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ABSTRACT

The case of renewable energy (RE) has demonstrated that the integration of civil infrastructure into
landscapes can be a major challenge. Negligence over impacts to natural and cultural characteristics
of landscapes and marginalization of communities affected by those impacts, can lead to a vicious
cycle of public unrest and developmental disorder. In this work, we initially investigate how civil
infrastructure transforms landscapes, both quantitatively-spatially and qualitatively-perceptually.
Then, utilizing the results of this investigation we proceeded with proposing upgrades to spatial
planning and architectural design of infrastructure, aiming for its improved integration into
landscapes. The study goes into more detail in the study of wind, solar, hydroelectric energy works
and dams but the inferences drawn refer to all major infrastructure works. The analysis is structured
in three hierarchical levels of analysis in gradually decreasing spatial scales:

(A) Global scale — Comparative assessment of the generic landscape impacts of different types of
infrastructure works:

Stakeholders in the development of infrastructure are often uncertain about whether landscape
impacts are a genuine and objective issue or whether they should be attributed to biased NIMBY
(not in my back yard) dispositions by the public. This uncertainty eventually conflicts with the
development of optimal design methods for the mitigation of impacts. For this reason, our analysis
initiates with an investigation of whether the extents and the severity of landscape impacts of
different types of infrastructure can be generically and objectively quantified and compared. RE
works were analysed in detail in this regard, utilizing literature and data from realized projects, from
global sources. Three established metrics of landscape impacts were elected as insightful indicators
of landscape impacts: land use, visibility and public perception. Through the investigation of these
metrics, it was demonstrated that wind energy works have been, on average, the most impactful to
landscapes, per unit energy generation, followed by solar photovoltaic projects and hydroelectric
dams, respectively. More broadly, it was concluded that different types of infrastructure indeed have
different generic landscape impacts and therefore different mitigation approaches are suitable in
each case. These approaches are highly dependent on: (i) whether the examined infrastructure-type
is perceived negatively by the public, within landscapes, (ii) the spatial extents of its visual impacts
and land-use requirements and (iii) its receptivity or not of architectural treatment.

(B) National-regional scale - Improving spatial planning for landscape integration:



In this scale, emphasis is given on the treatment of types of infrastructure works that receive strong
criticism over their visual impacts. So far, visibility analysis has been established as the primary tool
that informs the siting of projects, in order to reduce their visibility from within scenic landscapes.
However, conventional visibility analyses have limited utility as a planning tool as they can only be
applied in late planning stages when project's locations have already been finalized. This is due to
the fact that they require those locations as input. Therefore, we propose reversing visibility analyses
by using the locations of protected landscape elements as the input of visibility analyses. This
methodological shift allows for the generation of fixed landscape-protection maps surrounding
important landscape elements which enjoy the advantages of: (i) proactiveness, as they can be used
to anticipate landscape impacts from earlier planning stages, before projects' locations have been
finalized, (i) time-saving, as they only need to be calculated once within a region or country,
discarding the requirement for individual visibility analysis for each new project and (iii) better
compatibility with participatory planning processes. The implementation of reverse visibility analysis
was investigated in practice, in the region of Thessaly, Greece, where Reverse — Zone of Theoretical
Visibility (R-ZTV) maps were formed and then used to project visual impacts from planned wind
energy projects to the protected landscape elements of the region.

(C) Project's site scale — The utility and potential of architectural and landscape design:

In this scale, we investigated the utility of architectural treatment of infrastructure, in the context of
mitigating their landscape impacts. To this aim, we formulated a typology of global practices of
architectural and landscape design in dams and investigated them from a cost-benefit perspective.
The investigation demonstrated that the implementation of architectural and landscape design (i)
can measurably improve the public perception of infrastructure and (ii) that there are no
insurmountable technical or cost-associated limitations to its wider implementation. It is thus overall
argued that architectural and landscape design studies could and should be implemented more
widely in the infrastructure projects that are capable of such treatment.
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SUMMARY IN GREEK - EKTENHX MEPIAHWH

LYNOWH

H mTepimToon TV épywy Avavemoiuwy MNnyov Evépyeiag (AME) katedelfe OTI N eviagn TV
EPYWV LTTOSOPNG OTA TOTTIA UTTOPEI VA ATTOTEAETEI CNUAVTIK TTOOKANCN. LLYKEKPIUEVA, N
TTAPAUEANCN TV ETTITTITOOEWY TV £OYWV OTA PLOIKA KAl TTONTIOTIKA XAQAKTNEIOTIKA TWV
TOTTOV KAl N TEQIBWEIOTTOINCN TWV KOIVOTATWY TTIOL emmnpedlovTal amd ALTEG TIG
ETITTTOEIG, PAiVETAl va 0dnyei o¢ &vav paALAO KOKAO avamTu&lakng aRepaidotntag Kai
SNUOCIag avatapaxng. LTNV TTapoLOd epyacia, apxKA SiEpeLVATAl TO TTWG TA £PYd
LTTOSOPNAG TPOTTOTTOIOVLY TA TOTTIA, TOCO ATTO XWPEIKA-TTOCOTIKA ATTOWN OCO KAl AVTIANTITIKO-
TTOIOTIKA.  XTn OLVEXela, aloTTolVTAag TA ATTOTEAEoUATa auTnAg NG SlgpedvNoNng
TTPOTEIVOVTAI BEATICOTEIG OTOV XWPEIKO KAl APXITEKTOVIKO OXESIAOUO TWV £pYWV LTTOSOUNG,
HE OTOXO TNV KAALTEPN EvTa&n TOLG OTA TOTIA. H PEAETN €uPaBLOVEl OTN PEAETN EpyV
QAIOAIKAG, NAIGKAG, LEPONAEKTPIKAG EVEQYEIAS KAl PPAYUATWY, AAAA TA CLUTTEQACATA TTOL
e€AyovTal apopoLY OAA TA PeyAAa Epya LTTOSOUNG. H avaAvon douegital o€ Tpia IEPAPXIKA
emmimeda oe Pabuiaia PBivoLOES XWPIKEG KAIUOKEG:

(A) Maykoouia KAiaka — TLYKPITIKA afloAOyNon TV TUTTIKWV ETTIMTOCE®Y TV SIAPOPwY
TOTTGV £OYWV LTTOSOUNG OTO TOTTIO:

Ol POPEIC TTOL CLPPETEXOLY OTOV OXESIACPO, TNV ASEIOTNON KAl TIG eTTEVOLOEIG O€ £pya
LTTOSOUNG CLXVA AUPIBAAAOLY YIO TO KATA TTOCO Ol ATTOKAAOUVUEVEG "EMMTITAOEIC OTO
TOTTIO" €ival Eva QVTIKEIUEVIKO {ATNKIA N €AV €ival JIA AKOPA EKPEACN PIAG TTIOOKATEIANUWEVNG
apVvNTIKAG OTACNG TWV TOTTIKQV KOIVAVIV ATTEVAVTI O¢ vEa gpya. H aPepaiotnta auth
OUWG SLOXEPAIVE TNV AVATITLEN PEBOSWY OXESIAOUOL YIA TOV PETPIACOHO ALTWV TWV
EMMTWOEWV. A TO AOyOo ALTO, N AvAALON EeKIVA SIEPELVWVTAG TO KATA TTOCOV N XWEIKN
EKTAON KAl N 0OPaPOTNTA TWV ETTITITWOEWY TV SIAPOPETIKWY TOTTQV LTTOSOUNG OTO TOTTIO
UTTOPEI VA TTOCOTIKOTTOINDEI KAl VO CLYKPIOE e AVTIKEIUEVIKO KAl KABOAIKO TpOTT0. Ta £€pya
AMNE avaAbBnkav AeTTTOUEQG ATTO AULTA TN OKOTIA, HPEAETVTAG TNV ETTIOTNUOVIKN
BiBAIoypapia kal Sedopéva atrd LAOTTOINUEVA £Pya, ATTO TTAYKOOWIEG TTNYEG. TPEIG SEKTEG
TV EMTMTOOLDV TOV (PYWV OTO TOTTO EMAEXONKAV G Of TTIO XAPAKTNEICTIKOI KAl
avaALBnkav og RABOG: N xPNON YNG, N 0PATOTNTA KAl N KOIVA VPN YIA TNV ETTTTTWOoN
TWV £OYWV OTO TOTTO. Ta ATToTEAECUATA ATTO TN SIEPELYNON ALTWV TWV SEKTWY £6€IEAV OTI
Ta £PYa AIOAIKAG EVEQYEIQG €ival PEXO!I ONUEPA, KATA PECO OPO, TA TTO EMSOACTIKA OTA
TOTTIA, AVA PovAada TTAPAYWYNG EVEQYEIAG, AKOAOLOOLUEVA ATTO Ta NAIAKA PWTOROATAIKA
£OYQ KAl TA LEPONAEKTPIKG PEAYHATA, KATA OePd. MevIKOTEQA, CLVAYETAI TO CLUTTEQACUA
OTI SIAPOPETIKOI TOTTOI EPYWV LTTOSOUNG EXOLY OVTWGS SIAPOPETIKWY TOTTWYV ETMTTWOEIG OTO
TOTTIO KAl ETTOPEVIG O€ KABE TTEQITTTON XPEIALOVTAl OTOXELUEVES TTOOCEYYIOEIG VIO TOV
HETPIAOPO TOLG. OI TTPOCEYYICEIC ALTEC PAIVETAI VA ATTAITOLY SIAPOPOTIoINCN AvAAoya
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pe: (i) To eav o e€eTalopevog TOTTOG £OYOUL YiVETAl AVTIANTITOG APEVNTIKA ATTO TNV KOIVA
YV@UN, OTO TTAQICIO TOL TOTTIOV, (ii) TN XWEIKNA EKTACN TWV ETMTITWOEWY TOL OTO TOTTIO E&ITE
amo Aammown XPNoNG yng &ite ommikA Kai (i) TN emOEKTIKOTNTA 1 OXI O¢ APXITEKTOVIKN
eme€epyaaoia.

(B) EOvIKN KAipaka & KAipaka AIOIKNTIKAG Mepipépelag- BEATICOON TOL XWPEIKOL OXESIACHOUV
yla TNV £viagn TV £pywV LTTOSOUNG OTO TOTTIO

Y€ ALTA TNV KAiaKa, SiveTal Eupacn OTA £€pyaA LTTOSOUNG TA OTToIA §EXOVTAI EVTOVN KPITIKN
YIQ TIG OTITIKEG TOLG ETMTITAOEIG OTA TOTTIA. MEXOI CAUERA, N AeyOuEVN avAALON OPATOTNTAG
EXEl KaBIEPWOE WG TO PACIKO EPYAAEIO XWPOBETNONG ALTWV TV £PYWYV, OLTWGS WOTE VA
HEICOVETAI N OPATOTNTA TOLG ATTO TTEPIOXEG LWNANG TOTTIAKNAG a&iag. QoTOCO, oI CLPPRATIKEG
AVAADLOEIG 0pATOTNTAG EXOLV TIEQIOPICHEVN XPNOIMOTNTA WG €QYAAEI0 TTPORAEWNS Kal
ATTOPLYNG TWV EMTTOOELWY, KABWG PTTOPOLY VA EPAPUOCTOLV POVO OTa TeAgLTAIA
oTASIa TOL OXESIACPOL. ALTO OPEIAETAI OTO YEYOVOG OTI YIA VA LAOTTOINBOLY O AVAALOEIG
ALTEC aTTaITeiTal Ol TOTTOBETIEG TRV e€eTAlOUEVY EQYWYV VA EXOLV NéN kaBoploTei. MNa TNV
BeATIOON AOITTOV TOL XWPEIKOL OXESIACHOL TWV £OYWV TTPOTEVETAI N AVTIOTPOPN TWV
AVAALOEWYV 0paATOTNTAG, WOTE OI AVAAVLTEIC VA UTTOPOLY VA LAOTTOINBOLY VWEITEPA, ATTO
TN OKOTIA TWV TOTTOOETIOV TWV TTIPOOTATELOUEVY OTOIXEIY TOL TOTTIOL, EVAVTI TWV
TOTTOBETIRV TWV £PYWV. ALTH N HEOBOSOAOYIKN AAANAYr ETITOETTEl TN SNUIOLPYIA OTABEP WV
XQPTWV TTOOCTACIAG TOTTIOL TTOL TTEPIRAAAOLY TA TNUAVTIKA OTOIXEIQ TV TOTTIWY, Ol OTTOIOI
EXOLV TA €ENC TTAEOVEKTAMATA: (i) HTTOPOLYV Va XPNOIUOTIOINBOLY YIa TNV TTPOPRAEWN TWV
EMTTAOEWY OTO TOTHO aATTO TTP®IUA OTASIA OXeSIATUOL, TIPIV OPICTIKOTTOINOOLY Ol
TOTTOOETIEC TWV £pYwV, (i) PTTopoLY va eE0IKOVOUNTOLY XPOVO, KABWG XpedleTal va
EPAPPOCTOLY POVO Hia popd O¢ I TTEPIOXN N XWPEA, LTTOKABICTOVTAG TNV avaykn yia
MELOVUEVN avAALON OPATOTNTAG YIa KABE VEO £pyo Kal (iii) ExoLv KaALTEPN cLUPATOTNTA
beE TIC SIASIKACiEC CLUPETOXIKOL oxeSlaopoL. H avtioTpopn avaAuon opaToTNTAg
EQPAPPOOTNKE  SlEPELVNTIKA  OTNV  TTEPIPEPEID TNG  ©OecCaAiag, yid Tnv  oOTToia
SlapopPwBNKAV XAPTEG AVTIOTPOP®Y LV @ewpnTikNG OpatotnTtag (A-Z@O) ol otoiol
OTn OULVEXEID XPNOIYOTIOINENKAY YyIa TNV TIPOPRAEWN TWV OTITIKWV ETMTITWOEWY ATTO
TTOOYPAUUATIOUEVA QYA AIOAIKNG EVEQYEIAG O€ TIPOCTATELOPEVA OTOIXEID TOL TOTTIOU.

(T) KAipaka TommoBeciag Tou £€pyou — H xonoioTNTa Kal oI SLVATOTNTEG ETTEKTACNG TOL
JPXITEKTOVIKOU OXESIATUOL TV EPYWV:

Y€ ALTA TNV KAiPaka, SiEpELVABNKE N XPNOIWOTNTA TNG APXITEKTOVIKNG €TTEEEQYATIAG TV
EOYQWV LTTOSOUNG, OTO TTAQICIO TOL METPIACHOL TWV ETMTITWOEWY TOLG OTO TOTTO. A TO
OKOTTO ALTO, AVAALONKAYV Ol SIEBVEIC TTPAKTIKEG APXITEKTOVIKOL OXeSIATUOL KAl oXeSIATUOL
TOTTIOL OTA QPEAYMATA KAl CLOTABNKE PIA TLTTOAOYIA TTAPEURACEWY Ol OTToIEG KAl
SlgpevvnNBNKkav ammo Armown KOOTOLG-OPEAOLG. Ta aTToTeAéopaTa £6e€av OTI epaApPUOYN
MEAETCOV QPXITEKTOVIKNG KAl QPXITEKTOVIKNG TOTTIOL (i) UTTOPE va BEATICOCE UETPNOIUA TNV
KOIVA) yV@uN yia Ta épya vbmmodopng kai (i) o1 dev vTTAPXOLY AVLTTEPRANTOI TEXVIKOI N
OIKOVOMIKOI  TTEQIOPICHOI  OTNV  ELPUVTEPN  EPAPMOYN  TETOIWV  HEAETAWV. ETOpEVRG,
OULUTTEQAIVETAI CLUVOAIKA OTI N APXITEKTOVIKN €TTeCEPYATia TV £PYwV LTTOSOUNG EXEl
QAVTIKQIOWA KAl OTI LTTAPXOLY TTPOOTITIKEG VIO TNV ETTEKTACN TNG EPAPUOYNG APXITEKTOVIKWV
WEAETCOV O€ OTTOIA ATTO TA £QYA LTTOSOUNG LTTAPXEI ALTA N SLuvaToTNTA.
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O©EQPHTIKO KAI MPAKTIKO MAAIZIO

To B¢ua TNG &vraéng TV £PYWV LTTOSOUNG OTO TOTTIO, £xel avabdelBOei TTEPICCOTELO ATTO
TTOTE TIG TEAELTAIEG SEKAETIEG, PECW TWV OXETIKWY TTOORANUATV TTOL TTAPATNENONKAY KATA
TN avanTuén TV £pywyv Avavewoldwy Mnywv Evépyeag (AME). H euttepia amd tnv
avanTuén TV £pywv AME KaTedeIEe CLYKEKPIUEVA OTI N TTAPAPEANCN TV ETITITWOEWY TRV
EQYWV OTA PLOIKA KAI TTONTIOTIKG XOPAKTNPICTIKA TWY TOTTIWV KAl N TTEPIOWPIOTTOINCN TV
KOIVOTAT@WV TTOL eTTnpeddovTal atmd ALTEG TIG ETMTITAOEIG, UTTOPEN va 0dnynoel oe evav
(PALAO KOKAO SNUOOCIAC avaTapaxng Kal avamTullakng apePalotnTag.

H opaAn éviaén Twv ¢pywv LTTOSOUNG OTO TOTTIO, CLVEXICEl OUWG AKOPA KAl ONUEPA VA
ATTOTEAEI PIA oNUAVTIKA TTPOKANON. EvoekTIKA, TTapovaoialovTtal apXiKa KATTOIEG ATTO TIG
TTEQITTTAOEIG AIOAKQV €pywv oTnv EAANGSa, oe Siapopa otadia eEENENG, yia oTToia
evromiovtayv avTiSpaacelg SIapopwy TOTTWV KATA TNV Tepiodo 2017 kai 2018 (Mivakag 1)
aTro TIG TOTTIKEG KOIVVieG. O1 avTISpATEIG ATTEVAVTI OTA £€pya Sev atrodidovTal pLOIKA JOVO
oTNV EMMTWON TOLG OTO TOTTO. AVAPEPETAI, TIEQAITEQGW, OTI OTIG SIKAOTIKEG SIAUAXES TTOL
TTPOKOTITOLY ATTO TIG AVTISPACEIG TWV TOTTIKWY KOIVVIQV N avapopd oTnV ETTTWON OTO
TOTTIO CLVABWG Sev TTPOTIUATAI KABWS avalnToLVTAI TTIO TTOCOTIKOI SEIKTES YIA TA VOUIKA
emxeipnuata (Lee, 2017). Tuxva AOITTOV o1 AvTISPACEIG OTREPOVTAI O AAAEG KATELOVLVOEIG
av Kal evToTTiCOVTal KAl AQKETEG TTEPITITAOEIG OTIG OTTOIEG TO TOTTIO EUPAVIETAl KAl ALTO OTIG
OXeTIKEG SIkoypaies (Council of State and Administrative Justice, 2015, 2013a, 2013b, 2012a, 2012b,
2011). Xe KQOE TTEPITITWON OPWG, KABIOTATAI EUPAVES OTI TO TOTTIO ATTOTEAE Evav ATTO TOLG
KLOPIOTEPOLG, AV Ol TOV KLPIOTELO, AOYO AVTITAENG OTA AIOAIKA £oya kal Ta épya AlE
YEVIKOTEQA. ALTO TTAPATNEEITAI TOCO ato TNV PIRAIOYPAPIKN épevva OCO KAl ATTO TNV
€peLva OTIC 5PACEIG SNUOTIOTNTAG TWV KOIVWVIKWY OPASWY TTOL avTISPoLV. MepalTépw, N
avtispaon &vavTl oTa epya AlE pe emxeipnua TIG EMTTTOOEIC TOLG OTO TOTTIO SV APOPA
pOVOo TNV EANGSa aAAa gival éva S1EBVES palvopevo.

Q¢ evEeKTIKA TV SIEBVQV SIA0TACEWY TV BEUATWV TNG EVTAENG TV £pywV ATE OTO TOTTIO
Tapovaoialovtal TTapadelyuata OXeTIKNG  BIBAIoypa®iag ammo  SIAQOPES XWEES TNG
Evpmng kal ammo TIG HIMA. ZOYKEKPIUEVA, OXETIKA TTPORANUATA £XOLV TTAPOULCIACTE TIG
TEAELTAIEG SekaEeTiEG OTNV ELPTIN, T¢ XWPEG OTTWS N FaAAia, 1 OAavésia, n lomavia, n
IKTIAG KAl TTOAAEG GAAeG (Nadai and Labussiere, 2017; Pasqualetti, 2011; Uyterlinde et al.,
2017; Wolsink, 2000). AvTioToixa, oTiG HIMA, Ol VOUIKEG AYWYEG HE ETTIXEIONUATA OXETIKA UE TO
TOTTIO, TNV 0OPATOTNTA KAI TNV AIoONTIK OxANCN atto Ta ¢pya AlME eival cuvnBiouéveg, TOCO
KOTA TV AIOAIKWV OCO Kal, O MIKPOTEQO RPABPO, KAl KATA TOV PWTOPROATAIKWY £0YWV
(Brown and Escobar, 2007; Butler, 2009; Elkind et al., 2018; Lewis, 2014; Pasqualetti and
Stremke, 2018; Phadke, 2009). Ol avmiépdoeig &vavtl OTA £oya TIPOKAAOLY (QULOIKA
KABLOTEPNTEIG KAl AKLPWOEIG KAl £XOLY PYAANIOTA CLOXETIOTE ATTO EQELVNTEG E ONUAVTIKEG
OIKOVOMIKEG emMTITAOEIG. ITIG HIA yia TTapadelyua, Ta ¢pya AlNE atmmoTeAOLY £va ONUAVTIKO
TTOCOOTO TV £QYWV YIA TA OTToia eupavilovTal SIKAOTIKES SIAUAXES YIA TTEQIBAAAOVTIKOOG
AOYOULG, PE avagopd oTn OXeTIKA vopoBeoia (National Environmental Protection Act,
federal Environmental Quality Acts kai Environmental Protection Acts) (Pociask and Fuhr
Jr, 2011; Schneider and Takahashi, 2011).
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Mivakag 1. Mapadeiyuata AloNKGOV EQYY EVAVTI TGV OTTOIWV eugavilovTiav avTidpdoeg Katd Ty
mepiodo 2017 and 2018.

TommoBeoia loxOs (MW)  ApIBuoGS TOTTOC AvTiSpACoNG
AVEPOYEVVNTPIWV

Napocg, Naéog, 218.5 95 NOUIKEG EVEQYEIEG

TAvog kail atro TNV TOTTIKN

AvVE00G avTodioiknon

YapoBpdakn 110.7 39 WnopiouaTta amo
OUASEG TTONITQV KAl
OLAAOYOULG

Bépuio 465 174 ApVNTIKN aTTopacn

aTro TNV TOTTIKN
avTodioiknon

Aypapa 86 40 NOUIKEG EVEQYEIEC
QTTO TTOAITEG
Inteia 81 27 ApVNTIKN aTTopacn

aTro TNV TOTTIKN
avTodioiknon
KapvoTog 167.9 73 NOUIKEG EVEQYEIEC
atro TNV TOTTIKN
avTodioiknon

Mavn 103.2 48 NOUIKEG EVEQYEIEC
aTTO TTOAITEG Kall
OLAAOYOULG

Moveupaoia 54 5 NOUIKEG EVEQYEIEC

atro TNV TOTTIKN
avTodioiknon
Ta &ebopéva CLAAEXENKaY aTTd e1dbNoeoYPAPIKA APBpPa Ot OVIKA PEoa PAllKNG evNPELWONG (Ol
ouvéeopol TTapovoldlovTal KATA TN CePA AvA@OPAC TWV AVTIOTOIXWY &e60UEVWY  OTOV
mmivaka): http://www .kathimerini.gr; https://www.ert.gr/; http://www.alterthess.gr/; https://www.e
fsyn.gr/; hitps://www.efsyn.gr/; https://www.alfavita.gr/; http://www . kathimerini.gr; https://www.r
izospastis.gr/.

MepAITED ONUAVTIKO eVEIAPEOOV TTAPOLOIAZOLY KAl Ol OIKOVOMIKEG KAl AVATITLEIAKEG
ETITTTOOEIG TV SIAUAXWY TTOL APOPOLY TNV £VTAEN TWV QYWY LTTOSOUNG OTO TOoTTIO. MNAa
TTAPASelyUaQ, oe oxEon pe TNV EAANGSQ, N GLVOAIKN TTOOPRAETTOMEVT EYKATECTNHEVN IOXVG TGV
Epywv oL TTapovaialovTal atov fMivaka 1 abBpoiletal oe 1237.7 MW. Tiveral QvTIANTITIKA
AOITTOV 1) €KTACN TV AVATITLEIAKV ETTITITOCELDY ALTWY TV AVTISPACERY, 18IiTERA ¢ AV
ANPOei LTTOWN OTI 0 OTOXOG TNG EAAASAG YIa TNV €TTEKTACN TV £OYWV AIOAIKNG EVEQYEIAG
pExp!l To 2020 ATav Ta 7500 MW (Ministry of Environment, Energy & Climate Change, 2009),
aTrO TA OTTOIA OUWG POVO 4114 MW gixav TToAyUaTI EYKATAOTABE PEXQI TOTE. LE OXEON ME
Ta AvTioTOIXA PAIVOUEVa OTIG HIMA, (G EVEEIKTIKA TOL OIKOVOUIKOU AVTIKTOTTIOL TGV OXETIKGWV
SIKAOTIKWV LTTOBECEWY, TTAPOLOIALOLIE TN PEAETN TOL 2010 ATTO TO EPTTOPIKO ETTIUEANTAPIO
TV HMA, OoTnV OTToia CLYKEVTPWONKAY KAl avaALOnkayv 351 au@ioPnToLUEVA KAl LTTO-
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KOBLOTEPNON £OYA. e ALTH TN LEAETN, LTTOAOYIOTNKE OTI N OIKOVoWia TV HIMA oTepnBnke
BpaxuTpoBeoun olkovopik avamtuén 1,1 Tpiocekatoupvpiv  SoAapiv  kar 1,9
EKATOUMLPIA BECEIC EQYATIAG £TNTIWG, AOYW TV VOUIKGDV KWALUATWV TRV £pywv. BERala
N MEAETN ALTA eV APOPOLOE ATTOKAEIOTIKA Ta ¢pya AlME (To 45% atmrd avta NTav épya AlE)
Kal §ev SIAXWEICTNKE KATTOIO CLYKEKPIUEVO TTOCOOTO TV AVTISPATEWY TTOL VA APOPOLOE
OULYKEKPIUEVA TN XPNON VOUIKWV ETTIXEIONUATWY OXETIKA ME OTITIKEG ETIITITOEIG KAl
EMTITWOEIG OTO TOTTO. MNapOAa avTtd, ol APIBUOI TTOL TTAPOLCIALOVTAI €ival EVEEIKTIKOI TOL
€0POLG TWV OIKOVOMIK®V ETMTTOOEWY ATTO TTPORANUATA TTOL TTPOKLTITOLY ATTO TNV
aKLPWON N TNV KABLOTEPNON PEYAAWY EVEQYEIAKWDV £QYWV.

QOTOCO0, O TTPOKANCEIG TNG EVIAENG TV £PYWV LTTOSOPNG OTO TOTTIO Sev Ba TTPETTEl VA
QVTIMETWTTICOVTAI ATTOKAEIOTIKA LTTO TO TIPICUA TWV OIKOVOMIKGV KAl AVATITOEIOKWY TOLG
ETMTTOOEWY. AVTIOETWG €ival eUPAVES OTI TA Epya LTTOSOPNG TTIPOKAAOLY KAl Ba
OLVEXIOOLV VA TTPOKAAOLY CNUAVTIKEG KAl EKTETAPEVEG OANQYEG OTA TOTTIA, e Ta épya AlE
va QaiveTal va TTPWTOCTATOLY O€ ALTA TNV KaTevbLvvon. Qg TPOG Ta ¢pya AllE, eival n
TPWTN POPA OTNV AVOP®TIIVN I0TOPIA TTOL N TTAPAYWYN EVEQYEIAG £xel TOOO LWNAEG
amaItnoeig o€ xpnon yng (Apostol et al., 2016; Stremke and van den Dobbelsteen, 2012;
Trainor et al., 2016; van Zalk and Behrens, 2018) kail TTOL TA ATTAITOLIEVA QYA SNUIOLPYOLV
TOOO €KTEVEIC OTTIKEG emmToelg (Degdrski et al., 2012; Moller, 2010; Scottish Natural
Heritage [SNH], 2014). H TrpaypaTikh KAIUOKA T@V OTITIKGV KAl KAT' ETTEKTACN TOTTIAKWV
EMMTWOEWV TV £pywv AlE, avadekvieral amd TOLG LTTOAOYIOHUOUS TWV AEYOUEVRV
LV OewpnTikKNG OparotnTag (Z00), ol omoiol apopoLY KLPIWG Ta £PYyd AIOAIKNG
EVEQYEIAG. LLOYKEKQIUEVA, TA ATTOTEAECUATA ATTO PEYAANG KAIPOKAG avaAvoelg ZOO armo Tn
81OV BIBAIOYpapia, £5€1Eav OTI AVEUOYEVVATPIEG NTAV TTAEOV OPATEG ATTO TTEQITTOL TO 17%
TNG Xepoaiag éktaong NG lotaviag! (Rodrigues et al., 2010), 21% tng OAavébiag (Stafistics
Netherlands [CBS] et al., 2014), 46% Tng Ikwrtiag (Scottish Natural Heritage [SNH], 2014)
Kal 96% NG Mepipépeiag TnG Bopeiag MNouvtAavéng, otn Aavia (Mdoller, 2010). EmimTAéov, n
TTAYKOOMIA TIPOCTIABEIa YIa abENon TNG TTAPAYWYNG evépyelag ammo AlE, avammogevkTa
Ba obnynoel oTnv diIaTnENCoN TNG TTPORANUATIKAG OXEONG WETAEL TTAPAYWYNG EVEQYEIQG
KAl TNG SIapLAAENG TNG TTOIOTNTAG TWV TOTTIWV. LTV ELEPWTIN, yIa TTapdadelyud, TO Uepidlo
TV AlE oTnV KatavaAwon evépyeliag, TTou 1o 2018 Arav 18%, oxedialetal va avénbei oto
27%, ¢wg 1O 2030 (European Council, General Secretariat of the Council, 2014).
ETTopévag, eival AoyIKO va LTTOBEcOLE OTI N PeTARaon TTPOG TIG AMNE Ba cuvexioer va eivail
pia aTTO TIG HEYAALTEQEG SLVAUEIG UETACXNUATIOUOL TWV ELPWTTAIKWY TOTTIWV TIG ETTOMEVEG
Sekaetieg. EmmAéov, n yetapacn amo 1o 18% OTO 27% QAVAUEVETAI VA Eival AKOPA TTIO
S0VOKOAN, KABWG Ta ¢pya AlE Ba mpémme oTadIaKA va TOTTOBEeTOLVTAI TTNO KOVTA Of
€0QICONTEG-TOTTIAOKA TOTTOBOECIEG, KABWGS Ol SIABECIUEG TOTTOBETIES YIa £pya £€xOLV NN
peIBel aIoONTA aTTO TNV TREXOLOA eTTekTAoN TV AlME (Deshaies and Herrero-Luque, 2015;
Kaldellis et al., 2012; Nitsch et al., 2004).

