovoTog 2023 - MapTiog 2024)

‘Ocov a@opd TNV AKPIPEID, O EKTIUWUEVOI XPOVOI YIA TNV OAOKANPWON KABE £pyaaciag
Ba pmopoLoav va SIaQEPOLY OTNV TTPAYUATIKOTNTA, KABWS LTTAPXOLY SIAPOEOI AOYOI KAl
KivSLVOIl TToL Ba PTTOPOLOAY VA TOLG ETTNEEACOLY. MEPIKOI ATTO ALTOVLG TTOL AVAAVLOVTAI O€
avTA TNV £PELVA Eival TTONITIKOI, OIKOVOUIKOI, TEXVOAOYIKOI KOIVGVIKOI KATT.

Oikovouikn AvaAvon Tou ‘E€utrvou Nnolov TN
AOCTOTTAAQICG

Ye ALTO TO KEPAAQIO YIVETAI pIA AVAALON OAWYV TWV KOOTWV YIA TNV AvATTuEn ToL
OLYKEKPIPEVOL EpyouL (CAPEX) kaBwc kal Ta Aatoupyikd é€oda (OPEX) . TLuVOTITIKA TTAPAKATW
eival Ta ammoteAéoparTta.

Description CAPEX Price
(Euros/year)

Total 1,475,844

General preparation and project development 42,250

Personnel (project management, engineering and | 106,225

commissioning)

Energy system - Procurement, Installation and Interconnection 915,175

Solar PV plant | 682,900
Battery Energy Storage System | 196,125
System Integration | 35,825
Street Lights and Distributfion Network | 325

Desalination System 20,519
EV Station 11,100
Installation and labor 31,625
Shipping and logistics 66,075
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Duties and customs clearance 166,725
Training and support 7,000
Travel to Site 15,100
Contingency 92,050

Table 47 Budget for Project Development — CAPEX

Description OPEX Price
(Euros/year)

Total 183,575
Personnel 83,075
Spare replacements 7.500

Asset management 20,800
Security 28,800
Admin, insurance and other 43,400

Table 48 Budget for Project Operation - OPEX

YOUPGVA UE TA SeS0UEVA KAl TO EKTIMWMEVO KOOTOG KABE TTAPAYOVTA eKTIHATAl OTI WIC
TETOIa TTPOoCtyyion yia Tnv avamTtuén (CAPEX) Twv TpoavagepBEiviy CLOTNUATWY OTNV
AcTuTTAACIa Ba kooTioel TTEpITToL 1,5 ekaT. € kal yia Tn AaiTovpyia (OPEX) mrepitrou 200 xIA. ELPG
€TNOIWCG.' OC0oV aPopd TNV AKEIREIA TV ATTOTEAECUATWY KAl TOLG £LAICONTOLS TTAPAYOVTEG KAl
apePalotnTeg - Ba cLNTNBOLY CTO ETTOPEVO KEPAATIO.

YLUTTELACUATA
H £¢peLva TTOL TTAPOLCIACTNKE & ALTA TNV SITTAWUATIKA ECTIOOE :

1) oTa XaPAKTNEIOTIKA KAl TA TIPORAMAUATA TTOL OXeTiCoVTal e TNV NAEKTPOSOTNON TWV
EMNVIKWV vNoIV TToL &ev cuvdéovTal pe 1o IEG, kal

2) mapeixe OTOIXEIA YIA TO OXESIATUO EVOG KAADTEPOL EVEQYEIAKOVD LUEANOVTOG YIA TO PIKPO
ATTOPOKPLOWEVO VNGTT TNG ACTLUTTAACIAC

Emiong n £pevva TepIypAPel KAl KATNYOPIOTTOIEl SLO ELAICONTOLS TTAPAYOVTEC:

i) TIC APePAIOTNTEC TWV EKTIUWMEVRV SedopEvayv attd TNV TTAELPA TNG {NTNONG KAl TN
HOVTEAOTTOINON TevapiV ava@opdc

ii) TIC apePaIOTNTEG OXETIKA HE TA SeS0UEVA TTOL £PAPUOLOVTAl OTN HOVTEAOTIOINCN TV
oevapiov

Emiong a&icel va avagepBei 0TI g ALTA TNV £0ELVA Ol TTAPAYOVTEG TTOL £XOLV CNUAVTIKO
POAO OTA ATTOTEAECUATA KAl TA CLUTTEQACUATA €ival Ol EENG:

* ETMAOYN €pYAALIOL LOVTEAOTTOINONG YIA TIG APXIKEG TIOOCOUOITEIG

* MoANITIKO TTAGicIO oTnY EAAGSa Kal TIBAVT €TIPEON OTNV ETMAOYN TeXVOAOyIwY AlME
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Ev kaTakAeidl - H EANGSa éxel SeopeLTel va TTpowBnoel TNV aelpdpo avanTuén, tnv
TTPACIVN EVEPYEID KAl TIC CLYXOOVEG TEXVOAOYIES VIO TN PEATICOON TWV KOIVGVIKGWY, OIKOVOUIKGY
KAl TTEPIRAANOVTIKGV CLVONKWY OTN XWPEA. Qg &K TOLTOL, N EANGSA cival EToiun va LTTOoTNEIEE!
TOTIIKA €OYA KAl OLVEQYAOIEC PE OTOXO va PondOnoel TIG TTOAEIC KAl TIC KOIVOTNTEG MPE TIC
OTPATNYIKEG TOTTIKAG avAaTTLENG. H kKLPEPVNON AauPpavel LTTOWN TIC TTAYKOOUIEG TIPOKANCEIC KAl
ELKAIPIEC TTOL TTPOTPEPOLY Ol EENIEEIC OTOLG TOUEIC TNG TTPACIVNG EVEQYEIAS KAI TV NAEKTRIKGV
oxNUATWY. ALTO empPePaicdvel TO evaIAPEOOV KAl TIC SLVATOTNTEC PETATEOTING TOL VNOIOL TNG
ACTOTTAAQIAC O€ £va £ELTTVO VNOI TTOL LTTOCXETAI YOI YOPES AAAAYEC TA ETTOUEVA XPOVIC.

Ta AmmoTEAECUATA KAl TA COPTTEPACUATA TTOL £YIVAV YIA ALTA TNV £OELVNTIKNA TTIEQITITWON
BaacifovTtal o€ pIa SIATAEN TTPWTOYEVAY S£60UEVY ATTO ASIOTTIOTEC TINYES KAl ATTO EKTILWUEVA
Sedopeva mou Pacidovtal oe SeuTepoyevr Sedouéva TTov AauPavovTal amod TN RIPAIoypapia kal
mpooapuolovial OTIC avaAykeg aALTNG TNG €pevvag. Tpia Pacikd oTadia PmmopoLyY va
OLUTTEQIANPOOLY T& PEANOVTIKEC EQELVNTIKEG €OYACIEC HE OKOTIO TN PREATIOTOTTIOINCN TWV
HOVTEAGV TTOL TTEQIYPAPOVTAI OTNV TTAPOLOA EQELVA.

‘Eva oT1ddlo TTOL TTIPETTEl VA OAOKANPWOE O TepaITEP® £pevva cival n dlie€aywyn
EKTETAPEVNG KAl AETITOUEPOVLC avAALONG O€ KABE TOPED TNG ACTOTTAAQIAG KAl O CLVSLACUOG
TTOIOTIKGV KAl TTOCOTIKGWY HEBOSWY TTov Ba TTapéxoLy PeaMIoTIKA Sedopéva. OI TTOIOTIKEG KAl
TTOCOTIKEG UEBOSOI AVAPELOVTAI OE EQWTNUATOAOYIO O& KABE TOUEQ, EOTIAOUEVEC CLVEVTEDEEIC,
ATTOSEIKTIKG OTOIXEI KAl TTAPATHONCN KAl AAANACYPAMIA LE TIGC apuodieg apxég oTnv EAAGSa. O
OKOTIOG auToL Ba NTav va efetaoel Ta dedouéva eiI0O050L TToOL ePpAPUOLOVTAl O ALTA TNV £PELVA
KAl va eEeTACE TNV €yKLPOTNTA KAl TNV AKPIPEIA TOLS. EQOTOV oAokAnpwBEei avTd TO PruA,
UTTOPEI VA ETTITELXOEI PEATIOTOTTOINCN TOL TEVAPIOL AVAPOPAGS KAI TV EVEQYEITKRDV ICOPPOTIIRV.
ALTO Ba eTTNEEACE TN SNUICLEYIA KAl TNV AVATITLEN TWV EVAAAKTIKWY Cevapiwy Kal TEAIKG 6a
TTOOOPEQEI TTIIO PEAAICTIKA, AKPIPM KAl SUVAUIKG ATTOTEAECUATA.

To 6e0TEPO OTASIO TTOL TIPETTEl VO OAOKANPWOEI O¢ TIEPAITEPW £pELVA, N OTToIa Ba
pUTTOPOLOE ETTIONG VA SOKIUACEN TNV ELPWOTIA TV ATTOTEAECUATWV KAl va evOLVAUWOEl TC
CLUTTELACUATA ALTAC TNG £PELVAG, &ival PIA AvAALON eLAICONCIAC. AOYW TIEPIOPICUEVOL
XPOVOUL KAl AOYGW TOL YeYOVOTOG OTI N avaAvon evaloOnaoiag oe OAa Ta e§eTalopeva oevapia Kal
yia KaBe cuvévaopod TeExvoloyiac Ba ATav amaItnTIkn Kal xpedletal akpiPeia, n épevva avTh
ETTIAEYEI VA COPTIEQIAGREI HOVO pIa CLINTNON OXETIKA E TOLG TTAPAYOVTEC evLAICONCIAg. ETOl, TO
ETTOPEVO OTASIO KAl N LTTOCTAPIEN TOL TTPWTOL £PYOL TTEQAITEPW EPELVAC TTOL TTEQIEYPAPNKE
TTaEATIAVE Ba ATAV UIA AETTTOPEPNC AVAALON evalIcONaTiac.

TEANOC, TO TPITO TEAIKO OTASIO ¢ TTIEQAITEPW £0ELVA BA ATAV PIA £€PELVA TTONITIKAC OTNV
EANGSa 1oL Ba €eTAEI TTG TA LTTAPXOVTA TTOAITIKA TTACICIA, BOETUOI, XPNUATOSOTIKA CLCTAUATA
Kal AANOI OXETIKOI TTAPAYOVTEC ©a pmmopoLOoavV va EMTPEPOLY N VA TIAPEUTIOSIcCOLY TNV
LAOTTOINCN £PYWV TTOL APOPOVY TNV EVEQYEIAKN HETARACN OTA EAANVIKA vNOIA. H GLUUPROAA TOL
EPYOL ALTOL OTNV TTAPOLOA £PELVA BA ATAV VA OKIAYPAPNOEl EVA CLYKEKPIUEVO TUOVOAO
TEXVOAOYIQV KAl LTTOSOPRY, CLOTNUATWY OIKOVOUIKAG OTAPIENG KAl XpNUaTosOTNoNG TToL Ba
uTTOPOLOAV VA 0dnyHoouy TN SIASIKACIA POVTEAOTTOINONG TWY CEVAPIWY KAl TWV ETTIAEYUEVEV
TEXVOAOYIWV AlE.
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Infroduction

1.1 Global Energy Transition

The energy sector has started changing in promising ways, with worldwide adoption of
renewable energy technologies (RES) in the aim of having a well sustainable greener future. It
was the 1970s when environmentalists promoted the development of renewable energy both
as a replacement for the eventual depletion of fossil fuels, as well as an escape from
dependence on oil [1]. Now, renewable energy technologies are dominating the global
market for new power generation capacity. Solar PV and Wind are increasingly the cheapest
sources of electricity in many markets, and most of the other renewable power sources will be
fully competitive within the next decade.

Renewable energy technologies offer significant potential economic, security,
environmental and social benefits. There is no doubt why the RES are now growing faster than
the overall power demand. A new milestone was reached in 2019 when renewable electricity
generation increased by more than the increase in electricity demand, while fossil-fuel
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electricity generatfion decreased. This is the first time in decades that fossil-fuel-based
generation declined when overall electricity generation increased [2].

Wind and solar generation rose by 15% in 2019, generating 8% of the world’s electricity.
Compound growth rate of 15% of wind and solar generation is needed every year to meet the
Paris climate agreement. This was achieved in 2019 and lower prices provide hope it can be
sustained. However, maintaining this high growth rate as volumes scale up will require a
concerted effort from all regions [3].

On the other side, fossil fuels and specifically coal has seen one of the lowest reductions
since the past decade. Global coal-fired electricity generation fell by 3% in 2019, leading fo a
2% fall of CO2 power sector emissions. Both of these are the biggest falls since at least 1990.
Coal collapsed in the EU and the US, but Chinese coal generation rose and for the first fime
was responsible for half of global coal generation. The carbon-intensity of global electricity is
now 15% lower than in 2010 [4].

The US coal collapse is undermined by a switch to gas, whereas the EU is leapfrogging
from coal to wind and solar. Coal generation collapsed by 24% in the EU and 16% in the US in
2019, and is now half the level of 2007 in both the EU and US. Since 2007, US CO2 power sector
emissions fell by 19-32%, whereas they fell by 43% in the EU [4].

Indicator Historical Progress Where we are heading | Where we need to be
2015 2019 2030 2050 2030 2050

Energy- 32 34 35 33 25 9.5

related CO2

emissions (Gt)

Energy 571 599 647 710 556 538

demand (EJ

TPES)

Fossil-fuel use | 468 485 450 440 313 130

(EJ TPES)

Table 2The changing nature of energy and fossil fuel use (Based on Irena scenarios (PES and TES), along
with IAE (2019a, 2019b) for 2015-2018 historical progress of energy demand and fossil fuel use [5].

One reason for the fall of fossil fuel is that investments to expand the supply
infrastructure are short-sighted and increasingly risky. Such investments will lead to significant
stranded assets and will lock in fossil-fuel emissions for decades to come that will also risk
achieving the aims of the Paris Agreement.

While climate change is appearing as a global threat, many countries take different
paths in order to fransform the energy sector. Finding are presented in Table 2, where Europe
aims to increase renewable energy power generation share up to 55% by 2030 [5].

Regions Emissions (GT CO2/yr) Electrification in end-use
consumption (% in TFEC)
2017 2030 2050 2017 2030 2050
East Asia 11.2 8.4 2.2 25% 37% 58%
European 3.4 1.9 0.6 22% 30% 49%
Union
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Latin 1.2 1 0.6 18% 26% 39%
America and
the
Caribbean
Middle East | 2.5 2 1.1 19% 20% 38%
and North
Africa
North 6.2 3.7 1.4 20% 28% 52%
America
Oceania 0.4 04 0.1 23% 22% 45%
Rest of Asia 3.5 3.8 2 18% 26% 47%
Rest of | 2 1.6 0.7 18% 23% 38%
Europe
Southeast 1.4 1.6 0.8 18% 20% 42%
Asia
Sub-Saharan | 0.8 0.6 0.3 7% 23% 48%
Africa
Regions Renewable Energy share in TPES Renewable Energy share in power

(%) | generation (%)

2017 2030 2050 2017 2030 2050
East Asia 7% 27% 65% 23% 60% 90%
European 15% 39% 71% 31% 55% 86%
Union
Latin 30% 53% 73% 65% 85% 93%
America and
the
Caribbean
Middle East | 1% 9% 26% 3% 27% 53%
and North
Africa
North 10% 30% 67% 23% 60% 85%
America
Oceania 10% 39% 85% 25% 66% 93%
Rest of Asia 8% 27% 58% 18% 52% 81%
Rest of | 6% 19% 54% 27% 42% 82%
Europe
Southeast 13% 41% 75% 20% 53% 85%
Asia
Sub-Saharan | 7% 43% 89% 26% 67% 95%
Africa

Table 3 Different transition paths for different regions. [5]

1.2 Renewable Energy Sources (RES)

Renewable energy sources have been important for humans since the beginning of
civilisation. For centuries and in many ways our ancestors used different kinds of today’s
Renewable energy sources to correspond to their need. One example is the biomass that has
been used for heating, cooking, steam raising, and power generation. Hydropower and wind
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energy have been used for centuries to complete various types of works such as windmills and
watermills that demanded the power of movement.

Renewable energy sources generally depend on energy flows through the Earth’s ecosystem
from the insolatfion of the sun and the geothermal energy of the Earth. One can distinguish:

¢ Biomass energy

¢ Wind energy

e Direct use of solar energy

e Hydropower
e Marine energy

o Geothermal energy

Each of these technologies have their own specific characteristics and different ways to
produce the energy product, as well as for different application as listed below:

Technology

Energy product

Application

Biomass Energy

Combustion Heat (cooking, | Widely applied; improved technologies

(domestic scale) space heating) available

Combustion Process heat,

(industrial scale) steam, electricity Widely applied; potential for improvement

Gaisification/power | Electricity, heat

production (CHP) Demonstration phase

Gaisification/fuel Hydrocarbons,

production methanol, H2 Development phase

Hydrolysis and Commercial applied for sugar / starch corps;

fermentation Ethanol production from wood under development

Pyrolysis/productio

n of liquid fuels Bio-oils Pilot phase; some technical barriers

Pyrolysis/productio

n of solid fuels Charcoal Widely applied; wide range of efficiencies

Extraction Biodiesel Applied; relatively expensive

Digestion Biogas Commercially applied

Wind Energy

Water pumping

and battery

charging Movement, power | Small wind machines, widely applied

Onshore wind

turbines Electricity Widely applied commercially

Offshore wind

turbined Electricity Development and demonstration phase

Solar Energy

Photovoltaic solar Widely applied; rather expensive; further

energy conversion | Electricity development needed

Solar thermal | Heat, steam,

electricity electricity Demonstrated; further development needed
Heat (water and

Low-temperature space heating), | Solar collectors commercially applied; solar

solar energy use cold cookers applied
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Passive solar | Heat, cold, light, | Demonstrations and applications; no active
energy use ventilation parts
Artificial H2 or hydrogen rich
photosynthesis fuels Fundamental and applied research
Hydropower Power, electricity Commercially applied; small and large scale
Heat, steam,
Geothermal energy electricity Commercial applied
Marine Energy
Tidal Energy Electricity Applied; relatively expensive
Research, development and demonstration
Wave Energy Electricity phase
Current energy Electricity Research, development phase
Ocean thermal Research, development and demonstration
energy conversion | Heat, electricity phase
Salinity gradient /
osmotic energy Electricity Theoretical option
Marine biomass
production Fuels Research, development phase

Table 4 Categories of renewable energy conversion technologies [6]

If applied in a modern way, renewable energy sources are considered highly responsive to
overall energy policy guidelines and environmental, social, and economic goals [4]:

e Diversifying energy cairriers for the production of heat, fuels, and electricity

e Improving access to clean energy sources

¢ Balancing the use of fossil fuels, saving them for other applications and for future
generations

e Increasing the flexibility of power systems as electricity demand changes

e Reducing pollution and emissions from conventional energy systems

e Reducing dependency and minimising spending on imported fuels.

Furthermore, many renewable technologies are suited to small off-grid applications,
good for rural, remote areas, where energy is often crucial in human development. At the
same time, such small energy systems can confribute to the local economy and create locall
jobs.

The natural energy flows through the Earth's ecosystem are immense, and the
theoretical potential of what they can produce for human needs exceeds current energy
consumption by many fimes. For example, solar power plants on 1 percent of the world’s
desert area would generate the world's entire electricity demand today.

Analysing the current findings and information scientists globally have concentrated in three

types of RES with big potential and more advanced developed systems. These are Biomass
Energy, Wind Energy and Photovoltaic Solar Energy.

1.2.1 Biomass Energy

Biomass is a rather simple term for all organic material that stems from plants including
algae, trees, and crops. Biomass sources are therefore diverse, including organic waste
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streams, agricultural and forestry residues, as well as crops grown to produce heat, fuels, and
electricity (energy plantations).

Biomass contributes significantly to the world’s energy supply probably accounting for
52 + 10 EJ a year (9-13% of the world’s energy supply) [7]. Its largest contribution to energy
consumption on average between a third and a fifth is found in developing countries.

Dominating the traditional use of biomass, particularly in developing countries, is
firewood for cooking and heating. The modern use of biomass, to produce electricity, steam,
and biofuels, is estimated at 7 EJ a year. This is considered fully commercial, based on bought
biomass or used for productive purposes. That leaves the traditional at 45 + 10 EJ a year [7].

Since the early 1990s biomass has gained considerable interest world-wide. It is carbon
neutral when produced sustainably. Its geographic distribution is relatively even. It has the
potential to produce modern energy carriers that are clean and convenient to use. It can
make a large confribution to rural development. And its aftractive costs make it a promising
energy source in many regions. With various technologies available to convert biomass into
modern energy carriers, the application of commercial and modern biomass energy systems
is growing in many countries [8].

Analysing the biomass processes, two types can be distinguished, the thermochemical
conversion and the biochemical conversion. These two conversion methods are broken down
in different ways of using the biomass with different processes and end-products as
represented in figure 1 [?].

Thermochemical conversion Biochemical conversion
Pyrolysis Extraction
Combustion Gasification Liquefaction Digestion Fermentation .
HTU (oilseeds)
Steam Gas Gas Oil Charcoal Biogas
| |
Gas Turbine, Methanol/ T - -
Steqm  combined | Hydrocarbons Upgrading Gas Distillation Esterification
turbine C.yde engine
Fuel cell Diesal Ethanol Bio-diesel
| IEISB | |
i - |
Heat ‘ Electricity Fuels ‘

Figure ~I Main Biomass Energy Conversion Routes [9]

Biomass energy can be carbon neutral when all biomass produced is used for energy
(short carbon cycle). But sustained production on the same surface of land can have
considerable negative impacts on soil fertility, water use, agrochemical use, biodiversity, and
landscape. Seen world-wide, climatic, soil, and socioeconomic conditions set strongly variable
demands for what biomass production can be sustainable or not.