LTOXOI KAI BAYLIKH AOMH

1 ATIO TNV e€étaon evdg uTtoBeTikoU oevapiou aflomoinong the Aol k¢ evépyelag otny loTtavia, Tou avadépetal
og eBvikn eykateotnuévn LoxU oxedOv Lon e TNV TPEXOUOA EYKATECTNEVN LOXU OLOALKAG EVEPYELOG OTNV loTtavia.
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XITNV Tapovoa SiIaTpIRA, ApxIKA SiEPELVATAI TO TTWG TA £PYA LTTOSOUNG TPOTTOTTOIOLY T
TOTTA, TOOO TTOOOTIKA-XWPIKA OCO KAl TTOIOTIKA-AVTIANTITIKA. Mg Paon Tnv Evpwtrdikn
EMTEOTIN TO TOTTO OpileTal AKOAOLOA: «TOTTIO CNUAiVEl PIa TTEPIOXN, OTTWS ALTA Yiveral
AVTIANTITH) aTTO TOV AQO, TNG OTT0IAG O XAPAKTAPAG €ival ATTOTEAECHA TNG AAANAeTTISpaONG
PLOIKGWV N/KAl AVOPWTTIVGV TTAPAYOVTWVY. LLUVETTWG, eV APKE N XWEIKN UOVO avaivuon
TV EMMTAOOLDV TV £OYWV LITOSOUNG OTO TOTTIO AAAG ATTAITEITAI KAl SIERELVNTN TOL TTWG
Ol XWPIKES TPOTTOTTOINTEIG TOL TOTTIOL ATTO TA QYA LTTOSOPNG YiVOVTAI AVTIANTITEG ATTO TOV
AvBpwTo Kal TNV Kolivawvia. AfoTolvIag AOITTOV TA  ATTOTEAECPATA  ALTAG TNG
oLVOLAOCTIKNG SlEPELVNONG, OTN CLVEXEID TNG SIATPIRNG SIAUOPPWVOVTAl TTPOTACEIG
AvaRaABUIcE®DY TOL XWPEIKOL KAl TOL APXITEKTOVIKOL OXeSIATUOL TWV £pYWV LTTOSOUNG, HE
OTOXO TN PReATIOUEVN EvTaén Toug oTa ToTTia. EviOg TnG epyaciag Siveral TepicooTEPN
EUPACN OTNV PEAETN TV EQYWV QIOAIKAG, NAIGKAG KAl LOPONAEKTPIKNG EVEQYEIAG KAl TRV
PPAYUATWYV, AAAD TA CLVOAIKA CLUTTEQACUATA TTOL £EAYOVTAl AVAPEOQOVTAlI O OAD TA
peyaAa épya LTTOSOUNG.

ITOXOG TNG €PELVAG eival N PeATIOON TV HEBOSWV OXeSIAOUOL TWV £QPYWV YIA TOV
HETPIAOUO TWV APVNTIKQWV EMTTOOE®Y TOLG OTA TOTA. H TTpoomdabea auth KpEiveral
XPNoIun 1000 (a) yia TNV €AAXIOTOTIOINCN TWV EMTITOOEWY OTNV TTOIOTNTA {WNG TWV
TOTTIKGV KOIVQVIWV OTNV eyyovTNTA HEYOA®V €pywv LTToOSoung oco kal (B) yia tnv
ATTOTPOTIA CLYKPOVOEWY TWV TOTTIKWV KOIVWVIWV KAl POPEWV PE TOLG SNUOTCIOLS N
ISITIKOVG POPEIG TTOL AVAAAPRAVOLY TNV LAOTTOINGN ALTWYV TV EPYWYV, KAl CLVETTAG KAl
yla TNV €mTaxuvon TNG ATEOCKOTITNG avamTuéng Twv épywv Lmodoung. Otav dev
AauPBavovTal JETPA yia TNV &viagn TV £pywv OTO TOTNO, Ol OLYKPOULOEIG TTOL
TTOPOKAAOLVTAI KATAANYOLV CLXVA VA €£xouLv auolPdia aPVNTIKEG ETTITITOOCEIG. LTNV
TTEQITITOON TV £pywv AlE yia Tapddeyud, amd Tn HId TTAELPEA  SNUIOLEYOLVTAI
avanTullakda Kal OIKOVOWIKA TTPORAAUATA AOYW aVTISPACEWY TTOL OPEIAOVTAI OTOV POPRO
YIQ TIG ETTITITWOEIG TV £€0YWV OTO TOTTIO, KAI ATTO TNV AAAN, TA TOTTIA TTOAYUATI eTTNEEALOVTAl
TTOAEG POPEG ONUAVTIKA AOYW EANITTOUG OXeSIAOUOL. AlaiwvileTal £€TO1 €vag KOKAOG
OLYKPOVLOEWY, AVATAPAXWYV, AvVATTLEIAKWY TIPEOPRANUATWY  AAG KAl apVvNTIKQV
EMTTTOOEWY YIA TNV TTOIOTNTA {WNG TV TOTTIKGWV KOIVGVIQV. Eival emopévwg ebAoyo va
LTTOOTNPEIXOEI OTI, COVOAIKA, TA ATTOTEAECUATIKA UETOA YIO TOV UETPIAOHO TWV ETITITWOEWY
OTO TOTHO MTTOPOLY va CULUPRAANOLY TOCO OTN SIACPAAICN TNG TTOIOTNTAG {WNG TWV
KOIVOTAT@WV TTOL emmnpeadovTal amo Ta £pya OCO KAl OTNV PEIWOoN TV EUTTOSIV OTNV
avanTuén TV £pYwWV LTTOSOUNG.

H Siatpipr) Sopeital oe Tpia IEpApPXIKA €TTiTESA avaAvong o€ PaBuIdia pBIVOLTEG XWPIKEG
KAipakeG. To TTPWTO PEPOG TNG £PYACIAG TTAPOLOIAETAI AVAALTIKA OTNV EvotnTa 2 Kal
APOPA TNV CLYKEITIKA AfIoAOYNON TWV TLTTIKWV ETTITITAOCELRDY TRV SIAPOQWY TOTTWY Py WV
vrmodopng oTo TOTo. H avaAvon auTh TTEAYUATOTIOEITAl O TTAYKOOWI  KAiPaKa
afloTToIVTAG TNV OXETIKN SIEBVN emoTnuovIKA BIBAIOYpagia kaBwg kal dedoueva aTro €idn
OANOKANPWUEVA €0YQ, TA OTIOId CLYKEVIPWONKAY aTd TTAYKOOUIOLS KAl €BVIKOLG
EMOTNPOVIKOLG OPYAVIOUOULG KA POopPEiG. To §eLTEPO eTTiTTESO TTAPOLOIAZETAI AVAALTIKA
otnv Evotnta 3 kal apopd TNV PEATIOON TV SIASIKATIDV XWEIKOL OXeSIACUOL YIa TNV
evtaén TV Epywv LTTOSOUNG OTO ToTTiO. Eugacn Siveral oTnv £mMTAXLYVON KAl AvaRaduion
TV AVAALOEWYV OPATOTNTAG TTOL YiVOvTal O¢ YLOTAUATA MewyPaAPIKWY MANpopopItY
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(XTM). H Sigpebvnon auTr) avagEPETal KLPIWGS OTNV €BVIKN KAIUAKA 1 TNV XWPEIKA KAIUaKa
TNG SIOIKNTIKAG TTEQIPEPEIAG, KAIUAKEG OTIG OTTOIEG YivovTal CLVABWGS Ol TTOALKPITIDIAKEG
AVAALOEIG VI TNV XWEO0BETNON LEYAARDY £0YWV LTTOSOUNG. TEAOG TO TPITO KAl TEAELTAIO
emimedo TNG €peLvag, TTOL TTAPOLOIALETAl AVAALTIKA OTnv Evotnta 4, agopd (a) T
SlEpebVNON TNG CLVEICPOPAG TOL APXITEKTOVIKOL OXESIACHOL KAl TOL OXESIATUOL TOTTIOL
oTnV PREATICOON TNG KOIVWVIKAG aATTOSOXNG TWV £PYwV LTTOSOUNG AAAG kal (B) oTnv
Slgpebvnon TV SLVATOTATWV  ETMEKTACNG TNG €PAPHOYNG TETOIOL TOTTOL  HEAETWYV,
€€eTalovTag TOLG TMOAVOULG OIKOVOUIKOLG 1 TEXVIKOVLG TTEQIOPIOUOLS. H avaAvon autnh
APOPA TNV XWPEIKA KAIUAKA TNG TTEQIOXNG KATAOKELNG TOL EQYOL, TNV OTTOIA KAl APOPOLY
Ol APXITEKTOVIKEG PEAETEG N EAETEG APXITEKTOVIKAG TOTTIOL.

LYNOWH MEPOY? |

AlgpebvNoN O€ TTAYKOOUIA KAIUaKa

YOYKPITIKA) a§loAOYNON TGV TUTTIKWV-XAPAKTNEICTIKWY ETITITAOCELWY OTO TOTTIO TWV
SIAPOPETIKWY TOTTRV £PYWV LTTOSOUNG:

Ol POPEIC TTOL CLPPETEXOLY OTOV OXESIACUO, TNV ASEIOTNON KAl TIG eTTeVOLOEIG OE £pya
LTTOSOPNG CLXVA AUPIPAAAOLY YIA TO KATA TTOCO O ATTOKAAOUMEVEG "€TMITITAOEIC OTO
TOTTIO" €ival £&va AQVTIKEIMEVIKO {NTNUA 1 €AV ATTOTEAOLY ATTAA pIa TTPOPACN TWV TOTTIKWV
KOIVGVIQV YIA va avTITAXOoLV o€ TTROTEIVOUEVA £QYA. LLXVA AOITTOV, Ol AvTISPATEIG TTOL
ETMKAAOLVTAI TIG EMTTAOCEIC TWV QYWY OTO TOTTIO ATTOSiSovVTal OTNV TTPOKATEIANUMEVN
apvnTIKA OTACN TWV TOTTIKQV KOIVVIWV ATTIEVAVTI O€ £pya LTTOSOPNG. H cupTepIpopa
aovtn amodisetal kal otnv diEBvn emoTnUoVIKn BiBAIoypagia pe Tov 0po NIMBY (not in my
back yard - Ox1 oTnV THOW QLA POUL). LLVOAKG OPWG, N AKPITN APPICRATNON TNG
QAVTIKEIUEVIKOTNTAG TV ETTITITWOEWY TWV QYWY OTO TOTNO, TTOL &gV TTPOKOLTITEl LETA ATTO
KATTOIQ OXETIKA aAVAALON. CLVTEAEI OTNV TTAPAPEANCN TOLG TOLG KAl SLOXEPAivEl TNV
avanTuén PEATIOTOV PEBOSWY OxeSIACUOL YIA TOV PETPIACUO TOLG. MNa TO AOyo aAuTo, N
TPWTN BeuaTikn evoTNTa TNG SIATPIRPAG agiepveTal oTn SigpebvNON TOL KATA TTOCOV N
EKTAON KAl N coPAPOTNTA TWV ETTITITWOEWY TRV SIAPOP®Y £PYWV LITOSOUNG OTO TOTTIO
UTTOPEI VA TTOCOTIKOTTIOINGEI AVTIKEIUEVIKA KAl CLVETTWG OTO KATA TTOCO WPTTOPOLV va
OLYKPIBOLY Ta SIAPOPETIKA £QYA 1) TOTTOI EDYWV WG TTPOG TNV SPIULTNTA TWV ETTITITOOEWY
TOLG OTO TOTTIO.

Na 1N SlgpedvNon ALTH ETMAEXONKE va avaALBOLY CLYKEKPIUEVA Ta £pya ATE wG TTPOG TIG
EMTTTOEIG TOLG OTO TOTTIO. H ammdpacn avtr ANPONKE yiIa SLO AOYOULG. APEVOG, AOYW TOL
OTI OTNV OLYXPOVN ETTOXN TA £OYa ALTA ATTOSEXOVTAI TNV TTIO £VIOVN KPITIKN O¢ BéuaTa
OXETIKA JE TNV AANOIGON TWV TOTTIWV. APETELOL, AOYW TOL OTI £xel LTTAPEEI NEN APKETO
EMOTNPOVIKO evOIA@EQOV TIPOG ALTA TNV KATELOLYVON OTTOTE KAl LTTAPXOLY SIABECIUES
TTOANEG OXETIKEG ETTIOTNMOVIKEG €OYATIEG KAl TTOANG OXeTIKA Sedopéva ammd LAOTTOINUEVA
€OYQq, YIa va avaluBouv. Mepalmépw, KATI TTOL avadeixBnKe WG ISIAITELA ONUAVTIKO KATA TN
OULVEXEIQ TNG EPYATIiAg, eival OTI Ta BAcikA £pya ATE, SnAadr Ta bEPONAEKTPIKA, TA AIOAIKO
Kal Ta  QWTOROATAIKG épya, TEQIAQUPAVOLY KAl HIA  ONUAVTIKA  TTOIKIAOUOO®IA
SIAPOPETIKWYV TOTTWV £pywv. H molkiAopop®ia auth, e€ac@alilel Tnv duvarotnta
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ETTEKTAONG TV CLUTTEQLACPATOY ATTO TNV AvaAvon TV ¢pywv AME kal o AGAAa €pya
LOTTOSOUNG. LLYKEKPIUEVA, N TIOIKINOMOP®IA aLTA cuvioTatal oTo OTI Ta ¢pya AlE
TeQIANAPPAVOLY TOCO £pya LTTOSOUNG TA OTTOIa XAPAKTNEICAUE OTN CLVEXEID WG KPIAIKA
TTPOG TNV CPEXITEKTOVIKNA €mMeepyaaian, OTTWG &ival TA LSPONAEKTPIKG PPAYHATa (N
YEVIKOTEQA £PYA OTTG Ol YEPULPEG, Ol EYKATAOTACEIG £TTEEEQYATIES VEQOL ) ALPATWYV) KAl
EQYA «UN-PIANKG TTPOG TNV APXITEKTOVIKN eTTeCEpyaTian OTTWG €ival O AVELOYEVVATPIEG KAl
TA PWTOPROATAIKA TTAVEA (N YEVIKOTEQA Ol TTOAWVEG PETAPOPAG evEQYEIQG, KATTOIA £pya
0b0TT0IiAG, KATT.). ITNV TTPWTN KATNYOPIa eEVIACCOLWE TA £€PYd OTA OTIOIA PTTOPOLY va
EPAPPOCTOVY CPXITEKTOVIKEG MEAETEG €VQd OTN SeLTEON ALTA OTA OTTOIA ALTO &gV gival
SuvaTd AOYW TNG TLTTOTTOINKEVNG KA SECUELUEVNG ATTO TTPAKTIKOVG TTEQIOPICOVSG HOPPNG
TOLG

Ma TNV TTOCOTIKOTIOINON TWV ETITITWCEWY TV £0YWV AlNE OTO TOTTO €MAEXONKE £V TEAEI N
SlEpebVNON TPIWV SIAPOPETIKWY SEKTWY TRV EMTITWOEWY TOLG OTO TOTTO, Ol OTTOIOI EXOLV
Nén avaeepBei ekTevadg oTn S1EBvn BIBAIOYpaPia. AuToi gival (i) N XPNoN YNG TV £EPYQV,
(i) n TeEpIOXN ATTO TNV oToia yivovTal opaTd Kai (i) N KoIvVA yvuN YIa TIG ETTITITWOEIG TOLG
oTo T1oTtTio. OI 6eiKTEG ALTOI vaI pEV EXOLV AVaALBE NEN eKTEVAS AAAD O AVAADCEIG ALTEG
€ival KLPIWG PEPOVUEVES KAl ATTOCTIACHATIKEG KAl SEV EXOLV WG OTOXO TNG dnuiovpPyia
MIOG OLVOAIKNG €IKOVAG YIA TIG ETITITOCEIC TRV £OYWV OTO TOTTO. ATTO TN SlgpedvVNoN TGV
SeIKTV, aTTodeixBNKe OTI TA QYA AIOAIKAG EVEQYEIAG EXOLV TTPOKAAETEI UEXOI ONUEQT KATA
HMECO OPO, TIG TTIO EVTOVEG EMTITAOCEIC OTA TOTA, AvVA Povada TTApAYWYNG evEQYEIQS,
AKOAOLOOLUEVA ATTO TA NAIAKA PWTOROATAIKS QYA KAl TA LEPONAEKTOIKA POAYUATA, KATA
oeipd. Ta amoTeAéopaTa ToL 0dnynoav o€ ALTO TO CULUTTEPACPA TTapovoialovTal
OULVOTITIKA oTovV [livaka 2 kal Tnv Eikova 1.

Mivakag 2. EKTIUACEIS TNS XPNOoNS YNS, TNG TTERIOXNG 0PATOTNTAC KAl TNG KOIVAG YVOUNG T8 OXEON
JE TIC ETIITITACEIC TV £PYwWV AlE OTO TOTTIO.

L Meploxn A€IKTNG APVNTIKAG KOIVAG
TOTTOC TexvoAoyiag AlME Zovo)\||<2r] Xpﬂk? n opaTdTNTAG yvoung amo tn S1ebvn
WS (AL (m2/GWh) BiRAIoypapia (%)
AIOAIKN (xepoaia épya) 176 000 2014 800 60%
HAIaKR (pwToROATCIKA
EPya PeyaAng 28 000 451 500 22%
KAiuakag)
Y50 0ONAEKTPIKA 16 900 N/A 15%
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Emintoon teov Avaveooiyeyv MNnyov Evépyeag oto Tomio
(ava GWh mapaywyng evépyeiag)

AIoAIKA HAiakn YS&ponAEKTPIKNA

;Ek‘Tctgn 0pATOTNTAC

S : ‘Ekraon
EK.I?C)'F] opPATOTNTAG L I
O bev avagiperal
TOVOAIKN fuvo)\lKr']
Xpnon yo S Xpnonyng XPNon yng

‘Exkraon: ApVNTIKH) KOIVH YVOUN:

..... 0% 60%
10000 m? = {7 [

Eikova 1. [pagIkn ATTeikOVIonN - OTITIKOTIOINCN TV ATTOTEAECUAT®Y ToL Tivaka 2. (a) H xpnon yng
TTAPOLOIALETAI PE CLVEXES XPWUA. (B) H ékTaon TNG 0paTOTNTAG ATTEIKOVIZETAI E XPWUA TTOL PBiVEl
BABUISWTA OCO ATTOUAKOLYOUACTE ATIO TOV KOKAO TTOL APOPd TN XPNON YNG. ALTA N ATTEKOVION
EKPPALEl TO YEYOVOGS OTI N OTITIKN ETHTITWON TV QYWY UEIVETAI AvAAOYa We TNV amrdoTaon. (y) To
XPOUA TTOL €xel eTTAEXOEl O€ KABE TIEQITITAON €ival AVAAOYO TOL TTOCOOTOL APVNTIKAG KOIVAG
YV@UNG YIA TIG ETTIITITACEIG TOL £V AOYW £QYOL OTO TOTHO, e PAON TOV SEIKTN TTOL LTTOAOYICTNKE ATIO
TN EMOTNUOVIKA BIRAIOYQAPIA.

YOVOAIKQ, CLVAYETAI TO CLUTTEQACHA OTI OI SIAPOPOI TOTTOI EPYWV LTTOSOPNG EXOLY OVTWG
ETTITTTOEIG OTO TOTTIO Ol OTTOIEG SIAPOPOTTOIOLVTAI WG TTPOG TA TOTTIKA TOLG XOPAKTNEICTIKA
KAl ETTOPEVIG ATTAITOLY KAl EISIKEG OTOXELUEVEG TIOOCEYYIOEIG WETPIACUOL Of KABE
TEQITTTON. H S§pIUOTNTA TV ETTITITWOELRY TRV QYWY LTTOSOUNG OTO TOTTO e€aPTATAl O€
peEYAAO PaBPO amo (i) To eav 0 e€eTalOUEVOG TOTTOG QYO YIVETAI QVTIANTITOG APVNTIKA ATTO
TNV KOIVA YVWUN WG TIPOG TNV ETMTITAON TOL OTA PLOIKA, TTOAITIOWIKA KAl aioBnTikA
XQPAKTNPICTIKA TOL TOTTIOL ATTO (ii) TNV €KTACN TWV XWEIKWV ATTAITNCEWY TOL £0YOL TOCO
o€ OPOLG XPNONG YNG OCO KAl 0€ OPOLG TTEQIOXNG TTOL £TTNEEACETAI OTITIKA Kal (iii) TO eav
TO £QYO EMOEXETAI N OXI APXITEKTOVIKNG ETTEEEQYATIAG.

LYNOWH MEPOYZ I

AlEpeLVNON OTNV €OVIKN-TTEQIPEPEITAKT KAIUOKT
BeATicoon TOL XWPIKOL OXESIATUOL YIa TNV EVTAEN TWV €YWYV LTTOSOUNG OTO TOTTIO

Me BAon Ta cupTTELATHUATA TOL MEPOLG |, aTO MépPOog Il SigpevLvATAl N AVTILUETOTTIION TV
ETMTTTOOEWY TV EQYWV EKEIVAV TA OTTOIA KpivovTal ¢ 181iTepa EMSOACTIKA OTA TOTTIA,
TOOO XWPIKA OCO O€ OXEON PE AVTIANWN TNG KOIVAG YVWHNG YA auTd. A TETOIOL TOTTOL
€OYa N opaTOTNTA TOLG EVTOG EVOG TOTTIOL YIVETAI AVTIANTITH) G APVNTIKN ETTITITWON, ATTO
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oNUAvTIKA TTOCOOTA TOL TTANBLOWOL. TO TTIO XAPAKTNEIOTIKO TTAPASEYUA TETOIOL TOTTOL
EOYOUL €ival OTNV ONUEPIVA ETTOXN TA AIOAKA £OYQ, YIQ TA OTTOIA KAl N OTITIKA OXANON
AvAQEPETAl WG PATIKO KiVNTPO TWV AVTISPACE®Y TWV TOTTIKGWVY KOIVWVIQV. H EvTovn KPITIKN
YlQ TNV OTITIKNA €TMIOOEON TV AIOAIKQV £0YWV OTA TOTTIA (AiveTAl va TTIPOKULTITEl ATTO £va
oLVOLACUO TTAPAPETPWY e PACIKOLG Gfoveg (i) OTI Ta £pya aALTA E£XOLY ONUAVTIKEG
XWPEIKES ATTAITACEIC KAl ETTNEEACOLY PETPNTIPA TNV EKOVA TWV TOTTIWV £VTOG HIAG XWPEAG,
PTAVOVTAG ELKOAQ OTO VA YivOvTal 0pATA AKOPA KAl ATTO SIYNPIA TTOCOOTA TNG EKTACNG
MIOG XPEAG, TNG TAgNg ToL 20% e 45% (i) OTI eival £pya «uN-PINIKA OTNV APEXITEKTOVIKA
eme€epyacian ammo TNV armoywn OTI N OPQN TOLS SeV UTTOPEI VA TPOTTOTTOINOEI OLTWGS WOTE
va TTOOCAPPOOCTE OTA PLOIKA KAl TTONTIOUIKA XAPAKTNPEIOTIKA TOL TOTTIOL OTO OTIOIO
TOTTOBETOLVTAI, OTIWG PTTOPE VA Yivel yia TTapadelyua o€ £pya OTTWG YEPLPES, PPAYUATA
Kal A\ £pya LTTOSOUNG.

MNa TNV QVTIUETTTION TV EMTTOOEWY TWV £OYWY TTOL TTOPOKAAOLY OTITIKA OXANON OTO
TOTTIO, PEXOI ONUEPa SiVETAl EUPACN OTOV XWPEIKO TOLG OXESIACUO KAl CLYKEKPIUEVA OTN
XPNON TV AEYOUEVQV «aVOALTEWY 0paToTNTAG). O AVAADOEIC ALTEG LAOTTOIOVLVTAI LE TN
XPNon LuoTNUATWV FewypaPikay MAnpogopicdy (XIM) kal XonoIJotroloLvTal yid Tnv
XaPTOYPAPNON TWV TTEPIOXWV OTITIKNG ETTIPOONG TWV EPYWY KAI TOV eVTOTTIOUO TNG TTIBAvVAG
TOLG OTITIKAG ETMTITAONG O& ONUEIa Kal TTEPIOXES LWNANG TotmakNg afiag. QoTdco, ol
OULUPATIKEG AVAADOEIG OPATOTNTAG £XOLY APKETA PEIOVEKTAUATA WG EQYAAEI0 OXeSIATOU,
KABWG PTTOPOLY VA epAPUOCTOLY POVO OTA TEAELTAIA OTASIA TOL OXESIACUOL OTAV
oLOIACTIKA N XWPEOBETNON TOL £PYOL EXel OAOKANPWOE Kal N TOTTOBeTia TOL EXEl
OPIOTIKOTTOINGEI. € ALTO TO OTASIO OPWGS, N AVAALON OPATOTNTAG UTTOPE OLOIACTIKA POVO
VA EYKPIVEI N VA ATTOPPIYE TO £pYO PE PACN TIG OTITIKEG TOL ETTITITACEIG AAANG OXI VA TTPOTEIVEl
KATTOIQ KAAUTEQN XWPEOBETNON, EI8IKA OE £0ya OTTIWG TA AIOAIKA TTOL YivovTal 0paTtd ATTo
HEYAAEG ATTOOTATEIG.

Ma TNV QVTIMETOTTION TGV TTAPATIAVE ASLVAUIWV TV AVAADCEWY OPATOTNTAG TTPOTEIVETAI
oav ALON N AvTiIoTPO®N TOLG. ANAQdA, N LACTTOINCN TOLG PE CNUEIO AVAPOPAG OXI TIG
TOTTOOETIEG TGV AVEUOYEVVNTPIWV AAAA TIC TOTTODETIEG TGV TTEPIOXWV TTOL ETTISICKETAI VA
TTPOCTATELTOLYV ATTO TNV OTITIK OXANCN. EAv oI avaALOoEIg TTPAypATOTTOIoLVTAl ATTO TN
OKOTTIA TV AVEUOYEVVNTPIWV TOTE TTPETTEl VA OAOKANPWOEI N XWE0BETNON TOLG OVTWG
WOTE va eloaxboLV ol TOTToBETieG TV avepoyevvnTpiv o LIl OtTov Ba yivouv oTn
OULVEXEIQ Ol LTTOAOYIOUOI 0PATOTNTAG. EQV OUWS Ol avAALOEIG YivovTal ATTO TN OKOTTIA TV
TTOOOTATELOUEVV TTEPIOXWY TOTE Ol LTTOAOYICUOI PTTOPOLY VA YiVOLV O OTTOIASATTIOTE
XQOVIKN OTIydr, a@oUL Ol TIOOCTATELOUEVES TTEQIOXEG Eival OTATIKEG KAl OE OLYKEKPIUEVEG-
YVWOoTEG Béoelg. 'ETol, N avTioTpopn avaAuon opatoTNTAG PTTOPE VA LAOTTOINGEI Yadika
YO TO COVOAO TWV TTPOCTATELOUEVMYV TTEPIOXWYV MIAG OAOKANONG TTEQIPEPEIAC ) KPATOLG
Kal va dnuiovpynoe oTaBepos XAPTES YIA TNV OTITIKA TTOOCTACIA TWV €V AOYW TTEPIOXWDV
atmrd PEANOVTIKA £QYQ.
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1 « Mrmopsei va xpnoiyotmoinOsi

Ivupatikn avaivon ‘ AvrtioTpogpn avalvon o TPGINa aTasIa TG
opaTéTang opq-ré-rn'rqg SlEpedVNON EPYWV YIA ThV
TPOPAEYN TGV EMTTOCEWDV

- TOLG OTO TOTTO
« Ol xdpreg A-ZOO pmmopoLy
Va eVoWHAaTeOoLy ot
----- e TTOALKPITIPIAKEG XWPIKEG
fy e avalboeig HeydAng
. KAipakag
"""""" [ « Ol xdpreg A-ZOO pmmopoLby
va xpnoigomoinBouv yia
moAAamAd épya

: AvTioTpo®pn - Oixapreg A-ZOO Pmopoby
Zodvn OepNTIKAG va a§iomoindobyv Kai
Oparérnrag (A-Z00) aveapTnra améd popic mov
&pacoTnplotmolobvTal o€ épya
ATE yia va mpofAéyouv
EMIMTCOEIG OTO TOTIO Kal

OpardéTthTag
gevn OTTIKAG EMPPONG

- - - XpNon TV TOTTOBETIMV TV ONUAVTIKGOV mMOavic aviispacEIs Tev
XQHC‘H me ToTrobeoiag evog oOTOIXEiV TOL TOTTIOL Yia TN Snulovpyia TOTTIKCV KOIVRVICV
TTPOTEIVOHEVOL £0YOU YIa TNV TTPOPAYN XQAPTGV oL va TTPOPAETTOLY TNV OTITIKY | . o) xapreg A-ZOO siva
NG OTTIKNAG OXANONG TTOL Ba TPOKAADE! OXANON ATTO OTIOIOSATIOTE £PYO oupparoi pe Siadikagiec
O€ ONPAVTIKA GTOIXEIQ TOL TOTTIOL TIPOTEIVETAI OTNV £yYLTNTA TOLG GULUHETOXIKOL OXESIACUOD

Eikova 2. Tpagikn ATEiKOVION TV SIAPOPY TV CLURATIKWYV AVAADCEWY 0PATOTNTAC UE TIG
AVTIOTPOPEG AVAADCEC OpATOTNTAG OTO TAQICIO TNG XWEOBETNONG £PYwV LTTOSOUNG KAl
TTapoLoiaon TV PACIKOV TTAEOVEKTNHATWY TWV AVTIOCTOOPWY AVAALOEWY OQATOTNTAC.

H peBodoloyikry aAhayr amo Tnv cLPPRATIKA OTNV AVTIOTPOPN AvAALON OPATOTNTAG,
EMTEETTEL AOITTOV TN SnuIoLPYIA OTABEPV XAPTWV TIPOCTACIAG TOL TOTIOL TTOL Ba
TTEQLIRAANOLY TA ETMAEYHEVA ONUAVTIKA OTOIXEid TOL TOTTIoL (PA. Eikova 2). Kamoia amo 1a
TTAEOVEKTAUATA ALTAV TV XAPTWV &ival Ta akOAoLBa: (i) emMTPETTOLY TNV VEITEPN
TTPOPRAEWN TWV ETMTAOCELDY TWV TIPOTEIVOUEV®OY £OYWV OTO TOTTO, KABWGS PTTopoLY va
XPNoIUOTTOINBOLY ATTO TTOAD APXIKA OTAdIa SlgpebvNoNG N OXeSIACUOL TWV £OYWV, KATI
ToL Sev ATAV SLVATO WE TIG CLUPRATIKEG AVAALOEIG 0PATOTNTAG (i) UTTOPOLY Va 0dnynTOoLY
O€ ONUAVTIKN €€0IKOVOUNON XPOVOL KAl TTPOCTTIABEIAG, KABWG Ol AVTIOCTPOPEG AVAAVTEIG
opATOTNTAG XPEIAZETAl VA LTTOAOYICTOLY UOVO pid pOoPd OE PIa TTEPIOXN, TTEQIPEQREID N
XWEA, ApA UTTOPOLY VA AVTIKATACTACOLY TNV HEXPI-TEA ATTAITNON YIA MEUOVUEVN
avaAuon opATOTNTAG Yia KABe VvEo €pyo, (iii) &xouvv KaAALTEPN oLUPATOTNTA PE TIG
5108IKACIEC TUPUETOXIKOL OXESIACOL, KABWGS UTTOPOLY VA ETTITREWYOLV TNV CUUUETOXN TWV
TOTTIKGV KOIVOTATWY OTOV KABOPIOUO TWV CNUEIRV KAl TTEQIOXWY TOL TOTTIOL Ol OTToIEG Ba
OULUTTEQIANPOOLY OTOLG XAPTES (iV) O XAPTEC TTOL TTPOKLTITOLY ATTO AVTIOTPOPEG
AVAALOEIG 0PATOTNTAG APOPOLY AKOUA KAl PEYOAAEG XWPIKEG KAIUAKES (TTX. €OVIKN KAiUaKa
N KAJaka SIOIKNTIKAG TTEQIPEPEIAG) KAl Apa  PTTOPOLV  vad  XPNolyottoinBovy o€
TTOALKPITIDIAKEG AVAADTEIG TTOL SIEPELVOLY TTIBAVEG TOTTOBETIES YIA VED £0YA CLVNBWGS O€
TETOIEG KAIUAKEG. KATI TETOIO €ival SuVaATO OTIC CLUPATIKEG AVAADTEIC OPATOTNTAG Ol OTTOIEG
ETTIKEVTOVOVTAI AVAYKAOTIKA O& KATTOIO CLYKEKPIUEVO £QYO.

ITO0 TAQiolo TnG SIatpIPAG, NN pEBodog TNG avrioTpopng avaivong opaAToTNTAG
EPAPPOOTNKE EVOEKTIKA Yia TNV lMepipépeia TNG @eooaliag, otny EANGSA. Yuykekpihéva
SlapopPwBNKAV XAPTEG AVTIOTPOPWYV Zwvay OtwpnTkNG Opatotntag (A-ZOO) (PA.
Eikova 3) o1 oTToiol OTn CLVEXEID XPNOIKOTIOINONKAVY YIa TNV TTPORAEWYN TWV OTITIKGWV
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EMTTTOOEWY O€ TIPOOTATELOPEVA TOTTIA TNG TTEQIPEPEIAG ATTO TTPOTEIVOUEVA EQYA QIOAIKNG
EVEQYEIQG.

MvnEia TTOMTIOTIKAG KAl PUCIKNAG KANPO-
© VOUIAG, TOTTOCNHA TOLPICTIKOL eVEIapED-
OVTOG KAl TTapadoCIakoi OIKITUOI
—QULOIKEG KAl TIONTICUIKEG SIaSpopEg/
povomana
Oplo@ampéml ARXAIOAOYIKCI XEO!
Kal ToTia

2902 m

» -

YWYOLETPO
o}

m AVTIOTROMES ZQVEG QE@PNTIKNG
Opatotnrag (A-290Q) - 10 km

m AVTIOTROMEG ZVEG OEPNTIKAG
OparotnTtag (A-ZOO) - 30 km

L1 1

Eikova 3. XApTeG AVTIOTPOP®Y Zwvawy QtwpnTtikng OpaTtotntag (A-ZOO) yia Tnv TTpooTacia
ONUEIQV KAl TIEPIOXWY CNUAVTIK®YV YIa TO TOTTo TNG Mepipépeiag @eooaliag atd TNV OTITIKY OXANoN
amo aloAIKa épya. Ol €TMPUELOLS AVAAVLTEIC YIA TOLS SIAPOPETIKOLG TOTTOLS CNUEIY KAl TTEPIOXWV
TTapovoialovTal ApIoTEPA KAl Ol TENIKOI OLYKEVTPWTIKOI XdpTeg A-ZOO &efia. O dvw XAapTng
AvVAQEPETAl O AVAALON TTOL £YIVE e OPIO BEWPENTIKAG 00ATOTNTAG TV TTAPATNENTWY ic0 pe 10 km
EVE 0 KATW XAPTNG Yia opio 30 km.

LYNOWH MEPOYZ Il

AlgpebvNon oTNV KAIUAKa TNG TTEPIOXNG TOL £OYOL
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AlgpebvNoN TNG CLVEICPOPAG KAI TV SLVATOTATWYV ETTEKTACNG TNG EPAPMOYNG
OPXITEKTOVIKGV PUEAETWV

AVAQEPOPEVOI TTAEOV OTNV KAIUAKA TNG TTEQIOXNG KATAOKELNG TOL £OYOL, OTO WEPOG I
SIEPELVNCAUE TN CLVEICPOPA TV APXITEKTOVIKAV HEAETWV TV (YWY LTTOSOUNG OTNV
BEATICOON TNG KOIVAG YVUNG TTOL AAuPAvoULy, Kal KAT' eTmekTacn SnNAadr) oTo PETPIACUO
TQV EMTITWOEWY TOLG OTO TOTTIO. A TO OKOTTO ALTO, ETTIKEVTPWONKAWE OTA PPAYUATA, WOG
mapadeypatikry  digpedbvnon. Ta epdayuara mapovaoialovy  SIEBvG pia TTANBwPa
TTAPASEYUATWOV EPAPUOYNG OPXITEKTOVIKWV HEAETV KA HPEAETQV TOTTIOL SIAPOPETIKOL
TOTTOL KAl €KTAONG. AIQUOPQPWOAUE AOIMTOV HIA TTAYKOOWIA TOTTOAOYIA  TTOAKTIKGV
APXITEKTOVIKOL OXESIACUOL O€ pPAYMATA, CLYKEVTOWVOVTAG PIa AioTa aro 53 gppdyuata
aTTO OAEG TIG KATOIKNUEVES NTTEIPOLG. XTN CLVEXEID, SIEQELVATAE TIC EPAPPOYES ALTAG TNG
TOTTOAQYIAG ATTO ATTOYWN KOOTOLG-OPEAOLG, SiVOVTAG EUPACN APEVOG OTNV CLVEICPOPA
TV MEAETWV OTNV RPEATICOON TNG KOIVAG YVUNG YIA TA £pYQa KAl APETEPOL OTO KOOTOG KAl
TIG TEXVIKEG ATTAITATEIG YIA TNV EPAPPOY TETOIWV PEAETWV.
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DpdaypaTa TNG EAANGSAG e DYOC PeYaAADTEQO TV 50 m

Eikova 4. ApIBUOG HETAPOPTWUEVRV POTOYPAPIWV OTNV £YYLTNTA PEAYHATWY, OTIWG HMETPNONKE
amd TIC PACEIC SESOUEVV YEWAVAPEPUEVDY POTOYPAPIY Panoramio (SeSouéva 2016) kai
Google Earth (6edopéva 2019). Ta ovopaTa TV GEAYUAT®Y Ta OTIoId PREONKAY va TTEPIAAPRAVOLY
OTOIXEIA APXITEKTOVIKOL 1 TOTIIAKOL OXESIACUOL TTAPOLCIAlOVTAl ECT OE PALPO TTEQIYOAUUA KAl
oxoNddeTal OTI o€ ALTA €ival KAl TA £OYA YIA TA OTTOIA EVTOTHIOTNKE KAl O HEYAADTELOC APIBUOC
HMETAPOPTWHEVV POTOYPAPICV.

H épevva £6e1e OTI EAPUOY APXITEKTOVIKWY PEAETCV KAl UEAETCOV APXITEKTOVIKA TOTTIOL:
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(i) MTTopei va BEATIQCEI PETPNTIUA TNV KOIVA YVQUN TNG KOIVAVIAG yia Ta ¢pyd
LTTOSOPNG OTA OTToIA EPAPPOLOVTAI ALTEG O HEAETEG. ALTO TTAPATNENONKE TOCO
HECW TNG avaAuvong TNG S1EBvoLS PBIPAIOYPAPIAG KAl TOV EVTOTTIONO SEKASWV
BETIKGV AvVAPOP®Y T& PEAYUATA OTO OTTOId EiXAV EPAPPOOCTE APXITEKTOVIKEG
HUEAETEG OCO KAl HECW MIAG  ETMTTAEOV  OTOXELUEVNG CLYKQIONG  TTOL
TTEAYUATOTTIOINONKE YIa Ta EAANVIKA ppayuaTa (BA. Eikova 4)

(ii) Aev vpioTavTal AvLTTEPPANTOI TEXVIKOI ) OIKOVOWIKOI TTEPIOPICUOI OTNY ELPVTEPN
EPAPPOYI APXITEKTOVIKWYV UEAETAV KAl UEAETWV APXITEKTOVIKAG TOTTIOL OTA ¢pya
LTTOSOPNG. LLYKEKPIUEVA, TTAPATNENONKE OTI TO KOOTOG TNG EPAPPOYNG TETOIOL
TOTTOL JEAETAV KLUAIVETAI CNUAVTIKG AVAAOYA WE TIG OXESIAOTIKEG ETTIAOYEG, AAAG
TTAPAAANAQ LTTAPXOLY APKETA TTAPASEYUATA EPAPPUOYWV HE XAUNAO KOOTOG
TTOL PTTOPOLYV VA ATTOTEAECOLY LTTOSEIYUA YIA AVTIOTOIXEG PUEANOVTIKEG UEAETEG.
MepaITEPG N TTANBWPEA TTEPITITOCEWY APXITEKTOVIKAG ETTECEQYATIAC PPAYUATRV
n ormoia efeTaoTnke Sev KATESEIEE KATTOIA ONUAVTIKA TEXVIK SLOKOAIQ OTNV
EPAPUOYI APXITEKTOVIKWY UEAETOV.

YooTneileTal AOITTOV CLVOAIKA, OTI Ol APXITEKTOVIKEG UEAETEG UTTOPOULV KAl TTOETTEl VA
EPAPPOCTOLV TTEPICCOTEQLO OTA £0YA LITOSOUNG, OTA OTToIa ALTO gival SuvarTo.

LYMMEPAIMATA KAI MPQTOTYMA YHMEIA

Ta PaoIKAG CLUTTEPACUATA KAl TNPEIQ TTOWTOTLTTIAG TNG £pYATiag gival Ta akOAoLBQA:
Mépog |

H Omapén apePalOTNTAG O OXECN PE TNV AVTIKEIUEVIKOTNTA KAl TNV XWEIKA SiacTAoN TV
AEYOUEVAV  (ETTIITTTOOCEWY TWV  €OYWV  LTTOSOUNG OTO  TOTToN, SLOYEPAIvVEl TNV
QATTOTEAECUATIK) QVTIUETTTION TOLG KAl CLUPRAAAEl TN SlAIVION EVOG PAVAOL KOKAOL
KOIVGVIKQV OLYKOOVLOEWY KAl avaTTugIakng Siatapaxng. Eva apxikd onueio TpwToTLTTIAg
TNG TTapovoag SIaTPIPAG, eival N afloAOyNoN TV ETTITITWOELWY TWV QYWY LTTOSOUNG OTO
TOTTIO OANIOTIKA, AVAALOVTAG Ta SIABECIUa TTaykoopia dedouéva kal Tn S1iebvn RIRAIoypapia
Kal ocLvsLAZOVTAG TOCO XWPIKOVLG-TTIOCOTIKOUG SEKTEG OCO KAl AVTIANTITIKOVG-TTOIOTIKOUG
5¢ikTeG. Me ALTO TOV TPOTTO KAAOTITETAI OAO TO €VPOG TWV €V AOYW ETTITOCEWY KAl
aflotTolobvTal TTPAYUATIKA &ebopéva EvavTl Be@PNTIKWY EKTIMNCEWY. LLYKEKQIUEVA, N
OLYKPITIKA AfloAOYNON TV SIAPOPETIKWY TOTTQV £0YWV LTTOSOUNG WG TTPOG TIG ETTITWOEIG
TOL OTO TOTTIO LAOTTOINBNKE PECE TOL EVTIOTTIOMOL KAl TNG AVAALONG TPIWV SEIKTWV Ol
ottoiol a§loAoynBnKav wg XapAKTNEICTIKOI ALTWYV ETTITITAWCELWY: TN XPNoN YNG TRV £pYWYV,
TNV TTEPIOXN-EKTACN TNG OPATOTNTAG TOLG KAI TNV KOIVI YVUN TNG KOIVGVIAg yia TiG
EMTTTWOEIC TWV EQOYWV OTO TOTTIO. AVOALOVTAG TTAyKOoUIa &edopeva kar Tn Slebvn
BIBAIOYpApia og OxEon We ALTOLG TOLG SEIKTES KATECTN SLVATO VA TTOCOTIKOTTOINBOLY KAl
va OLYKPIBOLV Ol TUTTIKEG ETITITACEIS TWV PACIKQV £pywv AlE oTo TOTIO, SNAAdA TV
LVSPONAEKTPIKWV PPAYUATWY, TRV £PYWV QIOAKAG eVEQYEIAG KAl TV £PYWV NAIGKAG
evepyelag. Avabdeixbnkav AoImov yevikoTepa ol BAcikoi AEoVEG TTOL SIAUOPPOVOLY TNV
ETMTTTON TV £€0YWV OTO TOTTIO KAl €I6IKOTEQA O AOYOI YIA TOLG OTTOIOLG TA AIOAIKG £OYa
SNUIOLEPYOLV TIG TTIO EVIOVEG TEOTIOTTIOINCEIS OTA TOTIA, OKOAOLOOULUEVA aATO TA
PWTOPROATAIKA KAl TA LOPONAEKTPIKA £pYa, KATA Oelpd. Ta CLUTTEPACUATA TOL MEPOLG |
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TNG £PELVAG TTAPOLOIAZOVTAI KAI TTIO AVAALTIKG OTNV EvoTnTa 5.1 TGOV LOPTTELATUATRV TNG
S1aTpIPNG.

Mépog I

Ye OXEON HE TOV XWPIKO OXeSIAoPO Yia TNV EvTaén TV £PYWV LTTOSOUNG OTO TOTIO N
SiatpiPn Tapovoladel TTPWTOTLTTIA WG TTEOG TOV EVTOTTIONO PACIKWY TTEQIOPICUWY TTOL
BapaivouV TIG TIPAKTIKEG TTOL EPAPPOLOVTAI PEXQI OAUEQPA KAI TNV TTPOTACN ADTEWY YIA TNV
LTTEPPRACN TOLG. ZLYKEKPIUEVA, N AVTIOTPOMN TWV CLUPRATIKWV AVAALTEWY OPATOTNTAG
TTPOTABNKE KAl AVAALONKE WG PIA ONUAVTIKE PEBOSOAOYIKN TEOTTOTTOINCN N OTTOIA UTTOPEI
va 0dNyNoel oTNV ETTIALON TV UEXP! TWEA BEUATWY ALTWY TV AVAADCEWY. LLYKEKQIUEVA,
TTAPOAO TTOL Ol AVAADLCEIC OPATOTNTAG ATTOTEAOLV UEXQI OUEQA TO PACIKOTEQLO EQYAAEIO
XWPEIKOL OXeSIATUOL YIA TNV HETRIACN TGV ETTIMTOTEWY TWV EQYWV LTTOSOUNG, BapLVOVTAI
ammo ONUAVTIKOLG TTEQIOPICHOVS WG TTPOG TN IKAVOTNTA OLOIACTIKAG TTPOPRAEYNS TWV
ETMTTTOOEWY TWV EQYWV KAl TOL POPTOL EQYATIAG TTOL ATTAITOVYV. LLYKEKPIUEVA, N EPELVA
amedefe TOOO PECA ATTO BEWPENTIKES TTPOCEYYIOEIG OO KAl ATTO TTIPAKTIKY €pAPUOYN TNG
TTPOTEIVOUEVNG HEBOSOAOYIKNG REATIOONG OTI N AVTIOTOOPN TV AVAADCEWY OPATOTNTAG
(i) emTpemmel TNV TTPORAEWN TWV ETTTITWOEWY TWV £OYWV OTO TOTTHO ATTO TTPWIUA OTASIA
oxeblaopoL N digpebvNong TOLG, KATI TO OTTOIO PEXPI aNuepa dev NTav duvarTo, (i) pmopei
va odnynaoel oTny KAtapynon TNG amaitnoNng YIa PEPOVUEVN AvAALON 0pATOTNTAG O€
KABe £pyo ATE, évavTl hia CLUVOAIKNG ETTITAXLUEVNG TETOIEG AVAALONG OTNV KAIMAKA UIAg
OANOKANPNG TTEQIPEPEIAG 1) KPATOLG (iii) avfavel TN cLuPATOTNTA TWV AVAALCEWY
0OpPATOTNTAG E CLUMETOXIKEG SIASIKATIEC OXESIAOUOV, Ol OTTOIEG TTPOTEIVOVTAl OTNV SIEBVN
BiIBAIoypapia wg 161aiTeEpa oNUAvTIKEG OTO TTAQICIO TNG TTPOCTIABEIAG KATELVATHOL TRV
AVTISPACERDVY TWV TOTTIKGWV KOIVVIWV ATTEVAVTI O€ £€0Ya LTTOSOUNG, Kal (iv) dnuiovpyoLy
XAPTEG Ol OTTOI0I UTTOPOLY VA A&lIoTTOINBOVLY OTO TTACICIO TTOALKPITNPIAKWY AVAADTEWY EiTE
Kal ave€dptnTa, aro OTToIadATTOTE evOIAPEPOUEVA UEPN OTNV avarmTuén Twv EPpywV
LTTOSOPNG, PONBVTAG OTNV diEPELVNON TMIBAVY BECEWY VEWY EPYWYV. TA TTAEOVEKTAUATA
ALTA AVAALOVTAI KAl € PEYAADTEQN AETITOUEQEID OTNV EvOTNTA 5.2 TWV OUTTEQACUATWV

NG S1IaTPIPNG.
Mépog Il

‘Eva akopa onueio TpwTOoTLTTIAG TNG €QYATIAg gival N afloAdynon TNG XPNoIWOTNTAG TNG
EPAPPOYNG MEAETGV QPXITEKTOVIKOL OXeSIACUOL O€ €oya ULTTOSOUNG KAl N KEITIKA
Slgpebvnon TNG TMOAVAG HUEANOVTIKAG  ETTEKTACIUOTNTAG TOLG, OTn PAcn aAvAALOoNG
OPEAOLG-KOOTOLG. H SigpebvNoN ALTAG TNG TITUXNG TOL OXESIACHOL TRV EQPYWY LTTOSOUNG
KOIBNKE ONUAVTIKY, KABWG, PYEXO! ONUEQRT, OTTAVIA LAOTTOIOVLVTAI APXITEKTOVIKEG UEAETES YIA
€pYa LTTOSOUNG. MePAITEP, AKOPA KAl OTNV ETTIOTNUOVIKN KOIVOTNTA TA OPEAN ALTWV TV
MEAETGOV OAAQ KAl Ol TEXVIKEG KAl OIKOVOWIKEG ATTAITACEIG TNG EPAPHOYNG TOLG &€V EXOLY
aAvaALBei ekTeTaPEVA. A TO AOYO ALTO, TTPAYUATOTIOINONKE OTO TTACICIO TNG EpyaaTiag pia
OTOXELUEVN SlEPELVNON TNG EPAPHOYNG TPXITEKTOVIKOL OXESIAOUOL O¢ £€pyd LTTOSOUNG,
aflomoivTag S1ebvr dedoptéva ammod TNV EPAPPOYN TETOIWV UEAETOV O ppaypaTa. H
AvAALON ALTA ETTIKEVTPWONKE TOCO OTNV IKAVOTNTA TNG APXITEKTOVIKAG VA REATICOCE TNV
KOIVF YVOOMN YIO Ta ¢pya LTTOSOUNG OCO Kal OTIG SLVATOTNTEG ETTEKTACNG TNG EPAPHOYNS
QPXITEKTOVIKGV PEAETGV OTA £QYA LTTOSOUNG PEYAANG KAIWaKag. I6iaitepn eupaon §00nke
oTn SlgpebVNON TOL KOOTOLG KAI TV TEXVIKGV TTOOKANCEWV WIA TETOIAG TTOOCTIAOEIAG.

27



‘O1Twg TTapoLOIAleTal AETITOUEPWGS OTNV EvoTnta 5.3 TV LLUTTEQACUATWY TNG SIATPIPNAG,
OLUTTEQAIVETAI OTI N EPAPPOYT APXITEKTOVIKWV MEAETWV KAl UEAETWV APXITEKTOVIKAG TOTTIOL
BEATICOVEI UETONOIUA TNV KOIVH YVQUN YIA TA ¢0yd LTTOSOUNG KAl OTI OI JEAETEG AULTEG Sev
OXeTiCovTal ATTaPAITNTA PE OCNUAVTIKEG ATTAITACEIG TTOPWY KAl ATTAITNTIKEG ETITTOOCOETEG
TEXVIKEG AVAALOEIG.

YOVOAIKQ

TENOG, N TTPWTOTLTTIA TNG EQYATIAG APOPA KAl TO £DELVNTIKO AVTIKEIUEVO ALTO KABALTO
KABWG KAl TNV KATAANKTIKA COVOEON TV ETIPELOLG CLUTIEQATUATRY TNG SIATPIRNG. MEXP!
ONUEPA, TTAPOAO TTOL N EvTIadn TV épywv LTTOSOUNG OTO TOTTO éxel SlgpevvnBei o€
EMOTNPOVIKEG epyaaTieg, N digpebvnaon auvTh gival cuvNBWGS ATTOCTTIACUATIKN. EEeISIKeLETAI
S5NAQd O¢ PEUOVPEVA £QYA KAl CLYKEKPIUEVA €8IKA {NTAPATA XWPEIC OUWG VA EXEl
TTPOTABEI PEXPI ONUEPA UIa CLYKEVTOWTIKN UeEBOSOAOYiIa — OTPATNYIKN, TTOL Va cLVSLACEI
(Q) TTOIKIANEG XWPIKEG KAIMOKEG, (B) TTOAAATTAOULG ETTIOTNUOVIKOLG KAGSOLG Kal (y) TNV
SuvaToTNTA £EPAPPOYNG OE SIAPOPOLS TOTTOLG £PYWYV LTTOSOUNG. LTNV TTAPOLOA £PELVA,
TTPOTEIVETAI PIA OAICTIKA) OTPATNYIKN YIA TNV &vTagn TWV £OYWV LTTOSOUNG OTO TOTTIO, N
oTroia cubvdLAlel OAQ TA TTAPATIAVA (A £WG V). LLYKEKPIUEVA, TTEQIAAPPAVE TNV avAALON
TV SIaBecIywY 6eSopEvV Kal TNG ETTIOTNPOVIKNG RIRAIOYPAPIAG Ot TTAYKOTUIA KAIUAKQ,
TOV XWPEIKO OXeSIAOUO TV (PYWV, OE TIEQIPEPEIAKN N €OVIKA KAIUOKA Kal, TEAOG, TOV
QPXITEKTOVIKO OXeSIAOUO, OTNV KAIMAKA TNG TTIEPIOXNG £PYOL. Me aLTOV Tov TPOTIO
KAAOTITETAI TO TTANPEG PACHA TV SIAdIKACIY avAALONG KAl OXESIACHOL Yia TNV &vTaén
TV QYWY LITOSOUNG OTO TOTTIO Ol OTTOIEG KAl EVOTTOIOLVTAI O€ PIa SouNUEVN OTPATNYIKN.
H oTpaTnyiKn vt PTTopEi va XxpnaoluottoinBei yia Tn REATIOON TNG EvTaéng OTTOIoLSNTTOTE
TOTTOL £PYOL LTTOSOUNG OTO TOTIO, ASIOAOYWVTAG APXIKA TNV SPIULTNTA TWV TUTTIKWV
EMTTTOOEWYV TOL &V AOY® £OYOL KAl KATELOVLVOVTAG OTN CULVEXEIA TIG TTPOCTIAOEIES
HETPIAONG TV EMTTOOEWY TOL Of €EEISIKELUEVA UETOPA XWEIKOL 1 APXITEKTOVIKOL
oxeblaopoL ) ouvvdévacuoL Kkal TV &vo (BA. EvoTnta 5.4 TV ILUTTEQACUAT®OV TNG

SiatpiPng).
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1 INTRODUCTION

1.1 Research context and aims

What are landscape impacts and how are they related to infrastructure projects?

In the community of engineers, the term "landscape" is often confused as a synonym for the term
"environment". Thus, landscape impacts are falsely considered identical to environmental-ecological
impacts (Ananiadou-Tzimopoulou, 2013; Chen et al., 2018; De Block et al., 2019). The basic difference
between the two concepts however, is that environmental impacts refer to changes to the
environment while landscape impacts refer to how such changes are perceived by people
(Konstantinos Moraitis, 2012). This is explicitly described in the definition of landscape by the
European Landscape Convention: "Landscape means an area, as perceived by people, whose
character is the result of the action and interaction of natural and/or human factors" (Council of
Europe, 2000); the "as perceived by people" clause expresses exactly this point. In the case of
infrastructure projects, we could specify the definition of their landscape impacts to: changes to how
areas are perceived by the public after the transformation of their natural and/or cultural
characteristics by works of infrastructure.

During the last two decades, the landscape impacts of infrastructure projects have been the subject
of increasing numbers of scientific studies as do the methods that can be applied for their mitigation.
This emergent research interest has evidently been induced by the significant landscape-associated
issues that have been met during the development of renewable energy (RE). These issues have
acted as an alert that the integration of civil infrastructure to landscapes can be a major challenge
which can easily become the source of developmental issues. In the case of RE, in particular,
landscape impacts have often been identified as the primary or one of the major drivers of opposition
movements against new projects (Jefferson, 2018; Pasqualetti, 2011; Wolsink, 2007a). The impacts of
RE works to the natural and cultural character of landscapes are in many cases perceived as intrusive
by local communities, causing unrest both about potential economic impacts and potential
degradation of the aspects of their quality of life that are associated with landscape quality. This
worry over impeding landscape impacts has been inciting public opposition against projects, which
in turn causes social unrest and delays or even cancellations of projects (Azau, 2011; loannidis and
Koutsoyiannis, 2020; Scherhaufer et al., 2017).

The aim of this research is to contribute to the improvement of the planning and design methods
for the mitigation of landscape impacts of infrastructure. The anticipated utility of this effort is (a) the
minimization of impacts to the quality of life of communities in the proximity of infrastructure projects
and (b) the prevention of conflicts of local communities with the public or private bodies that develop
infrastructure projects and consequently the facilitation of the development of infrastructure. It is
noted that when targeted strategies and measures for the mitigation of landscape impacts are not
implemented, the resultant conflicts can become lose-lose for both ends, i.e., project opposition and
project backers. In the case of Renewable Energy for example, the inadequate implementation of
landscape protection measures has led on the one hand, to the delayed development of RE due to
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opposition induced by fear of landscape-impacts while on the other, to landscapes actually being
significantly impacted by RE infrastructure. This perpetuates a cycle of conflict, unrest, developmental
problems and negative effects on the quality of life of local communities. It is therefore reasonable
to argue that, overall, effective measures for the mitigation of landscape impacts can contribute both
to safeguarding the quality of life of affected communities and to the efficient development of
infrastructure.

In the remaining Sections of the introduction, the theoretical and empirical context of the study is
analysed in more detail. In particular, in Section 1.2 the case of RE is presented in more detail as a
practice-oriented example of the negative developmental and social impacts from neglecting the
landscape integration of infrastructure works, in Section 1.3 the utility of landscape integration of civil
infrastructure is analysed from a theoretical perspective, with a focus on its correlation with quality
of life of communities in the proximity of projects, in Section 1.4 the research questions of the study
are presented in detail and finally, in Section 1.6 the structure of the remaining parts of the thesis is
presented.

1.2 In practice: Landscape impact as a cause of public unrest and
developmental disorder - the case of renewable energy

Problems associated with the integration of infrastructure into landscapes have been studied in
academic literature in various points in time and for various different types of infrastructure. Early
references of landscape impacts of infrastructure include various types of works that emerged after
the industrial revolution, such as transmission lines (Priestley and Evans, 1996), roadworks (Fischer et
al., 2000) and dams (Christofides et al., 2005). In the last few decades, however, issues of landscape
integration of infrastructure have come to be at the forefront of academic research more than ever
before, with the spotlight aimed at renewable energy projects (Chiabrando et al., 2009; Fischer et al.,
2000; Stevenson and Griffiths, 1994). The observation of this ongoing transformation to landscapes
from RE works is what prompted the present research. From a social perspective, RE is subject to a
major contradiction. On the one hand, there seems to be general support for renewables (Mirasgedis
et al,, 2014; Tegou et al,, 2010; Wolsink, 2007b), yet on the other strong oppositions movements
against numerous projects under development persist (loannidis and Koutsoyiannis, 2020). In this
Section, we aim to further illuminate this issue, as it is considered an insightful example of how the
landscape impacts of infrastructure can intertwine with its expansion, both in terms of inciting public
unrest and causing developmental disorder.