Problems Occurred

Erosion Caused by extensive cultivation of crops. Erosion can increase pollution
and sedimentation in streams and rivers, clogging these waterways and
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causing declines in fish and other species. Degraded lands are also
often less able to hold onto water, which can worsen flooding

Agrochemicals

Pesticides affect the quality of groundwater and surface water and thus
plants and animals. Specific effects depend on the type of chemical,
the quantity used, and the method of application [10].

Nutrients

The abundant use of fertilisers and manure in agriculture has led to
considerable environmental problems in various regions: nitrification of
groundwater, saturation of soils with phosphate, eutrophication, and
unpotable water. Phosphates have also increased the heavy metal flux
of the soil [11].

Table 5 Problems occurred with extensive use of biomass

On the economic aspect of the energy systems, biomass is a profitable alternative

mainly when cheap or even negative cost biomass residues or wastes are available. To make
biomass competitive with fossil fuels, the production of biomass, the conversion technologies,
and fotal bio-energy systems require further opfimisation. In Table 5 popular processes are
listed including the conversion efficiency, costs of short- and long-term production.

RME (bio- | Ethanol from | Ethanol from | Hydrogen Methanol Bio-oil from
diesel) sugar or | ligno- from ligno- | from ligno- | lignocellulosic
starch crops | cellulosic cellulosic cellulosic biomass
biomass biomass biomass
Concept Extraction Fermentation | Hydrolysis, Gasification Gasification Flash pyrolysis
and fermentation
esterification and
electricity
production
Net energy | 75% based | 50% for sugar | 60-70% 55-65%,  60-| 50-60%,  60- | 70% (raw bio-
efficiency on all energy | beel; 44% | (longer term | 70% (longer | 70% (longer | oil)
at inputs percent for | with  power | term) ferm)
conversion sugar cane generation
included)
Cost range, | €12-20/GJ €12-20/GJ for | €8-12/GJ €7-8/GJ €9-11/GJ N/A
short term (northwest sugar beel;
Europe) €7-8/GJ  for
sugar cane
Cost range | N/A N/A €5-6/GJ €5-7/GJ €6-8/GJ Unclear
long term

Table 6 Main performance data for some conversion routes of biomass to fuels [6]

Note: Diesel and gasoline production costs vary widely on the oil price. Longer-term projections give
estimations of roughly €0.20-0.30 a litre, or €7-9 a gigajoule. Retail prices are usually dominated by taxes
of €0.40-1.10 a litre depending on the country [86]

Concerning the biomass production, plantation biomass costs already are favourable

in some developing countries. Eucalyptus plantations in northeast Brasil supply wood chips at
prices between €1.2-1.6 a GJ [12]. Costs are much higher in industrialised countries, such as
€3.3 a GJin parts of northwest Europe [13]. It is expected for large areas in the world that low-
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cost biomass can be produced in large gquantities. Its competitiveness will depend on the
prices of coal (and natural gas), but also on the costs and net returns from alternative,
competing uses of productive land.

Modern use of biomass is important in the energy systems of a number of countries
(table 6). Other countries can be mentioned as well—as in Asia, where biomass, mainly
fradifional biomass, can account for 50-90% of total energy. India has installed more than 2.9
million biomass digesters in villages and produces biogas for cooking—and is using small
gasifier diesel systems for rural electrification.

Country Role of Biomass in the Energy System

Austria Modern biomass accounts for 17,6% of the national energy supply.
Forest residues are used for heating, largely in systems of relatively small
scale

Brasil Biomass accounts for about a third of energy supply. Main modern

applications are ethanol for vehicles produced from sugar cane (13-
14 billion litres a year) and substantial use of charcoal in steel industry.

Denmark Biomass accounts for 22.9% of the natfional energy supply. A
programme is fo use 1.2 million fonnes of straw as well as use forest
residues. Various concepts have been devised for co-firing biomass in
large-scale combined heating and power plants, district heating, and
digestion of biomass residues

Finland 20% of its primary energy demand comes from modern biomass. The
pulp and paper industry makes a large conftribution through efficient
residue and black liquor use of energy production

Sweden Modern biomass accounts for 21.7% of national energy demand. Use
of residues in the pulp and paper industry and district heating (CHP)
and use of wood for space heating are dominant.

United States | About 10,700 megawatts electric biomass fired capacity 2 % of
national energy supply

Zimbabwe Forty million litres of ethanol are produced a year. Biomass saftisfies 75%
of national energy

Table 7 Biomass in the energy systems of selected countries [14]

To conclude, biomass can make a large conftribution to the future world’s energy
supply. Land for biomass production should not be a bottleneck, if the modernisation of
conventional agricultural production continues. Modernised biomass use can be a full-scale
player in the portfolio of energy options for the longer term.

1.2.2 Wind Energy
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Wind energy, in common with other renewable energy sources, is broadly available
but diffuse. Wind energy was widely used as a source of power before the industrial revolution,
but later displaced by fossil fuel use because of differences in costs and reliability. The oil crises
of the 1970s, however, friggered renewed interest in wind energy technology for grid-
connected electricity production, water pumping, and power supply in remote areas [1].

In recent decades enormous progress has been made in the development of wind
turbines for electricity production. Around 1980 the first modern grid-connected wind turbines
were installed. In 1990 about 2,000 megawatts of grid-connected wind power was in operation
world-wide, at the beginning of 2000, about 13,500 megawatts. In addition, more than 1 million
water-pumping wind turbines, manufactured in many developing countries, supply water for
livestock, mainly in remote areas. Wind power capacity worldwide reached 650,8 GW in 2019
[15].

On the economic aspect, the energy generation costs of wind furbines are basically
determined by five parameters [16]:

1. Turnkey project cost

Initial investment costs, project preparation, and infrastructure make up the turnkey
project costs. The costs of European wind furbines are typically €400 a square metre (machine
cost, excluding foundation). Project preparation and infrastructure costs depend heavily on
local circumstances, such as soil conditions, road conditions, and the availability of electrical
substations. Turnkey costs vary from €400 a square metre to €550 a square metre.

2. Energy output of the system

The energy output of a wind turbine can be estimated by:
E = b V3 where:

E is the annual energy output (kilowatt-hours a square metre),
b is the performance factor, and
V is the average wind speed at hub height.

The factor b depends on the system efficiency of the wind furbine and the
statistical distribution of wind speeds. In coastal climates in Europe a value of 3.15 for b
is representative for modern wind furbines and not too far away from the theoretical
maximum. On good locations in Denmark, northern Germany, and the Netherlands
annual outputs of more than 1,000 kilowatt-hours a square meftre are often achieved.

3. Local average wind speed

In general, local average wind speed should exceed five metres a second at a height
of 10 meftres to allow economic exploitation of grid-connected wind turbines.

4. Availability of the system

The technical availability of modern wind farms exceeds 96%.

5. Lifetime of the system
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Design tools have improved so much that designing on the basis of fatigue lifetime has
become possible. As a result, one can confidently use lifetimes of 15-20 years for economic
calculations.

For Europe a state-of-the-art reference calculation uses the following values:

Turnkey cost per m3 €500
Interest 5%
Economic lifetime 15 years
Technical availability 93%

O&M costs (€/kWh) €0.004
Average wind speed (m/s) 5.6-7.5
Electricity production cost €/kWh €0.12-0.04

Table 8: European calculations for the development of wind energy infrastructure [16]

Because the energy of the wind is proportional to the third power of the wind speed,
the economic calculations are very sensitive to the local average annual wind speed. Overall,
the investment for wind farms tends to be high but has potential for reduction in long-term
period.

Regarding implementation issues, manufacturers and project developers usually
identify the following items as serious barriers for efficient implementation of wind turbine
projects [16]:

e Fluctuating demand for wind turbines as a result of changing national policies and
support schemes.

e Uncertainties leading to financing costs as a result of changing governmental policies.

e Complicated, time-consuming, and expensive institutional procedures, resulting from
a lack of public acceptance, which varies considerably from country to country.

e Project preparation time often longer than the ‘time to market’ of new wind turbine

types.
e Lack of sufficient international acceptance of certification procedures and standards.

To conclude, the potential of wind energy is large, with the technical potential of
generating electricity onshore and off-shore. Costs have to come down further, requiring
development of advanced flexible concepts and dedicated offshore wind energy systems.
Cost reductions up to 45% are feasible within 15 years. Ultimately wind electricity costs might
come down to about €0.03 a kWh. The environmental impacts of wind turbines are limited,
with noise and visibility causing the most problems, increasing public resistance against the
installation of new turbines in densely populated countries [16].

1.2.3 Photovoltaic solar energy

Photovoltaic solar energy conversion is the direct conversion of sunlight into electricity.
This can be done by flat plate and concenfrator systems. An essential component of these
systems is the solar cell, in which the photovoltaic effect—the generation of free electrons
using the energy of light particles—takes place. These electrons are used to generate
electricity.
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Solar radiation is available at any location on the surface of the Earth. The maximum
iradiance (power density) of sunlight on Earth is about 1,000 W a square metre, irrespective of
location. Itis common o describe the solar source in terms of insolation—the energy available
per unit of area and per unit of time (such as kilowatt-hours per square metre a year).
Measured in a horizontal plane, annual insolation varies over the Earth’s surface by a factor of
3—from roughly 800 kWh per square metre a year in northern Scandinavia and Canada to a
maximum of 2,500 kWh per square metre a year in some dry desert areas [17].

The differences in average monthly insolation (June to December) can vary from 25%
close to the equator to a factor of 10 in very northern and southern areas deftermining the
annual production pattern of solar energy systems. The ratio of diffuse fo total annual insolation
can range from 10% for bright sunny areas to 60% or more for areas with a moderate climate,
such as Western Europe. The actual ratio largely determines the type of solar energy
technology that can be used (non-concentrating or concentrating).

The average power density of solar radiatfion is 100-300 W a square metre. The net
conversion efficiency of solar electric power systems (sunlight to electricity) is typically 10-15%.
So substantial areas are required to capture and convert significant amounts of solar energy
to fulfil energy needs (especially in industrialised counftries, relative to foday's energy
consumption). For instance, at a plant efficiency of 10 percent, an area of 3-10 square
kilometres is required to generate an average of 100 MW of electricity—0.9 TWh of electricity
or 3.2 PJ of electricity a year—using a photovoltaic (or solar thermal electricity) system [18].

The total average power available at the Earth’s surface in the form of solar radiation
exceeds the fotal human power consumption by roughly a factor of 1,500. Although these
numbers provide a useful rough picture of the absolute boundaries of the possibilities of solar
energy, they have little significance for the technical and economic potential. Because of
differences in the solar energy supply pattern, energy infrastructure, population density,
geographic conditions, and the like, a detailed analysis of the technical and economic
potential of solar energy is best made regionally or nationally. The global potential is then the
sum of these national or regional potentials.

The economic potential of solar energy, a matter of debate, depends on the
perspectives for cost reduction. In the recent past several scenario studies have assessed the
potential application of solar energy technologies.

The technical potential of photovoltaics has been studied in some detail in several
countries. In densely populated countries with a well-developed infrastructure, there is an
emphasis on applications of grid-connected photovoltaic systems in the built environment
(including infrastructural objects like railways and roads). These systems are necessarily smaill-
or medium-sized, typically 1 kW to 1 MW. The electricity is generated physically close to the
place where electricity is also consumed. In less densely populated countries, there is also
considerable interest in ‘ground-based’ systems, generally larger than 1 MW. In countries or
rural regions with a weak or incomplete grid infrastructure, small standalone systems and
modular electric systems may be used for electrification of houses or vilage communities [4].

On the economic aspect the turnkey cost of a photovoltaic system is determined by
the module cost and by the balance-of-system (BOS) costs, which contains the cost of all other
system components, electrical installation costs, and costs associated with building
integration, site preparation, erection of support structures, and so on. In 2010 the prices of
utility scale solar per kWh was in the range of 0.32-0.21 euros per kWh. In 2020 new milestone
has being achieved with the depletion of the solar costs dropping by a factor of 5 since 2010,
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having prices in the range of €0.04-0.08 per kWh, unlocking the potential for more exploitation
of the sector [19].

Solar Costs Dropped by a Factor of 5 Since 2010
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Figure 2 Solar Costs Reduction according to RES organisation reports [19]

Turnkey cost (PV euro/kWp) 200 euros
Interest rate 5%
Economic lifetime 30 years
Technical availability 8%

O&M costs (€/kWh) €0.001
Average radiation varies
Electricity production cost €/kWh €0.03-0.07

Table 9 Calculations in Europe for solar energy infrastructure [20]

Photovoltaic market development through government programs in industrialised
countries applies mainly to systems integrated in the built environment. The aim of these
programs is to boost the development and application of photovoltaic technology as an
essential step towards future large-scale use. They provide market volume to the photovoltaics
industry to achieve economies of scale and experience with a completely new way of
sustainable (decenftralised) electricity generation. Clearly, this policy-driven market depends
on public support and high expectations for photovoltaics as a major electricity source for the
future.

A variety of instruments can achieve a self-sustained market: rate-based measures
(favourable feed-in tariffs), fiscal measures, investment subsidies, soft loans, building codes.
Another instfrument is the removal of barriers related, say, fo building design and material use.
In addition fo these incentives, the added value of photovoltaics— like aesthetics in building
integration, combining electricity generation and light fransmission, and generating part or all
of one’s own electricity consumption—are used in marketing photovoltaics. Green electricity
and green certificates for the use of renewables are also expected to be important in the
further development of a self-sustained market for grid-connected systems. They enable selling
electricity from photovoltaics (or other renewables) to environmentally conscious electricity
consumers.
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Several countries have set targets or formulated programs for renewable energy
technologies, specifically solar. In countries with a well-developed electricity infrastructure, the
long-term aim is to achieve a substantial conftribution to the electricity generation from solar
energy. In developing countries and counftries with a less-developed electricity infrastructure,
efforts are focused on the large-scale implementation of smaller standalone solar photovoltaic
systems. In these cases, the dissemination of solar energy is a tool for social and economic
development.

1.2.4 Conclusions

Having analysed the three major renewable energy production solutfions in terms of
costs and efficiency, the following conclusions are extracted:

Biomass Energy:

Biomass energy cannot be characterised as an efficient way to produce energy for a
complex environment such as the Greek islands since the lands are dry with an increased soil
salinity which makes it hard to grow energy plantations. Furthermore, the wastes produced by
the locals are not enough to cover all energy demands. However, biomass energy can be
used as a sub-source of electricity in a later stage under the terminology of the smart island
initiative and a greener solution to recycle wastes.

Wind Energy:

Wind energy is also not an efficient energy solution for the inhabited Greek islands since
as mentioned are expensive investments with environmental impacts and not proper solutions
forinhabited areas such as the islands we target in thisresearch. A better use of this technology
would be in uninhabited dry islands close the the supply communities where the costs for
undersea connections would not be high and the distances will make sense to invest in this
kind of solution. However, even with this energy scenario, it can be still labelled as a non-cost-
effective solution since there are other solutions like photovoltaic energy systems that fit better
in our case scenario.

Photovoltaic solar energy:

To conclude, photovoltaic energy is the best-case scenario to be used for the distant
Greek islands since they are a promising cost-efficient investment and perfect fit for the target
islands and therefore will be used in the analysis of this research. Apart from the technical
perspective, thanks to the rapid drop of costs and materials, it makes it one of the most
affordable and reliable solutions for the specific environment that this research focuses on.

1.3 Energy Storage Technologies

Ever since the human started using the various forms of energy for his comfort and
necessities one of the widely researched topics fill foday in energy management. The term
energy management includes the production of energy and efficient utilisation of the energy
and finally storing the energy for future use. The energy can be utilised effectively by
incorporating proper storage methods.

Energy storage devices are “charged” when they absorb energy, either directly from
renewable generation devices or indirectly from the electricity grid. They "discharge” when
they deliver the stored energy back info the grid. Charge and discharge normally require
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power conversion devices, to tfransform electrical energy (AC or DC) into a different form of
chemical, electrochemical, electrical, mechanical and thermal [21].

Energy storage can store surplus energy from intermittent renewable sources, such as

solar PV and wind power, until it is required — allowing therefore for the integration of additional
renewable energy into the system.

Different energy storage systems — centralised and decentralised — consider different
technological possibilities, which EASE organises in 5 energy storage classes: chemical,

electrochemical, electrical, mechanical and thermal.

Ammonia

Hydrogen

Synthetic Fuels

Drop-in Fuels

Methanol

Synthetic Natural
Gas

LEIecfrochemiculJ

Classic Batteries

Lead Acid Li-lon
Li-Polymer Li-S
Metal air Na-lon
Na-NiCl. Na-S
Na-Cd Na-MH

Flow Batteries

Vanadiu 7r-Br
m Red-Ox

In-Fe

Figure 3 Energy storage systems categorisation [22]

Long-term energy storage system:

1.
2. Battery

3. Hydrogen storage

Compressed air energy storage

Short-term energy storage system:
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Based on the storage period, the energy storage system can be classified as follows.
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1. Super capacitor
2. Flywheel
3. Inductor-Superconducting magnetic storage

Each of the above-mentioned technology has its own properties regarding to storage
capacity, power, response time and cost.

For the purpose of this research some of the main popular methods that are used for storing
energy are briefly analysed below.

1.3.1 Battery Energy Storage System

A rechargeable battery is a type of electrical battery made of stacked
electrochemical cell and the operatfion is based on electrochemical energy storage.
Rechargeable batteries have a higher initial cost but can be recharged inexpensive and
reused many fimes. Batteries are modular and non-polluting and have less environmental
impacts. The energy conversion in secondary battery is reversible.

Charging
Chemical —— Electrical
energy — energy
Discharging

Figure 10 Energy conversion in battery energy storage

Technology Moving Part Flammable Toxic Material Rare Metal
Flow Battery Yes No Yes No
Liquid Metal No Yes No No
Sodium lon No Yes No No
Lead-Acid No No Yes No
Na-S Battery No No Yes No
Ni-Cd No No Yes Yes
Lithium-lon No yes No No

Table 11 Technology comparison of various types of battery for grid connected applications [22]

The energy flow in the battery energy storage system is based on the charging and
discharging process. In the grid energy storage applications rechargeable batteries are used
for load levelling. The unused excess electric energy during the low load levelling. The unused
excess electric energy during the low demand period are stored in the batteries and are
supplied to the grid during peak load periods such as storing power generated from
photovoltaic arrays during the day to be used at night.

Some of the available battery technologies include Lead-Acid battery, Nickel-
Cadmium, Sodium-lon, Sodium-Sulphur batteries, Lithium-lon batteries and flow batteries like
Hydrogen Vanadium Redox, and Regenesys Redox.

The Li-ion batteries are suitable for portable devices and applications requiring high
energy density and high overall efficiency. Due o low investment and maintenance costs, the
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Li-ion batteries are currently the predominant technology. The Vanadium and Flow Batteries
can be used for application where high power is required for long duration [22].

The efficiency of the rechargeable batteries can be 60 to 80% and it varies with the
factors like recharge cycle, depth of discharge and temperature effect [22].

Batteries are sensitive to environment. During an electrical charge and discharge cycle
the temperature charge in the batftery must be confrolled or it can cause adverse effects in
bafttery’s life expectancy. The type of battery used will determine how resistant it is to life
degradation due to temperature. The battery’s life cycle can be defined as the number of
charge/discharge cycles that a battery can supply depending on the depth of discharge. The
bafttery cycle application requires the battery energy storage system to charge and discharge
mulfiple times a day. The battery's life cycle varies with the depth of charge. The battery’s life
cycle will be high until the depth of discharge is relatively low. However, if the depth of
discharge is large, then the battery’s life cycle can be degraded.

1.3.2 Hydrogen Based Energy Storage System

Hydrogen based energy storage systems are one of the best electrical energy
storages. Hydrogen energy system can be easily integrated with renewable power sources like
solar and wind. Even though the efficiency of hydrogen energy is not very high, their cost of
storage capacity is very less when compared to the other energy storage techniques.

Hydrogen energy storage is there for economically best suited to situations where the
total amount of energy stored is more valuable than efficiency. There essential elements
compromise an electrolyser unit to convert the electrical energy into hydrogen, a reservoir
where the chemical energy is stored and a hydrogen energy conversion system such as fuel
cell to convert the stored chemical energy into electrical energy. Hydrogen is produced, then
compressed or liquified, stored, and then converted back to electrical energy or heat energy.
The major advantage of hydrogen is that it can replace all the fossil fuel applications without

emission of harmful gases [23].
Power bus

Power
discharging

Power

charging ‘ AC-DC ‘ ‘ DC-AC ‘

‘ Electrolyser

Reservoir

Figure 4 Energy flow in hydrogen energy storage system [23]

‘ Fuel Cell ‘

The different hydrogen storage mechanisms are as follows [23]:

1)Liquid hydrogen storage
Hydrogen is cooled and liquefied then kept in an insulated tank. Liquid
hydrogen storage is one of the bulk storage methods. This method has high safety

2020-2021



National Technical
University of Athens

record. The method does not hold good for large application as the cost of
liquefaction is very high because of the cryogenic storage technology.

2)Compressed and stored in pressure tank

Compressed gaseous hydrogen storage is suitable for both large and small-
scale applications as long-term storage where the hydrogen liquefaction method fails
due to the high cost behind the liuefaction process. This method has some safety
issues and initial cost of implementation is high due to the high cost of compressors and
pressure vessels.