Opposition movements against RE developments on grounds of landscape-impacts, have been
causing delays and cancellations which have been linked with significant economic ramifications. The
relevant examples are abundant. In the USA, for example, lawsuits with legal arguments related to
landscape, visibility and aesthetics have been consistently filed against wind and, to a lesser extent.
solar energy developments? (Brown and Escobar, 2007; Butler, 2009; Elkind et al., 2018; Lewis, 2014;

2 The term developments or works was used in this research for reference to wind and solar projects rather
than the term "farms", in agreement with the critique of Jefferson (2018) that the term "farms" is an euphemism.
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Pasqualetti and Stremke, 2018; Phadke, 2009). As a result, renewable energy projects constitute a
significant percentage of the large number of projects that have been challenged on environmental
grounds, with reference to the National Environmental Protection Act, federal Environmental Quality
Acts and Environmental Protection Acts (Pociask and Fuhr Jr, 2011; Schneider and Takahashi, 2011).
As indicative to the economic impact of such litigations, we present the 2010 study by the US
Chamber of Commerce, in which 351 challenged and delayed projects were compiled and analysed.
In that study, it was estimated that the US economy was deprived of a $1.1 trillion short-term
economic boost and of 1.9 million jobs annually, due to the examined legal challenges (Pociask and
Fuhr Jr, 2011). It has to be noted though that neither all of the examined projects were RE projects
(45% of them were RE projects) nor a specific percentage of the litigations that were grounded on
legal arguments over visual and landscape impacts was provided. Nevertheless, the numbers
presented are indicative of the large-scale economic repercussions from the cancellation or delay of
large-scale energy projects.

Similar problems have also emerged in the European Union (Nadai and Labussiere, 2017; Pasqualetti,
2011; Uyterlinde et al., 2017; Wolsink, 2000). We present the case of Greece in more detail as an
example (Kaldellis et al., 2012). In Greece, in 2017 and 2018, the installed capacity of only some of the
major wind energy projects that were challenged summed 1237.7 MW (Table 1). Even though
landscape impacts were not mentioned in all of the relevant litigations, it was often evident from the
channels of communication of the opposing groups (public statements and webpages) that
landscape impacts are a significant, or maybe even the most significant, implicit motivation for
opposition; it has to be noted that in many cases, legal arguments target particular other sections of
environmental impact assessment studies that are more technical and are therefore considered more
objective than landscape impacts, in the context of legal action. Such legal arguments over
environmental impacts are commonly expected to increase the odds of winning the cases (Lee, 2017).
Nevertheless, various legal challenges against wind energy developments that explicitly included
arguments over landscape impacts, have also been handled, for example, by the Hellenic Council of
state (Council of State and Administrative Justice, 2015, 2013a, 2013b, 2012a, 2012b, 2011).

The developmental consequences of opposition against RE, in Greece, are demonstrated by the fact
that even though the national target set for installed capacity of wind energy by 2020 was 7500 MW
(Ministry of Environment, Energy & Climate Change, 2009)? only 4114 MW had actually been installed
by that time. Given that several hundred of MW have been put on hold due to opposition
movements, with strong reference to landscape impacts, it is reasonable to argue about the
developmental and economic impact of the issue of landscape integration of RE. In this regard, it
also has to be noted that the delay or cancellation of projects that leads to falling behind European
Union's energy targets will also potentially prompt the imposition of fines to member states. For
reference, in a relevant study for Ireland, which was almost double the percentage of Greece away

3 In accordance to directives from the European Union (European Union, 2009).
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from the target of RE utilization in 2017, the fines were anticipated in the range of €300-600 million
(Renewable Energy Consumers and Producers [RECAP], 2017).

Table 1. Examples of challenged wind energy projects in Greece in 2017 and 2018.

Location Installed Number of Type of opposition
capacity turbines
(MW)
Paros, Naxos, Tinos 218.5 95 Legal action from local
and Andros government
Samothrace 110.7 39 Votes by groups of citizens

and associations

Vermio 465 174 Negative decision from
local government

Agrafa 86 40 Legal action from citizens

Sitia 81 27 Negative decision from
local authorities

Karistos 167.9 73 Legal action from local
government

Mani 103.2 48 Legal action from citizens

and associations

Monemvasia 54 5 Legal action from local
government
Data were collected from news articles in the websites of
national media (links are presented in the order of reference in the table): http://www kathimerini.gr; https://
www.ert.gr/; http://www.alterthess.gr/; https://www.efsyn.gr/; https://www.efsyn.gr/; https://www.alfavita.gr/;
http://www.kathimerini.gr; https://www.rizospastis.gr/.

However, the challenges of landscape integration of infrastructure should not be solely viewed
through the lenses of economic and developmental impacts. In the long term, it is evident that RE
works will indeed be the cause of massive landscape changes. It is the first time in human history
that energy generation has so high land-use demands (Apostol et al., 2016; Stremke and van den
Dobbelsteen, 2012; Trainor et al, 2016; van Zalk and Behrens, 2018) and that the required
infrastructure generates such extensive visual impacts (Degorski et al., 2012; Méller, 2010; Scottish
Natural Heritage [SNH], 2014). The scale of the landscape and visual impacts that are generated from
RE, is excellently demonstrated in the calculations of zones of theoretical visibility (ZTV) that have
been carried out for wind energy. Results from large-scale ZTV analyses in the literature showed that
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wind turbines were visible from approximately 17% of the land area of Spain* (Rodrigues et al., 2010),
21% of the Netherlands (Statistics Netherlands [CBS] et al., 2014), 46% of Scotland (Scottish Natural
Heritage [SNH], 2014) and 96% of the region of North Jutland, in Denmark (Moller, 2010).
Furthermore, the global effort to increase energy generation from RE, will inevitably further perplex
the problematic relationship between energy generation and landscapes. In Europe, for example, the
share of RE in energy consumption, which in 2018 was 18%, is planned to be increased to 27%, by
2030 (European Council, General Secretariat of the Council, 2014). It thus reasonable to assume that
the RE transition will continue to be one the greatest forces of transformation of European
landscapes in the following decades. Moreover, this transformation is expected to be even more
perceivable than the transition from 18% to 27% might indicate. This is due to the fact that RE projects
will gradually have to be sited closer to more sensitive locations, from a landscape impact
perspective, as suitable locations have been decreasing under the current RE expansion (Deshaies
and Herrero-Luque, 2015; Kaldellis et al., 2012; Nitsch et al., 2004).

1.3 In theory: the utility of the landscape integration of civil
infrastructure

In this Section, we investigate the utility of the landscape integration of infrastructure from a
theoretical perspective. We focus on how the quality of landscapes is associated with human needs
and how the landscape impacts of infrastructure can impact those needs and also make some initial
comments on the potential role of design and planning in the mitigation of such impacts.

First of all, it is self-evident that landscape integration is not a prerequisite for the design of
infrastructure. The primary purposes of infrastructure works refer to the fulfilment of physiological
needs of humans, such as the needs for water, food and energy (Sargentis, 2022; Sargentis et al,,
2022), which do not depend on the integration of the associated infrastructure into landscapes but
on the function of infrastructure per se. Yet, as societies progress and the basic physiological needs
of humans are being fulfilled with consistency and security, their quality of life becomes increasingly
connected with the fulfilment of social, cognitive and psychological needs (Maslow, 1943) that are
dependent, among other parameters, on the natural, cultural and aesthetic qualities of their
surroundings (Moraitis and Rassia, 2019; Tsoukala et al., 2015). At that point, negative effects to the
quality of living spaces become more perceptible and have a more measurable effect to quality of
life. Demonstrating care (Li and Nassauer, 2020) for the integration of infrastructure to its natural
and cultural surroundings contributes to improving the public perception of the built environment
(Moraitis, 2016) and furthermore, architectural and landscape design of works also facilitates
secondary uses of infrastructure such as recreational and educational uses or ecosystem services.

It is our observation however, that in the community of infrastructure engineers, the above-
mentioned benefits originating from the successful integration of infrastructure works into
landscapes are neither always understood nor supported. Therefore, we dedicated the following

* From the examination of a hypothetical scenario of wind energy utilization in Spain, referring to national
installed capacity nearly equal to the current installed capacity of wind energy in Spain.
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paragraphs to expand further into the contribution of landscape design and planning of
infrastructure to human's quality of life and the fulfilment of human needs. To this aim, we built on
the foundations of relevant social science literature, mostly referring to Maslow's hierarchy of needs
(Maslow, 1943; McLeod, 2020; Zhang and Dong, 2009). The hierarchy is presented in one of its latest
versions (Maslow, 1970) in Figure 1, in the form of a pyramid®. The basic logic of this representation
is that the more fundamental the need the lower it is presented in the pyramid. Hence, the lowest
level refers to the physiological needs of humans and the upper levels refer to needs such as self-
actualization and transcendence.

While the major objective of infrastructure projects concerns the primary human needs that are
presented at the base of the pyramid, i.e., safety and physiological needs, we believe that landscape
integration of infrastructure is related to subsequent human needs for safety, esteem, cognitive and
aesthetic needs (highlighted in the pyramid of Figure 1). In the following paragraphs, the correlation
of landscape integration with these needs is analysed in more detail, meanwhile considering how
landscape planning and architectural design can contribute to their fulfilment:

Helping others, spiritual experiences

Achieving individual potential

Appreciation and search for beauty

Pursuit of knowledge and understanding T H d
uman needs

Self-esteem, respect from others affected by
landscape impacts
of infrastructure

ily, friendship, intimacy

y, finances, freedom from fear

lood, shelter, living temperatures

Figure 1. Maslow's hierarchy of human needs (Maslow, 1970) presented as a pyramid, highlighting human
needs affected by landscape impacts of infrastructure works.

Safety Needs. Humans have the need to be free of fear, whether this concerns their well-being, their
finances, etc. or fear of tyranny, injustice, etc. New infrastructure projects can interfere with this sense
of safety of individuals in affected communities for many reasons, one of which is landscape change.
This is the case especially for people whose occupation is related with landscape and nature, e.g. in
professions in the areas of tourism (Riddington et al., 2008), real-estate (Walker et al., 2014), livestock,
farming (Sargentis et al., 2021c), etc. Individuals in these occupations are more sensitive to landscape
transformations as they can potentially affect their income and more broadly the stability of their

5 It should be noted that the representation of A. Maslow's hierarchy in the form of a pyramid was not the way
he presented his work but was rather carried out by readers of his work. Maslow himself noted that the
hierarchy is not a rigid structure with disassociated levels but “any behavior tends to be determined by several
or all of the basic needs simultaneously" (Maslow, 1987).
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professional life. Additionally, their choice of occupation might be related with preference for
working and living in scenic or pristine natural landscapes. It is thus reasonable to argue that the
significant and rapid landscape transformations that are associated with the development of major
infrastructure can affect the sense of safety of local communities both in terms of occupation and
income as well as in relation with their long-term plans for living in landscapes with particular features
associated with their natural qualities, history or scenicness (Fast et al., 2015; McKenna et al., 2021).
Furthermore, as all human needs are interrelated and do not follow a strict hierarchical form, as
Maslow himself suggested (Maslow, 1987), problems initiating from perceptions of industrialization,
intrusion, authoritarian imposition of infrastructure on landscapes and more broadly over negative
perception of population over their living spaces can also be the cause of psychological and
physiological stresses (Hanie et al., 2010; Ricci, 2018; Stigsdotter, 2005). Overall, targeted courses of
action for the mitigation of landscape impacts could arguably contribute to the minimization of the
aforementioned impacts that are associated with human safety needs. Such actions range from
improved architectural design and landscape planning of infrastructure to better communication
with local communities before the implementation of new projects or their inclusion in relevant
discourse and planning procedures (Berry et al., 2011; Devine-Wright, 2014; Moraitis, 2011; Wolsink,
2000).

Esteem Needs: Esteem needs refer to the need of humans for self-confidence and respect from
others. Major infrastructure projects can generate issues associated with the esteem needs of the
individuals and communities that live in their proximity. Major infrastructure works have the inherent
characteristic that while they provide for needs for energy, water, sanitation, etc. of large spatial units,
most of their landscape and environmental impacts concern a much smaller area adjacent to the
required works (Sargentis et al., 2019b). It is reasonable that this "injustice" of impacts in comparison
to utilities can provoke negative sentiment to local communities and a sense of disregard from
authorities that develop infrastructure projects (Wolsink, 2020a, 2018). Arguably, indicative measures
for the mitigation of this sense include the adequate communication of the spatial reasoning for the
siting of projects to local communities (Kazak et al., 2017; Langer et al, 2016) and the practical
demonstration of respect to the culture and the way of living of local communities (loannidis, 2015;
loannidis and Koutsoyiannis, 2017a; Rojanamon et al., 2012). Focusing mostly on the role of landscape
in this issue, we note that the proper landscape planning can aid in the former (Moraitis, 2011;
Mostegl et al., 2017) and landscape design can aid in the latter (K. Moraitis, 2012; Konstantinos
Moraitis, 2012; Moraitis, 2019). In particular, landscape studies can be used to integrate aspects of
local culture and way of living in the infrastructure works through targeted architectural and
landscape interventions. Unfortunately, as is later analysed in detail in Section 2.4.3, not all types of
infrastructure projects are receptive of architectural design so this is not an option for every type of
infrastructure. Nevertheless, this is an important, yet usually untapped, potentiality for many
infrastructure works. Moreover, even in cases when architectural studies cannot be applied directly
to the infrastructure, they can be implemented in auxiliary works and landscaping or in other
compensatory works that are in some cases implemented in the proximity of major projects. On the
whole, the integration of elements from local architectural culture or of local architectural
preferences (possibly after public discourse) in infrastructure works, can act as demonstration of
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respect to the local community and contribute to the reduction of the negative perception of new
infrastructure, even leading to positive perception (loannidis et al., 2022; Pérez et al., 2013).

Cognitive Needs: Cognitive needs refer to the pursuit of humans for knowledge and understanding.
This natural drive is that which sets individuals on a critical stance towards their social and political
environment. In the examined issue, this drive manifests in the will of local communities to be
informed about the processes that lead to the transformation of their environments (Moraitis, 2015)
by infrastructure projects as well as about the utility of these infrastructure works. The academic
literature suggests that such issues can be primarily dealt through communication and engagement
with local communities and with groups involved in environmental and societal issues associated
with infrastructure development and planning of projects (Bidwell, 2013; Devine-Wright, 2014;
Jerpasen and Larsen, 2011; Llewellyn et al., 2017). It is reasonable that the more the uncertainty about
the necessity of a project and of the reasons for the selection of a particular location - the more likely
it is that the project will be perceived negatively.

Furthermore, considerations over the utility and the planning processes of projects do not cease with
their completion but persist during their life span (Delicado et al., 2016; Stine, 2003). Among others,
people who engage in activities in the proximity of built infrastructure works, e.g., hikers confronting
a dam or local students who regularly cross a bridge, will also be faced with questions of the same
kind. Thus, other than solely interacting with local communities throughout the planning and
construction phases of projects, information about the utility and design of projects should optimally
be provided during the life span of projects. One of the primary ways to achieve this is the
implementation of informative elements, such as information boards, inscriptions, use of art and
symbolisms, etc. (loannidis et al., 2022) or the development of small museums in the works' areas
(Alfrey and Putnam, 2003). In some cases, the works themselves can also be used as the centre of
guided tours, acquiring in this way and more educational and informative role. All of the above are
either dependent on the incorporation of architectural and landscape studies in infrastructure works
or would be significantly supported by the incorporation of such studies.

Aesthetic Needs: Aesthetic needs refer to the appreciation of beauty and its pursuit by people.
Maslow identifies aesthetic needs as an "uncomfortable" area for scientists, due to the lack of
knowledge regarding them, but also acknowledges aesthetic needs as "a truly basic . . . need" for
some individuals (Maslow, 1987). In the context of the discussion on landscape transformations
caused by infrastructure, aesthetic needs and the pursuit of beauty can be translated as the need for
the preservation of a pleasant a living environment (Navarrete-Hernandez and Laffan, 2019).
Landscape transformations caused by works of infrastructure, can be perceived as significant source
of degradation of living environments, by local communities, and as the cause of direct impacts to
their quality of life (Gavrilidis et al., 2016; Hartig and Kahn Jr, 2016; Stigsdotter, 2005). For the
mitigation of the purely aesthetic aspect of landscape impacts of infrastructure two different courses
of action can be identified. The first would be to try to conceal impactful infrastructure through
spatial planning and landscape design methods, such as visibility analysis etc. The second, to
implement landscape and architectural studies in order to integrate infrastructure works into their
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natural or cultural surroundings and rehabilitate their impacts to the natural landscape (from
excavation, abutments, roadworks, appurtenant structures, etc.).

Finally, even though in this Section we presented the effort for landscape integration of infrastructure
as one that is more relevant to contemporary highly developed societies, we have to note that
economic development is not necessarily the primary driver of appreciation for the built and natural
environment. From the examination of the perception of landscape and architecture throughout
history, e.g. the Hellenistic Era (lliopoulou, 2019, 2015), it could be argued that landscape is not
necessarily valued in societies with high technological and economic development but rather on
those with high cultural development. Furthermore, in one of the earliest historical references to
principles of construction surviving to-date, the Ancient Roman architect and engineer Vitruvius
identified three principles for high-quality building: "Firmitas (construction - sturdiness), utilitas
(functional utility) and venustas (beauty)". In contemporary times, these principles are still
acknowledged as the foundations of the design of human structures (Brophy and Lewis, 2012; Jones,
2014; Patterson, 1997). Even though the first principle of Vitruvius, structural integrity (firmitas), is not
associated with the landscape integration of engineering works, the other two principles can be both
considered relevant to it, to different extents. This is certainly these for the "venustas" principle, but
can also be argued for the "utilitas" principle, since as we already analysed in the previous
paragraphs, the landscape integration of infrastructure can lead to additional secondary uses of
infrastructure works.

1.4 Research questions, focus and limitations

1.4.1 Research questions

Landscape impacts of infrastructure are described both by spatial variables that can be objectively
quantified, such as land use, and by perceptual variables that are more subjective, such as metrics of
public perception. This dual quantitative-spatial and qualitative-perceptual nature of landscape
impacts, renders their quantification and mitigation a challenging problem, requiring interdisciplinary
analysis, involving elements from both engineering and social sciences. In this study, the landscape
integration of infrastructure is approached from the perspective of spatial planning and design or
infrastructure works. Thus, the primary scientific areas involved are civil engineering, spatial planning
and architectural-landscape design. The interfaces of issues of landscape integration of infrastructure
with the fields of social sciences and humanities, which are also important, are primarily mentioned
in the initial theoretical introduction and are also acknowledged and referenced throughout the
study but are not expanded beyond current state-of-the-art.

The main part of the research initiates from a global investigation on the assessment of the type and
extents of landscape impacts from different works of infrastructure, focusing particularly on
renewable energy. This first level of analysis is based on the compilation and analysis of data from
international literature as well as data from realized infrastructure projects compiled from various
sources globally. The results of this first level of analysis in the global scale, are then utilized to
propose improved spatial planning techniques, at the national and regional scale, and upgrades to
architectural and landscape design practices in the project-site scale. In more detail, the particular
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research questions of each level of analysis can be separated and grouped accordingly, in each scale
of the analysis:

1: Global scale: How can landscape impacts of infrastructure be quantified and how do
such impacts differ among different types of infrastructure works? Can we generically
rank different types of infrastructure, e.g., wind, solar and hydroelectric energy works, in
terms of their landscape impact? What is the influence of the spatial, aesthetic and
cultural characteristics of different types of infrastructure on their perception by the
public within landscapes?

2: National or regional scale: From the global analysis it is demonstrated that some
infrastructure works are by definition visible to larger areas of land than others or are
perceived more negatively by the public. Various spatial planning methods have been
developed for the mitigation of the so called "visual impacts" from such works. Is there
potential for improvement of the utilized methods, taking advantage of the experience
from more than two decades of relevant applications and the realization of their
shortcomings? For example, is the current preference for application of visibility analysis
of projects in the project-site justified or would its implementation in larger spatial scales,
e.g., national or regional, be preferable? Can the latest advances in the availability of
landscape-related spatial data contribute to advances in this regard?

3: Project-site scale: While for some types of infrastructure works architectural treatment
is not possible, for others it is a, largely untapped, potentiality. It can thus be hypothesized
that the implementation of full scale architectural and landscape design studies in
infrastructure works could potentially improve their integration into landscapes and
enforce their positive perception. But, have such studies in fact improved the perception
of infrastructure when they have been applied? Is the wider implementation of such
studies economically and technically feasible?

1.4.2 Renewable Energy works and dams: Whye

As described in Section 1.2, RE has been identified as the major contemporary driver of change to
global landscapes by infrastructure. Therefore, it is currently in the spotlight of research on landscape
impacts of major infrastructure. The significant issues that have been met in matters of landscape
integration of RE works have rendered research in this direction a priority both for (a) the mitigation
of impacts to landscapes, which have an unpreceded spatial scale, and (b) the facilitation of the
development of projects, which are often delayed or cancelled due to resultant opposition
movements. Additionally, due to the increased scientific interest in regard to the landscape impacts
of RE works there is currently an abundancy of relevant literature and data sets from scientific
organizations, which can utilized to formulate novel analyses and comparisons.

Furthermore, the various types of RE works differ both in terms of the spatial and architectural
characteristics of their impacts and also in terms of the perception of those impacts by the public
and therefore their investigation was expected to generate varied and informative conclusions.
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Indicatively, as is later analysed in detail in Section 2: (a) wind and solar energy works are perceived
most negatively due to their extensive land use and visibility as well as their perception us industrial
machines while (b) hydroelectric works also receive criticism, in terms of landscape impacts, but the
investigation demonstrated, early on, a significant attribute of hydroelectric projects that was
considered to require further investigation, i.e., their capability for architectural and landscape design
treatment.

The above-mentioned differentiation of impacts, which is analysed in more detail in Section 2, led to
the eventual split of infrastructure works into two different categories in terms of their landscape
integration potential. The first category refers to works that are largely predefined by industrial or
technical specifications that render the architectural treatment of their fundamental parts impossible,
e.g., wind turbines, solar panels, power transmission lines and, with some exceptions, highways. The
forms of these types of infrastructure works cannot be modified in the context of architectural studies
and were thus named as "non-architecture-friendly" infrastructure. The second category refers to
works that are compatible with architectural or landscape design studies, e.g., dams, bridges, water
supply works, water and wastewater treatment plants, etc. Such works have partly or fully modifiable
forms and hence can be treated architecturally and were therefore named "architecture-friendly"
infrastructure. In the later parts of our research, in Section 3, wind energy projects are studied in
detail as indicative of "non-architecture-friendly" infrastructure and, in Section 4, dams were studied
as works indicative of "architecture-friendly" infrastructure. Hydroelectric dams were initially
identified in the comparison of RE works of Section 2 as "architecture-friendly" infrastructure, but
since hydroelectric dams have common structural parts with dams of other uses, the relevant
investigation of Section 4, was expanded to include dams of all uses, so that more data could be
utilized.

1.4.3 Limitations and considerations

As was described in the discussion over the utility of the landscape integration of infrastructure, the
fundamental role of civil infrastructure within a society is providing for the fulfilment of the
physiological needs of the population (Figure 1). It is clear that the integration of projects into
landscapes does not directly improve how infrastructure provides to citizens for the fulfilment of
their basic physiological needs for drinking water, food or energy. Therefore, the issue of landscape
integration of infrastructure projects is identified as a matter of optimization of their design which
does not affect their basic functions per se.

It can be observed that the larger the effectiveness of societies in providing individuals with water,
food and shelter; the greater their concern about the quality of landscapes. In a global context, this
is demonstrated by the fact that countries with developed economies and high human-development
indexes are the ones that lead internationally in matters of landscape planning and architectural
design (Buchan, 2002; Denn, 1995; Scottish Natural Heritage [SNH], 2017). Therefore, the discussion
over landscape integration of infrastructure is more relevant to countries that have already catered
for the basic physiological needs of their citizens and can allocate resources to the optimization of
infrastructure works. This means that in countries with economies in transition or developing
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economies (United Nations Department for Economic and Social Affairs, 2019), where fulfilment of
physiological needs of the population is not a given for large percentages of the population, design
for landscape integration might be a relative "luxury" that might not be possible to be afforded yet
(loannidis et al., 2022). Nevertheless, the present research includes cases of exemplary integration of
projects into landscape from countries with economies in various levels of development and
demonstrates that the integration of infrastructure into landscape is not necessarily associated with
measurable increases to projects' costs.

Within a country, landscape impacts of infrastructure affect the quality of life of people that live in
the proximity of works of infrastructure. Meanwhile, the same works provide for the needs of
thousands or millions of individuals living in distant areas (Koutsoyiannis, 2011; Sargentis et al., 2019b).
It is therefore reasonable that the social utility of infrastructure in providing for societies' fundamental
living needs should be acknowledged before proceeding to the discussion of the landscape impacts
of infrastructure. Furthermore, since landscape impacts of infrastructure in many cases cannot be
completely mitigated, understanding and good will from local communities should also be present
when the potential cancellation or delay of projects is imminent; especially so when measures for
landscape integration of projects have been implemented and the local communities have been
involved in the relevant discourse. On the other hand, stakeholders in the development of
infrastructure projects should take into account the fact that local communities are the "few" who
are called upon to endure significant life changes for the good of the "many". Thus, the minimization
of impacts to the communities that encounter works of infrastructure in their everyday lives should
be an important design consideration, in the context of optimized design and planning of
infrastructure.

1.5 Innovation Points

The major innovation points of the study are the following:

A. As already established, the current uncertainty regarding the rationality and the spatial
extents of the so called "landscape impacts" of infrastructure, has been perplexing their
efficient mitigation and has been contributing to the continuation of a vicious cycle of public
unrest and developmental disorder. An initial novelty point of the present research, is the
formulation of a methodology for the joint quantification of both the spatial and the
perceptual aspects of landscape impacts of infrastructure and the comparison of such
impacts between different types of infrastructure works (as presented in detail in Section 2).
This innovation was made possible by identifying three representative metrics of landscape
impacts from global literature, namely land-use, visibility and public perception, and
reviewing those metrics to quantify and compare the landscape impacts of major RE works,
i.e., hydroelectric dams, wind and solar energy works. This analysis eventually led to the
measurable and generic assessment of the severity of the landscape impacts of these
different types of works, resolving the current uncertainty over them. The conclusions of the
analysis are presented in detail in Section 5.1 of the Conclusions.

B. In regard to spatial planning for the integration of infrastructure into landscape the thesis
innovates in the identification of its current shortcomings and the proposal of targeted
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improvements to overcome them (as presented in detail in Section 3). In particular, the
reversal of conventional practice of visibility analysis is proposed and examined in detail as a
methodological upgrade that can lead to overcoming various of its issues of timing, utility
and time-consumption. It is also argued that even though visibility analysis has so far been
implemented in a project-site spatial scale it would be more useful as a planning tool if it was
implemented at the regional or national scale, which is however impossible in its conventional
format. In particular, the research demonstrates through both theoretical and practical
investigations that reverse visibility analysis (i) enables the timely anticipation of landscape-
visual impacts in earlier stages of development than was possible so far (i) renders the
requirement for individual visibility analysis for each RE unnecessary, thus potentially
accelerating project planning an licensing, (iii) is more compatible with, the widely supported
in the academic literature, participatory planning processes (iv) enables the integration of
maps informed by visibility analysis in multi-criteria planning studies in large spatial scales
and (v) generates maps that can also be utilized independently by various stakeholders in
the development of infrastructure projects, either in the planning of projects or in the
protection of landscapes. These advantages are also analyzed in more detail in Section 5.2
of the Conclusions.

Another novelty of the thesis, is the evaluation of the utility of applications of architectural
and landscape design in infrastructure works and the critical investigation of the potential for
future expandability of such applications, from a cost-benefit perspective. The investigation
of this aspect of the design of infrastructure works was considered crucial, since, so far, the
architectural treatment of infrastructure has been scarce and both its benefits and its
technical and economic requirements have not been analyzed in detail. To this aim, an
assessment of architectural and landscape design practice in infrastructure works was carried
out, focusing on dams (as presented in detail in Section 3). In this investigation, both the
capacity of architectural treatment to actually improve the public perception of infrastructure
was evaluated and also its future potential for expansion was investigated, considering the
potential costs and technical challenges. As presented in detail in Section 5.3 of the
Conclusions, the investigation demonstrated that the implementation of architectural and
landscape design studies measurably improves the public perception of infrastructure and
that it is not necessarily linked with significant additional costs or technical challenges.
Finally, the research subject per se can also be considered as one of the major innovations
of the study. So far, even though the integration of major civil infrastructure into landscapes
has been investigated in various scientific works, this has mostly been done in a fragmentary
fashion, focused on individual projects or particular issues. The formation of a unified
methodology — strategy, referring to various (a) spatial scales, (b) scientific disciplines and (c)
types of infrastructure works has not been researched. In the present thesis, a holistic
framework is proposed for the integration of civil infrastructure into landscapes that
combines all of the above (a to ¢). In particular, the thesis combines the analysis of available
data and scientific literature - in global scale, spatial planning - in the regional or national
scale, and architectural design - in the project site-scale. That way the complete spectrum of
associated analysis, planning and design procedures is covered and is eventually unified into
a structured strategy (see Section 5.4 of the Conclusions) that can be utilized for improving
the landscape integration of any type of major infrastructure work.
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1.6 Content structure

In Section 1 of the thesis, the aims, motivation, context, research questions and limitations of the
research are presented. Particular focus is given on establishing the societal and developmental utility
of improving the integration of major infrastructure into landscape, in terms of sustaining/improving
the quality of life of citizens and accelerating the development of infrastructure.

In Section 2, the empirical and theoretical foundation is set for the improvement-proposals to spatial
planning and architectural practices for landscape impact mitigation, in Sections 3 and 4. Global
practice and literature were analysed in order to identify whether landscape impacts of different
types of infrastructure are characterized by generic corresponding levels of severity. The
identification and description of such a standard differentiation between different types of
infrastructure can lead to ranking different types of infrastructure in terms of landscape impacts and
the targeting of their individual problems, eventually leading to improved anticipation and mitigation
of their landscape impacts. The study of RE works in particular, allowed carrying out this comparison
using data from realized projects with comparable characteristics, in terms of purpose. Namely,
hydroelectric dams, wind energy and solar energy works were examined. Three metrics were
identified as determinants of the severity of their landscape impacts and investigated in detail: land
use, visibility and public perception of projects. These metrics allowed for the assessment of both the
quantifiable-spatial aspect of landscape impacts as well as their qualitative-perceptual aspect.

The third Section continues from the identification the extents of the visibility of infrastructure within
landscapes as one of the most important origins of negative perception by the public in Section 2.
This was particularly noted in Section 2 for the types of works that are perceived to be intrusively
industrial, e.g., works whose shape is rigidly defined by industrial specifications and cannot be
modified through architectural design, as is the case with wind turbines and solar panels. In Section
3, the methods that have been used so far to minimize the visual impacts originating from such types
of works were investigated and improvements to them were proposed. In particular, we proposed
reversing the conventional-mainstream format of visibility analyses by shifting their focus from the
elements that generate visual impacts (e.g., wind turbines, or electric power transmission works) to
areas that are to be protected from such impacts (e.g., archaeological/historical sites, settlements,
etc.). The benefits and the challenges of the proposed methodological shift were then investigated
in detail. Emphasis was given on the fact that reverse visibility analysis enables (i) the inclusion of the
parameter of landscape impacts in multicriteria analyses in the form of visibility maps, something
that has so far been impossible, and (ii) also accelerates the assessment of the potential landscape
impacts from planned projects, as the maps that are generated from reverse visibility analysis are
fixed around protected areas and can therefore be used by multiple projects under development
within it. Furthermore, an exemplary application of reverse visibility analysis was carried out for the
region of Thessaly, Greece. Reverse — Zone of Theoretical Visibility analysis (R-ZTV) were calculated
and then used to assess the potential landscape impacts to protected landscape element of the
Region from wind energy projects that are currently under development. The implementation
verified the advantages of reverse visibility analyses that were initially described theoretically and
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demonstrated the practical challenges of carrying out such analyses and how these challenges can
be surpassed, through various different approaches.

In Section 4, the significance of the architectural and landscape design of infrastructure, which was
highlighted in the second Section, was investigated in more detail and analysed in terms of its future
potential. In the second Section, hydroelectric dams were identified as less impactful than other RE
works and one of the most important factors for this was their capability for architectural treatment.
Similarly, there also other types of infrastructure works whose exterior is not rigidly defined by
industrial or technical specifications and in which architectural and landscape studies can be applied,
in order to improve their integration in their natural and cultural surroundings. Such works include
dams, bridges, water treatment works, etc. In this Section of the study, we focused on global practice
of architectural and landscape design studies in the example of dams, in order to (i) assess the
contribution of such studies to improving the public perception of projects and (ii) to investigate
whether architectural and landscape studies could be applied more widely in infrastructure projects
or if this possibility is halted by economical and technical limitations.

In Section 5, the key findings of each Section of the study are summarized and the conclusions of
the study on how the integration of civil infrastructure into landscapes can be improved through
spatial planning and architectural design are presented. The conclusions include both (i) the
corresponding conclusions of Sections 2, 3 and 4 as well as (i) general strategic inferences for policy
and practice that aims for the mitigation of landscape impacts of infrastructure works, informed by
the results and the conclusions of sections 2, 3 and 4. Furthermore, some thoughts in regard to
future research are also presented.

In Section 6, the appendices and the supplementary material of the study are presented. In

Appendix A, additional considerations over the data screening and the selection of metrics and
technologies that were analysed in Section 2 are presented, in Appendix B an in-depth analysis of
older estimates of hydroelectric land use is presented, following the identification of some relevant
data infelicities, in Appendix C the detailed methodology and results of the perception analysis of
Section 2 are presented, in Appendix D the link to the excel tables of the perception analysis of the
same Section is provided, in Appendix E the table of La Brena Il dam landscape detailed design costs
is presented, in Appendix F, the table of the detailed costs for the case study of the Greek dam in
Section 4 is presented and finally in Appendix G the complete list of publications of R. loannidis
associated with this thesis is presented.

In Section 7, the figure and table lists are presented and in the final Section, Section 8, the references
of the research are listed.
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2 COMPARATIVE ASSESSMENT OF LANDSCAPE IMPACT SEVERITY OF
DIFFERENT TYPES OF INFRASTRUCTURE WORKS - IN GLOBAL SCALE

2.1 Infroduction

2.1.1 Research questions and scientific aims

Among stakeholders in the development of infrastructure, arguments over landscape impacts are
often perceived with uncertainty on whether they are a genuine and objective issue or if they are just
manifestations of biased NIMBY (not in my back yard) dispositions by the public. This uncertainty
eventually conflicts with the development and implementation of optimal planning and design
methods for the mitigation of landscape impacts. For this reason, our analysis initiates from the
investigation of the following question that can shed light into these issues: Are the extents and the
severity of landscape impacts of different types of infrastructure in fact different? Are there objective
ways in which landscape impacts of projects can be quantified and compared?

For this investigation we formulate and carry out a comparative assessment of the generic landscape
impacts of different types of infrastructure works. RE works were selected as the focus of this
investigation, due to the fact that renewable energy projects have been the recipient of significant
criticism in regard to their landscape impacts in the last decades. Thus, significant effort has been
put into estimating, managing and reducing the landscape impacts of RE projects, generating a lot
of relevant data and literature. However, so far, research on landscape impacts of RE has mostly
focused on localized analyses of impacts rather than generic cumulative analyses. With global RE
capacity reaching more than 1856 GW (World Energy Council [WEC], 20163, 2016b, 2016c) at the
moment, extensive national and regional data for RE have emerged, allowing for large-scale fact-
based analyses of landscape impacts that were so far impossible. This Section focuses in this exact
direction, through the review of literature and data on established metrics of landscape impact. In
the context of the analysis of RE works the general research questions are specified to the following:
What are the typical landscape impacts of major RE technologies and how do they differentiate?
What is the generic ranking of major RE technologies, in terms of landscape impact, based on data
from realized projects?

Through the investigation of these questions, the distinct characteristics that render each RE
technology impactful are identified and quantified. This identification of similarities and differences
between different types of works, allows for a clearer and more universal definition of the nature of
landscape impacts of infrastructure works, laying the proper scientific foundations for its mitigation.
This concerns both the formulation of better informed and fact-based spatial planning policies as
well as the demonstration of novel directions for research on managing and minimizing landscape
impacts (Frolova et al., 2015b; Pasqualetti and Stremke, 2018). Even though some level of landscape
impact from the development of RE or infrastructure is in general unavoidable, there is arguably still
room for optimization of the spatial and architectural design of infrastructure, especially in cases
where cultural or natural heritage is affected and key elements of local economies, such as tourism
or real estate, are threatened (Wolsink, 2007a).
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2.1.2 Observations and hypothesis

An initial observation which demonstrated that RE would be an interesting case study for the
investigation of differences and similarities between the landscape impacts of different type of
infrastructure works was that the various RE technologies have been disproportionately researched
over their landscape impacts. In particular, wind turbines seemed to be the basic topic in the majority
of literature (Baraja-Rodriguez et al., 2015; Nadai and Van Der Horst, 2010; Wistenhagen et al., 2007),
design guidelines (Buchan, 2002; Carlisle City Council, 2011; Frantal et al., 2018; Horner + Maclennan
and Envision, 2006; Stevenson and Griffiths, 1994), institutional publications (Coleman, 2003;
Henningsson et al,, 2013; Parliamentary Commissioner for the Environment [PCE], 2006; Riddington
et al., 2008; Wood, 2010) and news articles (Devine-Wright, 2011; Pasqualetti, 2011; Weiss, 2017) on
landscape impact, followed by solar panels (Elkind et al., 2018; Mérida-Rodriguez et al., 2015a) and
lastly hydroelectric dams. This observation was partially counter-intuitive due to the fact that the type
of RE with the highest installed capacity globally is hydroelectricity, followed by wind energy and
lastly, solar energy, which could suggest that research interest would be analogous. Since that was
not the case, a hypothesis was formed, that this disproportionate distribution of scientific interest,
might be indicative of differences between the severity of landscape impacts generated from each
technology. If this hypothesis was true, then the current status of literature would demonstrate that
wind energy would be expected to generate the largest impact, followed by solar and hydroelectric
energy, in order. Even though parts of this conclusion have already been produced in literature
(Cohen et al., 2014; Frolova et al., 2015a; Koutsoyiannis and loannidis, 2017; Sovacool, 2009), it is a
subject that has neither been completely formulated yet nor been investigated through specialized
analysis of large-scale datasets.

2.1.3 Section structure

In Section 2, we investigate the first research question of the study (see Section 1.4.1) using renewable
energy as a case study. In the introductory Section 2.1, the context of the investigations of this
Section, the research questions and the initial observations and hypothesis are presented. In Section
2.2, we review three metrics that have been consistently used in the analysis of landscape impacts
from RE: land use, visibility and public perception. In particular, in Section 2.2.1, we describe the
study-screening procedures and subsequently, in Sections 2.2.2, 2.2.3 and 2.2.4, we describe the
literature analysed, the methods used and the results obtained for each of the three metrics, in
sequence. Then, in Section 2.3, we present the resultant generic estimates for the landscape impacts
of major RE technologies based on the utilization of scientific analyses whose results were
distinguished for their generic applicability and on statistical perception analysis. In Section 2.4 we
discuss the results and explore their significance and their correlations with existing literature. Finally,
we present the conclusions in Section 2.5.

2.2 Methods and Results

In this Section, we review three metrics that have been extensively used in the analysis of landscape
impacts of RE: land use, visibility and public perception. Through the review of these metrics, we
form a typology of impacts for major RE technologies and a generic landscape-impact ranking, based
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on the quantification of average impacts from realized projects. The analysis highlights the strengths
and weaknesses of each technology, in a landscape impact context, and demonstrates that,
depending on landscape attributes, any technology can potentially be the least impactful. The
analysis also sets the foundation for the following Sections, in which the generated knowledge of
Section 2 is utilized in order to develop novel methodologies for mitigation of landscape impacts of
RE.

2.2.1 Study screening

2.2.1.1 Primary screening

This Section describes study screening methods for land-use and visibility, which was more complex,
while study screening for public perception is described within the corresponding Section (Section
2.2.4). For the collection of data and studies, searches were carried out on Google Scholar, Elsevier,
Wiley and Taylor & Francis data bases using the search strings "hydroelectric energy/ wind energy/
solar energy land use", "hydroelectric energy/ wind energy/ solar energy visibility" and "hydroelectric
energy/ wind energy/ solar energy visual impact". The results of the search engines were searched
for relevant studies until more than ten consequent results with irrelevant titles were found.
Additional individual searches were carried out for articles and reports of interest that were
referenced within the studies that were originally found.

2.2.1.2 Secondary screening

In addition to presenting the overview of literature we also distinguished estimates with generic
applicability to be used for the calculation of generic estimates of land use and visibility. Since not
all of the estimates that were compiled through the primary screening process could be used to this
aim, due to biases that rendered their results non-generalizable, additional secondary screening
criteria were required. These criteria were focused on the following parameters that were believed
to affect the generic applicability of the estimates:

Scale of data sets: The problem of landscape impact of RE was examined at the level of large-scale
energy generation that is the most altering to landscapes (Apostol et al., 2016; Stremke and van den
Dobbelsteen, 2012). In accordance to this logic, literature referring to large-scale energy generation
was prioritized, i.e., studies analysing large data sets compiled globally nationally or regionally were
preferred, in order of reference.

Terrain: Land use and visibility of RE developments are greatly dependent on terrain topography.
Therefore, to reach generic and unbiased conclusions, data from areas of moderate terrain were
preferred over data from extremely mountainous or flat areas. In order to distinguish countries with
moderate from countries with extreme terrain, an index was required. The topographic ruggedness
index of Nunn and Puga (2010) was utilized to this end. Ruggedness is defined as the average slope
of a country's land area and is calculated by Nunn and Puga by averaging the elevation of adjacent
30 by 30 arc-second cells in the GTOPO30 global elevation data set. In Figure 2, all countries from
which terrain-related data were discussed in the present research are pinpointed, with reference to
this index. Results from countries with extreme terrain, are mentioned in the study but were not
included in the generic estimations.
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Figure 2. Cumulative frequency chart of the ruggedness indexes of countries. The countries that are referenced
in this study are presented using their isocodes. The countries whose ruggedness index was within the
frequencies of 25% and 75% were considered of moderate topography. Original data from Nunn and Puga
(2010).

Energy generation efficiency: Land use and visibility of RE are commonly expressed as ratios of the
affected area to either installed capacity or energy generation. Energy generation (in GWh) was
considered preferable over installed capacity (in MW), as the denominator of the ratio, in the context
of this analysis. Otherwise, if installed capacity was the denominator, the affected area would be
overestimated for more efficient technologies, which generate more GWh of energy per MW of
installed capacity.

Realized data vs. theoretical estimates: Hydroelectric, wind and solar energy have already developed
significantly and thus data from realized projects were preferred over theoretical estimates. This
concerned both the estimates of land use and visibility but also the capacity factors (CFs). Rather
than using theoretical estimates, realized CFs were utilized in all conversions of installed capacity to
expected energy generation. In particular, global average CFs were calculated, using global data sets
from realized projects from the World Energy Council (World Energy Council [WEC], 2016a, 2016b,
2016¢) (Table 2).

National economic status: Studies utilizing data from countries with developed economies were
prioritized over those that utilized data from countries with developing economies. It is the opinion
of the authors that the problem of minimizing landscape impacts from energy generation is, at the
moment, more relevant to developed countries that have the ability to allocate resources for such
efforts and have already developed extensive institutional and legal procedures for this purpose.
Additionally, due to differences in project planning, related to regimes, social structures, and
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corruption indexes, such an analysis for developing countries would require separate and specialized
research.

Additional details regarding primary and secondary screening are provided on Appendix A.

Table 2. Capacity factors of major renewable energy technologies. Global data of installed capacity and energy
generation were retrieved from the World Energy Council ((World Energy Council [WEC], 2016a)- Hydropower,
(World Energy Council [WEC], 2016b)- Wind and (World Energy Council [WEC], 2016¢)- Solar).

Type of Total installed capacity Comments  Capacity
renewable energy of data set (GW) on data set  factor
Hydroelectric 1212 includes 0.37
pumped
storage
Wind 432 includes 0.22
onshore and
offshore
Solar 222 includes PV 0.13
and CSP

2.2.2 Land Use

The land area that is used by RE developments is certainly altered from a landscape perspective,
either directly or visually (Trainor et al., 2016). Thus, land use has been extensively used as a spatial
metric of landscape impact (Denholm et al., 2009; Hertwich et al.,, 2016; Ong et al., 2013; Stremke and
van den Dobbelsteen, 2012; Trainor et al., 2016). Land use is additionally identified as the least
subjective out of the three metrics that are analysed, as it is the least dependent on personal opinions
and biases, in contrast to visibility and public perception.

Overall, the literature review demonstrated a general consensus in estimates of solar and wind
energy land use and an adequacy of studies utilizing large and credible data sets. The review of
hydroelectric land use however, was more complex, due to discrepancy in estimates and lack of in-
depth studies. The discrepancy of hydroelectric land use estimates is demonstrated excellently in the
data compiled from literature by Trainor et al. (2016). Out of the estimates compiled in this study, the
ratio of largest to smallest estimate was 13.5 in the case of hydroelectricity, larger by almost one
order of magnitude to the ratios of wind and solar energy, which were 4 and 1.4.

2.2.2.1 Solar and wind energy land use

In literature, land use of solar and wind energy is measured in two forms: (a) Direct land use, which
is the area that is directly occupied by RE equipment, facilities and works of infrastructure and (b)
total land use, which is the land area of the property that is used by the projects (Denholm et al,,
2009; Ong et al.,, 2013). Total land use, which is the most extensive of the two types of land use, was
preferred as a metric, in the context of landscape impact. This was due to the fact that wind turbines
and solar panels are visually and aesthetically dominant within the property they are installed(Trainor
et al,, 2016), for different reasons in each case, as described subsequently.
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In the case of solar energy, direct and total land are almost equal. For major solar photovoltaic (PV)
projects direct land use constitutes of approximately 90% of the total land use area, as is
demonstrated, for example, by Ong et al. (2013) who estimate 13 759 m?/GWh for average total land-
use and 12 545 m?/GWh for average direct land-use. This is to be expected since solar panels do not
have extensive spacing requirements like wind turbines (as described below). As a result, the land
properties required for their installation need only accommodate the panels, access roads and small
auxiliary facilities and are thus almost completely filled. It is therefore reasonable to assume that the
panels are dominant from a landscape perspective within the totality of the used area, mainly due
to their visibility but also due to glare effects, which are stronger in their proximity (Chiabrando et
al., 2009).

In the case of wind energy, the difference between direct and total land use is larger. Indicatively, as
described by Denholm et al. (2009), direct land-use of wind developments is 3000 + 3000 m*/MW
and total land-use is 340 000 + 220 000 m?/MW. This difference is justified by the fact that wind
turbines are sited in distances of 3 to 10 rotor diameters apart (120-900 m for 40-90 m blades) to
optimize the absorption of wind energy. This generates the requirement for larger and more complex
land properties for wind energy projects. But even though turbines and works of infrastructure only
occupy a small percentage of the properties used, literature suggests that their presence is
perceivable in a much larger area due to their size, the movement of their blades and the noise they
generate under certain conditions (Manwell et al., 2002; Shen et al., 2019).

In particular, relevant studies suggest that the visual/landscape prominence or domination of wind
turbines exceeds 1to 6.4 km away from their location. Indicatively, The Sinclair — Thomas matrices
(Select Committee appointed to consider European Union documents and other matters relating to
the European Union, 1999) (as cited by Buchan (Buchan, 2002)) present 4 km as the radius of
dominant impact for wind turbines with heights of 90 to 100 m. Similarly, Sullivan et al. present 6.4
km as the radius in which a wind turbine is considered a "commanding visual presence that may
completely fill or exceed the visible horizon in the direction of view"(Sullivan et al., 2012). Finally,
Bishop, Stevenson and Griffiths, SNH and Buchan all agree on a distance of 2 km as distance in which
a wind turbine is dominant visually (Bishop, 2002; Buchan, 2002; Scottish Natural Heritage [SNH],
2009; Stevenson and Griffiths, 1994) and Vissering et al. (Vissering et al., 2011) conclude that the
greatest impact is expected at up to 800 m and impact on "the integral part of scenic view" at up to
4 km.

In an investigation of the relation of the area of landscape dominance to the area of total land use,
a simplified calculation of the theoretical visual impact of a common 3 MW wind turbine of 2019 was
carried out. Such a turbine (with a rotor diameter of 80 m, tower height of 90 m and tower diameter
of 6 m) occupies 50 m? at its base (Smith and Mahmoud, 2016), but is expected to be visually
dominating, in an area larger than its total land use equivalent, even when the smallest distance of
dominant visibility from literature is used. Using 800 m (Vissering et al., 2011) as the radius of a circle
of visual dominance around the turbine, the area of impact was calculated 670 000 m?/MW. Even if
the turbine is not fully visible in this area due to concealment from terrain, tall buildings etc., this
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estimate significantly surpasses the average total land-use estimate of wind energy that is 176 000
m?/MW (Table 3). The distance of 800 m, which is used in this example, is also equal to the distance
of 10 rotor diameters, which is a common distance for the siting of adjacent turbines in a wind energy
development. Thus, the reduction to the average area of visual impact due to overlapping of visual
impact from adjacent turbines is not expected to affect this estimation. Furthermore, if the larger
distances of visual dominance from the previous paragraph are used, the difference is even larger.
For example, if a radius of 2 km is used (Bishop, 2002; Buchan, 2002; Scottish Natural Heritage [SNH],
2009; Stevenson and Griffiths, 1994) the area of maximum theoretical impact of a single turbine is
4188 790 m?/MW.

Hence, with total land use established as the type of land use that is more relevant to landscape
impact, we proceeded on analysing relevant literature and concluding on generic estimates. Since
literature on the subject was sufficient and in-agreement, own verification of additional data
collection was not required. Two NREL reports from USA (Denholm et al., 2009; Ong et al., 2013),
whose results have already been cited in relevant studies (Hertwich et al., 2016; Trainor et al., 2016),
stood out and were distinguished as suitable for generic use. The reason for their selection was that
they were the best match to the screening criteria of Section 2.2.1 In detail, (i) the datasets analysed
were large and nationwide, (i) the ruggedness index of USA is very close to the global average
(Figure 2) and therefore the results are not expected to be biased due to terrain topography, (iii)
they were presented in terms of installed capacity and therefore allowed for the use of the global
CFs of Table 2 for their conversion to expected energy generation (iv) they originated from realized
wind and solar energy projects and did not embody theoretical estimates and finally (v) USA has a
developed economy status. Furthermore, since the studies were specifically conducted to measure
land use, they are very meticulous, allowing for a thorough review of the methods used. Their results
were also in general agreement with the other estimates in literature. Indicatively, the estimates of
other studies, which are also are presented individually in the next paragraph, average 163 300
m?/GWh for total land use of wind energy, while Denholm et al. estimated 176 000 m?/GWh
(Denholm et al., 2009); and 46 204 m?/GWh for solar energy while Ong et al. estimated 28 000
m?/GWh (Ong et al., 2013). In Table 3, we present the results of this Section as well as the estimates
of Ong et al. and Denholm et al. in m?/MW (before their conversion to m?/GWh, with the use of the
CFs of Table 2).

In other literature, total land use of wind energy, was estimated at 126 920 m?>/GWh by Trainor et al.
(Trainor et al,, 2016), 103 777 + 51889 m?/GWh by Ledec et al. (Ledec et al., 2011) and 25 000 to
110 000 m?/GWh by Gagnon et al. (Gagnon et al., 2002). In the study of Hertwich et al. (Hertwich et
al., 2016), the results of five studies on total land use were compiled, ranging from 43 240 to 475 646
m?/MW (Jacobson, 2009; MacKay, 2009; McDonald et al., 2009; Scheidel and Sorman, 2012; US
Department of Energy [DOE], 2008) or 22 437 to 246 807 m?/GWh, when converted in terms of
energy generation, and averaging 191 508 m?/GWh. Van Zalk and Behrens (van Zalk and Behrens,
2018) estimated average total land use of wind energy at 326 797 m?/MW, i.e. similarly, 169 571
m?/GWh, analysing literature from the USA. Finally, the estimates from the more recent studies of
Fritsche et al. (Fritsche et al., 2017) and IINAS (International Institute for Sustainability Analysis and
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Strategy [IINAS], 2017), which are much smaller, 1000 m?/GWh and 700m?/GWh respectively, refer to
direct land use which, as previously mentioned, is indeed very small in the case of wind energy.

Regarding total land use of solar energy, Gagnon et al. (2002) presented the highest and lowest
estimates found in literature in 2002, which were 30 000 and 45 000 m?/GWh respectively, Trainor
et al. (2016) estimated it at 15 100 m?/GWh, while Van Zalk and Behrens produced the largest estimate
so far, 126 582 m?/MW (van Zalk and Behrens, 2018), or 111154 m?/GWh (converted using the CF of
Table 2). Finally in the website of UCS it was estimated in the range of 14 164 to 40 469 m?/MW,
which averages 21063 m?/GWh (converted using the CF of Table 2) (2013) . Lastly, Fritsche estimated
10 000 m?/GWh (Fritsche et al, 2017) and [INAS 8700 m2?/GWh (International Institute for
Sustainability Analysis and Strategy [IINAS], 2017) for direct land use of solar energy, which is in fact
smaller than total land use.

Table 3. Estimates of total land use requirements of wind, solar and hydroelectric energy. The estimates were
singled out from literature on the basis of highest generic applicability.

Type of renewable Total land Total Source of total land-use  Total land use

energy technology use per unit installed data per unit installed per unit
installed capacity of  capacity energy
capacity data sets generation
(m2/MW) used (GW) (m?/GWh) 2

Wind 340 000 25 (Denholm et al., 2009) 176 000 °

(Onshore >20 MW)

Solar 31970 3.6 (Ong et al., 2013) 28 000°¢

(PV >20 MW)

Hydro - Unknown ¢ (Trainor et al., 2016) 900

(Large hydroelectric

dams (non-

multipurpose
reservoirs))
a. Results rounded up to one thousand.

b. Conversion of installed capacity to energy with the use of corresponding CF's of Table 2
c. CSP land-use presents a slight difference to PV land-use in the report of Ong et al. (Ong et al.,
2013).

d. Data set consists of 50 randomly selected hydroelectric reservoirs from the USA (Trainor et al.,
2016). The estimate was verified by own calculations based on data sets of 9.7 GW of installed
capacity from Spanish and Greek hydroelectric reservoirs (Table 5).

2.2.2.2 Hydroelectric energy land use

Land use of hydroelectric projects is measured through the area covered by hydroelectric reservoirs.
In reality, land is also used by the dam, the power plant and other appurtenant structures, but the
reservoir area is larger by several orders of magnitude, rendering these additional land-uses
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negligible®. Hydroelectric land use, as measured through the reservoir area, can be considered an
adequate metric of landscape impact for the following reasons: (a) The major landscape
transformation of hydroelectric projects is, in fact, the inundation of sections of river valleys, for the
creation of artificial lakes and (b) as described in detail in the next Subsection, negative visual impact
from reservoirs and hydroelectric facilities has not been reported in literature.

However, a generic estimate of hydroelectric land use was harder to reach, in comparison to solar
and wind energy, as there was no consensus in literature. This prevented a quick and definitive
conclusion and instead generated the requirement for in-depth analysis of published research and
supplementary own calculations. All compiled estimates of hydroelectric land use, based on national
or global data, are presented in Table 4. The estimates present a wide range, the lowest and highest
being 2000 m?/GWh and 768 234 m*/GWh. For comparison, the range defined by these estimates
was 766 234 m*/GWh, while the corresponding ranges for solar and wind energy land use, were
35 000 and 221 807 m?/GWh, respectively.

2.2.2.2.1 Investigation of the discrepancy

A level of variability is generally justified in estimates of land use from hydroelectric projects, since
the average surface area of hydroelectric reservoirs is dependent both on the average terrain
topography of the examined area and on the exact locations selected for the projects, within this
area. However, the following two observations, indicated that the discrepancy in estimates of
hydroelectric land use might be caused or exaggerated by additional factors. In summary, the two
basic observations were (a) the lack of correlation of estimates to topographical relief, i.e., flat
countries having smaller ratios of average reservoir area to energy generation and more
mountainous countries having larger ratios, and (b) several irregularities in the data selection
processes, especially in older literature over hydroelectric land use.

In more detail, the first possible explanation that was examined in the investigation of this
discrepancy was the aforementioned sensitivity of hydroelectric land use to terrain topography.
However, no correlation of average reservoir surface with the countries’ terrain was identified in the
compiled estimates. Indicatively, even two studies on the extremes of the range of the estimates
(IINAS - 3500 m?/GWh (International Institute for Sustainability Analysis and Strategy [IINAS], 2017)
and Pimentel et al. 750 000 m?/GWh (Pimentel et al., 2002)), analysed data from countries with similar
and, in fact, close to average terrain; with ruggedness indexes 0.6 (Germany) and 1.1 (USA),
respectively (Figure 2). Furthermore, even two studies that utilized data from the same country
reached conclusions on average reservoir area that differ greatly; Pimentel et al. estimated 750 000
m?/GWh (Pimentel et al, 2002) and Trainor et al. 16 900 m?/GWh (Trainor et al., 2016) for
hydroelectric land use in the USA. Unexpectantly, their difference, 733 100 m?/ GWh, is almost as
large as the total range of estimates of Table 3, i.e., 748 234 m?/GWh.

¢ This is verified by calculations of land use of hydroelectric infrastructure in Section 2.2.2.2.
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The second possible explanation that was investigated, was the presence of estimates that
overestimated or underestimated hydroelectric land use. To explore this scenario the studies of Table
3 were examined in detail, placing emphasis on the data used in each case. Unfortunately,
accessibility to the datasets that were used was limited in the more recent studies (Fritsche et al.,
2017; International Institute for Sustainability Analysis and Strategy [IINAS], 2017; Trainor et al., 2016),
since the presented estimates were generic and were not associated with specific datasets. The older
studies of Gagnon and van de Vate, Goodland, and Ledec and Quintero (Gagnon and van de Vate,
1997; Goodland, 1995; Ledec and Quintero, 2003) were more descriptive over data selection but
important irregularities were identified during their review. In particular, the datasets used, which
were largely common between the three studies, were found to be partial to reservoirs with bad
environmental design. In the studies of Ledec and Quintero and Goodland (Goodland, 1995; Ledec
and Quintero, 2003), 96% and 94% of the projects analysed, respectively, originate from developing
countries. Additionally, Ledec and Quintero include some particularly small projects in their
calculations, whose average reservoir area is larger by two orders of magnitude than the largest
estimate of hydroelectric land use. This is justified by the fact that the aim of these studies was the
analysis of extreme environmental impacts from hydroelectric projects, rather than the estimation of
an average of hydroelectric land use. Furthermore, several of the reservoirs used in the calculations
are not exclusively hydroelectric but are multipurpose reservoirs, which is expected to contribute to
overestimations. It has to be noted that Goodland, in contrast to Ledec et al.,, does not claim to have
reached an estimate of global average of hydroelectric land use, with the use of these data. The
study of Gagnon and van de Vate (Gagnon and van de Vate, 1997), referenced several other data
sources in addition to Goodland (Goodland, 1995) but unfortunately the majority of the cited studies
could not be accessed. On the basis of the preceding arguments as well as the further in-depth
analysis of the three aforementioned studies, presented in Appendix B, their results were not
considered suitable for use in a generic estimation of hydroelectric land use.

Table 4. Estimates of hydroelectric land-use in literature (estimates that used national data or compilations of
data from various countries)

Geographic origin of ~ Dataset details Land use per unit Source
data set energy generation
(m?/GWh)
N/a Generic estimate by 10 000 (Fritsche et al., 2017)
authors
Germany Na 3500 (International Institute
for Sustainability

Analysis and Strategy
[lINAS], 2017) as cited
in (Fritsche et al.,, 2017)
USA 47 hydroelectric dams 16 900 (Trainor et al., 2016)
randomly selected
from the National
Hydrography Dataset
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China Representing 22.1 GW 24 000 (Zigiang et al., 1996) as

of installed capacity cited in (Gagnon and
van de Vate, 1997)
Switzerland Representing 11.8 GW 2000 (Dones and Gantner,
of installed capacity 1996) as cited in
(Gagnon and van de
Vate, 1997)
N/a Personal 185 117 (Ledec and Quintero,
communication of 2003)

Ledec and Quintero
with J. Goldemberg

USA Based on a random 750 000 (Pimentel et al., 2002)
sample of 50
hydropower reservoirs
in the USA
Asia & Africa & Latin 189 projects: Many 86 872° (Goodland, 1995) as
America small dams in Africa cited in (Gagnon and

van de Vate, 1997)

Various Estimated using data 98 729-768 234 (Goodland, 1995) as
from the World Bank cited in (Williams and
(Goodland,1995), Porter, 2006)

which is based upon a
survey of nearly 200
plants.