3) Physical adsorption in carbon

The hydrogen is stored in gaseous form in the carbon through the adsorption
process. The gaseous hydrogen can be adsorbed onfo the surface of carbon to attain
storage volumetric densities greater than liquid hydrogen. The Carbon nanofiber is
used as adsorbent as it has improved hydrogen storage capability. Storage by
absorption as chemical compounds or by adsorption on carbon materials have
definite advantages from the safety perspective such that some form of conversion or
energy input is required to release the hydrogen for use carbon materials such as
activated carbons, carbon nanotubes and carbon nanofiber have been the subject
of intensive research.

4) Complex compounds — Microsphere hydrogen storage

Microsphere hydrogen storage is well suitable for vehicular hydrogen storage.
This system consists of hollow glass spheres that are charged with hydrogen for an hour,
and discharged by heating and reducing pressure. The microspheres can be easily
fransferred from one tank to another. The disadvantages of this system are immature
system characterisation and lower storage period.

The greatest challenge for hydrogen production, particularly from renewable
resources, is providing hydrogen at lower cost. For tfransportation fuel cells, hydrogen must be
cost-competitive with conventional fuels and technologies on a per-mile basis. This means that
the cost of hydrogen—regardless of the production technology—must be less than €1.12/L
gasoline equivalent. To reduce overall hydrogen cost, research is focused on improving the
efficiency and lifetime of hydrogen production technologies as well as reducing the cost of
capital equipment, operations, and maintenance.

1.3.3 Compressed air Energy Storage System

Compressed air energy storage is a way to store energy generated at one time for use
at another time using compressed air. In compressed air energy storage systems, off-peak grid
power is used to pump air underground until it reaches a high pressure. The compressed air
remains in the underground reservoir or surface vessel. During peak demand the compressed
air is released and heated with a fuel and is allowed to pass through turbine to generate
electricity. Compressed air energy storage systems are high-efficiency turbine plants and can
be easily integrated with the existing power networks. This technology has direct environmental
impacts as this system produces emissions fromm combustion and the construction of caverns
involve some sort of digging and mining operation that can have impacts on the surrounding
environment, such as erosion, underground habitat destruction and increased noise levels [24].

The three main types of caverns are salt dome, hard-rock, and aquifers. Aquifers are

porous underground regions usually composed of sandstone or fractured rock that has been
used for the storage of water, oil and natural gas. A salt dome is a cavity created by salt
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mining, in which water is pumped into the rock and is used to dissolve the salt. Then the water
is pumped into the rock and is used to dissolve the salt. Then the water is pumped out and a
porous cavity is left, which then can be used to store air. The last type of cavern is the hard-
rock cavern. This cavern is created by using more conventional mining tools such as drills, picks,
and mining carts [24].

The major advantage in this method is long lifetime and provides good efficiency of
nearly 85%. In order to achieve a higher efficiency or remove the need for an additional
conventional fuel there are many new hybrid Compressed air energy storage technologies
like inferfacing with supercapacitors, oil-hydraulics and pneumatics to increase efficiency of
design. On the other hand, the main disadvantage is the limited site selection and the
boundaries on developing these underground reservoirs that may have an impact on the
surrounding environment. [25]

Compressor Turbine
\. s Y /
Motor /

— | |
Generator \
\\-K.\_V 7__,_,-/ ~ ~ A - 7___,‘/
Reservoir
Air charge Y ) Air discharge

Figure 5 Energy flow in compressed air energy storage systems [24]

1.3.4 Pumped Hydroelectric Energy Storage System

Pumped hydroelectric energy storage system is a mature technology with high
efficiency and long storage period. The Pumped Hydroelectric energy storage system in an
existence for more than 70 years and is a clean, fast way to store energy. The working principle
is as same as the hydro-electric power. Pumped hydroelectric systems comprises of a
generation unit and a storage unit. The system consists of two reservoirs with pipe a pipe
interconnecting them. The height difference between the reservoirs, controls the power and
energy rafing of the system. During the off-peak hours the surplus power is used to pump and
store water in the high reservoir and during the peak demand water in the high reservoir to the
low reservoir which in turns the turbine to produce electricity. The efficiency ranges between
70-85%. [26]

One of the main advantages of hydroelectric power is that it is renewable and
generates no atmospheric pollution during operation reducing our reliance on expensive oil
to meet peak energy demand. It also has relatively low operational and maintenance costs.
Another positive attribute of hydro storage plants is that it can be used where there is litfle
natural water available to draw upon. Also, the upper or lower dams and reservoirs that hold
the resulting water could be used as recreational facilities if their water levels do not rise and
fall quickly or by too much in response to generation or pumping. However, due to its size, lack
of suitable locations and use of precious resources, as well as its direct damaging of the
environment, it is hard technology to implement as a universal storage system. [26]

To conclude hydro power is a very flexible method of electricity generation and
pumped hydro storage adds to this flexibility by using and storing large quantities of energy.
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With today’s state of the art turbine-pumps, pumped hydro storage plants are an interesting
option for larger scale applications of energy storage allowing a way to store large quantities
of electrical energy in the form of potential energy and using water as its fuel also has one of
the highest cycle efficiencies of any energy storage process. Areas and environments that
already have waterreservoirs could consider this option, however developing this solufion from
zero is high-priced with many barriers that could delay or even terminate the project [27].

Water Charge
Power Charge

S Upper Reservoir
Power Bus Motor/ Turbine
Generator
— Lower Reservoir

Power Discharge

Water Discharge
Figure 6 Energy flow in pumped hydro energy storage system [26]

1.3.5 Flywheel

The Flywheel energy storage system is one of the oldest energy storage methods and
serves as an efficient method to bulk energy storage. Flywheel systems are made up to rotating
cylinder, a bearing system, a motor or generator and a container to house the flywheel.

The working of Flywheels energy storage is in the form of angular momentum. The
flywheel comprises of rotating discs and kinetic energy is stored by spinning a disk or rotor
about its axis. Amount of energy stored in disk or rotor is directly proportional fo the square of
the wheel speed and rofor's mass moment of inertia. Whenever power is required, flywheel
uses the rotor inerfia and converts stored kinetic energy into electricity. To charge this device,
energy is used to power a motor which spins the disc, and the disc remains spinning unfil the
energy is needed. At that point the disc is allowed fo turn a generator, which produces
electricity. The speed of the flywheel increases during charging and decreases during
discharging. Based on the speed of the rotating flywheel the system can be classified as Low
speed and High-speed device. The low-speed type is designed to operate below 10,000RPM
and the high-speed type can operate above 10,000 RPM [28].

‘ VSD H Motor H Flywheel H Generator 1— AC-DC

DC-AC

Figure 7 Motor-generator with flywheel and power electronics [28]

Recent Advances in power electronics conversion and control technology as shown
in the above figure resulted in DC flywheel energy storage system. The Flywheel can be used
as substitute for Batteries. Though the initial cost of installation of the flywheel is higher it has no
environmental impacts like the battery energy storage which are toxic. Flywheels are not as
adversely affected by temperature changes, can operate at a much wider temperature
range, and are not subject fo many of common failures of chemical rechargeable batteries.
Depending on winding losses, bearing losses and cycling process, the round-frip efficiency of
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flywheel modules varies from 80% to 85%. They have high energy density compared to other
storage systems. The main advantage of flywheel energy storage is long life and low
mainfenance. [28] In addition, they can be built with harmless materials and without hazardous
chemicals.

One main disadvantage is the potential safety risks that arise if a flywheel is loaded up
with more energy than its components can handle. Such a scenario could result in an almost
explosion-like event, which requires security walls thus increasing the weight of the unit [29].

1.3.6 Conclusion

The efficient storage of the produced energy can be improved by the implementation
of proper energy storage system. Several energy storage systems are discussed above and
the overview comparison of the system are tabulated below. The table shows the general
characteristics of the above discussed energy storage system. The proper utilisation of energy
storage systems is possible by considering the following parameters to choose the best one for
the specific application. Itis clear that the compressed air energy storage and pumped hydro
energy storage are well suited for centred energy storage due fo their high energy storage
capacity. The battery and hydrogen energy storage systems are ideal for distriouted energy
sforage. At present - batteries are widely used due to their low maintenance and high
efficiency. However, several research projects are under process for increasing the efficiency
of hydrogen energy storage system for making hydrogen a promising future energy storage

system.
Energy Storage | Power Rating | Discharge Deployment | Life time
System Time time Efficiency
Pumped hydro | 100-400 MW Thr-24hr 30 years 70-85%
energy storage
system
Flywheel <750 KW milliseconds | 20 years 90-95%
energy storage fo 40 Min
system
Compressed 50-300 MW Thr-24hr 30 years 70-80%
air energy
storage system
Battery <50 MW Sec-hours 5-10 years 80-920%
Hydrogen <250 KW 14hr-24hr 10-20 years 20-50%

Table 12 Comparison of different energy storage technologies [30]

To conclude, for the purpose of this research, battery storage will be used for the
energy system design as they are highly compatible with solar microgrid projects and they are
the most efficient and cost-effective proven solution in the recent years.

1.4 Energy Smart Technologies

Energy smart technologies are products and services thatincrease the connection and
dialogue between electricity producers and end users. They are the heart of a smart grid — a
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combination of parts plus a process for using information and communication technologies to
integrate the components of each electric system — and are confributing fo one of the first
major foundational changes to the global power system since itsinception a century ago. The
growth of this market presents a critical opportunity for generators and end users across a vast
array of industries o develop new products and improve efficiency and resiliency in the
evolving grid. [31]

Energy smart products and devices can be deployed in the residential, commercial,
instifutional and industrial sectors. By increasing the analytic data available to grid operators
and energy users, smart technologies create an information bridge liking generation,
fransmission, and distribution with consumers. For example, digital technologies that enable
two-way communications are helping to better match the generation of power with demand.
These capabilities allow grid managers and end users to make more informed decisions about
how and when to use energy based on grid requirements and price signals. And the addifional
information helps utilities manage their increasingly diverse generation portfolios.

< i
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data center systerm confrol
t + '
@ =
‘ | Automatic : | Building
H : meter reading H monitoring data
h Grickfied ‘ i
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power plants i
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W, the meter | metering (smart home) resources and
[ _._ | storage | communic storage systems
s ation
Renewable device

energy sources

e Eﬂ

Commercial and
industrial smart
buildings

Figure 8 Digital Products and Processes Integrate Electrical Grid Components, sample system design and
interconnection [31] ;!

Other new products are making the grid more interconnected and responsive. These
include advanced metering infrastructure, automated feeder switches, voltage regulators,
and other innovative conftrols that enable grid stability and resilience. Similarly, smart meters
allow utilities and consumers fo communicate digitally and make more informed decisions
about energy demand, production, and use. Such sharing of data is emblematic of these
emerging capabilities. Since 2007, deployment of these meters has grown rapidly, surpassing
fraditional automated installations for the first time, with over 51.9 million meters in 2013. [31]

New smart devices are providing residential customers with a greater understanding
of their energy use and, in furn, driving changes in individual behaviour. For example, smart

! Note: connected line=energy flow, dashed line= information flow
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thermostats provide customers with data about what time of day their appliances are cycling
on and off and how their energy use compares with that of their neighbours. The thermostats
are also a source of fips for saving more power—for example, doing laundry at night when the
price of electricity is lower. Some utilities are offering customers digital meters and incentives
to temporarily reduce their homes' power use when the grid experiences high demand.

As innovations in energy smart technologies enhance communication between
producers and consumers, the role of these products in the power system will confinue to
evolve. National recognifion of the economic and security benefits offered by smart products
will be essential to support further deployment and market growth.

Establishment of open standards will unify the technologies and drive interconnection.
Continued financing of innovation will help fo lower costs and increase market adopftion,
resulting in a cleaner, cheaper, and stronger grid.

In the cases of microgrids, such energy smart fechnology (platform) must be integrated
in the system in order to ensure smooth production and supply of electricity to safisfy the
island’s demands. Furthermore, it will be a basis more innovative technologies and solutions
can be added in the later future such as recycling system, desalination system, EV charging
stations etc.. Through this system every action is monitored and is the best way to detect errors
in order to immediately resolve them.

2020-2021 R



-: é’}

nvppopos

National Technical
University of Athens

Energy Sector in Greece

2.1 Energy Mix in Greece

The fuel which prevails in the Greek energy sector is oil, accounting for approximately
51% of the TPES (Total Primary Energy Supply) for the year 2019. Greece holds the second place
in oil utilisation between the IEA (International Energy Agency) member countries and is almost
exclusively dependent on oil imports. Coal is the second most dominant fuel with a share of
23% in the TPES in the year 2019 and utilized mostly in electricity production and a small share
for industrial purposes. Natural gas occupies the third place of the most utilized fuel in the total
primary energy supply for the year 2019, with a share of 11%. In general, fossil fuels contribute
in the Greek total primary energy supply at a significant level, as the percentage reached 84%
in the year 2016, fact which led Greece in the seventh position among the IEA countries [32].
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The energy production deriving from RES experienced a double-fold increase over a
10year period, escalating from 5.9% in 2006 to 12.5% in 2019, with bio-fuels and waste being
responsible for approximately half of the RES production in the TPES. It is important to mention
that Greece occupies the second position among the IEA countries in the share of solar
energy. The aforementioned data are illustrated in figure 9.

Energy Mix Greece 2019

= Solid Fuels

= Total petroleum products
= Gas

= Nuclear heat

= Derived heat

= Renewable Energies

= Electrical Energy

Waste (non-renewable)

Figure 9 Energy Mix Greece 2019 [33]

2.2 Grid Connection, Non-Interconnected Islands
(Nlls) and Challenges

Studying the Greek electricity network, it is possible to distinguish and divide the
national power grid to the mainland power grid of central Greece and the electrification
system of the Greek islands through smaller local grids. Greece can be geographically sub-
divided in the mainland region, the Peloponnese peninsula (separated from the mainland)
and approximately 6000 islands and islets, of which only 227 are inhabited. [32]

The islands which are not powered by the mainland power grid, termed as the Non-
Interconnected Islands (Nlls) of Greece, have an electricity market which consists of thirty-two
autonomous systems and of islands complexes. These thirty-two autonomous systems are
categorized according to the peak load demand into three distinct systems. There are 19
small-scale autonomous systems with a peak load up to 10 MW, 11 medium-scale autonomous
systems with a peak load ranging from 10 MW to 100 M, and lastly 2 large-scale autonomous
systems with a peak load higher than 100 MW (islands of Crete and Rhodes) [34]. In 2020
Mykonos and Syros systems have been connected to the mainland Grid.

Most of the Greek islands are powered by autonomous electrical systems with

electricity generated mostly by local thermal power stations and in some cases by RES. The
thermal power stations ufilize crude oil, heavy oil (mazut) and light oil (diesel). Over the last
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years, the Greek islands have not yet been connected to the mainland power grid due to
technical and economical restrictions which set the investment costs significantly high.

The autonomous island network of Greece is accounted for the significant share of oil
utilization in power generation. Greece has a large share of oil use in power production with
the oil-fuelled power plants to generate approximately 11% of the total electricity production
in 2015, fact which places Greece in the first place between the IEA member countries [32].
This fact is associated with numerous challenges and negative impacts towards the society
and the technical performance of the energy system.

The NlIs (Non-Interconnected Islands) are principally situated in the Aegean Sea.
Approximately 15% of the Greek population live on the islands and 10% of the total national
electricity consumption originates from the islands [35].The current energy path way
demonstrates distinct problems which can be classified to financial, technical and
environmental and are presented in the following paragraphs.

A

Norfh Aegean Sea

Ny
3 >
e
\"

‘ Cyclades

lonian Sea

Dodecanese

Crete

mmm  Non-Interconnected Islands (NIls)

Figure 10 The interconnected and non-interconnected islands in Greece [34]

From a financial perspective, overall, the Nlls are characterised by an elevated costin
comparison to the mainland power grid. In detail, the Average Variable Cost (AVC) is two to
eight times higher than the average system marginal price of the mainland power grid [35].
The average variable cost is defined as the total variable cost per unit including material and
labour which represents 'the average of all costs on a per unit basis that change with
production levels.
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After research, several arficles in the Greek press where found which validate the
significant difference of the AVC and the average system marginal cost of the mainland power
grid [36] [37]. The average production cost of autonomous oil-fuelled power plants in August
2017, according to official data from the Hellenic Electricity Distribution Network Operator
(HEDNO), stood at 336.96 € per megawatt hour, about seven times higher than the mainland
limit value, around 50 € megawaftt hour [37]. These elevated energy costs (generation costs,
import costs, operation and maintenance O&M, fuel cost, variable operating cost) resulted in
the creation and implementation of a policy measure called Public Service Obligation (PSO).
According to this policy measure Greek consumers all over Greece are charged for the energy
issues and thus this policy measure adds an economic burden to the Greek consumers. [36]

From a technical point of view, the existing oil-fuelled power plants operate at a
maximum level particularly during the high season (summer period) to meet the increased
electricity demand due to tourism. This is an important difficulty that currently the island energy
sector cannot efficiently confront. The power plants operation at a maximum extent may
present negative impacts such as energy blackouts. The challenge of covering the summer
loads and peak demand in some islands is by-passed by ad-hoc solutions, such are rental
capacity of portable diesel units or fransfer of production unit from other networks where
surplus capacity is available. [37] [36]

Furthermore, another technical bottleneck which should be considered is the technical
lifetime and the low efficiency of the current power plants. The electricity supply of the 32 non-
interconnected islands in the country is secured by low-capacity (diesel and fuel oil) stations
installed since the 1960s and 1970s. [37]

As far as the energy and climate and according to the International Energy Agency,
the elevated reliance on coal and diesel in electricity production (especially on the Nlls) results
in a high carbon intensity of the economy. As part of EU, Greece has implemented measures
which foresee the reduction in greenhouse gas emissions (GHG) and the decarbonization of
the national economy. Fossil fuels were accounted for 70% of the electricity production in 2015
and the share in the Nlls was even higher [32].

After the implementation of the EU legislation on pollutant emissions, Public Power
Corporation (PPC) is obliged to withdraw the polluting oil-fuelled power plants by 2020 and
maintain them as an emergency back-up. Furthermore, and according to the criteria of the
MoU requirements, Greece should consider and assess alternative ways for fulfilling the energy
demand of the Greek islands and assess the cost of interconnection of the islands based on a
socio-economic analysis, concluding to proposals for the economically non-viable
interconnection of islands.

To achieve that, a national development plan for the period 2017-2026 has been
published and is examined in section 2.5. In general, it includes plans for interconnections of
the islands, where there is such a possibility, and for those that the connection is not viable, the
process of replacing existing units with new low-environmental footprint tfechnologies is
examined, without having to lead to an increase in the cost of electricity generation by 2020.
This energy transition and investigation of alternative scenarios for energy provision on the
Greek islands is a requirement of the country within the EU [38].

From the above, it is clear that there is an intensified need for a transition in the energy
sector of the Greek islands and identification of more efficient ways for securing the energy
supply. From a higher political point of view and within the EU, actions and initiatives have
been implemented with the scope to address the issue of the energy provision of all the EU
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islands and spur up the process for the transition of their energy sector from fossil-fuels to clean
energy.

2.3 Actions promoting energy transition in EU Islands

In the EU, initiatives have been developed with an objective to decarbonize
geographical islands and achieve a fransition from fossil-fuel based technologies to clean
energy systems. A key political priority is to establish the EU as the Energy Union, with a strategy
to improve the EU economy, boost job creation, increase growth and atftfract more
investments.

In 2016, the European Commission infroduced the ‘Clean Energy for All Europeans’
plan with the scope to define a legislative framework able to assist the progress of clean
energy fransition. The initiative ‘Clean Energy for All Europeans’ aims to increase the GDP up
to 1% over the next 10-year period and create 900.000 jobs. Additionally, for 2030 it is projected
a decrease by approximately 43% of the carbon intensity of the EU's economy comparing fo
present [39]. A component of this plan is the ‘Clean Energy for EU Islands’ which setfs a long-
term legislative framework for spurring up the clean energy tfransition in Europe’s islands. The
islands within the EU confront several problems which this plan aims to address, while also
functioning as a knowledge sharing platform of best practices and pilot projects.

The significant current challenges that the EU islands confront are the following. Most
of the EU islands suffer from significantly increased energy expenses, weak security of energy
supply, dependency on imports, small economies of scale and weak access to the EU energy
market. The energy sector of the EU islands is heavily relied on diesel fuel and oil for electricity
production. This poses a threat for the environment and it negatively affects the market
competitiveness [40].

In addifion, it is noteworthy that the local consumers are exposed to high electricity
prices which is a burden for the economy. This is due to the constant need for implementing
administrative measures and financial assistance plans to alleviate these elevated electricity
costs. Lastly, during the touristic season is observed an increased electricity demand which
pufts pressure in the local infrastructure and natural reserves. Under the light of this evidence
and according fo, the decarbonization of the island energy sector seems necessary and of
immense importance.

On the other hand, there are several arguments which justify the need and adequacy
for projects on a smaller scale as in the context of an island. The objective is the transition of
the EU islands energy sector to a decarbonised system with less dependence on imports.

The populated EU islands constitute an ideal system for implementing modernized
energy solutions and engage greater investment capital which consolidates local renewable
energy generation, storage resources and efficient response to the energy demand.
Furthermore, due to several characteristics within the context of the EU islands, such as the
geographic location, the climate potential, the size and population, available indigenous
resources, they offer a favourable environment for implementation and testing of innovative
energy solutions and business models.