Various Calculated using the 34 181° (Goodland, 1995)
sum of installed
capacity and reservoir
area of all referenced
projects

a. Weighted average of the three cited figures.

b. Original data of Williams and Porter(2006) was in m?>/MW and was converted to m?/GWh using
the CF of Table 2.

c. The CF of Table 2 was used for conversion from m?/MW to m?/GWh.

2.2.2.2.2 Challenges in calculating hydroelectric land use

The irregularities found in the older studies referenced in the previous Subsection (Gagnon and van
de Vate, 1997; Goodland, 1995; Ledec and Quintero, 2003), demonstrated the need to examine the
data sets used in each study thoroughly. However, since detailed data sets were not found in the
remaining studies (Fritsche et al.,, 2017; International Institute for Sustainability Analysis and Strategy
[IINAS], 2017; Pimentel et al., 2002; Trainor et al., 2016), we concluded that it was necessary to perform
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own verifying calculations. During this process, some inherent challenges in the estimation of
hydroelectric land use were identified (Holdren et al., 1980). These might be partially responsible for
the difficulty of the scientific community in reaching consensus on hydroelectric land use. Calculation
of hydroelectric land-use is more complex than solar and wind energy land-use, since it does not
only depend on two variables; namely, the size of area used by the projects and their energy
generation or installed capacity. For hydroelectric reservoirs, other than the surface area of the
reservoir and the energy generation or installed capacity of the hydroelectric power plant, the same
calculation additionally requires:

e |dentification and separation of single-purpose hydroelectric reservoirs and multipurpose
hydroelectric reservoirs: It is common for hydroelectric projects to be combined with other
water uses as part of multi-purpose reservoirs (Gagnon et al., 2002; Papoulakos et al., 2017).
In particular, according to data from the International Commission on Large Dams, out of
the 5786 hydroelectric dams globally 3932 are multi-purpose dams (International
Commission on Large Dams, 2018). However, to avoid overestimating hydroelectric land use,
reservoirs with additional uses that affect the volume of water storage, such as water supply,
irrigation, industrial use and flood control, should not be included in the calculations.

e Understanding of the multiple (in some cases) components of hydroelectric complexes: The
structure of a hydroelectric complex is not always binary, consisting of a single reservoir and
a single power station. On the contrary, it can be a very complicated system consisting of
several reservoirs and power stations, in distance (Koutsoyiannis et al., 2002). Tracking all the
components of a hydroelectric complex can be challenging, since they are spatially dispersed
and they differ in size, but their omission can alter the results significantly. For example, if a
pumped storage reservoir upstream or an additional power station downstream of the main
dam is omitted, the installed capacity and the land use of the hydroelectric complex will be
miscalculated. In extensive calculations that include multiple hydroelectric projects avoiding
such omissions requires meticulousness and in-depth knowledge of the examined
hydroelectric complexes.

Gagnon et al. highlighted cases in which these challenges were not fully addressed, in their literature
review (Gagnon et al., 2002), and furthermore, in this article, the studies of Ledec and Quintero and
Goodland (Goodland, 1995; Ledec and Quintero, 2003) were highlighted for similar omissions (see
Appendix B). To avoid biased estimates, if studies did not clarify whether they dealt with these
challenges or if their data sets could not be accessed and inspected (Ledec and Quintero, 2003;
Pimentel et al., 2002; Zigiang et al., 1996), they were considered potentially prone to not having
addressed them and where therefore not included in the generic estimation of hydroelectric land
use.

2.2.2.2.3 Conclusion on hydroelectric land use

In recent analyses, Trainor (Trainor et al.,, 2016), Fritsche (Fritsche et al., 2017) and IINAS (as cited in
(Fritsche et al., 2017)), estimate hydroelectric land use in the range of 3000-16 900 m?/GWh. Out of
these studies, the study of Trainor et al., which is based on a random sample of 47 hydroelectric
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projects in the USA, was found to suit the secondary screening criteria of Section 2.2.1 and the
additional considerations over hydroelectric land use calculations the best. In detail: (i) all projects
used were single-purpose hydroelectric projects (Trainor, personal communication, Mar 27, 2019)
randomly compiled in a national scale, (ii) data originated from USA that has moderate terrain
topography (Figure 2), (iii) data were presented in terms of energy generation (iv) based on realized
energy generation data and finally, (v) USA has developed economy status. Thus, 16 900 m?/GWh
was selected as the estimate with the best generic applicability regarding land use of hydroelectric
reservoirs. The older estimate of Pimentel et al. (Pimentel et al., 2002) (Table 4) that was also based
on a random sample of 50 hydroelectric reservoirs from the USA, was not used, since it was not
clarified whether these were multipurpose reservoirs or not (personal communication efforts proved
unsuccessful). As a result, based on the arguments for the previous Subsection it was not considered
suitable. Despite the consensus in more recent studies, the data set that supports the estimate of
Trainor is not very extensive and both Fritsche (Fritsche et al., 2017) and IINAS (as cited in (Fritsche
et al,, 2017)) do not provide detailed data-sets. Therefore, some additional calculations were carried
out for verification purposes. The projects used for verifying calculations were (a) Spanish
hydroelectric dams of installed capacity larger than 100 MW (Garcia Marin and Espejo Marin, 2010;
Sistema Nacional de Cartografia de Zonas Inundable [SNCZI], 2017) and (b) the complete list of Greek
hydroelectric dams. Greece is a country with relatively high terrain ruggedness, and therefore Greek
hydroelectric reservoirs were expected to require smaller land use than the global average.
Nonetheless, they were included as a secondary verification, because of the accessibility of the
datasets to the authors and their in-depth knowledge of them. The results are presented in Table 5
and are close to the estimate of Trainor et al.

Table 5. Spanish and Greek hydroelectric reservoir land-use data.

Data set Land use per unit Installed Data source Land use per
examined installed capacity capacity of unit energy

(M?/MW) projects generation

(GW) (m*/GWh)?
Greek 44 291 1.1° (Greek Committee 14 000
hydroelectric on Large Dams
dams [GCOLD] and TEE
Larissa, 2012)

Spanish 41304 8.6° (Garcia Marin and 13 000
hydroelectric Espejo Marin, 2010;
dams Sistema Nacional

de Cartografia de
Zonas Inundable
[SNCZI], 2017) ¢
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a. Includes reservoir area and an additional 200 m?/GWh for appurtenant structures. Estimates are
rounded up to one thousand.

b. Total hydroelectric capacity examined was 3.3 GW, 1.1 GW of which was from single-purpose
hydroelectric reservoirs.

c. Total hydroelectric capacity examined was 11 GW, 8.6 GW of which was from single-purpose
hydroelectric reservoirs.

d. Garcia Marin and Espejo Marin as source for installed capacity and SNCZI as source for reservoir
area.

Other than the reservoir area, additional land-uses of hydroelectric projects were also calculated to
investigate their contribution to total land use, since relevant data were not found in literature. In
particular, the sum of the area of the main dam, auxiliary dams (when present), modified slopes,
power stations, visible pipelines and other auxiliary structures was measured, for Greek single-
purpose hydroelectric reservoirs, using Google Earth. The average land required for these uses was
200 m?/GWh, which is insignificant in the scale of the calculation of hydroelectric land use (Figure 3).
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Figure 3. Example of measurement of land use from appurtenant structures and engineering works in a
hydroelectric project. The project presented, Piges Aoou dam, had the most extensive non-reservoir land use
out of the examined Greek hydroelectric dams. This included the power station, main dam, auxiliary dams and
other appurtenant structures.

2.2.3 Visibility

Other than the direct impact on landscapes, which is measured by land-use, landscape impacts are
also generated due to visibility of renewable energy projects. These so-called visual impacts,
although more subjective, can extend several kilometres away from the project’s locations. Hence,
they have been thoroughly analysed in scientific literature (Apostol et al., 2016; Frolova et al., 2015b;
Stevenson and Griffiths, 1994; Stremke and van den Dobbelsteen, 2012; Vissering et al., 2011) but also
in institutional environmental-impact-assessment guidelines, which include measures to quantify and
reduce these impacts, primarily for wind energy projects (Hellenic Ministry of Environment, Energy
& Climate Change, 2008; Horner + Maclennan and Envision, 2006; New South Wales Government
[NSW Government], 2016).
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The various methods that have been developed to estimate and quantify visual impact, range from
photomontage and digital representation to GIS-based viewshed analyses (Fernandez-Jimenez et
al., 2015; Hurtado et al., 2004; Minelli et al., 2014; Sklenicka and Zouhar, 2018; Tsoutsos et al., 2006).
Since the aims of this Section are the review of literature on visual impacts of major RE technologies
and the elicitation of generic estimates, priority was given to methods of estimating visual impact
that have been applied widely in national or regional scale, with similar or comparable technical
assumptions. The methodology that fulfilled these criteria the best was the so called "viewshed
analysis" and in particular, the calculation of "zone of theoretical visibility" (ZTV) (Hankinson, 1999)
or "zone of visual impact/influence"(Wood, 2000), as it is also called. ZTV is calculated with GIS
technology in the form of a binary map presenting the areas from which an object, e.g., a wind
turbine, is visible and the areas from which it is not. Even though this method describes
deterministically a phenomenon which is not deterministic (Méller, 2006), i.e. the discernibility of an
object changes according to weather conditions, time of the day, eyesight of viewer etc., it was
preferred in relation to other methods for the following two reasons: (a) It is the only technique that
has been applied, in several cases, on estimations of landscape impact on a large scale (national or
regional), and (b) it is a strictly spatial quantification of visual impact, in which visibility is determined
based on terrain morphology and viewing distance. This is in contrast to several other common
methods of evaluating visual impact, such as the Quechee Test (Vermont Agency of Natural
Resources and Department of Public Service and Agency of Agriculture, Food and Markets, 2015),
multicriteria analyses (Grét-Regamey and Wissen Hayek, 2013; Sibille et al., 2009), visualization and
image analysis techniques (Sargentis et al., 2019a; Schobel et al., 2012) the Spanish method (Hurtado
et al, 2004), etc. that intertwine spatial analysis with perception analysis; e.g. with inclusion of the
perception of samples of individuals on the viewed elements. Even though the combination of spatial
and perceptual analysis renders such methodologies more complete, it also renders them more
complex and more difficult to scale up, to analyse visual impact on large scale. Furthermore, since
within this Section perception on landscape impact of RE technologies is analysed separately in the
next Subsection, the analysis of visibility in this Subsection is primarily focused on its spatial
quantification rather that its perceptual analysis.

All types of viewshed and ZTV analyses are characterized by a common calculation process; a digital
elevation model of the area of interest is used in which the locations of the objects that cause visual
impact are pinpointed and their visibility is calculated radially with a line-of-sight test. When
examined more thoroughly though, different analyses present variation on the setup of several
parameters that potentially affect the size of the calculated ZTV. The majority of the analysed
published studied, presented differences in the setup of these parameters, however most of them
were considered minor and were not analysed in depth. An exception to this was the maximum
distance of visibility of wind turbines. Maximum distance of visibility was considered a major
differentiating parameter among studies on visibility of wind energy projects as it ranged from 10
km to 35 km, which was expected to have a significant effect on the size of the generated ZTVs.
Before proceeding on the detailed analysis of the maximum distance of visibility we present some
examples of minor differences in the setup of ZTV analyses, which were not analysed further. These
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were: the adjustment of elevation according to land-use height (Rodrigues et al., 2010), the inclusion
of visibility of wind turbines from regions sharing borders with the area examined (Méller, 2010),
observer height and observed object height (Scottish Natural Heritage [SNH], 2014).

Maximum distance of visibility or visual threshold” defines the spatial extends of the area that is
investigated for visibility and is thus, arguably the parameter that affects the results of a ZTV
calculation the most. In literature, the maximum distance of visibility of a wind turbine in clear
weather conditions from an "unaided eye" is reported as long as 5° (Sullivan et al., 2012) or 42 km
(for offshore wind turbines) (Sullivan et al., 2013). In ZTV analyses however, the distance used is
usually shorter, but varies greatly from study to study. The distance in which visual nuisance is
considered significant, ranges from 3 to 40 km (in less than 2 to 3 km the visibility is considered
dominant). For example, SNH and Buchan indicate 2 km as maximum distance of visual dominance
of a wind turbine (Buchan, 2002; Scottish Natural Heritage [SNH], 2009) while Bishop (Bishop, 2002)
describes that "visual impact remains ‘in the eye of the beholder' but may well become minimal
beyond 5 km to 7 km". Similarly, the Thomas Matrix and Sinclair Matrix, as cited by Sullivan et al.
(Sullivan et al., 2012), present distances of 3-4 km and 7.5-12 km, respectively, as distances of
moderate impact but potentially intrusive. Betakova et al. propose visual thresholds of the same
scale, 10 km for landscapes with "high aesthetic values" and 5 km in "less-attractive landscapes”
(Betakova et al.,, 2015). This correlation of visual impact perception with the quality of the examined
landscape, has also been supported in other studies, e.g. by Molnarova et al. (Molnarova et al., 2012).
Sullivan et al. estimate the distance of major perceived contrast at 16 km (Sullivan et al., 2012) and
generally the trend in more recent studies, is the promotion of larger distances for the calculation of
ZTV for average-sized wind turbines. For example, 48 km is proposed by Sullivan et al. (Sullivan et
al,, 2012), 20 km by Bishop (Bishop, 2002) and 16 to 40 km by Vissering et al. (Vissering et al., 2011).
Moreover, in the recent version of guidelines from SNH, which are considered to be among the most
reliable in the scientific field of visual-impact analysis (Churchward, 2013) and have been applied
extensively (Degdrski et al., 2012; Scottish Natural Heritage [SNH], 2014), the use of a 35 km threshold
is suggested for ZTV analyses of modern wind turbines, with heights of 101-130 m (Scottish Natural
Heritage [SNH], 2017).

As can be observed in Table 6, the maximum visibility threshold in the large-scale ZTV studies that
were compiled from literature ranged from 10 to 35 km. To mitigate the fluctuation that is expected
in the results of ZTV analyses based on this variation of the visibility threshold and allow for a fairer
comparison of the compiled studies, a simplified homogenization of their results was carried out.
The homogenization was made by scaling the ZTV area calculated in each study with a weight based
on the ratio of the visual threshold used in each study to the average visual threshold of all studies?

7 It is also referenced in literature as discernibility range (Rodrigues et al., 2010).

8 Except the study of Rodrigues et al. (Rodrigues et al., 2010), who did not use a universal visual threshold, but
calculated a unique visual threshold for each renewable energy facility examined.
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that was 20.83 km. The homogenized estimates are presented in Figure 4 and Figure 5, which explore
the spatial evolution of ZTV in relation to installed capacity and energy generation.

Table 6. Data and results from national and regional-scale viewshed analyses of wind energy projects.

Installed  Zone of Visibility ZTV per unit energy
Name of . . .
country/region capacity theoretical threshold  Source generation
YITEIION mw) — visibility (km?)  (km) (km/GWh)
) . (Rodrigues et
Spain 23 066 85736 35 al, 2010) 1.71
(Statistics
Netherlands
Netherlands 2206 7121 10 (CBS] et al, 1.69
2014)
Poland L
(Kuyavia- 282 11033 30 (Degorski et 20.30
. al,, 2012)
Pomerania)
Denmark .
(North Jutland) 513 7616 30 (Moller, 2010) 7.37
Spain (Diaz Cuevas
(Andalucia) LR Sl S92 L et al,, 2016) LIS
(Scottish
Scotland 4776 78 809 30 Naturl 324
Heritage
[SNH], 2014)
Greece (South (Tsilimigkas et
P 95 1453 10 al. 2018) 7.94

a. Rodrigues et al. (Rodrigues et al., 2010) did not use a fixed number but an equation for the
calculation of the visibility threshold of turbines according to their height. The equation was used
here for a V63 — Vestas wind turbine (91.8 m total height; https://en.wind-turbineb
models.com/turbines/821-vestas-v63), which was considered representative of the average wind
turbine in Spain.

It is noteworthy that Table 6 includes ZTV analyses exclusively from wind energy projects. This is due
to the fact that large-scale visibility analyses have only been carried out for wind energy; with one
exception, the ZTV analysis of Rodrigues et al. (2010) that also included solar energy developments.
This lack of research interest for solar and hydroelectric energy, is to be expected based on the initial
observations of Section 2.1.2 and the differences of the examined technologies in regard to
perception of landscape impact are analysed in detail in the next Section and the discussion.

60



However, differences in terms of topographical extents of visibility are also present and significantly
affect visual impacts. In particular:

Solar panels are more easily concealed within terrain forms and as a result they generate
much smaller visual impact than wind turbines. The height of PV panels is usually less than 5
m whereas the height of wind turbines, with current technology, ranges from 125 to 247 m
(Vestas Wind Systems A/S, 2019) (heights of models V90-2.0 MW IEC S and V162-5.6 MW
DIBt S of Vestas, respectively). The spatial differences of visual impacts from solar and wind
energy are also demonstrated by Rodrigues et al. (2010). In their study, Rodrigues et al.
estimated the visually affected area from wind energy approximately 3.6 times larger than
the visually affected area from solar energy, in two scenarios of similar energy generation
from wind and solar energy in Spain (50 TWh/year from wind energy and 53 TWh/year from
solar energy). In a study on the visual threshold of solar energy projects, by Sullivan et al.
(Sullivan et al.,, 2012), the threshold was estimated to range between 24 and 35 km. This
illustrates that were there not for the small height of solar panels, they would probably
produce comparable visual impact to wind energy projects.

Even though reservoirs are definitely the cause of major direct-transformation to landscapes
(Leturcqg, 2019), hydroelectric dams have attracted very limited research interest regarding
the visual aspect of their impact to landscapes (Cohen et al., 2014). From a spatial standpoint,
this is justified by the fact that hydroelectric facilities and reservoirs are usually concealed in
valley terrain. Even though large-scale ZTV analyses have not been carried out for
hydroelectric projects, this is excellently demonstrated in the study by Dehkordi and
Nakagoshi (Dehkordi and Nakagoshi, 2004), where it is shown that the ZTV of the
infrastructure and reservoir of Haizuka dam, in Japan, is confined within the borders defined
by the ridges of the valley where the project is constructed. Similar arguments have also been
formed by Cohen et. al. (Cohen et al., 2014). Visual impact from reservoirs has also been
analysed by Christofides et al. (Christofides et al., 2005) and Sargentis et al. (Sargentis et al.,
2005) but on another context; i.e. investigating the aesthetics of a reservoir depending on
water level with the aim of optimizing the view from touristic facilities —which were
developed because of the reservoir— rather than calculating a visually affected area.

Ultimately, generic estimates of visibility were calculated or selected utilizing the results of the ZTV
analyses that fulfilled the secondary screening criteria developed in Section 2.2.1.2 In detail, the
distinguished studies (i) were based on regional or national data sets, (i) analysed data from
countries with moderate terrain (Spain and UK), according to Figure 2, (iii) did not embody theoretical
capacity factors in the calculations, (iv) did not produce theoretical estimates® but analysed data from

? It has to be noted that the two estimates of Rodrigues et al. for wind and solar energy, refer to hypothetical

scenarios of energy generation. These scenarios were considered realistic however, based on their proximity
to actual energy generation in Spain and the incorporation of parameters related to energy efficiency, terrain
and protected areas in their generation.
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realized projects and finally, (v) analysed data from countries with developed economies. For wind
energy, the three studies of Table 6 that fulfilled the aforementioned criteria were averaged. These
studies utilized data from Spain (Rodrigues et al., 2010), Scotland (Scottish Natural Heritage [SNH],
2014)10 and the region of Andalusia (Diaz Cuevas et al., 2016)!* and their average was 2.01 km*/GWh.
For solar energy, the generic estimate produced was 0.45 km?/GWh, based on the only available
large-scale ZTV study of Rodrigues et al. (Rodrigues et al., 2010). Finally, for hydroelectric energy no
large-scale ZTV analysis or other type of visibility analysis was found in literature.
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Figure 4. Percentages of the area of countries and regions from which wind turbines are theoretically visible
vs. density of installed capacity. Sources of visibility data are presented in Table 6. A homogenized version of

the results, based on the average visual threshold used in the studies, is also plotted as a meta-analysis of the
visibility threshold.

10 Scotland is expected to have a higher ruggedness index, than UK (the study on Nunn and Puga (2010) only
provided the ruggedness index for the total of the UK and thus this was the index that was used) but is not
expected to be higher than 2, which is the equivalent of 75% in Figure 2.

1 There is no indication that the ruggedness index should be significantly larger than the national average of
Spain which is close to the limit frequency of 75%.
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Figure 5. Zones of theoretical visibility of wind turbines vs. energy generation. Sources of visibility data are
presented in Table 6. A homogenized version of the results, based on the average visual threshold used in
the studies, is also plotted as a meta-analysis of the visibility threshold.

2.2.4 Public perception

The greatest difficulty in quantifying the impact of RE on landscapes is the innate subjectivity of
analyses related to aesthetics. This is excellently demonstrated by the following discrepancy: On the
one hand, part of the public views wind turbines as beautiful new elements in landscapes and
perceives them as elements of human progress and sustainability (Nadai and Van Der Horst, 2010;
Pasqualetti and Stremke, 2018; Thayer and Freeman, 1987). On the other hand, wind turbines are also
viewed as disturbing structures, unrelated to the historical and natural characteristics of landscapes,
and perceived as symbols of industrialization (Fast et al., 2015; Lee, 2017; Nadai and Van Der Horst,
2010; Phadke, 2011; Sklenicka and Zouhar, 2018). Generally, this kind of subjectivity is always present
in the analysis of landscapes and is to be expected based on the definition of landscape by the
Council of Europe (Council of Europe, 2000): "Landscape means an area, as perceived by people,
whose character is the result of the action and interaction of natural and/or human factors". The
phrase "as perceived by people" demonstrates this subjectivity of public attitudes, as it links the
understanding of landscape with one’'s own perception of it. Perception is neither exclusively
emotional nor rational, but is defined in each person by a mixture of several factors (Devine-Wright,
2005), some of which are formed by emotion and others by rationale. To some, the view of a RE
project might be unpleasant purely because of aesthetics and emotion (Cass and Walker, 2009) while
to others because of a rational analysis based on personal ideologies (West et al., 2010).

Concepts like landscape impact-perception have in several occasions been downgraded and omitted
from planning analyses (de Waal and Stremke, 2014; Holdren et al., 1980; Prados, 2010). In this
analysis however, public perception is identified as an integral element of the discussion on
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landscape impact of RE; at least of equal importance with the other two metrics analysed. Even
though public perception on landscape impact is subjective and difficult to quantify, its effect on the
development of RE has been quite objective and quantifiable. This has been proved by the various
cases in which public perception on landscape impact determined the emergence of opposition and
thus the approval, delay or cancellation of RE schemes, as presented in the introduction of the study.
More generally, the overall management of public attitudes on RE has been recognized as a
prerequisite for sustainable design (Devine-Wright, 2014) and perception on landscape-impact is
one of their main determinants. Additionally, the perception on the aesthetics of RE installations is
also directly related to the spatial aspect of landscape impact, since it determines the negative
perception of visibility and therefore the existence of visual impacts, in addition to the indisputable
direct impacts to land surface (Stremke and van den Dobbelsteen, 2012).

So far, public perception on RE projects —in general, including but not limited to perception on
landscape impacts— has mostly been quantified through statistical analyses with sample data
originating from surveys. The surveys are carried out through questionnaires and interviews with
people living in proximity to RE developments (Hoen et al., 2018; Kontogianni et al., 2014, 2013;
Phadke, 2011; Scherhaufer et al., 2017; Sutterlin and Siegrist, 2017; Walker, 1995; Wolsink, 2000),
experts (Langer et al., 2016; Sheikh et al., 2016) or stakeholders (Jobert A. et al., 2007; Phadke, 2011;
Scherhaufer et al., 2017). Some of the surveys are additionally accompanied with pictorial stimuli
(Ladenburg, 2009; Maehr et al, 2015), for the participants to specifically evaluate impact on
landscape. In literature, the vast majority of studies refer to wind energy and fewer to solar energy
(Sheikh et al., 2016; Spath, 2018; Sutterlin and Siegrist, 2017) and hydroelectric energy (Sutterlin and
Siegrist, 2017; Walker, 1995). Visual intrusion or landscape impact are broadly recognized as
fundamental components of negative perception for wind energy and are also mentioned in a
smaller extent for solar energy as well. In the case of hydroelectric energy, negative perception is
mostly attributed to other environmental and social impacts.

To quantify public perception on landscape impact we carried out a statistical perception analysis of
literature on the topic of landscape-impact from RE and extracted indexes of perception. Relevant
literature has proliferated over the past 20 years, ensuring the availability of a sufficiently large
sample of studies. The basic logic for the implementation of this approach was that it allowed for the
integration of both (a) the perception of the scientific community and (b) the perception of the
general public. In particular, the perception of the general public is indirectly included, through
surveys and questionnaires used in the analysed studies. Indicatively, several of the articles examined
present results from research made using questionnaires on samples of citizens, decision makers and
stakeholders affected by RE schemes (Baraja-Rodriguez et al., 2015; Betakova et al., 2016; Brahimi et
al., 2018; Burton et al,, 2001; Grima Murcia et al., 2017; Maehr et al., 2015; Mérida-Rodriguez et al,,
2015b; Pagnussatt et al., 2018; Scherhaufer et al., 2017; Sherren et al., 2016; Sklenicka and Zouhar,
2018) or analysing media coverage on the landscape impact of RE (Delicado et al., 2016; Ferrario and
Castiglioni, 2017; Nordman et al.,, 2015; Weiss, 2017). Hence, we believe that an elitist approach is
avoided and the perception of the public is covered though a wide spectrum of opinions.
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In more detail, the statistical analysis started with the collection of scientific articles from the search
engines of Elsevier, Wiley and Springer online databases. We used the search strings "hydroelectric
energy landscape impact", "wind energy landscape impact" and "solar energy landscape impact".
For each search string the first twenty results from each data-base were collected, leading to the
collection of a total of 60 publications per RE technology. The publications were read through and
searched with an algorithmic procedure for sentences that were statements of perception, i.e.,
phrases that stated that the RE technology examined has a negative or positive effect to landscapes.
According to these sentences, publications were then categorized as being positive, mixed or
negative towards the landscape impact of each of the three RE technologies examined (Figure 6).
The exact algorithmic procedure followed and the publications analysed are presented in Appendix

C and in the supplementary material.
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Figure 6. Percentages of articles labelled as positive, negative, mixed or irrelevant in the statistical perception
analysis of literature on the landscape impact of major renewable energy technologies (more details on the
publications labelled are presented in appendix C and the supplementary material).

To present the results of the perception analysis in a simple format, we calculated an index of
perception for each RE technology. This index was calculated as the percentage of publications
labelled "Negative" minus the percentage of publications labelled "Positive". Publications labelled as
"Mixed" include both negative and positive references and were not added to that sum, since they
were considered neutralized. The index of perception was thus calculated -2% (meaning slightly
positive perception) for hydroelectric energy, 15% for solar energy and 37% for wind energy. A
second index was also extracted from the results to specifically quantify perception of negative
landscape impact. It was named index of negative perception and was calculated by summing the
percentages of articles that were labelled as "Mixed" or "Negative", as both of these labels required
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negative remarks on the landscape impact of the technology examined. In this index hydroelectric
energy scored 15%, solar energy 22% and wind energy 60%.

2.3 Generic results

Table 7 summarizes the generic estimates of land use, visibility and public perception of
hydroelectric, wind and solar energy that were compiled or calculated from literature. The generic
applicability of the results is based on (a) the implementation of the additional secondary screening
criteria of Section 2.2.1.2 for land use and visibility and (b) the quantification of public perception
through statistical analysis of literature.

Table 7. Generic estimates of land use, visibility and public perception of RE, in the context of landscape

impact.

Type of RE technology

Index of Negative

Total Land Use L
Perception in Literature

Visibility (m?/GWh)

2
(m“/GWh) %)
Wind (onshore) 176 000 2 014 800 60%
Solar (PV) 28 000 451500 22%
Hydro (large) 16 900 N/A 15%

2.4 Discussion

Initiating the discussion, we present a visualization of the results in Figure 7, to allow for a better
understanding of the spatial extents of landscape impacts from each analysed technology.

Type of renewable
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Figure 7. Visualization of results of Table 7: (a) Land use is presented with a continuous fill of colour. (b)
Visibility is presented with a gradient fill starting from the inner circle that represents land use and fading
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radially towards the outer circle that represents the limits of visibility. This representation expresses the fact
that visual impact deteriorates with distance. (c) Perception is visualized through the shade of the colour used
in each case, which is based on the calculated indexes of negative perception.

2.4.1 Solar vs. wind energy

The main criticism to both solar and wind energy concerns the industrialization of landscapes,
through the installation and dispersion of mechanical machines and equipment (wind turbines and
solar PV panels) in extensive land areas (Barry et al., 2008; de Andrés-Ruiz et al., 2015; Fast et al,
2015; Lee, 2017; Mérida-Rodriguez et al., 2015a, 2015b; Nadai and Van Der Horst, 2010; Phadke, 2011;
Sklenicka and Zouhar, 2018). However, from both a qualitative and a quantitative standpoint, wind
turbines are identified as the most impactful of the two, as they introduce industrial elements in
larger areas of land and are also perceived more negatively.

Wind turbines are taller than PV panels, cannot be easily hidden in terrain and are thus visible from
longer distances. As a result, the area they affect visually is larger. This is demonstrated in the results
of Section 2.2.3 on visibility, where it is shown that wind energy developments are visible from
approximately four times larger land area than solar energy developments, for equal energy
generation. From a landscape perspective, this differentiation is significant, but nonetheless, visibility
is not the only criterion of landscape impact. Wind turbines have smaller direct land-use
requirements than solar PV installations, meaning that solar installations alter landscapes more, in a
land-cover level. Indicatively, direct land use was calculated at 26 000 m?/GWh for solar energy (land-
use data from Ong et al. (2013) and CF of Table 2) and 3600 m*/GWh for wind energy (land-use data
from Denholm et al. (Denholm et al,, 2009) and CF of Table 2). As is made evident, solar energy
requires the most land area for the installation of machinery per unit energy generation, remarkably
even more than average hydroelectric reservoir area, which was estimated at 16 900 m?/GWh. Overall
however, the great visual impact of wind energy is considered sufficient for its characterization as
more impactful spatially (quantitatively), noting the exception of landscapes in which impacts on
land-cover might be considered more important than visual impacts.