These characteristics are 'important drivers for sustainable and resilient economic growth and
the development of local skills and jobs for the communities on EU islands’. The islands may
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efficiently strengthen the EU’s energy and climate targets and assist in the establishment of the
EU. In Greece political actions have been taken which aim to support this energy fransition
and infroduce larger amounts of RES in the energy mix. Furthermore, the Smart Islands
terminology has been introduced and currently there are several attempts in order to
infroduce this ideology and transform the current islands info a next generation green
communities.

2.4 Terminology of Smart Islands

Smart Islands are the newest frend that according fo scientists and energy analysts are
a key point for the transifioning to renewable energy. Specifically, smart islands can be
described as autonomous, green with the potential of development and high quality of life to
the local population, protecting the natural resources and equipping the grid with smart
modern energy systems with smart fechnologies and software that provides innovative
solutions fo the current problems that they face [41]. All characteristics of a smart island are
depicted as follows in figure 11.

Smart
Technology
ITand
Communica

-fions

Smart

Governance

Smart

Transport
ation

Figure 11 Basic characteristics that define a Smart Island [42]

Smart Technology IT and Communications

These are now an integral part of our daily lives and are associated with our working
and social life but also with institutions and society. They have infroduced new ways of
communicating, teaching and working, helping significantly many daily routines, and are
essentially the basis for one's infrastructure
smart island.

Smart Governance

E-government includes the application of ICT (Information and Communications
Technology) for the delivery of services, the exchange of information, the communication and
integration of individual systems and services between government, citizens, businesses, civil
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servants and intergovernmental governments. With the use of e-government it is possible to
provide government services to citizens in a convenient, efficient and transparent way.

Smart Energy

For the development of a smart island, an important structural element is its sector
energy. Much work is being done towards this goal in order to reduce carbon dioxide emissions
and increase the use of renewable sources energy (RES). Other stepsinclude setting up a smart
grid, with the installation of smart meters in the electricity network, the use of renewable
sources energy and biomass for the production of electricity and heating for buildings and the
storage of energy at the building or area level using baftteries.

The Greek islands play a very important role in the economic development of the
country. A large number of these islands are electrically autonomous, producing energy with
the use of fossil fuels and renewable energy sources. It would be desirable to increase energy
production through RES, as the largest Part of the electricity supply to the islands is made using
oil transported by oil tankers.

Smart Transportation

The fransport sector can be improved in a variety of ways. Purchase and use electric
vehicles, for the needs of the municipality, as well as the installation of power stations Charging
is an important step. Smart grids can help with this electricity, which will help the penetration
of renewable energy sources, in saving it, improving the service provided but also the best
customer service. With the use of electric cars new generation vehicles, which will be powered
by RES and will be in continuous communicate with the smart grid so that they charge at times
when power requirements are reduced. This change, however, depends on the growth rate
of RES in each case island, as the increase in energy demand should not be o his detriment
environment, i.e., by increasing energy production through fossil fuels. It must the network can
support electric vehicles through its RES. May also set up a bicycle rental or lending platform,
provided there are appropriate infrastructure and if the morphology of the soil allows. All of
the above are important for the creation and development of sustainable tourism.

Smart Waste Management

Waste management in a smart and efficient way is also key typical of a smart island.
Smart bins can be installed, which have a much larger capacity from the conventional bins
and af the same time nofify via Wi-Fi the responsible service for when they need to be emptied.
Recycling and biomass production is also an efficient one waste management technique,
which can be used to generate electricity energy but also the heating of buildings.

Smart Water Supply

Water is a necessity for human kind. A large number of islands do not have significant
water reserves, and often this water is not even drinkable. This problem is most pronounced in
the summer months when the tourist traffic is launched. Installation desalination plants in
Aegean islands, which will be supplied by RES. Based on them in their calculations, water
production by this method is significantly cheaper than the cost of transporting drinking water
to the island.

Smart Tourism

The main source of income of most islands is tertiary sector, therefore every step
towards a smart island should take into account upgrade the quality of services to fourists but
also to residents, with always respect for the environment.

Taking info account the different components that can structure a smart island, this
research will focus on the Smart Energy and Smart Water Supply aspect as they can be
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characterised as the basis and the most important features that have to be developed in the
islands. Following the development of those, it is easier o focus on other smart technologies
and systems that can make the island smarter, cost-efficient and environmentally friendly.

2.5 Smart Island Reference Organisations

In the past decade, several organisations and research entities have studied and developed
pilot project of smart islands and cities in order to examine and validate the feasibility and
positive environmental impact they can cause. In Europe and with focus in Greece we find 3
entities:

Name of Organisation Area of focus

Dafni  (Network of Sustainable Greek | Greece — Aegean Islands

Islands)
Smart Islands Initiative European Islands
Pact of Islands European Islands

Table 13 Organisations associated with smart islands and area of focus

These entities are briefly analysed below.

2.5.1 Dafni (Network of Sustainable Greek Islands)

DAFNLIis a civil non-profit company. According to its official website, it appears that the
company wishes to contribute to:

* preservation and protection of the environment of the Aegean islands, which is basic
financial resource for our country

* strengthening the role of the local community but also the self-government of the
islands, creating the basis for participatory decision making

e creafing the conditions for healthy competition between the islands, especially
concerns tourism

 creation of the basis for communication and cooperation between the islands on
issues protection of the environment and protection of their cultural heritage.

The DAFNI network includes 32 islands in the Aegean Sea. Provided to member islands
scientific and technical support to achieve the objectives as well as information on projects
and programs. From all the member islands we see that the island of Samos is missing. At the
initiative of the company, the first fook place on 21 and 22 June 2016 smart islands forum [43].

2.5.2 Smart Islands Initiative

The Smart Islands initiative is an effort by local European authorities fo highlight the
potential of these islands to function as laboratories technological, social, economic and
political innovations. They consider the islands can host pilot fechnologies and applications
and generate knowledge on efficient management of resources and infrastructure, which in
turn can be implemented in mountainous, lowland or generally isolated areas, or eveninlarge
cities.
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The first Smart Islands forum, organized at the initiative of the Network Sustainable
Islands DAFNI, took place in Athens in June 2016. At the conference More than 40
representatfives from 13 different European countries participated in the constructive
exchange of experiences between them. On March 2017 was the second meeting of the
Smart Islands Initiative, this fime in Brussels.

2.5.3 Pact of Islands

The Islands Pact is an initiative aimed at achieving this goal of Europe 2020 concerning
the reduction of carbon dioxide emissions in the islands by at least 20% through the
development of RES. It lists 150 members, divided into clusters, the which clusters work together
exchanging ideas and know-how on them energy sectors. In 2014, the study of the Network
was completed Sustainable Islands for the installation of smart grids on the islands of Lesvos,
Lemnos, Santorini, Kythnos and Milos. Funding will be provided by its ELENA program European
Investment Bank and the European Commission. The project includes installation of smart
meters that will be managed through energy control centers, units RES and charging stations
for electric vehicles. [43]

2.6 Smart Islands and Cities - Developed
Projects

2.6.1 Samso

Samso is an island in Denmark, with 3724 inhabitants. Due to connectivity issues in

Internet from the available providers, the residents decided from 2012 to provide themselves
High speed internet co-financed by the Danish government. Unftil April of 2016 the network
already had 1199 subscribers, in a population of about 3700 inhabitants [44].
The island is also 100% energy autonomous, producing a surplus of energy. The 1998 Samso
wins a government-sponsored tender to run model renewable energy island. Then began a
long transformation, leaving back the dependence on fossil fuels which were imported from
the mainland. Most the island generates 100% of the required electricity from wind turbines.
The surplus electricity is sold in the national electricity network of the country, through an
electricity pipeline connecting the island with the mainland. [44]

2.6.2 Kythnos

The geography of Kythnos favors the use of renewable energy sources. It is ideal
candidate for an autonomously powered island, as there is sunshine and wind throughout
over time, helping to detach from diesel engines that feed the island so far. The Aegean Energy
and Environment Service, in collaboration with the municipality of Kythnos, promote the island
as an ideal candidate for innovative fechnologies, thanks in the technology used so far.

The first wind furbines were installed on the island in 1982, being the first wind turbine
park created in Europe. 5 wind turbines of 20 kW were installed. The 1983 a 100kW photovoltaic
system was installed with batteries that had the ability to store 400kWh. In 1989 the existing wind
turbines were installed with newer ones, which had the ability to produce larger amounts of
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energy (33kW). In 1992 An inverter was installed in the photovoltaic system, while in 1998 an
additional one was installed Vestas 500kW wind turbine [41].

In 2000 a fully automated management system was installed (smart energy network).
It combines diesel generators, wind turbines, photovoltaics and batteries. This system can
produce up to 2.8 MW in the summer months, managing to meet the needs of the island. In
the winter months, where consumption reduced, the grid can supply energy, from renewable
sources, for 12 to 13 hours on day [45].

In 2001, the first autonomous micro-electricity network was created in its area
Gaidouromandras [46]. It consists of photovoltaic panels, batteries and one
backup oil generator as a backup. Energy from photovoltaics supplies one
small number of cottages and a farm located in the area. The excess
energy is stored in batteries. The monitoring and management of the network is done by
the Center for Renewable Sources & Energy Saving (http://www.cres.gr), the national
for the promotion and effective management of renewable energy sources.

Smart meters are installed on the island, as part of the project "Smart Networks in 5
Islands" of the Aegean "of the ELENA program of the Central Investment Bank. The program is
funded by Horizon 2020, aiming fo promote smart grids as a solution to improve the quality of
power supply, the infroduction renewable energy sources and the conversion of electrical
charges info more flexible means of continuous consumption measurements. Thanks to the
above, Kythnos is one of the 5 islands that participate in WiseGRID project and will host
charging stations for electric cars, they will add electric vehicles in their potential, will installl
baftteries in public buildings, will install equipment to improve the desalination plant as well as
will install batteries in the mains to increase the penefration of RES [47].

2.6.3 Islas Baleares

The Balearic Islands, a popular tourist destination for many years, have develop
important infrastructure and services for tourists. In 2015, they hosted about 12.5 million visitors,
with Mallorca being the most popular destination. Due to the increased ftraffic, police
authorities and hospitals are facing roughly 150 to 200 cases per day, mainly involving children
or objects that are ignored as well as minor injuries to cyclists [45].

Aiming at the safety of tourists, the Balearic authorities in cooperation with University of
Palma, created the Emergency QR Project. The QR (Quick Response) code is a label that
conftains information about the object on which is located. It has a square shape consisting of
black dots on a white background and can be read by scanners or cameras. It has the ability
to store 2045 characters.

This system has been used since 2016 on cruise ship tourists disembark for a short time
in Palma. Includes ID, medical information, contacts and location information. They are
completely safe as well information is stored locally (in the QR Code), encoded, and can be
read only from the appropriate application. However, it is not as widespread as those would
like local authorities, which aim to use it mainly the incoming visitors for only a short fime and
do not have time to get acquainted with the area.

Mallorca is also the European city with the largest WIFI network in Europe. In 2014, the
first phase of the development of the wireless network was completed, where 254 hotspots
were set up in the Playa de Palma area covering 5.5 km with free internet [45].
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Tourists can move around the city without losing it WIFI connectivity, with at least 3 free
networks available at each point. Cisco Meraki network equipment was used, which uses
tfraffic fechniques shaping, restricting access to applications that require high bandwidth and
giving priority in applications based on tourists, such as email, Facebook, WhatsApp and
Google Maps. The inifial project was undertaken by the company Mallorca WIFI, while other
companies began fo participate along the way, providing their own
Services [45].

Access to the free network requires the provision of an ID, such as for example login via
Facebook account. As long as the free Internet is used, the User behavior is monitored (e.g.,
places visited), providing suggestions for activities but also giving an idea to the local
authorities about traffic per point.

2.6.4 Other European Islands

Smart island projects are not limited just to big-scale transformations. Small-
scale projects are also developed and considered to have smart island — features, some of
them are presented below in Table 13.

Island (Country) Project Name Infrastructure

Saaremaa (Estonial) VIRTU/ELVI Connection of elderly
population among
themselves

and with their families
using the infernet

lle d'Yeu (France) Parc des lles d'Yeu et de | Marine installation
Noirmountier wind farm and
Smart network development
Grid
Crete (Greece) Energyn Replacement

fraditional lamps

with fechnology bulbs LED
Lesvos (Greece) N/A Extension of the pilot
heating application with
use of geothermal

energy tested

in 2009 throughout

settlement
Favignana (ltaly) Sun and the Starts of the | Installation
Egadiislands project photovoltaics on

roofs, purchase of electrical
and hybrid vehicles,

use of LED lamps

at the streets,

vegetable recycling oll
Table 14 outlines implementation and future projects of others of smart islands in Europe [45] [41].
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2.6.5 Trikala City

A city worth mentioning, although not located on anisland, is Trikala. The city of Trikala
is the first smart city in Greece and has developed a wealth of infrastructure and services which
in the years 2009 to 2011 ranked it in the 21 smartest cities in the world [48]. It has a wireless
broadband network, offering free internet access to all citizens. Its development began in 2005
with installation of 15 nodes, 5 of which are powered by fiber optics while in 2016, 6 additional
nodes were added in the centre of Trikala. THE Access is free and open to all, and there is
protection against trafficking copyrighted material as well as pornographic material [48].

2.6.6 Other European Cities

Below we list cities in Europe that have incorporated smart fechnologies and
which could be applied to a smart island. These cities have integrated a large number of
implementations in their infrastructure; however, we will refer only to some of them.

Amsterdam: The redevelopment of the city of Amsterdam began in 2009. Since then,

smart meters were installed to monitor and save electricity in a large number of houses, as well
as smart lighting on the road network, allowing the conftrol of the lighting intensity centrally by
the municipalities [49].

Barcelona: Barcelona has already incorporated a number of technologies that can
considered as smart. A smart system has been installed in the Center de Poblenou park
irigation, which monitors soil moisture and environmental conditions so that watering is
activated whenever required. He has also developed a system telemetry for transport,
intelligent waste collection system as well as has install intelligent lighting system in some parts
of the road network [50].

Dublin: Smart collection system developed in DUn Laoghaire-Rathdown waste. Conventional
waste bins have been replaced by smart, eight-fold capacity bins notifying the competent
collection service waste when filled. Dublin is considering supplying 800 extra bins for extending
the system to other areas [51].

Madrid: Madrid uses the MINT platform for centralized management of its infrastructure, part
of which is an intelligent system of collection and recycling of waste.

2.7 Conclusions

A careful review of the existing literature can be seen with clear way how the
technologies are meant to furn anisland or a city into "Smart" have been very busy in recent
years with government agencies, companies and the academic community. There is a clear
strategy of the European Union, accompanied by funds, aimed at reducing CO2 emissions
from power plants using fossil fuels and petrol / diesel vehicles, through the development of
renewable energy sources and use electric vehicles. The islands are considered suitable
experimental platforms for application of new technologies. Several projects have already
been done in cities and islands all over Europe, many of which can be applied to a large
number of islands. Greece in furn participates in these efforts, mainly through actions of the
Daphne network. The European Union actions concerning the islands concern the ICT sectors
of energy, fransport, environment, alternative tourism, fisheries and e-government.
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Through this research, we have as base the smart island ideology and we investigate
the options for the next island that has the necessary requirements for this kind of transition. It
is a fact that more pilot projects need to be developed with higher capacities, using islands
that are in need for another energy system and smart technologies. Thus, Greek islands are
the best examples and as mentioned are in need for a replacement of their current energy
system.
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Study for development of infrastructure in the Nlls
3.1 NlIs Analysis

3.1.1 Energy Production Units in the Non-
Interconnected Islands

The energy production cluster of Nlls is composed by 32 autonomous electrical systems,
which provide electricity to 61 islands, which are shown in Table 14, as well as their permanent
population, according fo the census of the Hellenic Statistical Authority [52]. The production of
electricity is based on thermal stations, which operate with heavy oil (mazut) or light oil (diesel).
In total, during 2017, the installed capacity was 1808.35 MW [53]. In addition, renewable energy
plants are operating in many of the Nils. The total capacity of RES station in the Nils was 459.59
MW in the first four months of 2018. Regarding shares in energy consumption, 81.5% of it is
covered by thermal stations and 18.5% by RES stations. The RES share is distributed as follows
[54]:

e 60.7% wind power
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o 34.3% solar power (photovoltaic stations).

o 4.7% solar power (rooftop photovoltaics and net-metering)

o 0.3% from other RES (this is the estimated contribution to RES energy from a small hydro-
station with nominal capacity of 0.3 MW and a small biogas unit with nominal capacity
0.5 MW, which are operating in Crete)

Itis noted that an important characteristic of the Nlls energy systemsis the use of generators
(mainly diesel powered) for covering exira, seasonal needs in electricity. The generators are
as arule rented by the energy producers and transported to the islands. This, of course, causes
increases in energy production costs and will be further analysed. The management of the
energy market in the Nlls is made by the Hellenic Electricity Distribution Network Operator S.A.
(HEDNO). A general categorization of the 32 autonomous electrical systems of the Nl is the
following:

e 19 electrical systems are small-sized, with peak loads less than 10 MW.

e 10 electrical systems are medium-sized, with peak loads between 10 and T00MW.

e 3 electrical systems are big-sized, with peak loads more than 100 MW (the ones of
Crete, Rhodes and Kos-Kalymnos).

No. | Autonomous Served Served Capacity | Thermal Capacity | RES
system Islands Population | of stations of RES | stations
thermal production | stations production
stations (MWh) (MW) (MWh)
(MW)
1 Agios Efstrafios 270 0.84 92.13 0.02 0.00
2 Agathonissi 185 0.64 58.84 0.00 0.00
3 Amorgos 1973 6.20 793.72 0.29 40.83
4 Andfi 271 1.15 105.33 0.00 0.00
5 Antikythira 68 0.41 21.54 0.00 0.00
[ Arki Marathi 49 0.41 29.38 0.00 0.00
7 Astypalea 1334 3.83 521.76 0.32 49.12
8 Gavdos 152 0.43 40.33 0.00 0.00
9 Donoussa 167 0.99 70.52 0.00 0.00
10 | Erikoussa 496 0.77 66.69 0.00 0.00
11 Thira Thirasia 15 550 75.09 13 167.48 0.25 84.98
12 | Ikaria 8423 15.89 2066.08 1.39 260.04
13 | Karpathos Kassos 7310 16.50 2743.18 2.39 381.94
14 | Crete 622913 796.82 191 659.30 | 279.38 55 655.12
15 Kythnos Kalymnos
Lispi 1456 5.92 761.76 0.91 32.53
Leros
Telendos
16 Kos-Kalymnos Pserimos
Ciall 59 477 133.66 26 699.95 | 23.98 3980.96
Nisiros
Tilos
17 | Lesvos Megalonisi 86 436 94.88 20 597.55 22.79 3986.49
18 | Lemnos 16 992 23.60 4342.31 4.93 633.13
19 | Megisti 492 1.73 278.55 0.00 0.00
20 | Milos Kimolos 5887 22.98 3636.21 3.27 664.94
21 | Mykonos RDii'igs 10 134 67.49 1077776 | 2.24 381.94
22 | Othoni 392 0.66 52.34 0.66 0.00
23 | Paros Naxos 36725 93.72 14 660.81 | 17.07 3346.14
Antiparos

2020-2021




National Technical
University of Athens

Koufonissi

Shinoussa

Iraklia

Sikinos

Folegandros

oS
24 | Patmos 3047 8.93 1278.44 1.35 198.54
25 | Rhodes Chalki 115968 232.93 56 26458 | 66.71 10 647.98
26 | Samos Founi 34 436 49.63 917884 | 1275 2329.30

Thymena
27 | Serifos 1420 6.69 753.72 0.10 18.03
28 | Sifnos 2625 11.48 1548.54 0.20 49.18
29 | Skyros 2994 8.45 1271.19 0.32 41.72
30 | Symi 2590 8.60 1190.19 0.19 22.65
31 | Syros 21 507 39.25 7354.03 3.83 611.73
382 | Chios 'P”S‘;Lr’;ses 52 674 77.78 14857.64 | 14.25 2336.94

Table 15 Energy systems of NIl and population served by them and Average, monthly electrical energy
consumption from thermal and RES station in the NII. [52] [54] [55]

* Must be noted that the islands of Mykonos (including Delos, Rinia), Paros (including Naxos,
Antiparos, Koufonissi, Shinousa, Iraklia, Sikinos, Folegandros, los) and Syros are connected since
2020 with the mainland grid [56]. Thus this leaves us with 29 autonomous energy systems that
have to be replaced.

3.1.2 Electrical Energy Consumption and Production in the NII

According to the data published by HEDNO the electrical energy consumption and
production of all the electrical systems of the NIl can be summarized as follows [57]:

e Average, annual consumption: 5,672,339 MWh
e Average, annual electricity production from thermal stations: 4,643,288 MWh
e Average, annual electricity production from RES: 1,029,051 MWh

The electricity consumption of the Nlls corresponds to about 10% of the total electricity
consumption of Greece [58]. The electricity consumption is maximized during August (692,969
MWh) and minimized during November (356,109 MWh). The maximum monthly consumption is
95% higher than the minimum one. This illustrates one of the most distinctive characteristics
among the electrical systems of the NIl. The population in many islands increases during the
summer due fo tourism. So, great fluctuations are observed in the energy consumption. In the
case of Mykonos, an island famous worldwide for summer tourism, in August the electricity
consumption is 362% higher than in November. Because of the population increase during the
summer, in many cases, the installed capacity of power statfions is much greater than the
capacity needed for the permanent inhabitants of the islands. This is reflected in the installed
capacity per capita; in the NIl the installed electricity capacity per capita is 21% higher than
in mainland Greece, served by the inferconnected electricity network. In the case of Mykonos,
the installed capacity per capita is 390% higher than the average in mainland Greece. The
lowest fluctuation in electricity consumption is notficed in the case of Lesvos (55%). whose
economy is not exclusively based on tourism. This value of fluctuation in electricity consumption
is similar to the one of the IEG [59].

The thermal station of the autonomous system of Anfikythira produces, in average, 21.54
MWh, whereas the mean production of Crete’s thermal stations exceeds 190,000 MWh. Such
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great differences in energy demand imply that there is no a single way for managing and
improving the energy systems in the Nlls. On the conftrary, specialized strategies, adopted to
local differentiations should be developed [60].

3.1.3 Energy Costs in the NIl Electrical Systems

Maybe, the most distinctive feature of the autonomous energy systems of the Greek
islands is the particularly increased cost of energy production. Besides, this is the reason that
causes discussion about the necessity of changing the current situation in the islands. The great
energy production cost is atfributed, mainly, to two factors:

1) the thermal stations operating as base-load units use oil as fuel that is expensive,

2) the great fluctuations in energy demand that make necessary either the existence
of particularly high installed capacity or the fransfer of generators, in order to cover
peaks of energy demand.

The high energy costs of the NlIs are covered by a special levy that is charged to all
electricity consumers, called “Services for common utilities” (SCU). SCU, according to the Law
4067/2012, are infended to cover [61]:

1) the high energy costs of Nils,

2) the very low electricity charges for families with four or more children, and

3) the low electricity charges of the so called Special Social Tariff that is a special
electricity tariff for households with low income.

The rates of SCU are the following for domestic electricity consumers [62]:

o 6.99€/MWh—consumption up to 1600 kWh/4 months.
e 15.706/MWh—consumption 1601 to 2000 kWh/4 months.
o 39.87€/MWh—consumption 2001 to 3000 kWh/4 months.
o 44.88€/MWh—consumption over 3001 kWh/4 months.

The energy production cost presents differentiations among the Nlls, this is something
that was expected because of the great differences between the energy consumption of the
various energy systems. The weighted average of the variable cost all the NIl electrical systems
was 130.519€/MWh, between 2014 and 2017.

The greatest cost is observed in the system of Antikythira (average variable cost

383.863€/MWh), which has the smallest electricity demand and it serves the smallest
population among the NIil. This autonomous system does not include any RES. The system with
the lowest costis the one of Chios (92.434€/MWh), which is a medium-sized system, with a share
of renewables (15.7%), close to the average of the Nills. In Figure 12, the variable cost in the
Nlls is illustrated in descending order. The average marginal price of the interconnected
electricity grid of Greece (AMPIG) is also included in Figure 13, to gain a comparative
perspective. In the period 2014-2017 the average marginal cost was 51.338€/MWh [59].
The energy production in the system of Chios, with the lowest cost among the Nils, is 80% more
expensive than in the interconnected system. The weighted average marginal cost of the Nlis
is 2.5 times higher than the AMPIG, and the variable cost of the Antikythira system is 7.5 higher
than the AMPIG. These findings are indicative of the great economic burden of electricity in
the Nlls and support the necessity of changing the current situation. The difference between
the average variable cost in the Nlls and the AMPIG was 79.181€/MWh.

2020-2021



éfé

El
VP POPOS

National Technical
University of Athens

350

o

mmmmmmm

100
50
@
]
S

Figure 12 Average variable costs energy costs in the Nlis electrical systems (2014-2017) [60]
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Figure 13 Average total energy costsin the Nlls (2014-2017) [60]

In the previous paragraph the term “variable cost” was used to refer to the energy
production cost in the NlIs. According fo the official definition, the variable cost of electricity
in the NlI, in €/MWh, is given by Equation (1) [63]:

where:

— KKm,s: Cost of fuel for electricity production, including the excise duty in €.

- QIM,m;,s: The sum of net energy produced and supplied to the grid from all
thermal stations of each autonomous system (s) per month (m) in MWh.

- KAm,s: The additional variable operational cost of thermal stations in €/ MWh.
— KPm,s: The cost of greenhouse gas emissions in €/ MWh.
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The cost of fuel is determined by Equation (2) [64]:

KKm,s = Hmazut,m,s ' MKmazut,m,s + Hdieselm,s ' MKdiesel,m,s (2)

where:
- N_mazutms, N_dieseln,s: The quantities of mazut in th and diesel in klit which
are expected to be consumed in the electric system (s) in the month (m).
= MK_mazutm,s, MK_dieseln,s: The unit costs of mazut in €/tn and diesel in
€/Klit.

The variable cost is representative of the actual electricity production costs.
The main factor that affects it is the fuel cost. The cost of greenhouse gas emissions is, for the
time being, ratherlow. The relative data are not publicly accessible for every year. Indicatively,
for the year 2013, the cost of greenhouse gas emissions is known represented less than 4% of
the variable energy cost of the Nlls. According o the available data, between 2012 and 2015,
the Public Power Corporation (PPC) which is for the time being the only energy producer in
the Nlls—spent nearly 2.5 bilion euros for purchasing mazut and diesel oil for the thermal
stations of Nilis.

According to the Regulation of NIl [65], the conventional power stations receive
revenues for:

e The energy they provide to the grids, based on the variable cost of electricity
production and the starting cost of the power stations.

e The availability of electrical capacity (also known as cold power reserve).

e The provision of auxiliary services.

However, for the fime being, the transitional provisions of the Nlls Regulation are being
applied, since there are sfill pending problems for completing their formation of the energy
market of the NlIs. According to these transitional provisions, the energy producers that provide
energy to the NlIs are compensated for the total energy production cost, which is defined by
Equation (3) [65]:

MKIIK,,, = KKppys + KPpys + RAVyy s 7 + Dy s + Oy g + KEA s + Edyy

3

Q):M ,m,s

where:

- RAVm,s: “Regulated asset base”, which is the sum of the non-depreciated value of fixed assets
plus the working capital.

- r: Reasonable return on the value of the regulated asset base (defined each year by RAE).
— Dm,;s: Depreciation of fixed assets.

— Oms: Operational expenses, namely: payroll costs, costs for maintenance and service of
energy units, cost of replacement parts, insurance costs, third-parties remuneration, costs of
electricity consumed by the energy unifs, faxes and levies.

- KEAms: Expenses for renting, fransferring and installing electrical generators for covering
seasonal energy needs.

— EAm;s: Shared administrative costs.

Year | Average | Average Annual Annual Total Excise Excise Total
mazut diesel cost | mazut diesel annudl duty duty excise
cost (euros/klit) | cost cost oil cost | mazut diesel duty
(euros/in) (Meuros) | (Meuros) | (Meuros) | (Meuros) | (Meuros) | (Meuros)
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2012 | 548.66 639.30 499.57 146.65 646.22 34.6 75.7 110.3
2013 | 491.57 599.67 413.89 130.03 543.92 31.99 71.56 103.55
2014 | 459.94 556.52 395.08 130.87 525.95 32.64 77.6 110.24
2015 | 272.76 395.60 233.43 99.48 332.91 32.53 82.99 115.52
2016 | N/A N/A N/A N/A N/A N/A N/A N/A
2017 | N/A N/A N/A N/A N/A N/A N/A N/A
2018 | N/A N/A N/A N/A N/A N/A N/A N/A
2019 | N/A N/A N/A N/A N/A N/A N/A N/A
2020 | N/A N/A N/A N/A N/A N/A N/A N/A
Total 1541.97 507.03 2049 131.76 307.85 439.61
costs
Table 16 Costs and spending on mazut and diesel oil for the thermal stations of the electrical systems of
the NIl [60]

The total energy production cost is, as expected, higher than the variable cost. There
are cases of autonomous island systems is particularly high, mainly, due to the KEAms factor,
related fo seasonal needs and costs of extra electrical generators. Unfortunately, precise data
regarding KEAm,s are not publicly available. However, fragmentary data and publications
support the claim about the high values of KEAm,s. For instance, in summer 2017, RAE
approved the rental of generators with a total capacity of 37 MW for covering seasonal loads
in the Nlis [66]. This is certainly a big value of exira electrical capacity.

In the case of Antikithyra it reached the excessive price of 1328.03 €/MWh. Due to the
low energy loads of such islands, the cost of electricity in the Nl is not increased much due to
the energy cost of very small islands. However, these cases are indicative of the difficulties and
the high expenses for providing energy to particularly remote areas. But even in the case of
Lesvos, which has the lowest total electricity production cost among the Nils, the revenue of
energy producers (148.967€/MWh) is almost three fimes higher than the revenue provided to
energy producers in the inferconnected energy grid of Greece. In the period 2014-2017, the
weighted, average fotal energy cost of the NIl was 186.547€/MWh. In other words, it was 3.6
times higher than the AMPIG during the same time period [60].

3.2 Conclusions

According fo the information provided, it is necessary for Greece to take seriously the
financial damage that the current electricity supply systems cause to the nation. The necessity
for transitioning to more eco-friendly solutions is clear. Greece should take in consideration the
RES sources potential and take advantage on the current investments and funding provided
from Europe. A good start are the inifiatives that focus on the Greek Non-Interconnected
Islands — hence the focus of this research.

Analysing the aforementioned information, it is important for this study to select an
island that presents the characteristics needed to develop a microgrid system and is classified
as anisland that is unable to have a mainland electricity supply interconnection.

For the purposes of this research the island of Astypalea will be examined as it covers
all the main characteristics and it is one of the first islands that are to be fransformed under the
smart island initiative. In the following sections, the research dives in the background of
Astypalea island and with the inputs of some other similar researches it will outline the current
needs, possible solutions and energy systems that can replace the existing one.

2020-2021 R



-: é’}

nvppopos

National Technical
University of Athens

The Island of Astypalea

4.1 General Information

Greece is a peninsular and mountainous country located in Southern-Eastern Europe.
A characteristic of Greece is the vast coastline of 13.676 km which is the largest in Europe. This
record is because of the abundant Greek islands which reach 2.000 in numbers while only 168
of them are populated. The Greek islands are divided according fo their geographical
location and the sea water area to: Crete, Cyclades, Dodecanese, lonian, Sporades, Saronic
and Eastern Aegean islands [67]. The Dodecanese island complex is in south-eastern Aegean
Sea between the Cyclades island complex, Crete island and the coastline of Minor Asia
(Turkey). It comprises of 18 larger and smaller islands and numerous islets. An island which
belongs to the Dodecanese island complex is Astypalea. The location of Astypalea island is
illustrated in figure 14.
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Figure 14 Astypalea Map [68]

Astypalea island is characterised by rough and rocky coastlines and mountains which
are not significantly high. The highest peak is Vardia mountain at an alfitude of 482m. The soil
morphology of Astypalea, asin the majority of the Dodecanese islands, is sterile and rocky. The
are no rivers in the Dodecanese region but only a number of areas with streams.

The population of the island according to the last census realized in 2011 equals to 1334
residents. The municipality of Astypalea has an area of 114077 km per square. A small area of
land of approximately 126 metres wide almost divides the island in two sections. There are 4
vilages on the island which are the villages of 'Astypalea’ or 'Chora’, 'Livadi’, 'Analipsi’ or
'"Maltezana’ and 'Vathi'. The village of 'Chora’ has the largest amount of people and most of
the island’s life is concentrated there. [68]

4.2 Indigenous Resources and Local Potential

The indigenous resources and the local potential in the island of Astypalea include the
wind dynamic and the solar iradiance. These two elements are described below and the
purpose is to argue about the selection of RES that are implemented in the alternative SES
scenarios. Furthermore, the geography and soil morphology (highest elevation point efc.) in of
the Greek island of Astypalea have been already examined in section. This could play an
important role in the identification and employment of the most relevant and practically
feasible storage solutions (hydro pump storage). In the following, a description of the strengths,
the indigenous resources and the local dynamics in Greece and in Astypalea are described.
As can be seen from the figure 15, in Astypalea the average annual sum of PV oufputisin the
range of 1600 to 1700 kWh/kWp. It is observed that there is a high potential for implementing
PV technologies, as the solar iradiance is significantly high and for most of the Greek islands.
Hence, RES technologies which harness the solar iradiance should be considered in the design
of the alternative scenarios [69].
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Figure 15 Average Annual Sum of PV output 1994-2016 [70]

As illustrated, in general the majority of the Greek island and with specific focus in
Astypalea, there are encountfered the highest values of average annual wind speed.
Astypalea is in the range between 8 to 9 m/s. This range is placed between the highest values
of average annual wind speed. This is and indicator for this research to also consider this fact
in the process of choosing RES technologies for the alternative scenarios.

Figure 16 Average annual wind speed in Greece [71]
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4.3 Electrification System

4.3.1 Investigation of Improvement Options for the
Autonomous System of Astypalea

Astypaleais anideal and representative case study for investigating future perspectives of
small, autonomous electrical systems in the Greek islands. It lies in the middle of the Aegean
Seaq, as reflected by the distance between the island and other greater islands, as well as the
mainland [69]:

o Astypalea—Kos: 55 km

o Astypalea—Naxos: 20 km

o Astypalea—Crete: 140 km

e Astypalea—Rhodes: 170 km
e Astypalea—Lavrio: 240 km
e Astypalea—Athens: 280 km

Hence, practically, the operation of an autonomous electrical system in Astypalea is
compulsory, because ifs connectfion fto other, greater electrical systems (or to the
interconnected electricity grid of the mainland) is rather difficult.

The permanent population of the island, according to the last census, is 1334
inhabitants. The area of the island is 96.9 km2. Astypalea is a rather popular tourist destination,
especially for alternative summer tourism and so, its population (and consequently the energy
demand) rises during the summer.

The energy system of Astypalea is based on thermal plants that use diesel oil

for electricity production. The type and the power of the islands’ generators are shown in Table
15.1n 2015, the fuel consumption for electrifying the island was 2,262,347 lit of diesel oil; this is a
high quantity of oil and its reduction will have positive results both from an economic and an
environmental point of view. Moreover, there is an energy unit based on solar power in
Astypalea that includes a photovoltaic array with peak power 320 kW. The share of solar
energy in the electricity consumption ranged between 8% and 9%, in the period 2014-2017.
Regarding the electricity consumption in Astypalea, for the period 2014-2017, the average
values per month are shown in Figure 17. The maximum consumption (August) is almost 2.5
times higher than the minimum consumption (November). This is a typical situation for anisland,
whose main economic activity is summer tourism, as already discussed. The electrical load was
possible to be retrieved by HEDNO, at an hourly base for the years 2014 and 2015. The hourly
load is a prerequisite for conducting realistic simulations and optimizations. The peak load of
the island was 2.25 MW. A view of the hourly load in Astypalea is given in Figure 18 [60].

The average costs in Astypalea for the period 2014-2017 have as follows:

e Variable electricity production cost: 228.81€/MWh
e Total electricity production cost: 379.27€/MWh

So, Astypalea is ranked 11th among the 32 autonomous systems regarding the variable
cost of electricity production and 13th regarding the total cost. It is reasonable that the
reduction in the island’s electrification cost is utterly necessary. For improving the current
situation, by considering the findings in the previous sections, the two main choices are [60]:
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1) connecting the island to the IEG and,
2) changing the current structure of Astypalea’s system and increasing the use of
renewable energy sources.

Type of generator Fuel Nominal Capacity(kW) Power Output(kW)

STORK ABR-216S Diesel 208 150

STORK ABR-216S Diesel 208 150

STORK ABR-216S Diesel 208 150

STORK ABR-216S Diesel 208 150

MITSUBISHI ST6R-PTA Diesel 1275 1100

MITSUBISHI ST6R-PTA Diesel 1275 1100

MITSUBISHI ST6R-PTA Diesel 1275 1100
Table 17 Type, fuel and capacity of the electricity generators used in the electrical system of Astypalea
[72]
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Figure 17 Average Monthly electricity consumption in the system of Astypalea (2014-2017) [60]
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Figure 18 Hourly electricity demand 2017 of Astypalea island [60]
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According to HEDNO information this table of details can be extracted concerning
electricity demand:

Total annual electricity demand 6.56 GWh
Hourly maximum demand value 2224 kW
Hourly minimum value 241 kW
Annual average load value 748.90 kW

Table 18 Info concerning Astypalea electricity demands and loads [72]

In order to assess and design the system in Astypalea, an investigation on each sector
is conducted separately so we obtain more redlistic and accurate results for the design.

4.3.2 Analysis of residential sector

A typical residence in Astypalea is considered as a two-floor building of a fotal area
ranging from 50-60 square meters. A typical fradifional house can be divided in 2
communication levels. Level 1 includes a kitfchen with a refrigerator and a cooking stove, a
living room/dining room and a bathroom. Level 2 includes a large double bedroom in an
elevated area, and a single bed in the living room, storage space and access to the balcony.
Must be mentioned that these information came from unofficial discussions with local residents.

The total number of inhabitants in Astypalea island is 1334, according to the most
recent population census realized in 2011 by the Hellenic Statistical Authority [52]. Since there
is no concrete information about the number of persons per household, this research assumes
that 3 persons live on average per household. This assumption is done based on the description
of a typical residence in Astypalea and the rooms available (one double bedroom, one singe
bed). Thus, the fotal number of residential customers of electricity is approximately 445
residences. This is faken info consideration for the calculations and modelling of the reference
scenario.

According to Eurostat, the following percentages describe the share of final energy
consumption in Greece in the residential sector:

Space heating 5.7%

Space cooling 11.3%
Domestic hot water 26.4%
Cooking 21.5%
Lighting and appliances 35.1%

Table 19 Greek household energy share [73]

The resulting data for the residential sector is summarised in table 19.

Residential sector

Total number of inhabitants in Astypalea island 1334

Total number of residences 455

Annual electricity consumption per capita in Greece (Eurostat | 1.6 MWh
source)

Total annual electricity demand (Astypalea residential sector) | 2.13 GWh
Total annual electricity demand for heating 0.12 GWh
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‘ Total annual electricity demand for cooling 0.24 GWh
Table 20 Data for the residential sectorin Astypalea [73]

The data presented in table 16 is considered for the year 2017 while the estimations for
the electric heating and cooling demand are based on statistics for Greece and for the year
2016. Since the data for the final energy consumption in relation with the type of end-uses for
Astypalea or any other island of a similar context could not be found, the statistics for Greece
average residential consumption obtained from Euro-stat are applied for the purposes of this
research.

4.3.3 Analysis of commercial sector

Commercial sector as all the non-manufacturing enterprises, including hotels, motels,
restaurant, wholesalers and retail stores, health, social and educational institutions.

This research adopts this definition and seeks to identify information about these
components of the commercial sector in Astypalea. Hotels and other types of
accommodation, dining businesses and food catering services, cafe bars and the schools in
Astypalea island are considered in the modelling of the reference scenario.

Hotels and other accommodation services

The tourist infrastructure is developed in all the 4 villages of Astypalea. 'Maltezana’ or
'Analipsi’ is characterized as the resort with the largest tourist action. In this village the largest
number of accommodation services for tourists and visitors are situated (such as hotels, hostels,
rooms to letf, etc.) and also food and catering services such as restaurants or smaller typicall
restaurants and taverns, and other shops that serve tourists. [68]

From data obtained and with some estimations the existing infrastructure in Astypalea
for visitors and fourists’ accommodation is shown in Table 20 [74].

Accommodation type Units | Rooms | Beds
Hotels 16 235 459
Other accommodation 87 440 990
Total number of services 103 | 675 1449

Table 21 Existing accommodation infrastructure for tourists and visitors in Astypalea [74]

The total average energy consumption for the hotels and other accommodations is
estimated to be 17.59 KWh per night spend.

The hotels and other accommodation services operate during the touristic season
(summer months) which is from May to late September (150 days of operation). Hence, the
total average energy consumption for the hotels and other accommodation types in
Astypalea is calculated to be 10500 kWh/year. It should be mentioned that this number does
not reflect the frue value of energy consumption in Astypalea and it might deviate from the
realistic value.

According fo Eurostat, the following percentages describe the share of final energy
consumption in Greece in the accommodation sector:

Space Cooling 61%
Domestic hot water | 18%
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Laundry 5%
Catering 3%
Shared lighting 7%
Electricity for room 2%
Lift 2%
VAC/HVAC 2%

Table 22 Greek hotel electricity share [73]

Hence the resulting data for the hotels and accommodation is summarised in table 22.

Hotels and other accommodation types sector

Total number of hotels and other accommodation types 103

Total number of rooms 1350
Occupancy rate of rooms per day 50%

Total average consumption per night spend 17.59 KWh
Total days of touristic season 180 days
Total annual electricity demand (Astypalea accommodation | 1.8 GWh
sector)

Total annual electricity demand for cooling 0.23 GWh
Total annual electricity demand for heating 0.01 GWh

Table 23 Data of the hotels and other accommodation types sector

Dining businesses and other food and catering services

According fo the Hellenic Stafistical Authority (ELSTAT), on the island of Astypalea are
active 64 businesses for dining and food catering services. The majority of dining businesses
and food catering services in Astypalea consists of large open areas. It is found that on
average that a typical restaurant in Astypalea consists of a total floor area of 120-160 meters
squared with indoor and outdoor area to have 40 to 80 and 40 to 100 meters squared
respectively [75].

It is found that the fuels in the final energy consumption for a restaurant in Astypalea
on average, are electricity and LPG (propane gas). Electricity covers the majority of end-uses
and LPG directed for cooking appliances such as the kitchen stoves and grills. As it is
acknowledged from the phone-call discussions, the estimated annual consumption of LPG
(propane) tanks on average is ranging between 30-40 tanks of 25kg each. 1 kg of LPG
(Propane) equals to 49 MJ and 1 MJ equals to 0,278 kWh. Thus, the calculations for the annual
LPG (propane) demand for the restaurants and cafe bars can be estimated.