From a perceptual (qualitative) standpoint as well, wind energy is perceived more negatively than
solar energy regarding landscape impact, as is demonstrated by the results of Section 2.2.4 Even
though this difference is certainly affected by the fact that wind energy projects generate more
extensive visual impact, which is a quantitative difference, it is also aggravated by differences in the
qualitative aspect of the reported landscape impacts. In particular, wind turbines are considered
more noticeable than solar panels due to blade movement, noise generation and night lighting
requirements (Sklenicka and Zouhar, 2018). Solar panels on the contrary, are static, do not generate
noise or significant light pollution and the only specific visual phenomenon associated with them is
the generation of glare from light reflections, which however has not received as much criticism, in
literature, as the other phenomena discussed. Additionally, wind energy works have also received
criticism regarding the roadworks that are required to allow for their installation in hilltops and
mountains Such roads are often required to pass through areas such as forests and mountain fields
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and slopes and, in Greece for example, they often cause impacts to pristine mountainous or island
landscapes.

2.4.2 Hydroelectric vs. solar & wind energy

The reviewed metrics indicate that both qualitatively and quantitatively hydroelectric energy
generates less impact to landscapes than solar and wind energy. In our perspective, this is justified
by the fact that hydroelectric dams are not considered responsible for landscape industrialization; at
least to the same extent as solar and wind energy developments. Indicatively, criticism on industrial
transformation, in the context of landscape, has not been raised as an issue of hydroelectric projects,
in scientific literature. This is demonstrated, in the results, by the perception index of hydroelectric
energy. The index was calculated -2%, indicating that, in literature, positive perception prevails over
negative. Furthermore, it is also demonstrated by the fact that even though hydroelectric energy is
an older technology that has been utilized more than solar and wind energy globally (World Energy
Council [WEC], 2016a, 2016b, 2016c), visual impact from hydroelectric projects has hardly been
referenced in literature.

The landscape impact of hydroelectric dams becomes more considerable in cases of inundation of
monuments of cultural or natural heritage by reservoirs (Garrett, 2010). Data for the estimation of a
global average of reservoirs that inundated monuments, landscapes of cultural significance, etc. was
not found. It was observed however, that the problem is more common in countries with high density
of cultural monuments and especially when governed by authoritative regimes, which are less
sensitive to potential public opposition to such projects. In Greece, for example, it has not been a
significant issue while in Spain, mentions of at least 20 reservoirs that inundated important cultural
heritage were found'? (out of a total of 1230 reservoirs), many of which were built during the regime
of Francisco Franco. The inundation of built monuments has in some cases been avoided, e.g. in the
cases of Aswan dam in Egypt (Hassan, 2007) or the Hilarion dam in Greece (Sako et al., 2019), though
the transportation of the monuments at risk.

2.4.3 The distinct role of hydroelectric dams for renewable energy landscapes

In a holistic assessment of the aesthetics of RE landscapes, hydroelectric energy stands out as the
only major technology that generates landscape transformations with potential for unanimously
positive perception. Pointedly, in the perception analysis of literature in Section 2.2.4, articles with
reference to exclusively positive landscape contribution were only found for hydroelectricity (Figure
6). This can arguably be attributed to the fact that installation and dispersion of industrial machines
in landscapes, which is reported as the origin of impacts in the cases of solar and wind energy, is
very limited in hydroelectric energy developments; the major impact being the reservoir, which is
comparable to natural lakes. Furthermore, various examples internationally (loannidis and

12 Data gathered from Spanish media articles and Wikipedia:
https://www.escapadarural.com, https://www.traveler.es, https://en.wikipedia.org/wiki/List_of_submerged_pla
ces_in_Spain,
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Koutsoyiannis, 2017a; Kreuzer, 2011) demonstrate that dams can create aesthetically impressive
results and can even be established as landmarks. This is the case especially when their architectural
potential is utilized (Figure 8) but has also been observed in cases of standardized technical design
without additional architectural interventions; various academic (Ananiadou-Tzimopoulou and Nana,
2015; Callis, 2015; Ferrario and Castiglioni, 2017; Frolova et al., 2015a; Keilty et al., 2016; Matveev, 1988)
and institutional publications, e.g. from Spain (Pérez et al., 2013), Norway (Nynas, 2013) and Scotland
(Fleetwood, 2010), have analysed the positive impacts of dams and power stations to landscapes. In
these publications, dams were highlighted for their architectural and landscape design and their
contribution to creating scenic landscapes, enhancing built heritage and creating touristic attractions.

Figure 8. Example of architecturally designed dam (Marathon dam in Greece). Picture of the downstream face
of the dam, which is overlaid with marble from the mine of Penteli that was also used to build the Temple of
Parthenon, including pictures of architecturally designed appurtenant structures: (A) water intake tower, with
similar design with the downstream face of the dam and (B) reservoir control building at the base of the dam,
built to resemble the ancient temple-like structure called Thesaurus (treasure) and built after the victorious
battle of Marathon (480 BCE) in Delphi. The new building was given this form in order to symbolize the victory
of modern Athens in the battle against water scarcity. The dam of Marathon is not a hydroelectric dam but is
indicative of the architectural adaptability of dams and their appurtenant structures, that can, and has been
utilized in hundreds of hydroelectric dams internationally. Technical information on Marathon dam can be
found in Soulis et al. (Soulis et al., 2019).

2.4.4 Visibility of wind energy developments

In the review of large-scale visual impact estimations for wind energy, the following two observations
were made regarding the spatial evolution of the visibility of developments in relation to installed
capacity. Firstly, the percentage of a country or region from which wind energy installations become
visible ascends to double-digits even in regions with low to medium wind energy utilization. Such
examples are Kuyavia-Pomerania (Poland) (Degorski et al.,, 2012), South Aegean (Greece) (Tsilimigkas
et al, 2018) and the Netherlands (Statistics Netherlands [CBS] et al., 2014). These regions/countries
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have low densities of installed capacity (smaller than 0.035 MW/km? except for Netherlands) but
average visually affected areas of more than 20% of their respective total areas (Figure 4). In regard
to the extent of the utilization of wind energy in these cases, the shares of wind energy in national
power generation are 5.8%, 2.6% and 4.8%, respectively. Secondly, the rate of generation of visual
impact is generated decreases with the increase of installed capacity (Figure 5). This trend is, in our
understanding, justified by the fact that visibility of multiple wind farms overlaps after a certain point
of utilization of wind energy within a country or a region. Given this explanation of the phenomenon,
the rate of creation of visual impact does not actually lessen, as in reality there is a saturation of wind
turbine visibility, that is untraceable from ZTV analyses. So far, zones of theoretical visibility are
primarily used to calculate the area from which at least one wind turbine is visible and not the density
of visible turbines; with the exceptions of Méller (Méller, 2010) and SNH (Scottish Natural Heritage
[SNH], 2014) that have also included graphical demonstrations of cumulative visual impact. It should
be noted that this cumulative effect is also demonstrated when analysing the results of Rodrigues et
al. (2010); in several different energy utilization scenarios they examined, the ratio of visually affected
area to installed capacity declined the larger the number of wind turbines installed.

2.5 Inferences from the comparative quantification of landscape
impacts of Renewable Energy works

In this Section, three established metrics of landscape impact of renewable energy were reviewed:
(a) land use, (b) visibility and (c) public perception. The aims of the analysis were the generic
quantification of landscape impacts caused by major renewable energy technologies, ie.,
hydroelectric dams, wind turbines and solar panels, and the identification of the distinct
characteristics of these impacts. Through the investigation of the selected metrics both the
guantitative (spatial) and the qualitative (perceptual) aspects of RE landscape impact were addressed.
The exact variables that were used to address each of the examined metrics were respectively: direct
and total land use, visibility analyses carried out in geographic information systems (in particular,
zone-of-theoretical-visibility estimations) and indexes of perception over landscape impacts of
renewable energy, extracted through the statistical analysis of literature. Out of the compiled
estimates, a selected few were distinguished based on their generic applicability. The generic
applicability of these estimates was determined through the application of the following criteria: (a)
use of data from areas of moderate terrain topography, since visibility and land use are highly
dependent on terrain (b) utilization of large datasets originating from realized projects, (c) use of
data from developed countries, (d) use of original data without embodied theoretical estimates,
when possible, and (e) use of data expressed in terms of energy generation, or data that allowed for
conversion to expected energy generation, thus avoiding biases associated with the energy-
generation efficiency of the compared technologies (which would be present if comparisons were
carried out in terms of installed capacity). Additional own calculations were only carried out for
verification purposes, in the investigation of the discrepancy in estimates of hydroelectric land use.
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2.5.1 Landscape impact typology of renewable energy

Based on the examined metrics, wind energy was identified as the most impactful to landscapes, on
average, both spatially and perceptually, followed by solar and hydroelectric energy, respectively.
This conclusion provides the essence of scientific literature on landscape impact of renewable energy
in a condensed and simple format but is not an undisputable universal truth. On the contrary, the
distinct characteristics of the discussed technologies that are presented below, highlight the origins
of this landscape impact ranking and also demonstrate that any of the examined technologies can
potentially be the least impactful in particular landscapes or terrains:

2.5.1.1 Wind energy
(+) Small direct land use: Smaller transformation to land surface and land cover is generated
compared to hydroelectric and solar energy.

(-) Extensive total land use: Due to the requirement for dispersed installation of turbines, large land
properties are used for wind energy developments. Within these areas the turbines are highly
noticeable, both visually and due to periodic acoustic nuisance.

(-) Extensive visibility: Visual impacts are widely reported in literature. Wind energy developments
have altered the visual scenery of countries or regions in a range of 8% to 96% of their respective
total areas. These percentages have reached 27% or 61% even in cases of low wind energy utilization.

(-) Most negative public perception: Based on the perception analysis of scientific literature, wind
energy is perceived as the most impactful to landscapes, with references from the academia, policy
frameworks and the public. The identification of wind turbines as industrial elements as well as their
increased discernibility due to size, blade movement, noise and night lights are regularly mentioned
in this regard.

2.5.1.2 Solar energy

(+-) Moderate visibility: Utility scale solar panels do not exceed 5 m in height and therefore solar
energy developments generate smaller zones of visibility than wind energy developments. Visual
landscape impacts from solar energy have been reported in literature but to a much lesser extent
than the visual impacts from wind energy.

(+-) Moderately negative perception: Based on the perception analysis of scientific literature, solar
energy ranks second in terms of negative perception. Similarly to wind turbines, the main origin of
negative perception for solar panels is their identification as industrial elements. In comparison to
wind turbines however, solar panels are less noticeable due to the fact that they are shorter, static,
they do not generate noise and they have less night-lighting requirements.

(-) Extensive land use: Significant transformations to land surface and land cover are generated due
to the extensive direct land use requirements of solar energy developments.

2.5.1.3 Hydroelectric energy
(+) Neutral visibility: Visual impact from reservoirs and hydroelectric facilities has not been reported
in literature. The view of reservoirs is comparable to the view of natural lakes and the hydroelectric

71



dam and its appurtenant structures are spatially austere and usually concealed within ravine
topography. Thus, the need to quantify the visibility of hydroelectric developments has not emerged.

(+-) Least negative perception: The perception analysis demonstrated that hydroelectric energy has
received the least number of negative remarks in literature relating to landscape impact. The milder
perception of landscape impacts of hydroelectric developments is mainly attributed to the fact that
they have not been associated with landscape industrialization, in contrast to solar and wind energy
developments. Furthermore, hydroelectric dams are the only type of renewable energy technology
for which studies focusing on its positive landscape and architectural heritage contribution on
landscapes were found.

(-) Impactful direct land use: Reservoirs generate impactful direct transformations to land surface
and land cover due to inundation. This impact becomes particularly significant, in a landscape-impact
context, in cases of inundation of cultural or natural heritage.

Overall, the essence of the analysis is not the competition between different technologies, but the
improvement of the sustainability of renewable energy and the minimization of landscape impacts
and associated economic and developmental ramifications. It becomes evident from the conclusions
that all of the discussed technologies could be utilized in an effort for optimal landscape integration
of renewable energy. Indicatively: (a) Wind turbines can potentially be the least impactful in cases
were protection of elements of land surface/cover is of highest priority in a landscape, since their
direct land use is relatively limited. (b) Solar panels can be preferable to hydroelectric dams in areas
with flat terrain due to the fact that their visibility is limited in such terrain. (c) Finally, hydroelectric
dams, which, in general, can be considered the least impactful, can also be detrimental to landscapes
and are not the optimal solution for every landscape, e.g., in areas with particularly flat terrain, where
extremely large reservoirs are generated, or when monuments of cultural or natural value are
inundated by reservoirs.

2.5.2 Landscape impact and NIMBYism

Early cases of landscape-impact motivated opposition against renewable energy developments were
widely attributed to the NIMBY (not in my back yard) attitude; a correlation that gradually began to
be disputed (Barry et al., 2008; Betakova et al., 2015; Cass and Walker, 2009; Devine-Wright, 2005;
Jones and Eiser, 2009; Petrova, 2013; Wolsink, 2000). The results of this Section introduce practical
data in the scientific debate over the emotionality or rationality of landscape-impact opposition and
its relation with the NIMBY phenomenon. In particular, the results demonstrate that the quantitative
(spatial) aspect of landscape impact is directly correlated to the qualitative (perceptual) one. In other
words, the technologies that introduce industrial elements into larger areas and produce the most
extensive visual impact are the ones that are perceived more negatively. This conclusion, in general,
reinforces the view that landscape impact opposition is actually justified by differences in the impacts
of the various RE technologies. In that logic, uncritical attribution of landscape-impact opposition to
underlying NIMBY predispositions should be avoided. Instead, the discussion should be focused on
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whether significant landscape impacts are in fact imminent, which can be assessed case-to-case with
data-driven impact evaluation.
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3 A PRIORI AND ACCELERATED SPATIAL PLANNING FOR LANDSCAPE
INTEGRATION USING REVERSE VISIBILITY ANALYSIS — IN
NATIONAL/REGIONAL SCALE

3.1 Infroduction

3.1.1 Scientific aims

In Section 3, we investigate how the process of mitigating landscape impacts of types of
infrastructure works that are perceived as visually intrusive can be improved and accelerated, through
a re-conceptualization of visibility analyses. The primary limitation of conventional visibility analyses
is that they cannot be implemented in early planning phases of projects as they require the finalized
locations of their components as input. Hence, visual impacts to landscapes cannot be assessed until
late in development, when licensing procedures have already begun and projects' locations have
already been finalized. In order to overcome this issue and facilitate the earlier identification of
impactful projects we investigate the reversal of visibility analyses. By shifting the focus of visibility
analyses from the infrastructure that generates visual impacts to the areas that have to be protected
from these impacts, the analyses no longer require projects' locations as input.

This methodological shift is initially investigated theoretically and then practically. Wind energy is set
as the focus of the study due to the fact that currently wind energy projects, as described in Section
2, are the type of infrastructure that receives the most critique in regard to its visual impact, rendering
the mitigation of this impact a contemporary challenge. After the theoretical development of the
methodological differentiations, perks and challenges of reversing visibility analysis, an exemplary
reverse visibility analysis is implemented in the region of Thessaly, Greece. Reverse - Zones of
Theoretical Visibility (R-ZTVs) are computed in the for important landscape elements of the region
and are then used to project visual impacts to them by planned wind energy projects. The
investigation proposes and alternative to mainstream-conventional visibility analyses that (a) enables
the creation of R-ZTV-type maps which facilitate the anticipation of landscape impacts of projects
from earlier planning stages and (b) discards the requirement for individual visibility analyses for
each new project, thus accelerating project development. Furthermore, the potential of R-ZTV maps
to be utilized in participatory planning processes is also investigated. Overall, the proposed method
can be applied to any infrastructure work type but is understood us a crucial planning tool particularly
for infrastructure that is perceived negatively visually, as is the case with wind energy infrastructure
(Jefferson, 2018; Wolsink, 2007a) but also solar energy (de Andrés-Ruiz et al., 2015; Mérida-Rodriguez
et al,, 2015b), overhead power transmission lines (Cohen et al., 2014) and other types of infrastructure
that might be perceived as industrial intrusions to landscapes.

3.1.2 Visual impacts of infrastructure works — the case of wind energy

In the last two decades, the expansion of renewable energy (RE) has imposed extensive land use
requirements (Denholm et al., 2009; Ong et al., 2013; Sargentis et al., 2021c; Trainor et al., 2016) and
resulted to major transformations of the visual character of landscapes (Apostol et al., 2016; Frolova
et al,, 2019, 2015¢; Sebestyén, 2021). Since the design of the RE equipment is mostly predefined by
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industrial specifications and cannot be adapted to architectural traditions and local landscape
features, RE projects have been strongly criticized for industrializing landscapes (loannidis and
Koutsoyiannis, 2020). This is primarily the case for wind turbines, but also applies to photovoltaic
solar panels (loannidis et al.,, 2022; loannidis and Koutsoyiannis, 2017a; Mamassis et al., 2021) and
might also be possible for other types of infrastructure such as overhead power transmission lines,
or highways, etc. In the case of wind energy in particular, landscape impacts have been identified as
one of the major motivators for opposition against new projects (Frolova et al., 2015¢; loannidis and
Koutsoyiannis, 2020; Jefferson, 2018).

Indicatively, in Europe, the conflict between wind energy development and landscape quality is
demonstrated in the following two ways:

A) Public opposition against wind energy on landscape-protection grounds has significantly delayed
its desirable penetration into the energy mix. Even though wind energy has been associated with
significant impacts to the natural (Jefferson, 2018), cultural (Phillips, 2015; Roth et al., 2018) and
aesthetic (R. loannidis et al., 2019; Sibille et al., 2009) character of landscapes, so far spatial planning
of RE systems for the mitigation of landscape impacts has been given a secondary role (Hurtado et
al., 2004). As a result, landscape impacts have become a major cause of public opposition to wind
energy and, consequently, of delays in the pan-European effort to make renewables the key player
in energy production and to move beyond the goal of a minimum 32% share for RE in the energy
mix, under the so-called “2030 Climate and Energy Framework”. In Greece, for example, there has
been significant opposition to wind energy projects from activist initiatives (Manta et al., 2020) and
local communities (loannidis and Koutsoyiannis, 2020) that has even escalated to clashes between
police and opposing groups. The installed capacity of the major projects that have been challenged,
using various arguments — including landscape impacts — adds up to more than 1200 MW (loannidis
and Koutsoyiannis, 2020). For comparison, in 2020 Greece was 3512 MW below (Regulatory Authority
for Energy, 2015) its target for 7050 MW for wind power capacity in 2030 (Greek Democracy - Ministry
of Environment and Energy, 2019). Similarly, in the rest of Europe, landscape quality degradation due
to RE has been identified as a major issue (Frolova et al., 2019, 2015¢) that has arguably contributed
to opposition and that is eventually associated with the failure of more than half of the member
states in meeting RE development targets based on the EU directives.

B) While the penetration of wind energy is a broadly desirable goal, a non-controllable expansion of
infrastructure is expected to cause significant transformations to the character of European
landscapes. Arguably, Europe has a very high density of scenic landscapes that are associated with
architectural and cultural monuments and historical built environments. The protection of this
heritage is of high priority not only for its preservation and its connection to the sense of place,
cultural identity and quality of life of European citizens, but also due to its direct link with touristic
and, consequently, economic development. Using one of the most informative quantifications for
the extents of visual intrusion of wind energy projects to landscapes, viewshed analysis, it was
estimated that the portion of the land area from which wind turbines were clearly visible was 18% in
Spain, 21% in the Netherlands and even 96% in Denmark (Jutland region) (Mdller, 2010; Rodrigues
et al, 2010; Statistics Netherlands [CBS] et al, 2014). Such extensive impacts require specific
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mitigation strategies, especially when they are carried out in the vicinity of protected cultural
(Jerpasen and Larsen, 2011) or natural landscapes (Spielhofer et al., 2021), and also given that suitable
locations for the siting of projects are currently diminishing.

3.1.3 Spatial planning for the mitigation of landscape impacts

Given the results of Section 2, as well as the fact that literature has disapproved of the well-known
NIMBY (“not in my back yard"”) disposition as the primary source of social oppositions against RE
(Betakova et al., 2015; Cass and Walker, 2009; loannidis and Koutsoyiannis, 2020; Petrova, 2013;
Wolsink, 2007b, 2000), their root should be looked for in planning methods and procedures instead
of "biased" public attitudes. Thus far, large-scale multi-criteria analyses have supported the siting
decisions for infrastructure projects based on technical issues, such as resource availability, distance
from the electricity grid and the road network, and various socio-environmental restrictions (Bertsiou
et al,, 2021; Chalakatevaki et al., 2017; Detsika et al., 2018; Dimitriadis et al., 2016; Latinopoulos and
Kechagia, 2015; Osorio-Aravena et al., 2020; Pappa et al., 2014; Shao et al., 2020; Watson and Hudson,
2015). However, such analyses rarely account for landscape protection and when they do so, they
have not managed to fully integrate calculations of project visibility and visual impacts in their
assessments (Kruse et al., 2019), with very rare exceptions (Tegou et al., 2010). Of course, the visibility
of infrastructure projects is not always perceived negatively. In the case of Renewable Energy for
example, it is reported that considerable percentages of observers have neutral or even positive
perception in the view of works, due to aesthetic (Sargentis et al., 2021a; Thayer and Freeman, 1987),
cultural (Frolova et al, 2015a; Kazak et al., 2017) or other reasons (Baraja-Rodriguez et al., 2015;
Pasqualetti and Stremke, 2018). Indicatively, in Section 2 of the present study, it was found that 34%
of articles investigating landscape impacts of wind energy and 22% of articles regarding solar energy
works also included references to positive perception of the examined landscape transformations,
on top of negative ones. Interestingly, in the case of hydroelectric energy, several articles including
solely positive views regarding their landscape transformations were also found (loannidis and
Koutsoyiannis, 2020). Nevertheless, it is overall made clear from the above-mentioned percentages
that, especially in the case of wind and solar energy, negative opinions are predominant.

For the minimization of this footprint through planning and the mitigation of landscape impacts,
visibility analysis has been established as the best practice (Hurtado et al., 2004, Manchado et al,
2015; Scottish Natural Heritage [SNH], 2017). In this vein, it can be generally hypothesized that the
lack of utilization of such analyses at the early planning stages of RE projects present a significant
limitation to the projection, assessment and mitigation of landscape impacts, and may be responsible
for the emergence of public opposition (loannidis and Koutsoyiannis, 2020). The present study
investigates the reversal of visibility analyses as a methodological shift that can enable the earlier
identification and mitigation of potential landscape impacts of new infrastructure projects. In this
regard, the facilitation of pre-emptive visibility analysis is proposed, by employing the concept of
Reverse - Zones of Theoretical Visibility (R-ZTVs). R-ZTVs can be used to consult the siting of RE
infrastructures, in terms of minimizing their visual impacts, at earlier stages of their planning or
conception. Overall, the method aims to improve the practices of mitigating impacts to the cultural,
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natural and aesthetic character of landscapes and thus to reduce associated impacts, as perceived
by humans, and public opposition.

3.1.4 Section structure

In Section 3.1, the introduction of the present Section is provided: in particular, in Section 3.1.1 the
scientific aims of the investigation are presented, in Section 3.1.2, the necessary theoretical
background regarding issues of visual-landscape impacts of infrastructure works is presented, then
in Section 3.1.3, the methods that are used for the mitigation of such impacts are presented and
finally in Section 3.1.4 the structure of the Section is presented. In Section 3.2, the materials and
methods of the investigation are presented, beginning with Section 3.2.1, in which we carry out a
literature review for state-of-the-art in visibility analysis of infrastructure works. Then, continuing with
Section 3.2.2, we present critique regarding the limitations of current conventional practices of
visibility analysis and finish with Section 3.2.3, in which we describe the methodological and practical
advantages of a transition to reverse visibility analyses. In Section 3.3 we present an implementation
of reverse visibility analysis in the region of Thessaly, Greece, showcasing the implementation of the
concept of R-ZTV maps. In the next Section, Section 3.4, we present the results of the analysis
(Section 3.4.1) followed by an exemplary use of the generated R-ZTV maps of the protected
landscape elements of the region o Thessaly to assess potential future impacts from proposed wind
energy projects in the Region (Section 3.4.2). Finally, in Section 3.5 the results of the analysis are
discussed both in terms of their utility (Section 3.5.1) and their limitations (Section 3.5.2) and in
Section 3.6 the conclusions of the investigation are presented.

3.2 Materials and methods

3.2.1 Visibility analysis in spatial planning of infrastructure — Current practice in
renewable energy

With the emergence of landscape impacts as a major cause of opposition to RE, significant effort has
been put into their mitigation, through planning policy and targeted guidelines (Médller, 2010;
Scottish Natural Heritage, 2006; Statistics Netherlands [CBS] et al., 2014; Toke et al., 2008). In this
endeavour, various visual impact assessment (VIA) methods (Kruse et al., 2019) have been developed.
Among them, visibility maps have been established as the basis for the quantitative assessment of
landscape impacts (Gobster et al., 2019); e.g. in the prominent Scottish SNH guidance (Scottish
Natural Heritage, 2006; Scottish Natural Heritage [SNH], 2017) and the Spanish Method (Hurtado et
al., 2004; Manchado et al., 2015). Arguably, the most widely used mapping method for visual impacts
of RE projects in the academic literature (loannidis and Koutsoyiannis, 2020; Tsilimigkas et al., 2018),
planning practice (Scottish Natural Heritage [SNH], 2017; Sullivan et al., 2012) and institutional reports
(Degorski et al., 2012; Scottish Natural Heritage [SNH], 2014; Statistics Netherlands [CBS] et al., 2014),
are the so-called Zones of Theoretical Visibility (ZTV) (Hankinson, 1999). A ZTV is defined as the sum
of all locations from which particular examined objects are theoretically visible, and is calculated with
the use of spatial analysis tools of Geographic Information Systems (GIS). In this respect, the locations
of an array of examined objects that generate visual impacts, e.g., wind turbines, are inserted in a
digital elevation (or terrain) model, and a line-of-sight test is carried out, producing a binary map
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indicating the locations from which the objects are visible and the locations from which they are not.
In a more in-depth review of terminology and methodology, ZTV mapping has also been recognized
as similar (Hankinson, 1999) or interchangeable (Buchan, 2002) with the so called Zones of Visual
Influence/Impact (Wood, 2000). Furthermore, from our literature review, it can be noticed that the
ZTV method shares the common foundation of requiring the calculation of cumulative viewshed
(Méller, 2010) with various other methods for mapping the visibility of projects, e.g. maps of visually
affected areas (Rodrigues et al.,, 2010; Statistics Netherlands [CBS] et al., 2014) or maps of visual
influence (Scottish Natural Heritage [SNH], 2014).

3.2.2 Reflections on the timing of visibility analyses

In spite of the identification of landscape impacts of RE as one of the major causes of social
opposition against RE projects (Frolova et al.,, 2015¢; loannidis and Koutsoyiannis, 2020; Jefferson,
2018), the quantitative tools for their assessment have been so far generally left out from the early
stages of RE planning. Indicatively, ZTV analysis, which is the most widely used quantitative method
for visual impact quantification, has been implemented not earlier than the Environmental Impact
Assessment (EIA) studies, which typically follow the technical, i.e., planning and design, ones. In the
spatial scale of EIA, however, this analysis loses its capacity to act as a decision support tool that can
detect siting alternatives, in order to mitigate potential landscape impacts, and it is downgraded to
a modelling procedure for assessing the impacts of a particular project in its finalized location.
Therefore, at this phase, visibility analysis should be considered a principally a posteriori calculation,
for the ad hoc evaluation of landscape impacts of projects after their preliminary or final siting
(Hurtado et al., 2004; Manchado et al.,, 2015; Scottish Natural Heritage [SNH], 2017). This is the case
especially with wind energy projects, since wind turbines cannot be concealed in the natural terrain
through short-distance siting adjustments, which are the sole available option at that stage of
planning; in the case of solar panels though, this may be feasible to some extent (Romanos loannidis
et al., 2019; loannidis and Koutsoyiannis, 2020; Oudes and Stremke, 2021). Furthermore, even though
ZTV-type visibility analyses can be carried out in large spatial scales, this has only been done in a
posterioristudies, for the assessment of cumulative visual impacts of already constructed RE projects,
at the regional (Degdrski et al., 2012; Mdller, 2010, 2006; Tsilimigkas et al., 2018) or national scale
(Scottish Natural Heritage [SNH], 2014; Statistics Netherlands [CBS] et al., 2014). It is possible that a
ZTV-type visibility analysis can also be carried out a prior; but only under the condition that
hypothetical-potential locations for examined projects have to be determined beforehand, such us
in the study of Rodrigues et al. (Rodrigues et al., 2010).

Overall, in the investigation of the early-stage and large-spatial-scale planning analyses (Osorio-
Aravena et al.,, 2020; Shao et al., 2020) or strategic environmental impact assessment studies (Pang
et al., 2014) that support decisions on RE siting studies, it can be observed that ZTV and viewshed
analyses have been hardly utilized. Indicatively, in the systematic review by Shao et al. (Shao et al,
2020) on multi-criteria decision making methods, only eight out of 85 studies mentioned visual
impacts, and only three of them actually included any form of viewshed or visibility analysis (Gamboa
and Munda, 2007; Ramirez-Rosado et al., 2008; Tegou et al., 2010). In particular, only Tegou et al.
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(Tegou et al., 2010) have explicitly utilized viewshed analysis in the planning procedure, by employing
an interesting mixture of reverse viewshed calculations and buffer zones, to produce a generic map
for visual impact assessment of potential projects in the examined island. In another review of spatial
planning of renewable energy (Osorio-Aravena et al., 2020), out of 12 compiled studies only two
discuss the importance of integrating visual impact assessment into RE planning (Mostegl et al., 2017;
Scognamiglio, 2016), yet without making reference to practical methods for addressing this issue.

On the other hand, other multi-criteria approaches that actually consider visual impacts, are subject
to important limitations. For example, in the studies by Daskalou et al. and Gigovi¢ et al. (Daskalou
et al.,, 2016; Gigovi¢ et al., 2017), the evaluation of the visibility criterion is simplified to the application
of buffer zones around protected areas, without the use of viewshed analyses. In the analysis by
Kazak et al. (Kazak et al., 2017), visual impacts were evaluated in more detail, by using viewshed-type
visibility analysis; nevertheless, its implementation was limited to the examination of already
highlighted potential positions for projects. This is reasonable, since viewshed analysis requires the
siting of the proposed projects as input. Altogether, the integration of landscape impact indexes
informed by complete visibility analyses is found to be almost completely absent from early-stage
and large-scale spatial planning analyses, where the project locations are not yet specified.