Concerning the heating and cooling of the space, there is no significant demand as
the outdoor area is an "open space” are and the restaurants operate at the maximum extent
during the summer season. Since the area is outdoor, the majority of restaurants and
taverns do not have significant cooling demand and electric cooling demand via air-
conditioning units. Nevertheless, in some cases there might be individual fans for ventilation
or cool wind flow. For this reason, it is assumed that there is no significant cooling demand
to be taken under consideration. The same applies for the space heating as during summer
there is no demand and during the winter the restaurants are operating at the lowest extent
if not closed.

The following percentages describe the share of final energy consumption in Greece in the
dinning businesses and food catering services sector, the data are from assumptions:
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Cooking 43%
Domestic hot water | 14%
| Lighting 14%
Refrigeration 10%
Space Cooling 7%
Cooling 7%
Ventilation 3%
Other 4%

Table 24 Greek dinning businesses and food catering services electricity share

Hence the resulting data for the dinning businesses and food catering services sector
is summarised in table 24.

Dinning businesses and food catering services sector

Total number of dinning businesses and food catering services | 64

Total days of touristic 210 days
Total LPG propane demand (cooking purposes) 0.87 GWh
Total annual electricity demand (Astypalea dinning sector) 1.15 GWh
Total annual electricity demand for cooling 0.10 GWh
Total annual electricity demand for heating 0.16 GWh

Table 25 Data of dinning businesses and food catering services sectorin Astypalea

School buildings and education

The school buildings, constructed in stone, consist of four halls, a cabinet manager and
teachers and toilets. Nowadays the school, preserved and renovated has six classrooms, IT
rooms, integration department, arts room, director’s office, feachers’ office, multi-purpose
room, Infrastructure for people with disabilifies. This evidence is capable for providing an
overview of the school building floor area, even though the fotal square meters are unknown.
Regarding the energy sources in the final energy consumption, the schools in Astypalea are
assumed fo fulfil their annual energy demands exclusively by the use of electricity.

The school building is assumed to belong in the category of school building with an
estimated total floor area of 1225 square meters. Total annual electricity demand for 2 school
buildings of Astypalea island: 471086 kWh or 0.47 GWh.

The following percentages describe the share of final energy consumption in Greece in the
school buildings and education sector, the data are from assumptions:

Space heating 45%
Lighting 14%
Space Cooling 10%
Ventilation 9%
Water heating 7%
Other 5%
Computers 4%
Refrigeration 2%
Cooking 1%
Office Equipment 1%

Table 26 Greek school buildings and education sector electricity share

Hence the resulting data for school buildings and education sector is summarised in table 26.
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School Buildings and education sector

Total number of school buildings 2

Total annual electricity demand 0.47 GWh
Total annual electricity demand for cooling 0.25 GWh
Total annual electricity demand for heating 0.06 GWh

Table 27 Data for School Buildings and education sectorin Astypalea

Airport. Other buildings (shops, supermarkets, pharmacies et.) and farming

The facility is located nearby the village Analipsis, and approximately 12 km northeast
of the city of Astypalea. The buildings of the airport cover an area of 106,24 m2. Furthermore,
Astypalea includes other type of buildings such as museums, churches, shops, pharmacies, car
garages, supermarkets, banks etc

Hence the resulting data summarised:

Total number of other buildings
Airport

Museums

Gas stations

Pharmacies

Supermarkets

Banks

Bakeries 3+
Other Shops/Businesses 10+
Farming lands N/A
Total annual electricity demand (airport and other buildings) 0.23 GWh
Table 28 Total number of other buildings in Astypalea island

NN =W Ww|—

4.3.5 Analysis of Street Lighting and other public lighting

Currently Astypalea has a developed street light system. The street lighting system
mainly consists of a light pole, a lamppost, a street lamp, a light standard, or lamp standard, is
a raised origin of light on the edge of aroad or path. Street lighting system is an essential part
in the island as it prevents accidents and unwanted thefts or robberies. Furthermore, street
lighting gives a better aesthetic view of the island and enhance fourism. In general, a street
lighting system consumes about 25-30% of the total energy spent in the city. It is assumed that
in Astypalea one of these types of street lamps is used.

Lamp Type Wattage Lumens Colour Temp. | Luminous Lamp Life
Efficacy (Hrs)

HPSV 70 6700 2100K 50-150 LM/W | 24000

HPMV 125 6200 5000K 35-65 LM/W 8000

FL 100 7650 4200K 100-115 12000
LM/W

Table 29 Current Street Lighting Lamps [76]
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Hence the resulting data for the street light and other public lights sector is summarised in table

29.
Street Light and other public lights sector
Total number of street lights and other public lights 1390
Total hours of use 9 hours
Total annual electricity demand (street lighting and other lights) | 0.54 GWh

Table 30 Data for Street Lighting and other public lights sector

4.3.6 Analysis of Water System

Astypalea water needs are covered through a dam in the centre of the island. The
reservoir, saves rainwater and adequately covers the water supply needs of the island. Itis one
of the most successful construction reservoirs in the Aegean islands with a capacity of 875,000
m3[77]. However, due to climate change, rain in the area is not quite frequent, thus the region
faces some serious issues, especially in the summer period. Apart from the dam there are some
ongoing projects for the settlement of Maltezana. These projects are water wells connected
with desalination systems with reverse osmosis technology. No further information concerning
electricity consumption was found.

Generally yearly water use of a residence with 3 members is 82-175 m3 [78]. This covers
general use of water regarding home, gardening, cooking, efc. An average person consumes
1.10 m3 drinking annually [79].

Hence the resulting data for the water consumption:

Water sector

Total number of inhabitants in Astypalea island 1334

Total number of residences 455

Total tab water consumption 54600 m3
Total drinking water consumption 1468 m3

Table 31 Data for water sectorin Astypalea

4.6 Conclusions

The case of Astypalea provides strong evidence regarding the possibility to ufilise locall
RES together with the use of storage systems, in order to improve current situation in smaill Nlls.
The perspectives of the local autonomous system for sustainable improvement are promising

Apparently, the work presented in this paper presents some limitations. The main
amongst them are: 1) the focus on one island, namely Astypalea and its energy system and
needs, and 2) the fact that thermal energy loads used to determine the energy needs and
system size are not 100% accurate and therefor results can differ slightly from reality. These
limitations can be addressed by the following steps of future work:

e Collection of hourly electrical load data from all the Nlls of Greece and
conduction of simulations like the ones presented for the case of Astypalea.
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e Highlight common characteristics regarding loads, consumption and future
structures of energy systems among groups of Nils.

¢ Infroduce precise thermal energy loads and real recorded data in the energy
simulation, in order to gain a broad view of the energy future of small, remote
islands.

In conclusion, the autonomous electrical systems of Greek islands, although currently
are characterised by very high energy costs, they are challenging places for implementing
sustainable solutions. Nevertheless the Nlls, particularly the remote ones, are an ideal case for
utilising renewables in favours of local societies, at the basis of decentralised applications. The
current model of RES development has been based on projects with great installed capacities
that provide energy to the IEG, at significantly high prices. In many cases the sustainability of
this RES model has been controverted. On the confrary, decentralised RES exploitation in
remote islands is a mild, viable way of utilising green energy. Government policies should more
actively support this kind of energy future for Nlls.
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Transformation of Astypalea island into a smart
island

5.1 Connecting the Avutonomous System of
Astypalea to the IEG

As already mentioned, although the connection to the IEG (Interconnected Electricity
Grid) is a strategic choice of the Greek Government, Astypalea is far away from the mainland
and other bigger energy systems (Rhodes, Kos, Crete, Naxos). The costs for expanding energy
grids with underwater cables are quite high. By combining data from relative resources , it is
estimated that the necessary cost for expanding the grid tfowards autonomous island systems
amounts to 1,000,000€/km.

A brief simulation, including sensitivity analysis, was conducted with HOMER PRO xé4, in
order to investigate whether grid expansion towards Astypalea is a viable investment. It was
proved that the expansion of the electricity grid cannot exceed 25 km, for keeping the
investment financially effective. As already discussed, Astypalea is far away both form the
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mainland and other, bigger islands; minimum distance 55 km. Therefore, it is not feasible to
expand the electricity grid just for electrifying this island.

5.2 Developing Energy Production Units in the Non-
Interconnected Islands

According to another research that used HOMER PRO xé4, different scenarios of re-
structuring the autonomous electrical system of Astypalea are analysed. The main aim of
energy optimization in the island is to reduce energy production costs in a sustainable way.
Therefore, further use of renewable energy sourcesis necessary. The scenarios investigated are
the following [60]:

e Scenario A: Further use of renewable energy without the addifion of storage
- Al: Photovoltaics and small hydropower station.
- A2: Photovoltaics, wind generators and small hydropower station.

e Scenario B: Further use of renewable energy with the addition of energy storage
systems (Li-lon) batteries
- BI1: Photovoltaics and battery array.
- B2: Photovoltaics, wind generators and battery array.
- B3: Photovoltaics, wind generators, small hydropower station and battery
array.

The cases B1, B2 and B3 have been simulated with different assumptions regarding the
costs of the baftteries. So, there are additionally three cases, namely B1a, B2a, B3a which have
the same structure as the abovementioned (B1, B2, B3), but are simulated with 40% lower costs
of baftteries, following the relevant fendency in the energy market. The assumptions regarding
investment and operation and maintfenance costs of the various systems are presented in

Table 31.

Type of technology | Investment cost Replacement | Operation and | Fuel cost
cost maintenance
cost
Photovoltaic 100 euros/unit 100 21 -
panels euros/unit euros/kw/year
Wind  generators | 61,250 euros/pc 55,000 1225 -
(nominal power euros/pc euros/pc/year
25kW)
Small Hydro Turbine | 108,000 euros/pc | 20,000 4320 -
(nominal power euros/pc euros/pc/year
80kW)
Batteries Li-lon | 70,000 euros/pc 30,000 1000 -
(capacity 100kwh) euros/pc euros/pc/year
Batteries Li-lon low- | 30,000 euros/pc 10,000 1000 -
cost scenario euros/pc euros/pc/year
Converter DC/AC 250 euros/kw 230 euros/kw | - -
Diesel electro | - 1200 0,05/oper.h 0,60
generator euros/kw euros/lit
diesel

Table 32 Investment, operation and maintenance costs used in the energy simulations. [60]
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Regarding energy potential, for solar and wind energy potential the data from the
lioraries of HOMER were used. As far as hydropower is concerned, the cause for exploifing this
source of energy in an island with low rates of precipitation is the fact that there is a water
reservoir near the village of Livadi. This reservoir is used for providing potable water. So, a small
turbine can be used, in order o utilize the available hydraulic head when transferring water
from the reservoir fo consumers. According to Daniil (2018), the available hydraulic head is 32
m and, by considering the volume of the reservoir and the precipitation in the island, a small
turbine with 80 kW capacity can be installed [72]. The data retrieved by HOMER library
regarding solar and wind potfential, as well as the assumptions regarding hydropower in
Astypalea are summarized in Table 32.

Month Clearance Daily Radiation | Average Wind | Volumetric
Index (kWh/m3/day)* | Speed (m/sec)* | Water flow
(lit/sec)**
JAN 0.497 2.400 6.910 300
FEB 0.529 3.270 7.580 300
MAR 0.578 4.650 6.530 300
APR 0.619 6.100 5.740 200
MAY 0.670 7.420 5.080 200
JUN 0.721 8.340 5.160 150
JUL 0.739 8.350 6.240 150
AUG 0.731 7.520 5.760 150
SEP 0.711 6.150 5.360 100
OCT1 0.649 4.360 5.700 200
NOV 0.547 2.800 6.170 300
DEC 0.467 2.060 6.630 300

Table 33 Renewable energy potential in Astypalea [60]

The simulations carried out from another research by using HOMER PRO xé4 led to the
opfimal solutions shown in the Tables below. It is notable that in order to reduce the installed
capacity of diesel generators, storage systems are necessary for avoiding power shortages.
Even if the optimization results show that the renewable energy capacity and share can
increase significantly without using storage systems, it is risky to operate an autonomous small
system with low inertia under such conditions.

The use of batteries can ensure power supply, with simultaneous increase in renewable
energy use. Under favourable conditions regarding batteries’ cost, the renewable energy
share in Astypalea can exceed 45% and the unit energy cost can decrease by 42%, in
comparison with the current situation. It should also be highlighted that the possibility to utilize
hydropower, because of the existing water dam in the island, is particularly important,
because of the generally higher load factors of hydro-stations, compared to PVs and wind
generators. The operation of a small hydro-plan increases energy supply security and has
positive impact on the system'’s stability.

The investment costs vary between €786,000 and €2,426,000, depending on the
renewable and storage capacity installed. Such amounts are much more competitive
compared fo the electrification of Astypalea through submarine cables. Of course, the
present results are a first attempt to optimize Astypalea’s system. Apart from a feasibility study,
the further use of renewables in the island demands a precise cost benefit analysis, based on
extensive data from the energy market.
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Scenario Number of | Photovoltaics | Wind Hydropower | Li-lon
Diesel (kw) Generators (kw) Batteries
Generators / (kw) (kWh)
Capacity
(kW)
Current 7/3%900 320 - - -
Situation
Al 7/3900 1072 - 80 -
A2 7/3900 550 450 80 -
B1 7/3900 1497 - - 500
B2 5/3900 835 700 - 500
B3 5/3900 767 650 80 400
Bla 7/3900 1135 - - 700
B2a 5/3900 880 700 - 600
B3a 5/3900 723 675 80 500

Table 34 Structure of Astypalea’s energy system in the current situation and under the various future
scenarios [60]

Scenario Investment Unit energy | Annual Annual Renewable
cost (euros) | cost operating diesel oil | energy share
(euros/MWh) | cost (euros) | consumption | (%)
(lit)
Current - 230* (2015) 1,428,851* 2,262,347 8,54*
situation
Al 786,000 151 865,968 1,388,401 25.4
A2 1,896,000 144 735,066 1,119,778 40.6
Bl 1,376,000 156 850,623 1,337,461 26.2
B2 2,546,000 143 680,213 995,450 45.0
B3 2,406,000 136 650,781 952,375 47.7
Bla 1,266,000 152 835,679 1,311,072 27.1
B2a 2,426,000 140 669,158 977.368 45.7
B3a 2,306,000 133 639,273 933.276 48.2

Table 35 Investment costs, unit energy costs, annual energy costs, annual diesel oil consumption and
renewable energy share for the current situation of Astypalea’s energy system and under the various
future scenarios. [60]

From the results it seems that the renewable energy options are with a big difference
much cheaper than the current system that operates in the island. Due to the rising popularity
of the solar power energy and the new developed and improved technologies, in this study
we will use B1 scenario. The system is mentioned will consists of PV panels and solar Li-ion
battery. The choice of the battery has been made according to the inifial analysis and the
improved specifications in comparison to other existing technologies.

5.3 Sizing and Design of PV Units for existing
power demands

Using all the aforementioned collected data for the island of Astypalea and the design
of the solar farms this research finds best to divide the island into two main areas that are
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distanced between each other to reduce connection and other costs. The two sections are
therefor:

e Section A (the west side of the island) and

e Section B (the east side of the island)

Section A (West) Section B (East)

Residential sector 1.8491 GWh 0.2809 GWh

Hotels and other | 1.7557 GWh 0.0443 GWh

accommodation types

sector

Dinning businesses and food | 0.9502 GWh 0.1798 GWh

catering services sector

Public Buildings 0,4700 GWh 0.3000 GWh

Street Light and other public | 0.3820 GWh 0.1660 GWh
| lights sector

Other 0.23 GWh

Total 5.64 GWh 1 GWh

Table 36 Data for Section A and Section B Solar Farms

Below a more detailed layout with the help of AutoCAD software has been developed
as part of the study that illustrates the island of Astypalea and the possible location of the two
Solar Farms in the island.

With the help of google maps and its tools, we have identified all different types of
buildings and businesses. Mapping out the number of each type (hotel, restaurant, public
buildings, other.) in order to understand and divide the load according fo the needs of each
section.

The areas that the potential solar farms could be developed have been chosen
according these parameters:

e Environmental

o No obstacles (trees, hills, mountains) that could block irradiation

o Land to be able to have panels to be facing the sun from sunrise to sunset for
maximum solar harvesting
Land to be safe from landslide, floods or extreme wind risks

o Short powerplant distance from coastline (in terms of transporfing the
equipment)
Short powerplant distance from city (in ferms of fransition lines)

o Easy access to road

e Social

o No possible legal restrictions (archaeological sites)
o Short distance from city (in ferms of employees’ fast access)

Figure 19 Astypalea Island Satellite map and AutoCad Layout
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5.4 Sizing and Design of PV Units for other smart
systems

As mentioned in the previous chapters, the aim of this research is not just to replace
the current energy system with a more new and eco-friendly system, but to also set up the
basis for a Smart Island scale up. In order to do so, thisresearch includes the design of a drinking
water system that corresponds to the current demand on total drinking water consumption.
Furthermore, an EV charging spot is designed to promote eco-mobility with a hope to support
the initiatives of green mobility withing the island and the adoption of EV cars.

5.4.1 Drinking Water System

Currently in the market there are several options and technologies for water pumping
and water freatment. In usual cases where there are underground wells and springs, a normal
water pump will be sufficient for water pumping and a filtration system will ensure the provision
of clean and safe water free from parasites and harmful to human elements. However, this
kind of system is notf the best solution for water that has high salinity such the type of water we
find in the Greek islands, as possible underground soil are affected by the seawater. As aresult,
in this research we will use a solar powered desalination system that converts sea water to
drinking water through the method of reverse osmosis.

According to the data found in previous sections of this research, and the estimation
that the total consumption of drinking water per person 1.10 m3 annually and the average
consumption of a full-scale desalination system is around 4.05 KWh, we receive this table.

Drinking Water system - desalination

Total number of inhabitants in Astypalea island 1334

Average annual consumption drinking water per person 1.10 m3
Total daily consumption drinking water 4 m3
Total annual drinking water consumption 1468 m3
Total annual electricity consumption (desalination system) 0.0110 | GWh

Table 37 Data for drinking water and desalination system in Astypalea

A sample of a desalination system can be seen in the picture below. The system consist
of multiple subsystems according to the needs of the freatment and storing the water, some
of the sub-systems are:

e  Water pumps sub-system - to pump seawater or underground water with high salinity
e Reverse osmosis sub-system — to convert salty water into clean and drinkable

e Disinfection system — to purify more the output water from the reverse osmosis system
e Water tanks sub-system — o store cleaning water

e Solar Panel sub-system — to power the whole system
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Figure 20 Sample of a desalination system

5.4.2 EV Charging System

In regards to the EV charging system, currently in the market there are 3 types of EV
Charging stafions [83]:

- AV Levelone
- AC Level Two
- DC Fast Charging

Their unique characteristics are presented below in the Table 37.

EV Station Type Voltage Amps Charging Loads | Charge time
AC Level One 120V-1- Phase AC 12-16 Amps | 1.410 1.9 kW 5-8km of range
per hour

AC Level Two 208V or 240V 1- 12-80 Amps | 2.5 10 19.2 kW 16-32km of
Phase AC range per hour

DC Fast Charge | 208V or 480V-3- <125 Amps <90 kW 160 km , 80%
Phase AC Average 50- charge in 20-

60kW 30 min

Table 38 Data for EV Station Tupe Categories

Initially it is planned to have one charging station close to the main gas station of
Astypalea. It is assumed that it will be mainly used in the touristic season from the rental
agencies and tourists. — for the purpose of this research we chose for the development a DC
Fast Charge since our energy system can support it. Therefore, the charging load is 0kW.

Hence the resulting data for the EV station:

EV Charging Station

Total number of inhabitants in Astypalea island 1334

Total number of cars using the service annually (2%) 10

Total number of leased cars used during the summer period 30

Total power consumption for EV charging annually 0.381 GWh

Table 39 Data for EV Charging Station in Astypalea
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A sample of how a car is charged through an AC charging plug and a DC Fast Charging
station is illustrated below.

AC Charging DC Charging
3.6-11kW 50 kW

Figure 21 Charging an EV car with AC plug and through a DC charging station

5.5 Total Sizing of PV Units

In total the energy demands with the addition of the 2 subsystems (water system and
EV station) do not change, hence the total results following the data of table 35 are exiracted
in Table 39. For the calculation of the total units of panels and battery capacity, we have
assumed that one panel’s output average is 455W, and the total irradiation fime is ? hours /
day for the summer time. Winter calculatfions can be skipped as the energy demand is much
lower and the reduction of exposure will not affect our system and the energy that needs to
be delivered to the end consumer.

Section A (West) Section B (East)
Total (annual/365 days) 5.64 GWh 1 GWh
Daily 0.015 GWh/day 0.003 GWh/day
9 hours irradiation 1.7 MW 0.3 MW
Battery Capacity 400 kWh Li-ion 100 kWh Li-ion
455W /panel 3496 panels 617 panels
Total panels 4113 panels
Total Battery Capacity 500 kWh Li-ion

Table 40 Data for total Sizing of Solar Farms

The final total output is 6.64 GWh that aligns to the initial data we have for the island
of Astypalea. The total number of PV units are 4114 and the battery capacity for a 1.7MW
system is assumed fo be 400kWh and for 0.3MW around 100kWh.

5.6 Communication System

As mentioned in previous chapters, distributed inteligent multi-agent, smart
technology is applied to make the power system more reliable, efficient and capable of
exploiting and integrating alternative sources of energy. For this case we propose a scalable
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communication system within frequently agents migration and failure, it will include distribution
and parallelisation of message propagation method, a token-ring protocol that considerably
improves the performance of, and failure detection mechanisms. For instance, the
photovoltaic plant has a rated power and it is equipped with a monitoring system that
embraces an acquisition device capable to continuously measure and store required electric
variables at both DC and AC side of the five inverters. The measured data is collected and
can be transmitted to an external control system and thus the operator can detect any failures
and keep a data list fo see the different parameters that affect the end performance of the
whole system.

Another example are the Battery Modules which are composed of Li-ion battery banks
connected to the microgrid through a bidirectional AC/DC converter. Intelligent measuring
devices are located af the output of the system for acquiring the information that are required
for characterising its operating state. These information are then sent o a local or remote
confroller and the operators can extract in regards to the energy storage effects, failures and
performance.

For each of the individual systems, specifically designed conftrollers and instruments will
be obtained by the manufactures. These controllers as mentioned, gather data during the
processes and give real time report about the systems. More specifically the platform will have
access and record the data below:

National Technical
University of Athens

Generators PV Modules Battery Modules | Desalination system EV Charging
Station

Voltage Iradiance Voltage Water flow Voltage
received

Current Potential solar | Energy flow Water tank level Current
energy
received

Coslf) PV Voltage Temperature Water temperature -

Fuel Flow PV Current - Pumped water flow -

Fuel Level - - Filtered water flow -

Fuel consumption | - - System  voltage & |-

current

Figure 22 Sub-systems and data to be recorded from different instfruments

This will help recognise any issues and errors that occur in the operation of the systems.
In order to ensure a reliable and secure operation of a microgrid, it is crucial o design and
implement an efficient communication network. In contrast fo what one might think, the
design of this system may be more complex since its communication requirements vary
significantly according to its nature, size, and scope as well as to the devices enclosed in it.
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Workplan for the development of Astypalea Smart

Island

6.1 Personnel Position Analysis

For this project, a board of professionals and analysts should be put on as below in
order to successfully develop and monitor the project. Each position has its own tasks and
responsibilities, thus different background of professionals come together to combine their
experience and knowledge for this project. In the specific project we distinguish 2 different
steering groups, the one is the project management which is responsible to coordinate other
groups (engineers) and successfully deliver the project on time and on budget.

Project Management Units | Description

Project Director 1 Responsible for the successful conclusion of
construction of the project. Coordinates with
teams to ensure that work is completed on time
withing budget.

Steering Committee 5 A group of experienced professionals that

provide advice, ensure delivery of the project
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oufputs and the achievement of project
outcomes.

Project Manager 2 Responsible for planning, overseeing and
leading projects from ideation through to
completion. Interacts with a range of internal
and external stakeholders as well as reports to
the steering committee and project director
Site Manager 1 Supervising and overseeing the direction of the
project, ensuring that the client’s specifications
and requirements are met, reviewing progress
and liaising with quantity surveyors to monitor
costs. Reports to the project manager.

Back Office 5 Administration and support personnel for
settflements, clearances, record maintenance,
regulatory compliance, accounting, ifs services
Project Associate 1 Responsible to ensure the client’'s needs are
being met. Inputs on service, sales and
operations department

Project Consultant 2 Offers expertise on project in order to help the
project management team to achieve their
business goals. Inputs are on operational,
strategic, and fechnical nature.

Engineering

Electrical Engineer 5 Responsible for the design, development and
testing of the system. Oversee the technical side
of the project

Civil Engineer 2 Design and oversee construction and civil works
of the projects.

Environmental Engineer 1 Assess and  provide inputs  regarding
environmental report

Supporting Engineer 1 Provide expertise on the technical part of the
project. Helps resolve potential issues

Water Engineer ] Design and develop water system fo please
client needs.

EV Engineer 1 Design and develop EV charging station in order

to please client needs.

Table 41 Project Management and Positions

In fotal we have 17 professionals in the project management group and 11 professionals
on the engineering group.

6.2 Project Development Phases and Work
packages Definition

For this project we identify three main phases and thirteen work packages:
Phase 1 - Local preparation, final engineering and procurement

o WP1 - Final Engineering
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o  WP2- Community Management
o WP3-Procurement
WP4 - Logistics and Transport

Phase 2 - Construction and Commissioning

WP5 —Technical Oversight

WP6 — On- Site Energy system installation
WP7 — On- Site Civil Construction

WP8 — Back-office Management

WP9- Operating Manual Operation
WP10 - Local Team Training

O O O O O O

Phase 3 - Operations and Optimisation
o WPI11 - Operations Oversight

o WPI12-Local Operations and Maintenance
o WPI13 - Preparation of final Report

A more detailed analysis of the work packages and the deliverables can be seen in

the Table 41.
Number | Description Lead Lead
PHASE 1 - Local prepardation, final engineering and
procurement
WP1 Final Final system specifications, | Engineering PM 1
engineering electrical  diagrams,  site | support
layout
WP2 Community Local stakeholder | Lead SE
management engagement, land
contracting
WP3 Procurement Supplier negoftiations and | Business BO
contracting Lead
WP4 Logistics and | Ensuring storge and | Technical BO
fransport adequate transport, security

and insurance
PHASE 2 - Construction and commissioning

WP5 Technical Coordination of works and | Technical PD
oversight subcontractors Lead

WP6 On-site  energy | Electrical works, | Technical PM2
system interconnection and
installation commissioning

WP7 On-site civil | Installation of water | Technical CE
construction connections, buildings, and

road infrastructure

WP8 Back-office Follow-up and coordination | Business BO
management of suppliers Lead

WP9 Operating Preparation of operating | Engineering | PM1
manudal manual for local team support
preparation
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WP10 | Local team | Engagement of local team | Astypalea SM

training through construction and | Lead
commissioning

PHASE 3 - Operations and optimisation

WPI11 | Operations Ensure proper operations and | Technical PD
oversight opftimise system Lead

WP12 | Local operations | Evaluate and update | Technical SM
and operating procedures
maintenance

WP13 | Preparation of | Coordinate and draft project | Bus Lead PD
final report report

Table 42 Project Phases and Work packages

The work packages are listed below in detail with the works and deliverables.

Project Task :v:étage
PHASE 1 - Local preparation, final engineering and procurement

Project kick-off ALL
Project Steering Committee meetings ALL
WP1 - Final engineering

Project plan preparation WP1
Prepare site plan WP1
Systems sizing WP1
Run RFQ process for main suppliers WP1
Prepare specifications for main components WP1
Detailed electric design and SLDs WP1
Detailed civil works WP1
Select suppliers WP1
WP2 Community Management

Prepare surveys and interviews WP2
Meet local officials and stakeholders WP2
Preparation of remediation plans (social/env. Impacts) WP2
Conduct community surveys and interviews WP2
Finalise land contract WP2
Organise local involvement for construction WP2
WP3 - Procurement

Review supplier offers and terms WP3
Supplier contracting WP3
Arrange payment details WP3
Execute equipment purchases WP3
Arrange insurance WP3
WP4 - Logistics and transport
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Coordinate site visits WP4
Verify custom clearance requirements WP4
Arrange transport for equipment fo site WP4
Arrange site storage and security WP4
Arrange on-site accommodation WP4
Prepare logistics for construction tfeam WP4
Project Task :vc:)étage
PHASE 2 - Construction and commissioning

Project Steering Committee meetings ALL
WP5 - Technical oversight

Prepare plan for time monitoring and detailed milestones WP5
Address fechnical issues as they arise WP5
Monitor milestone completion WP5
Manage supplier support WPS5
Oversee system commissioning WP5
Test remote monitoring and operations WPS5
WP$6 - On-site energy system installation

Accept (energy) equipment on site WP6
First mechanical works WP$6
Install main components (Battery and PV) WP6
Install sub-systems WP6
Finalise energy system installation WP6
Finalized mechanical works WP6
Test run systems WPé
WP7 - On-site civil construction

Prepare site and civil works WP7
Accept (civil) equipment on site WP7
Install water system and EV Station WP7
Construct bases, access and trenches WpP7
Install training centre WP7
Install rest of buildings WP7
Integrate water, electrical and monitoring WP7
Complete final details WP7
Test run systems WP7
WP8 - Back-office management

Monitor delivery schedules WP8
Review factory acceptance tests WP8
Follow up and coordination suppliers WP8
Make payments WPS8
Make final payments WP8
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Obtain equipment warranties WPS8

WP9 - O&M manual

Outline manual sections WP9
Contact suppliers for manual input WP?
Draft initial manual sections WP9
Finalise and review manual sections WP9
Prepare print and electronic copies WP?

WP10 - Local team fraining

Prepare training material WP10
Define hiring criteria WP10
Hire local operating feam WP10
Prepare training centre WP10
Train local managers WP10
Train team WP10
Update training material WP10
Project Task :v:étage
PHASE 3 - Operations and optimisation

Project Steering Committee meetings ALL
WP11- Operations oversight

Define operating metrics WPI11
Monitor energy system WP11
Monitor water system WPI11
Monitor EV system WPI11
Optimise system parameters WPI11
Prepare upgrade and maintenance plan WPI11
WP12 - Local operations and maintenance

Support initial operating period WP12
Review operating procedures WP12
Propose operating adjustments WP12
Adjust operations WP12
Adjust O&M manual WP12
Perform additional team fraining WP12
WP13 - Final report

Draft report headers WP13
Coordinate section preparation WP13
Collect and analyse data WP13
Draft report sections WP13
Edit final report WP13

END OF PROJECT
Table 43 Details project work packages and deliverables
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6.3 Gantt Chart

In order to be more productive, to forecast and enhance communication with the rest of the tfeam we need the best possible execution
of a project, and that's where a Gantt chart becomes essential for the development of this project. By definition a Gantt chart, is a type of bar
chart that shows the start and end date of several elements in a project such as tasks, activities, resources. The multiple benefits will clearly enable
to complete the project the best way. With the help of similar projects workplans, we have included all the work packages and the deliverables
in a one full Gantt chart in order estimate the fime for successfully completing each action and therefor having a rough estimation of the total
development time.

Work Apr22’ May 22 Jun22 w2 Aug 22 Sep22’ Oct22 Nov22' Dec 22’ Jan 23' Feb 23' Mar 23° Apr 23° May 23' Jun 23’ 23 Aug 23 Sep 23 Oct 23 Nov23' Dec 23’ Jan 24" Feb 24' 3
G package tead T Tialoo]2r| 4 |11 [18]2s] 1 8 [15]22]29]  [13]20]27| 3 [10]17 2431 | 7 [14]21 [28] 5 [12]19[2] 2 [ [16]23]30] 7 [14]21 [28] & [11 [18]2s] 1 | 8 [15]22] 1 [ 8 [15]22]29] 5 [12]19]28] 3 [10]17]24]o1 | 7 [14]21[28] 5 [12]19]28] 2 [ 9 [16]23]a0] & [13]20]27] 2 [11 [18]2s] 1 [ 8 [15]22]29] & [13]20]27] 3 [10] 17]24[31| 7 [14] a0 25|
PHASE 1 - Local final and
Project kick-off ALL
Project Steering Committee meeting | ALL
Project plan preparation WPl
Prepare surverys and inferviews wp2
[Coordinate site visits =
Prepare sife plan WPl
System sizing WP1
Run RFQ process for main suppliers wei
Review supplier offers and terms WP3
Meet local officials and stakeholders wp2
Prepare specifications for main components wei
|Verify custom clearance requirements (WP4
P of plans impacts) [wP2
|Arrange transport for equipment to site (1/2) wea
Conduct community surveys and interviews (WP2
Detailed electric design and SLDs wei
Finalise land contract w2
Project Steering Committee meeting 2 ALL
Detailed civil works w1
select suppliers/ EPC w1
Supplier contracting (WP3
Project steering Committee meeting 3 ALL
[Arange payment details w3
|Arrange site storage and security (WP4
Organise local involvement for construction wp2
|Arrange transport for equipment to site (2/2) wea
Project Steering Committee meeting 4 ALL
Execute equipment purchases wp3
Arrange insurance wp3
|Arrange on-site accommodation WP4
Prepare logistics for construction team P4

Table 44 Phase 1 Gantt Chart
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R Work [ Am2z May 22 Jun22 22 Avg 22 Sep 22 oct2z’ Nov 22 Dec 22 Jan 23' Feb 23' Mar 23' Apr23’ May 23 Jun 23 28 Aug 23 Sep 23 oct 23’ Nov 23 Dec 23 Jan24° Feb 24' Mar 24°
package |1613202741118751815222761320773101724317142\285]2\7267V1673307|421284HW&75181527\815222951719763]0172431711‘71285\71‘7762916733061320274”18251815722?6]3m27310]724317\42]287142128
PHASE 2 - C fion and issioni |
Project Steering Committee meeting 5 ALL
Outine manual sections wps

Prepare plan for fime monitoring and detailed milestongWPS

Address technicalissues os they arise wps
Make payments (1/2) wps
Prepare site and civil works WP7
Contact suppliers for manual input e
Monitor delivery schedules WP8
Project steering Committee meeting 6 ALL
Monitor milestone complefion wes
Review factory acceptance fests wps
Project Steering Committee meeting 7 ALL
/Accept (energy) equipment on site WP
Accept (civil] equipment on site w7
Project Steering Committee meeting 8 ALL
Follow up and coordination suppliers wps
Make payments (2/2) wPg
Project Steering Committee meeting 9 ALL
First mechanical works WPs
Draft initial manual sections =
Project steering Committee meeting 10 ALL
Install water system w7
Install EV system WP7
Construct bases, access and trenches W7
Prepare training material WP10
Project Steering Committee meefing 11 ALL
Instal training centre w7
Define hiring criteria \WP10
install main components (Battery and PV) WPs
Project Steering Committee meeting 12 ALL
Hire local operating team WP10
Install sub-systems WP6
install rest of buildings w7
Prepare fraining centre WPi0
Install distrioution system wPs
Project Steering Committee meeting 13 ALL
Manage supplier support WP5
rain local managers WP10
Finalise energy systeminstallation WPs
Project steering Committee meeting 14 ALL
Integrate water, electrical and monitoring wp7
Make final payments WP8
Obtain equipment warranties wps
Complete final details WP7
Oversee system commissioning wps
Finalized mechanical works WwPs
(Train team \WP10
Finalise and review manual sections e
Project Steering Committee meeting 15 ALL
Project Steering Committee meeting 16 ALL
Test remote monitoring and operations wps
Test run systems w7
Update fraining material P10
Prepare print and electrionic copies \WP9

Table 45 Phase 2 Gantt Chart
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Project Task Work | Apr 22' May 22 Jun 22' Jul 22' Aug 22' Sep 22' Oct22' Nov 22' Dec 22' Jan 23 Feb 23' Mar 23' Apr 23' May 23" Jun 23' Jul 23 Aug 23 Sep 23 Oct23' Nov 23" Dec 23 Jan 24 Feb 24' Mar 24"
package Il61320774111525181522296132027310172431714212&5]21976291623307]421294111825181522181522 5112[19]26] 3]10[17]24]31 14]21(28 12119]26 9 [16]23|30] 6 |13[20(27] 4 [11]18[25]| 1 |8 [15[22|29] 6 [13[20|27 10]17[24]31 14]21(28]| 7 |14]|21]28
PHASE 3 - d |
Project Steering Committee meeting 17 ALL
Define operating metrics wei
Support initial operating period (WP12
[Monitor energy system WPT1
[Monitor water and thermal systems (WP11
Project Steering Committee meeting 18 AL
Draft report headers wP14
[Coordinate section preparation (WP14
Project Steering Committee meeting 19 AL
Propose operating adjustments wp12
Collect and analyse data (WP14
Project Steering Committee meeting 20 ALL
Review operating procedures wP12
Optimise system parameters (WP11
Draft report sections (WP14
| Adjust operations wpi12
Project Steering Committee meeting 21 AL
|Adjust operations manual wP13
Perform additional team training (WP12
Project Steering Committee meeting 22 AL
Prepare upgrade and maintenance plan (WP11
Project Steering Committee meeting 23 AL
Ediit final report w14
Project Steering Committee meeting 24 AL
END OF PROJECT .

Table 46 Phase 3 Gantt Chart

According to the Ganft chart sections we conclude that the whole project will take 24 months to successfully deliver it assuming beginning

month - first week of April 2022 and project finalisation - last week of March 2024. Specifically:

Phase 1 will occupy the first four months of the fimeline (April 2022 — July 2022)

Phase 2 will occupy month 5 to month 17th of the timeline (August 2022 — July 2023)
Phase 3 will occupy month 18t to month 24t of the fimeline (August 2023 — March 2024)

6.4 Delay Risks and Mitigation measures

In terms of accuracy, the estimated times to complete each task could differ in reality as there are several reasons and risks that could

influence them. A brief analysis or risks and possible mitigation measures is outlined below:
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The main risk categories that impact the successful pilot implementation and mitigated
measures are summarised below:

e Political and economic risks: demonstrations, corruption, political risks, instability,
economic downturn — mitigated by close monitoring of conditfions, protecting physical
assets

e Social/ cultural risks: labour issues, community resistance to project implementation,
public health issues — mitigated by close engagement of the community and relevant
local stakeholders and ensuring benefits and opportunities are distributed across
community

e Technology risks: supplier bankruptcy, integrafion issues of various components / sub-
systems, suitability of technology to conditions — mitigated by selection of established
equipment by reputable vendors, close monitoring of industry trends, minimising
upfront payments

e Implementation risks: personnel issues, skill availability, limited access to site, transport
restrictions to site, availability of equipment and fools, robustness of equipment,
suitability of equipment to environmental conditions, customs and transport delays,
non-delivery of suppliers or contractors — mitigated by due diligence on confractors,
accounting for training and development of team, detailed operations manual and
close monitoring of project progress

e Personal risks to key team members - illness or death of critical feam members,
rejection of visas / difficulty entering — mitigated by close cooperation so that other
feam members can fill in roles, proper management of project work and files on shared
online database

The project risks and mitigants have to be continuously monitored and updated through-
out the implementation of the project. Risks and mitigants have fo be broken down by work
package with each work package lead assigned to monitor these risks and idenftify mifigants.
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Financial Assessment of Astypalea Smart Island

7.1 Budget for Project Development - Detailed
CAPEX (Capital Expenditure)

The budget for a project is the combined costs of all activities, tasks, and milestones
that the project must fulfil. In short - it's the total amount of money required to finish the project
that should be approved by all the stakeholders involved.

There are at least three reasons to explain the importance of having a project budget
plan.
e First, it's an essential part of securing project funding. The numbers will tell stakeholders
exactly how much money is needed to button up the project and when the money is
needed.

e Second, a well-planned budget provides the basis for project cost control. Having an
end budget estimate helps measuring the project’s actual cost against the approved
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budget and see how much costs have been burned already. It will give an
understanding of how the project is progressing and if any changes need to be made

to the plan.

Planning project costs is an essential step in mapping out a project budget. To do so,
for this research we will need to create a list of fimely line items that are relevant for the project.
Hence, we geft the table of cost categories below.

Project cost category

Details

General preparation and
Project Development

Costs for licensing, legal support and project
kick-start expenses

2 |Personnel
2.1 Project Costs for hiring experts for mapping out the
Management development of the project and setting
deliverables and deadlines
2.2, Engineering Costs for engineering personnel
2.3 Commissioning Costs for commissioning crew and process
3 [Equipment - Procurement,
Installation and
Interconnection
3.1 Solar PV Plant Cost for the solar PV Units, spares and cabling
3.2 Battery Energy Costs for the battery modules, spares and
Storage System inverters
3.3 Diesel Generators |Costs for the potential diesel generators for
back-up electricity generation
3.4 System Integration [Costs for components like cabling, conftrollers
and other connection materials
3.5 Street Lights and  |Costs for street light equipment — consists of
Distribution lights, poles, cables etc.
Network
4 [EV Station Costs for DC Fast Charge Equipment
5 |Water Desalination system Costs for pumps, desalination and disinfection
system etc.
6 |Installation and Labor Costs for labor that has to do with general works
on site and additional material
7 |Shipping and Logistics Costs for logistics, tfransport, insurance of
materials and equipment
8 |Duties and Custom Duties and custom clearance usually are 10% on
Clearance average for the imported equipment
9 |Training and Support Conferences, workshops, outside contractors
10 (Travelling to Site Anyone who fravels from one location to
another to do project work (including budget for
meals and lodging)
11 |Contingency Conftingency funds to allow for flexibility and

reduce risks of budget overruns, usually 5-10% of
the budget

Table 47 Project cost categories and details
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Following the structure of Table 47, we have created for this research a budget table where all the categories are listed and
important data such as Units, No. of Units, Unit Costs have been added. The cost of units is estimated according to trends, average prices and
quotation material from other similar projects. In order to be in the budget as many materials and equipment costs could differ from the original
estimations, we assume a 10% margin.

Detailed
Budget
ltem No | Description Unit No. of | Unit Cost Cost Margin | Price After % of Total % of Total Grand
Units Total
Euros/unit Euros % Euros % Euros
1,475,844
1 General preparation and project 2.9%
development 42,250
1.1 Project development months 5 4,000 20,000 | 10.0% 22,225 47 .3%
1.2 Land confracting & due diligence activity 1 3,500 3,500 | 10.0% 3.900 8.3%
1.3 Legal support activity 1 8,000 8.000 | 10.0% 8.900 18.9%
1.4 Local contracting, licensing and activity 1 6,500 6,500 | 10.0% 7,225 15.4%
permitting
2 Personnel 7.4%
106,225
2.1 Project management 71,100 | 66.9%
2.1.1 Project management (x2) months 12 3,500 42,000 | 10.0% 46,675 | 65.6%
2.1.2 Site management months 4 3,000 12,000 | 10.0% 13,325 | 18.7%
2.1.3 Back-office months 5 2,000 10,000 | 10.0% 11,100 | 15.6%
2.2 Engineering 20,025 | 18.9%
2.2.1 Supporting engineer months 2 2,000 4,000 | 10.0% 4,450 | 22.2%
2.2.2 Electrical engineer months 2 4,000 8,000 | 10.0% 8,900 | 44.4%
2.23 Civil engineer months 2 3,000 6,000 | 10.0% 6,675 | 33.3%
23 Commissioning 15,100 | 14.2%
2.3.1 Conversion and control days 8 800 6,400 | 10.0% 7,100 | 35.5%
2.3.2 Battery commissioning days 5 800 4,000 | 10.0% 4,450 | 22.2%
233 Diesel commissioning days 4 800 3,200 | 10.0% 3,550 | 17.7%
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3 Energy Equipment - Procurement, 63.5%

Installation and Interconnection 915,175
3.1 Solar PV plant 682,900 | 74.6%
3.1.1 PV panels kWp 4113 95 390,735 | 10.0% 434,150 | 57.2%
3.1.2 PV spares kWp 143.95 95 33,110 | 10.0% 36,800 | 4.8%

5

3.1.3 PV Mounting Structures kWp 4113 4] 168,633 | 10.0% 187,375 | 24.7%
3.14 MPPT - 4CH - 250 kW number 1 17,500 17,500 | 10.0% 19,450 | 2.6%
3.1.5 23 x PV string DC cables (single-core / meters 1 3,444 | 10.0% 3,825 | 0.5%

2.559.mm.) 4,200
3.1.6 4 x MPPT input DC cables + 1 MPPT meters 3 349 | 10.0% 400 | 0.1%

output DC cable (single-core / 25 sq. 100

mm.)
3.1.7 1 x DC combiner to battery bank cable | meters 21 820 | 10.0% 900 | 0.1%

(single-core / 150 sg. mm.) 40

10.0%

3.2 Baitery Energy Storage System 10.0% 196,125 | 21.4%
3.2.1 Power House number 2 5,000 10,000 | 10.0% 11,100 | 5.1%
3.2.2 Battery modules kWh 500 262 131,200 | 10.0% 145,775 | 66.9%
3.2.3 Battery spares kWh 17.5 262 4,592 | 10.0% 5,100 | 2.3%
3.24 DSP Based - PIM 150 kVA (Power number 1 30,000 30,000 | 10.0% 33,325 | 15.3%

Inverter)
3.25 Extended warranty and support - 5 number 1 738 738 | 10.0% 825 | 0.4%

years
3.3 Diesel Generation - 0.0%
3.3.1 Diesel generator kVA 0 193 - 10.0% - -
3.3.2 Diesel generator controller number 0 1,886 - 10.0% - -
3.4 System Integration 35,825 | 3.9%
3.4.1 DCDB Combiner Box number 2 1,500 3,000 | 10.0% 3.325 | 8.4%
3.4.2 AC Switching Cabinet 100 kW number 2 6,500 13.000 | 10.0% 14,450 | 36.3%
3.4.3 4 x LVAC 4-core cables (150 sg. mm.) meters 21 1,230 | 10.0% 1,375 | 3.4%

60.00
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3.4.4 Microgrid Station Controller number 1 6,000 6,000 | 10.0% 6,675 | 16.7%
3.4.5 Set of communication cables for number 2 3.000 6,000 | 10.0% 6,675 | 16.7%
inferconnection
3.4.6 Modem and external communication number 1 3.000 3.000 | 10.0% 3.325 | 8.4%
integration
10.0%

3.5 Street Lights and Distribution Network 10.0% 325 | 0.0%

3.5.1 Lights number 0 533 - 10.0% - 0.0%

3.5.2 Distribution network cabling meters 0 5 - 10.0% - 0.0%

3.5.3 Pole bases number 0 41 - 10.0% - 0.0%

3.5.4 Installation equipment number 0 164 - 10.0% - 0.0%

3.5.5 Power meters number 0 205 - 10.0% - 0.0%

3.5.6 Aggregator meter number 1 287 287 | 10.0% 325 | 100.0%

4 EV Station €
11,100.00

4.1 EV Station system number 1 10,000 10,000 | 10.0% 11,100 100.0%

5 Water Desalination System €
22,519.00

5.1 Submersible pumps number 1 820 - 10.0% 9202 4%

5.2 Desalination system number 1 10,000 - 10.0% 11,000 48.9%

5.3 Multimedia and Microfiltration skid number 1 6,105 - 10.0% 6,715 29.8%

5.4 Disinfection System number 1 3.245 - 10.0% 3.569 15.7%

5.5 Utility water filter number 1 303 - 10.0% 333 1.5%

6 Installation and labour 2.2%
31,625

6.1 Labour (non-skilled) (x30 person/day) person- 29 24,360 | 10.0% 27,075 77.0%

day 840

6.2 Additional materials number 1 4,100 4,100 | 10.0% 4,550 13.0%

7 Shipping and logistics 4.6%
66,075

7.1 Logistics (to Astypalea port) container | 5 2,800 14,000 | 10.0% 15,550 21.2%

s
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7.2 Transport to site contfainer | 5 4,900 24,500 | 10.0% 27,225 37.1%
s
7.3 Storage container | 5 410 2,050 | 10.0% 2,275 3.1%
s

7.4 Insurance % 2.0% 946,010 18,920 | 10.0% 21,025 28.6%

8 Duties and customs clearance 11.6%
166,725

8.1 Duties and customs clearance % 18.0% 833,638 150,055 | 10.0% 166,725 90%

9 Training and support 0.5%
7,000

9.1 As-built drawings units 1 2,050 2,050 | 10.0% 2,275 29.3%

9.2 Signage units 10 66 656 | 10.0% 725 9.4%

9.3 Operation manuals units 5 82 410 | 10.0% 450 5.9%

9.4 Operator Training days 6 533 3,198 | 10.0% 3.550 45.7%

10 Travel to Site 1.0%
15,100

10.1 Travel to Site - International pax 3 300 900 | 10.0% 1,000 6.0%

10.2 Room and board days-pax | 50 110 5,500 | 10.0% 6,100 36.4%

10.3 Travel to Site - Local pax 6 200 1,200 | 10.0% 1,325 7.9%

10.4 Local transport days-pax | 40 150 6,000 | 10.0% 6,675 39.7%

1 Contingency 6.4%
92,050

11.1 General contingency % 7.0% 1,183,450 82,842 | 10.0% 92,050 100.0%

Table 48 Detailed Budget for Project Development - CAPEX

7.2 Budget for Project Operation — Detailed OPEX (Operating Expense)

The budget for operating the project is the combined costs of all activities, tasks, and milestones that the project will continue to have
after the development of the project. In short - it's the total amount of money required to keep the project active and same as the CAPEX it
should be approved by all the stakeholders involved. Hence, we get a similar table as Table 47 but with the operational cost categories.
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Project cost category Details

1 |Personnel Costs for on-site personnel for management and
operation of system

2 [Spare Replacements Cost for spare units in case of destruction or
malfunction of equipment

3 |Land Lease Cost for land lease in case of not owning the lands

4 (Asset Management Costs for basic asset management and back-office
paper maintenance

5 |Security Costs for on-site security personnel

6 [Admin, insurance and other Costs for admin, insurance and confingencies

Table 49 Project cost categories and details

Following the structure of Table 49, we have created for this research a budget table where all the categories are listed and important
data such as Unifs, No. of Units, Unit Costs have been added. The cost of unifs is estimated according o trends, average prices and quotation
material from other similar projects. In order to be in the budget as many materials and equipment costs could differ from the original estimations,
we assume a 25% margin.

Operating
budget
ltem No Description Unit No. of | Unit Cost Cost Margi | Price to client | % of Total | Grand Total
Units n
Euros/unit Euros % Euros Euros
183,575.00
1 Personnel 45.3%
83,075.00
1.1 Technician visits units/year 2 2,050.00 4,100.00 | 25.0% 5,475.00 | 15.4%
1.2 Local manager monthly cost | 12 2,050.00 24,600.00 | 25.0% 32,800.00 | 92.5%
1.3 Local technician (x3) monthly cost | 36 700.00 25,200.00 | 25.0% 33,600.00 | 94.7%
1.4 Other staff monthly cost | 12 700.00 8,400.00 | 25.0% 11,200.00 | 31.6%
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2 Spare replacements 4.1%
7,500.00

2.1 PV kW/year 5 262.40 1,312.00 | 25.0% 1,750.00 | 23.3%

2.2 Battery kWh/year 4.5 278.80 1,254.60 | 25.0% 1,675.00 | 22.3%

23 Miscellaneous % 0.5% 84,343.00 421.72 | 25.0% 550.00 | 7.3%

24 Building parts % 5.0% 325.00 16.25 | 25.0% 25.00 | 0.3%

25 Transport of spares times 4 656.00 2,624.00 | 25.0% 3.500.00 | 46.7%

3 Land lease 0.0%

3.1 Land lease euros/month | - - - 25.0% - |-

4 Asset management 11.3%
20,800.00

4.1 Asset management euros/month | 12 1,300.00 15,600.00 | 25.0% 20,800.00 | 100.0%

5 Security 15.7%
28,800.00

5.1 Staff euros/month | 12 1,800.00 21,600.00 | 25.0% 28,800.00 | 100.0%

6 Admin, insurance and 23.6%

other 43,400.00
6.1 Insurance % 1.5% 1,924,909.50 28,873.64 | 10.0% 32,075.00 | 143.5%
6.2 Contingency % 0.5% 2,039,175.00 10,195.88 | 10.0% 11,325.00 | 50.7%

Table 50 Detailed Budget for Project Operation - OPEX

the accuracy of the results and sensitive factors and uncertainties - they will be discussed in the next chapter.
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According to the data and the estimated costs of each component and headcounts it is estimated that an approach such as this for the
development (CAPEX) of the aforementioned systems in Astypalea will cost around €1.5 M and for the operation (OPEX) around €200k yearly.
Must be noted that the results of these estimation are aligned with the scenario cost predictions mentioned in the previous chapters. Regarding
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Conclusions

8.1 Final Findings

The research presented in this paper highlighted:

1) the characteristics and problems related to the electrification of Greek islands not
connected fo the IEG, and

2) provided evidence for planning a better energy future for the small remote island of
Astypalea

Some important conclusions that were exiracted through this study are that:

e The NIl of Greece demand high energy costs for their electrification (in average 2.5
times higher expenses compared fo the grid of the mainland). Furthermore, the present
structure of the autonomous electrical systems leads to the insecurity of energy supply
due to cutouts, sudden fluctuations on demands in the summer touristic periods etc.
However, the exploitation of the plentiful solar and wind energy potential is high in the
islands making them potential hubs for smart sustainable technologies.
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o The use of mazut and diesel for producing more than 80% of the electrical energy
needed in the NIl does not only have high financial and environmental cost, but it also
maintains the country’s high energy dependency. Moreover, Greece is obligated to
shut down all existing lignite power plants until 2023 and find new sustainable ways to
satisfy the country’s energy demands.

o The priority of Greece's energy planning for the future of NIl with big energy loads (now
- Crete, Rhodes, Mykonos, Paros — later other islands) is the expansion of the IEG. This is
a reasonable choice for cases with high energy demand and high capacities of
installed RES, since the share of renewables in the country will, in general, increase in
this way.

e In cases of remote islands with low energy loads, it seems that the improvement of the
local autonomous systems is a better choice than the interconnection with the main
electricity grid. Such case is the island of Astypalea with peak load of 2.25 MW and
average load 0.72 MW—the investment for expanding the grid with submarine cables
is not viable for expansion greater than 25 km as it is estimated that it will cost €1
million/km which is not feasible.

e The case of Astypalea provides strong evidence regarding the possibility to ufilise local
RES together with the use of storage systems, in order to upgrade the current energy
system. The perspectives of the local autonomous system for sustainable improvement
are promising satisfying most of the energy demands of the island, in addition with
smart fechnologies and systems that will allow the island o become one of the most
eco-friendly islands in Greece.

Astypalea as arich touristic region is described as complexisland with huge differences
of loads in summer in comparison to the winter period. In this research, we collected different
data to map out the different loads and consumptions in the different sectors (hotels and
accommodation, dinning, public buildings, residences etc.)

In order to briefly assess different scenarios in regards fo the energy system and design
one that will comply and satisfy the current demands, results from similar studies have been
used as basis. The results of the simulations for each of the scenarios are presented and
analysedin chapter 5. With the help of the scenario’s data, this research focused on the design
of a solar photovoltaic system for energy production and Li-ion Batteries for energy storage.

Hence, the results are summarised in the following table.

Total system capacity of Astypalea 2 MW

Section A (West) 1.7 MW
Section B (East) 0.3 MW

Total Battery Capacity 500 KWh Li-ion
Section A (West) 400 kWh
Section B (East) 100 KWh

Table 51 Summarised results for system and battery storage capacities
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8.2 Sensitive factors and uncertainties in results

The research outlines and categorises two sensitive factors:

i) the uncertainties of estimated data on the demand side and the reference scenario
modelling
i) the uncertainties on the data applied in the modelling of the scenarios

The first category refers to the insufficient data and the estimations made and applied
as an input for the reference scenario in Chapter 4. In many cases there has been lack of data
specifically the electricity, heating and cooling demand for each one of the sectors examined
in this research. In order to handle the imperfect data, estimations have been based on
secondary data obtained by other reports and used and adjusted according to the purposes
of the research. This means that if the precise and updated data for the island of Astypalea
was available, the results and demand profiles, RES capacities and finals costs and financials
may have a slight difference.

More specifically the data that were assumed and can be described sensitive for this
research are summarised below:

e Residential sector

e Hotels and other accommodation types sector

e Dinning businesses and food catering services sector
e Public Buildings

e Streeft Light and other public lights sector

e Other

Credible data can be obtained after communicating with local and national entities
and organisations that can provide the most updated data or give their advice for the current
estimations.

The second category refers to the applied input values for the modelling of the
scenarios. The applied costs of the technologies and energy infrastructures concerning the
Astypalea smart island and the investment costs, operation and maintenance costs and any
other relevant costs applied in the research are dependent on the market evolution and
fluctuations. For instance, 2020 has been a favourable year for PV investments since PV costs
have dropped down compared to other years and it is forecasted that it will keep dropping
down for the following years. Some of the most important data that could affect the end
budgeting are listed below:

e Energy Equipment

o Solar PV panels and other

o Li-ion battery energy storage and other
e System Integration Equipment

o Controllers and Integration equipment
e EV Station Equipment

o Charging Equipment
e Water Desalination

o Submersible pumps

o Desalination system

o Multimedia and Microfiltration skid
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o Disinfection System

8.3 Main Factor Modifications

In this research the factors that have an important role in the results and conclusions
and represent an area of difficulty, adding uncertainty to the results are the following:

¢ Choice of modelling tool for the initial simulations
e Political context in Greece and potential influence on RES technologies selection

Choice of modelling tool

In this research it is chosen to realise a technical simulation of the energy system in
Astypalea, balancing heat and electricity demands and simulations achieved on an hourly
basis through other researches data and results. This research has agreed on the modelling
scenario as well as the technologies used and taken a step further to verify the financial
feasibility as well as creating a workplan and timeline for the development and operation.

In case that this research decided to realise a market economic simulation of the
energy system in Astypalea, a different variety of modelling tools could have been
investigated. This may have had different results for this research that may deviate from the
results presented for this case.

Political environment and potential influence on the RES technologies

In order to empower this research and develop optimised and more concrete results
which answer the sub-questions and the principal research question, a policy research and
assessment of the institutional settings in Greece could have been made. From the technical
point of view and for the modelling and technical simulations for the energy systems these
factors are not included. Nevertheless, the political environment, the institutional settings and
initiatives for energy fransition projects play an important role in the feasibility of this kind if
projects.

Although not mentioned at any point in the research, the political environment and
the institutional frameworks prevailing in a country are closely linked to the design of an energy
system. This fact is particularly apparent in the selection of RES types and the energy
infrastructure in general. The political strategies, the institutional settings and the available
finance schemes and subsidies for promoting RES and the realization of energy fransition
projects in islands are pivotal for the feasibility of such projects.

The selected RES capacity combinations, the storage facilities and in general the
technology equipment chosen for the SES scenarios and the simulations might have been
different. That is due to the fact that if the policy research was conducted, then different
indicators regarding the employment of RES technologies and storage systems may have
been outlined. This means that the SES scenarios would have been different in this research
and subsequently the results and conclusions.
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8.4 Press Releases and Project Discussions in
Astypalea

World Energy News (www.worldenergynews.qgr)

Hybrid systems and actions for electrification are planned by the competent
Commission for the interconnected islands as well as those that are to be interconnected as
its inferconnection will increase the capacity of RES and energy storage is deemed necessary
to deal with the volatile production of wind and photovoltaic stability problems they may
cause.

In its planning, the Mousourouli Commission takes into account the relevant study
proposals of the World Bank . Specifically, the World Bank proposes for the Greek islands [84]:

1. Dramatic reduction of oil use , with high RES penetration, 70% to ?0% in the first
phase, and lithium battery storage systems , infroducing microgrids tfechniques and ideas,
regardless of the evolution of the islands' electrical interconnections with the national
system (or in parallel to block blackout).

2. Infroduction of digital technology in electrical networks and applications of
innovative technologies and techniques, for the most efficient management of RES and
consumption.

For the financing of the Program, limited resources will be secured from the Fair
Transition Fund , since the maijority of them will be directed to the directly lignite-dependent
areas of Western Macedonia and Megalopolis  and resources from the local Regional
Programs of the North and South and South Regions. Discussions in this direction are already
underway with the competent bodies [84].

It should be noted the investment interest in installing hybrid systems on the islands is
increased and hundreds of applications for licensing have already been submitted . The way
for their implementation will be opened with the completion of the institutional framework by
June 2021, according to what has been announced by the Ministry of Environment and Energy
[84].

Hellenic Republic - Ministry of Foreign Affairs (www.mfa.ar) | Volkswagen Group
(www.volkswagenag.com)

On November 2020, the Greek Government and the Volkswagen Group have
announced groundbreaking agreement for a pioneering project to fransform Astypalea info
the first smart, green island in the Mediterranean with energy autonomy [85].

Initially the project aims to replace gradually conventional private and public vehicles
to electric ones, promoting an innovative fransportation system that where its energy will be
supplied through renewable energy sources — hence replacing current use of fossil fuels that
leads to a sharp reduction in the island’s emissions of greenhouse gases. More specifically the
project details include [85]:
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o Incentives to replace conventional private vehicles with electric vehicles through a
financing program. In total, about 1,000 electric vehicles are to replace about 1,500
vehicles with internal combustion engines.

o Replace public and utility vehicles on the island — police, ambulance and buses — with
e-vehicles with the support of the Volkswagen Group.

o [Establish the necessary infrastructure for an integrated, electric vehicle charging
network.

e Creation of an on-demand public fransportation system through the use of digital
applications that will allow residents and visitors greater freedom of fravel through the
use of vehicle sharing, e-moped and e-bicycle services.

¢ The Greek government will facilitate all necessary processes required fo
accommodate autonomous driving once this becomes possible.

To conclude — Greece is committed fo promote sustainable development, green
energy and modern technologies to improve social, economic, and environmental conditions
in the counftry. Therefore, Greece is ready to support local projects and partnerships aimed at
helping cifies and communities with their local development strategies. The government takes
info account the global challenges and opportunities offered by developments in the fields of
green energy, electric vehicles, cufting-edge technologies and on-demand travel. This
confirms the interest and the potential for fransforming Astypalea island into a smart island
promising rapid changes in the following years.

8.5 Further research

The results and conclusions made for this research case are based on an arrangement
of primary data fromreliable sources and from estimated imperfect data based on secondary
data obtained from literature and adjusted for the needs of this research. Three basic tasks
can be included in future research work with the purpose to optimize the models described in
this research.

One task to be completed in further research is fo conduct an extensive and detailed
analysis in each sector of Astypalea island and combine qualitative and quantitative methods
which will provide the redlistic and pragmatic data. The qualitative and quantitative methods
refer to questionnaires in each sector, focused interviews, documentary evidence and
observation and correspondence with the responsible authorities in Greece. The purpose of
this would be to scrutinize the input data applied in this research and examine their validity
and accuracy. Since this task is completed, an optimization of the reference scenario and the
energy balances can be achieved. This will influence the creation and development of the
alternative scenarios and eventually will provide more redlistic, accurate and vigorous results.

The second task to be completed in further research which could also test the
robustness of the results and empower the conclusions of this research, is a sensitivity analysis.
Due to limited time and due to the fact that the sensitivity analysis in all of the examined
scenarios and for each of the technology combinations would be demanding and needs
precision and accuracy, this research chooses to include only a discussion regarding the

2020-2021 110

National Technical
University of Athens



il

3
gl

National Technical
University of Athens

L3
S
N VP POPOS

W

|

sensitivity factors. Thus, the next stage and to support the first task of further research described
above, would be a detailed sensitivity analysis.

Finally, the third task in further research and to complete the 'umbrella’ of validation
and robustness of the conclusions and results made in this research, would be a policy research
in Greece considering how the existing political frameworks, institutions, financial schemes and
other relevant factors could enable or obstruct to the realization of projects which involve the
energy transition on the Greek islands. The conftribution of this task in this research would have
been to outline a specific set of technologies and infrastructures, financial support and funding
schemes which could drive the modelling process of the SES (Socioeconomic Status) scenarios
and the selected RES technologies.
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