3.2.3 Reversing visibility analyses

Even though there is precedent for visual impact assessment with predictive characteristics (Alphan,
2021; GeoData Institute, University of Southampton, 2013; Tegou et al., 2010), which could be utilized
to handle the above-mentioned issues, the significance and methodological differentiation of these
tools has not been emphasized, leading to their scarce and rather inconsistent application, as
described in Section 3.2.2 In order to support the transition from the current practice of a posteriori
landscape impact assessment, i.e., after the design phase, to a prioriassessment, i.e., in early planning
stages, the essential modifications to existing landscape impact assessment methods need to be
explicitly explained and realized.

The major shortcoming of mainstream visibility analyses that makes the early prediction of landscape
impacts too difficult, is that they require project-specific information as their input (Gobster et al.,
2019); namely, the finalized layout of the RE system and the exact micro-siting of its components
(e.g., wind turbines, solar panels) is required in order to carry out viewshed analyses. In contrast, a
map of projected landscape impacts that would be compatible with the format of spatial planning
studies would need to be generic and independent of project-specific information, as are all spatial
data that are commonly used in such studies, such as spatial layers on resource availability, buffer
distances from road and electricity grids, etc. (Katikas and Kontos, 2018; Shao et al.,, 2020; Tegou et
al., 2010). These are all generic spatial information that can be used to guide the planning of RE
projects in advance, without requiring a finalized design of RE infrastructures.

To overcome this obstacle, we propose reversing the running paradigm of visibility analysis, by
shifting its focus from the proposed infrastructure to the landscape sites that need to be protected.
In conventional Zone of Theoretical Visibility (ZTV) method (Mdller, 2010; Rodrigues et al., 2010;
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Statistics Netherlands [CBS] et al., 2014), the RE system is the focal point of the analysis and the
generated map represents an extent around each infrastructure component. Conversely, we propose
the so-called Reverse Zone of Theoretical Visibility (R-ZTV) analysis, in which the focal points are the
protected landscape elements themselves. Thus, an R-ZTV map illustrates all the locations around
protected landscape elements from where a given type of RE infrastructure would be visible to those
elements (Figure 9). The use of ZTVs in planning, consists of (a) computing the ZTV using the
predetermined location of the RE project of interest as input and then (b) looking for potential
overlap of the ZTV with important landscape elements, which would indicate the generation of
significant visual impacts. In the proposed concept, R-ZTVs are a priori computed for selected
landscape elements and then these R-ZTV areas can be "avoided" during the planning procedure,
in order to protect the selected landscape elements from non-desirable visual impacts. In GIS terms,
ZTV is based on calculations of viewshed, while R-ZTV is based on reverse viewshed. In hindsight, it
is reasonable that landscape elements should be the focal point of the analysis, during the planning
procedure, because they have the advantage of being static and in fixed positions (Kavouras, 2007),
while the RE projects under study are the ones that can be moved and be sited according to the
results of the planning procedure.

By means of R-ZTV maps, visibility analysis can be utilized pre-emptively to indicate the areas to be
preferred for the installation of RE projects, under the primal (yet not exclusive) criterion of
minimizing landscape impacts. The protected landscape elements to be included in the calculation
of R-ZTV maps can include any selection of areas and landscape features of cultural or natural
significance that is considered important for the protection of landscapes' quality: e.g. historical or
archaeological sites, traditional settlements (Giannakopoulou et al, 2017), tourism-related
infrastructure (Efstratiadis and Hadjibiros, 2011; Sargentis et al., 2021b), etc. It also has to be noted
that in in the context of strategic planning, the spatial scale of R-ZTV maps should be relatively
extensive, since such studies are by definition carried out across large scales; e.g. multi-criteria
planning analyses are usually implemented at the regional or national scale (Katikas and Kontos,
2018; Koukouvinos et al., 2015; Osorio-Aravena et al., 2020; Shao et al., 2020). The scale of application
is another key difference with typical visibility analyses, which essentially refer to the specific project-
site scale. Through reversing visibility analyses, the implementation of visibility analysis in large spatial
scales becomes possible, as it is no longer dependent on the siting details of single projects, but can
be carried out for multiple landscape elements at once, stretching over whole regions or even
countries. Contemporary spatial planning frameworks usually include maps of such elements at these
spatial scales. Such maps can be used as inputs to R-ZTV analyses.

The early anticipation of landscape impacts of RE projects can facilitate the timely dismissal of
problematic locations and thus contribute both to the mitigation of landscape impacts and the
reduction of associated public opposition. In theory, maps that expedite the prediction of visual
impacts could be used for guidance in the sitting of projects at the initial development stages before
conflicts emerge, that way lowering the risks of investment plans (Bazilian et al., 2013) and limiting
the time and effort that is lost when projects are rejected at the stage of EIA. For example, it is a
common regulatory requirement for proposed projects that mean wind speeds have been recorded
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in the examined location for more than one year and that complete business plans have been
submitted (Daskalou et al., 2016; Papastamatiou et al., 2019); all this effort is wasted if the projects
are later rejected in the stage of EIA, which is quite often; for example, in the case in Greece
(Papastamatiou et al., 2019).

analysis Visibility (R-ZTV) analysis

‘ Zone of Theoretical Visibility (ZTV) Reverse - Zone of Theoretical

Use of the locations of important
landscape elements for the
projection of visual impacts to them

by any examined project

Use of an examined project’s location
for the projection of visual impacts to
important landscape elements

Figure 9. Graphical presentation of differences of conventional ZTV vs. proposed R-ZTV analysis.

3.3 Implementation of R-ZTV analysis at the regional scale: Case of
wind energy development in the Region of Thessaly

In order to reveal the methodological requirements of reversing visibility analyses within large-scale
RE planning, the proposed method was applied in the region of Thessaly, Central Greece, which
extends over an area of 14 000 km?. In this context, R-ZTV maps were generated from the perspective
of already specified important landscape elements, in order to be used for the projection of potential
impacts to them by proposed wind energy projects. The region of Thessaly was selected due to two
reasons. On the one hand, because various wind energy projects, at different stages of maturity, are
already planned within the region (Regulatory Authority for Energy, 2015). On the other hand,
because it is one the few regions of Greece having established a complete Regional Spatial Planning
Framework, that maps various locations and areas of importance for the regional landscape
(Government Gazette, 2020). The associated data are available through an online GIS platform
(http://mapsportal.ypen.gr/maps/694).

The first step for the computation of R-ZTVs for wind energy projects in Thessaly was the
implementation of reverse viewshed analyses for the important landscape elements of the region.
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The computations of reverse viewshed were selected to be binary, or boolean as they are also called,
in order to maintain the reciprocity between viewshed and reverse viewshed calculation (Caha, 2018).
The required inputs in GIS were the digital elevation model (DEM), the observer's height, the
observed object's height and the maximum distance of the observer’s visibility. In our analysis, we
utilized a DEM of the region of Thessaly with a cell size of 25 m, the height of the observer was set
at two meters above the z-value of the observation point, and the height of wind turbines was set
at 90 m (Lagaros and Karlaftis, 2016), which is representative of the size of turbine towers used in
recent wind energy projects in Greece.

The maximum distance of visibility, also called visibility threshold or discernibility range, was
identified as the most important parameter of reverse viewshed analysis, thus requiring a thorough
justification over its selection. The visibility threshold defines the radius of the analysis, i.e., the
distance limit used when investigating which areas are visible from each observation point, and
therefore has a significant impact on the size of generated viewshed zones. In the literature, the
visibility of a wind turbine under clear weather conditions is reported as long as 58 (Sullivan et al.,
2012) or 42 km (Sullivan et al., 2013). On the other hand, the estimations of distances of moderate
visibility of wind turbines exhibit a wide range of 3 to 40 km (Bishop, 2002; Buchan, 2002; Scottish
Natural Heritage [SNH], 2009; Sullivan et al., 2012). For distances of less than 2 to 3 km, the visibility
is considered dominant (Buchan, 2002; Scottish Natural Heritage [SNH], 2009; Stevenson and
Griffiths, 1994). In viewshed analyses from recent studies, it is more common that distances on the
highest end of the spectrum are preferred. For instance, Sullivan et al. (Sullivan et al., 2012) propose
distances ranging from 16 to 48 km, Bishop (Bishop, 2002) 20 km, and Vissering et al. (Vissering et
al., 2011) from 16 to 40 km. Moreover, in the latest version of the acclaimed SNH guidelines (loannidis
and Koutsoyiannis, 2020), the use of a 35 km distance is proposed for ZTV analyses of modern wind
turbines from 101 to 130 m heights. In our analysis, we carried out two applications of reverse
viewshed analysis, one for a 10 km and one of 30 km visibility threshold. This decisions was made so
that the broad range of visual thresholds that are reported in the literature was covered, and also
because these are the most common thresholds that have been used so far in studies that include
large-scale ZTV-type analyses (loannidis and Koutsoyiannis, 2020).

In regard to the data sets used to represent the protected landscape elements in the reverse
viewshed calculations, the following spatial layers were selected from the Regional Spatial Planning
Framework of Thessaly (Government Gazette, 2020), as they were identified to be relevant to the
protection of the cultural and natural landscape of the Region: (i) "Archaeology/landscape" in which
the delimited archaeological sites of the region are mapped, (ii) "Cultural routes" that includes a
section of the E4 European long distance path as well as other proposed routes of natural and
cultural interest, (iii) "Traditional settlements"”, and (iv) "Natural/Cultural Heritage and Landscape"
that includes proposed important lands of cultural heritage and natural environment (iv-a) as well as
landmarks of international, national or regional touristic interest (iv-b). The above-mentioned
landscape elements of the region of Thessaly are depicted in Figure 10.
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Since the spatial information for the protected landscape elements was represented in various forms
in GIS (points, polylines and polygons), different assumptions had to be made in reverse viewshed
computations, regarding the position of theoretical observers within these areas. The basic logic for
the placement of theoretical observers was covering the spectrum of visibility of indicative visitors
within the examined areas. In the case of the polygon layer (layer i), theoretical observers were placed
in each angle of their perimeter as well as the mid points of each side. The analysis was not carried
out for theoretical observer points within the polygons, since these areas were considered to be by
definition less preferable for wind energy projects, provided that they are already demarcated as
archaeological sites-landscapes. In the case of the polyline layer (layer ii), theoretical observers were
placed every 500 m along the length of the paths. Finally, in the case of point-type layers (layers iii
and iv), the points themselves were used as locations of the theoretical observers.
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Figure 10. Map of the landscape elements of the region of Thessaly that were used in the R-ZTV analysis.
Source of data: Regional Spatial Planning Framework of Thessaly (Government Gazette, 2020).

3.4 Results

3.4.1 Reverse Zone of Theoretical Visibility (R-ZTV) maps

The reverse viewshed calculations for all examined spatial data were merged together in the final R-
ZTV maps. The generated R-ZTV maps and the results of the individual reverse viewshed analyses
that were carried out for each of the protected landscape elements are presented in Figure 11. The
coloured areas demarcate all locations from which an installed wind turbine would be visible to any
of the protected elements. The results of all reverse viewshed computations for the five types of

83



landscape elements of Figure 10 are presented as spatial layers with a 50% transparency in Figure 11,
so that the overlap of reverse viewsheds can be discernible in the cumulative R-ZTV map.
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Figure 11. R-ZTVs maps of protected landscape elements in the region of Thessaly for the case of wind energy
projects (right), and reverse viewshed calculations of the examined landscape elements (left). The upper and
lower maps refer to visibility thresholds of 10 and 30 km, respectively.

In theory, the areas calculated through R-ZTV analysis could potentially expand to outside the
borders of the examined region, as presented in Figure 12. It is thus demonstrated that offshore
projects or projects in adjacent regions could also have some impact to the protected landscape
elements within the region of Thessaly. However, in the context of the present research, the
investigation was focused to the planning of projects within the borders of the region and hence,
within the mainland. This was both due to limited data availability for adjacent regions and lack of
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information regarding the emergent field of marine spatial planning (Chalastani et al.,, 2021; Katikas,
2022; Katikas and Kontos, 2018). Nevertheless, to our knowledge, the exploitation of the actually
large offshore wind energy potential of the country involves marine areas that are far away from the
region of interest (Katikas, 2022; Spyridonidou et al., 2020).
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Figure 12. Expansion of R-ZTVs calculated for the protected landscape elements in the region of Thessaly
(Figure 10) beyond the region's borders to offshore areas and to adjacent regions with the use of 10 km buffer
zones.

3.4.2 Utilization of R-ZTV maps in spatial planning

The overall purpose of R-ZTV maps is their utilization for the a priori assessment of landscape
impacts of renewable energy projects, with emphasis on early-stage spatial planning analyses and
decision making. In this Section, the method is investigated in regard to its capacity to provide
information that can support these aims and facilitate the mitigation of landscape impacts.

Initially, we investigate how R-ZTVs can be optimally mapped, in order to be compatible with multi-
criteria spatial planning analyses and, more broadly, to be comprehensible and useful to stakeholders
in the mitigation of landscape impacts of renewable energy.

As was expected, from the results of Section 3.4.1 we conclude that the visibility threshold used in
the reverse viewshed analyses has a significant influence on the size of the generated R-ZTVs. In
particular, as shown in Figure 11, with the use of a 10 km visibility threshold, 37% of the land area of
the region of Thessaly would be suitable for the installation of new wind energy projects without
causing any visual impact to the protected landscape elements of the region. However, this
percentage is reduced to only 12% of the region if a 30 km visibility threshold is applied. As expected,
the 10 km R-ZTVs allow for a wider freedom for site selection under the goal of minimizing landscape
impacts. However, since both visibility thresholds (10 or 30 km) have been used widely in literature
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(loannidis and Koutsoyiannis, 2020), and also given that various other thresholds are also regularly
used, as discussed in Section 3.3, it is clear that R-ZTVs should be compatible with both large and
small visibility thresholds, in order to be useful in the spatial planning of RE.

To this aim, two different logics of implementation can be proposed, depending on the selected size
of the visibility threshold:

(i) When smaller visibility thresholds are applied, such as 10 km, R-ZTVs can be used as a binary map
demonstrating in which spatial units the installation of RE infrastructure would cause visual impacts
to important landscape elements, as demonstrated in Figure 13. This binary R-ZTV is generated
through the union of the reverse viewsheds of the protected landscape elements.

(i) When larger visibility thresholds are adopted, such as 30 km, R-ZTVs can be used as a weighted
map in which each pixel is characterized by the level of visual impact that would be generated to
protected landscape elements if RE infrastructure was installed within it. The weighted R-ZTVs can
be generated, for example, by overlaying the reverse viewsheds of protected landscape elements
and giving each pixel a weight according to the number of overlaying reverse viewsheds within it. In
the example of Figure 14, we present an adjusted R-ZTV map for wind energy projects in Thessaly,
weighted by the number of reverse viewsheds of the protected landscape elements that overlay in
each cell of the map.
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Figure 13. Binary R-ZTVs (with the use of 10 km visibility threshold)
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Figure 14. Weighted R-ZTVs (with the use of 30 km visibility threshold)

As a first assessment of the utility of R-ZTVs in a real-world planning scenario, the R-ZTV maps of
Figure 13 and Figure 14 were used to evaluate the potential impacts of proposed wind energy
projects in the region of Thessaly. Spatial data on wind energy projects in various stages of
development were collected from the Greek Regulatory Authority for Energy (RAE) (Regulatory
Authority for Energy, 2015). We note that the examined wind energy projects were already in
advanced stages of their licensing procedure, while R-ZTV maps are able to be used even in earlier
stages before the licensing processes of projects have begun. However, even in this case, the use of
R-ZTV maps is again useful as it discards the requirement for carrying out individual visibility studies
for all the examined projects, since now one map (e.g., the maps Figure 13 and Figure 14) can be
used for the evaluation of the visual impacts of all of them at once (Figure 15).

We also remark that projects that are referenced by RAE as rejected during the licensing procedures
(for various reasons, including environmental and legal justification), were also included in the
analysis. On the other hand, proposed projects located inside the delimited archaeological areas that
are presented in Figure 10 were excluded, as the severity of their landscape impacts was considered
as self-evident.

The final list of examined projects, that sum 4.3 GW of nominal power capacity, was incorporated in
the aforementioned maps, to evaluate the R-ZTV method over its capability to propose favourable
locations for the installation of wind turbines, under the criterion of landscape protection. Figure 15,
the R-ZTV maps of Figure 13 and Figure 14 are presented in combination with the projects of the
region that are currently under development. Next, the results in regard to the overlap of the
locations of the wind energy projects with the R-ZTVs are presented in Table 8 and Table 9.
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Figure 15. Wind projects in Thessaly region (in various development stages) assigned to R-ZTV maps (Figure
13 and Figure 14).

In the case of the binary R-ZTVs with a 10 km visual threshold, 29.2% of the examined wind energy
projects were outside its borders and would thus be considered to be causing minimal impacts to
the protected landscape sites (Table 8). In the case of the weighted R-ZTVs with a 30 km visual
threshold, the projects that are completely outside the borders of the R-ZTV were only 2.2% of the
total set, mainly located in the North-Western and Southern border areas of the region. However,
this is not to say that site selection would have to be limited to these areas. In fact, the weighted R-
ZTV map demonstrates the number of protected landscape elements that would be impacted from
the installation of wind energy projects within each cell of the DEM. Therefore, weighted R-ZTVs
could be used, for example, to prioritize locations that generate visual impacts to a smaller amount
of protected landscape elements (Sargentis et al., 2021b). With the use of weighted R-ZTVs, we can
compute that 19.7% of the analysed projects would be visible by only one protected landscape
element, while another 34.2% would be visible by two elements (Table 9). Overall, the weighted R-
ZTVs seem to be better suited to the setup of mainstream multi-criteria spatial planning analyses, in
which various criteria have to be rated and taken into account, while the binary R-ZTVs could be
utilized, possibly in the context of policy, for the computation of exclusion zones or for independent
guidance to stakeholders on significant anticipated landscape impacts. An additional observation
that might be indicative to the utility of R-ZTV analyses is that rejected projects in the datasets of
RAE present a slightly increased overlap with R-ZTV zones than projects in other stages of
development. In particular, in Table 8 there is a 77.4% overlap of rejected projects with the R-ZTV, in
contrast to 70.8% for the rest of projects. Additionally, in Table 9 the sum of rejected projects in
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overlap with zones 3, 4 and 5 is 55.9%, in contrast to 43.1% for the same sum in non-rejected ones.
This could be a first indication that R-ZTVs can anticipate problematic locations, but this is certainly
not definitive, since a detailed investigation of the reasons of rejection of these projects would be
required in order to verify this.

Overall, the results demonstrate that R-ZTV maps can be utilized for the anticipation of potential
landscape impacts by RE projects, applying both large or small visibility thresholds. The inclusion of
projections of landscape impacts that are informed by visibility analysis in early strategic planning
and decision making, in general, and in operational multi-criteria siting studies, in particular, would
be an improvement over the current practices. We remind that visual impacts so far are typically
neither projected nor mapped in these stages (Osorio-Aravena et al., 2020; Shao et al., 2020), and if
they are in fact assessed, it is usually the form of predominantly qualitative rather than quantitative
assessments (Gamboa and Munda, 2007; Kaya and Kahraman, 2010; Mostegl et al, 2017;
Scognamiglio, 2016).

Table 8. Wind energy projects under development in Thessaly region vs. binary R-ZTVs of Figure 13.

Percentage of
Number of Number of projects projects
Project authorization stage projects in overlapping with the overlapping
category binary R-ZTVs with the binary
R-ZTVs
1 - Under evaluation 38 23 60.5%
2 - Generation authorization 92 70 76.1%
3 - Installation authorization 5 3 60.0%
4 - Operation authorization 2 1 50.0%
Totals of not rejected projects 137 97 70.8%
Rejected projects (rejection
decision) 84 65 77.4%

Table 9. Wind energy projects of Thessaly region under development vs. weighted R-ZTVs of Figure 14.

Number | Percentages of projects overlapping with the following
Project authorization | of projects number of protected landscape element types
stage n 0 1 2 3 4 5
category
1 - Under evaluation 38 26% | 10.5% | 368% | 342% | 132% | 2.6%
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2 - Generation
authorization 92 11% | 22.8% | 35.9% 21.7% 15.2% | 3.3%
3 - Installation
authorization 5 20.0% | 40.0% 0.0% 0.0% | 20.0% | 20.0%
4 - Operation
authorization 2 50.0% 0.0% 0.0% 0.0% 0.0% | 50.0%
Totals of not rejected
projects 137 2.9% 19.7% | 343% | 241% | 14.6% | 4.4%
Rejected projects
(rejection decision) 84 1.2% 11.9% 31.0% 33.3% 202% | 2.4%

3.5 Discussion

3.5.1 The shift from a posteriori to a priori assessment of landscape impacts

The aim of reversing visibility analyses of RE is to allow for an early assessment of potential landscape
impacts and to enable the timely dismissal of highly impactful locations, thus reducing conflicts and
social opposition, and eventually favouring the development of RE.

So far, visibility analysis has been a very useful tool for the quantification of landscape impacts of RE
projects across various spatial scales (loannidis and Koutsoyiannis, 2020; Scottish Natural Heritage
[SNH], 2017). The reconceptualization of this tool so that it can be incorporated in the earliest stages
of planning for RE can consequently be considered an important step towards the optimal mitigation
of landscape impacts. Until this point, the a priori application of visibility analysis, e.g. from the stage
of multi-criteria planning, for RE investments and in large spatial scales has been very rare (Osorio-
Aravena et al., 2020; Shao et al,, 2020). Visibility analyses have either been carried out in large scale
but a prosteriori (Mdller, 2006; Rodrigues et al., 2010; Scottish Natural Heritage [SNH], 2014; Statistics
Netherlands [CBS] et al., 2014; Tsilimigkas et al., 2018), therefore mostly having academic rather than
planning utility, or a prioribut in the project's site-scale, reviewing an individual project's location ad
hoc during the process of EIA (Buchan, 2002; Jerpasen and Larsen, 2011; Scottish Natural Heritage,
2006; Scottish Natural Heritage [SNH], 2017). However, this timing is not optimal, both for investors
and the local communities, since at that stage there are very limited options for modifying the siting
of projects. Furthermore, given the fact that public discourse (Devine-Wright, 2005; Eltham et al,
2008; Langer et al., 2016; Wolsink, 2007b, 2000) and co-production (Wolsink, 2020a, 2018) have been
identified as essential means to improve the social acceptance of RE projects, technological updates
will be required for the facilitation of public participation in the planning phase of RE projects, in a
meaningful way. It has to be noted that a well-justified siting is actually the only major way to mitigate
the landscape impacts of RE projects. In contrast to other types of infrastructure works in which
landscape integration can be improved through architectural design (loannidis et al., 2022), this not
a potentiality for two out of the three primary types of RE projects, since their shape is predefined
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by industrial specifications and cannot be modified (loannidis and Koutsoyiannis, 2020). In particular,
wind turbines and utility-scale solar panels have a predetermined form that cannot be altered, in
contrast to works like bridges or dams that be treated architecturally through architectural and
landscape studies (Daskalou et al., 2016; Koutsoyiannis and loannidis, 2017). Out of RE works,
architectural and landscape design is only applicable to civil engineering infrastructures that are
associated with hydroelectric projects, such as dams and their appurtenant structures (loannidis et
al., 2022). Parts of wind turbines have also started to be used for architectural purposes (Leahy et al.,
2021; Nagle et al., 2022), but this becomes possible after their decommission and does not refer to
wind projects thereof.

R-ZTV analysis is shaped particularly to allow for a priori and /arge-scale assessment of potential
landscape impacts of RE projects. The facilitation of this shift is the major challenge of this research,
since it can enable the inclusion of landscape impact projections, by means of visibility analysis, at
the very early stages of project planning, and apparently far before their design (and therefore siting)
study. Through the proposed R-ZTV maps: (a) landscape impacts can be included in the well-
established planning method of multi-criteria analysis among other criteria that have so far been
commonly utilized (Osorio-Aravena et al., 2020; Shao et al., 2020), and (b) can be used even earlier
than the beginning of licensing stages (e.g. for wind energy: suitability studies for mean wind speeds
and efficacy of intended turbines, etc.), thus saving significant time and effort for projects that would
potentially later face important landscape-impact induced opposition. Regarding the shortcomings
of current practices in RE planning, it is indicative that in a 2016 multi-criteria spatial planning study
for the examined region of Thessaly (Daskalou et al., 2016), the mitigation of landscape impacts was
addressed with 1 km buffer zones around protected landscape sites. This is one of the relatively
lenient and simplistic measures for landscape protection suggested by the Greek Framework for
Spatial Planning and Sustainable Development of RE (Hellenic Ministry of Environment, Energy &
Climate Change, 2008), that has also been used in other studies in Greece (Latinopoulos and
Kechagia, 2015). We remark that similar practices are reported in multi-criteria studies in other
countries, as well (Watson and Hudson, 2015).

The outcomes of this analysis, as presented in Figure 13, Figure 14 and Figure 15 and Table 8 and
Table 9, demonstrate how R-ZTV maps can indeed facilitate the incorporation of visibility analysis in
RE planning, at the regional or even coarser spatial levels. The format of R-ZTV maps, i.e., a generic
spatial layer calculated for a whole region or country, is compatible with spatial multi-criteria analyses
(Efstratiadis and Koutsoyiannis, 2010; Osorio-Aravena et al., 2020; Shao et al.,, 2020) or strategic
environmental impact assessment studies (Pang et al., 2014) that are commonly used for RE planning
across such scales. R-ZTV maps can improve the assessment of landscape impacts within such well-
established design and planning practices, since they are based on accurate reverse viewshed
calculations. By reducing subjectivities, such tools can facilitate decision-making for the social
environmental and techno-economic optimization of RE projects. An additional advantage of R-ZTV
maps is that after their single calculation at the regional or national scale for any selected protected
landscape features (historical and cultural monuments, traditional settlements, touristic areas, etc.)
they can be re-used for any project with similar characteristics in the proximity of these protected

21



areas. This is possible due to the fact that the implementation of visibility analysis does not longer
depend on the locations of particular examined projects, as has been the case so far. Therefore, R-
ZTV-type analyses have the potential to reduce the load of EIA and thus to simplify policy, if utilized
in large spatial scales. The use of visibility analyses based on reverse viewshed calculations in early
stages of development is also supported by the similar yet even more generic method of Zones of
Potential Visual Impact on Protected Landscapes presented by Natural England (GeoData Institute,
University of Southampton, 2013) or the already mentioned study by Tegou et al. (Tegou et al., 2010).
Finally, reverse visibility analyses are quite easily expandable, whenever additional information has
to be added (e.g., new features of interest or new restrictions), by means of overlapping layers.

R-ZTV maps are relevant to private or state-owned enterprises involved in the development of RE,
as well as to institutions and local authorities that are active in cultural heritage management and
landscape planning and preservation. In this respect, these maps can be used for the anticipation of
impacts either as part of multi-criteria planning studies for independent consultation, especially from
the investors’ point of view, who usually lack on local knowledge. In fact, many companies that are
active in the field of RE development are multinational and have limited information about
landscape-quality issues, such as cultural heritage, tourism, etc. As a result, in many cases, conflicts
with local communities and opposition that emerges over landscape effects could have potentially
been avoided if tools for early projection of these impacts were available. Furthermore, the R-ZTV
maps can be used for the classification of cases of projects in regard to their landscape impacts and
additionally relevant institutions can also have an active role in the selection of protected landscape
sites that will be used to generate the R-ZTVs. This last point can be of particular significance given
the broadly accepted importance of public participation in RE planning (Devine-Wright, 2005; Eltham
et al., 2008; Wolsink, 2000), and also illustrates a potential for synergies with participatory GIS tools
(Brown and Raymond, 2014; Picchi et al., 2019). Lastly, R-ZTV maps can facilitate the communication
between stakeholders, by providing spatial quantification and classification of impacts; they can be
used to aid in the justification of objections, trade-offs or compromises, overall easing the handling
of conflicting objectives in the planning process of projects (Efstratiadis and Hadjibiros, 2011) and
contributing to reducing the social turmoil, delays and costs associated with conflicts over landscape
impacts.

3.5.2 Limitations

Even though R-ZTV mapping can contribute to improved projections of landscape impacts of RE
during planning procedures, it should not be considered as an indisputable quantification, similarly
to any method of quantifying landscape and visual impacts. Even though the calculation of visibility
is relatively accurate, visibility cannot be considered equivalent to visual impact (Wolsink, 2020b).
Visual impact is a rather qualitative than quantitative concept, which is subject to personal opinions
and biases (Kontogianni et al., 2014, 2013; Lee, 2017; Nadai and Van Der Horst, 2010; Phadke, 2011)
and therefore depends on multiple other factors besides visibility; for example, on the perception of
individuals on the quality (Molnarova et al., 2012; van der Horst, 2007) or the scenicness (Weinand et
al., 2021) of the transformed landscapes prior to their transformation, on place attachment (Buchmayr
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et al,, 2021), etc. Additionally, various other project-related or site-specific visual phenomena, such
as glare from PV panels (Chiabrando et al., 2009) or movement of turbine blades (Bishop and Miller,
2007), can also affect the visual impacts of RE projects. Finally, viewshed calculations and the ZTV
method, which are the foundations of R-ZTV, also have additional computational flaws of their own
(loannidis et al, 2020; Johnson, 2014). Thus, the proposed method of R-ZTV mapping is not
manifested as a definite quantification of landscape impacts. It is rather a tool that can be used to
support planning practices or policy frameworks and national directives for RE planning, in terms of
improving the quantitative aspect of their landscape impact assessments.

In addition to the aforementioned shortcomings of visibility analyses in general, the R-ZTV method
has some additional more specific prerequisites and limitations. In particular, the basic requirement
for its implementation in the large scale (national and regional), where it is more meaningful, is that
sites of landscape importance must have been already designated and mapped and be available in
GIS compatible formats. In some countries, such data are already mapped in those scales by
environmental and cultural institutions and agencies (GeoData Institute, University of Southampton,
2013; Watson and Hudson, 2015). However, this is not necessarily the norm. For instance, in Greece,
only three out of the 13 basic administrative regions have published such data in GIS format.

Lastly, there are additional limitations that are specific to the present analysis and are related to its
technical assumptions and decisions. The first one is that a DEM (Digital Elevation Model) was used
for the analysis rather than a DSM (Digital Surface Model) that includes adjusted land surface heights
according to land uses (Minelli et al., 2014) or land cover (Grekousis et al., 2015), since the latter was
not found for the examined region. Nevertheless, the differences between a DEM and a DSM in the
scale of examination of our investigation are not expected to be significant. We remark though, that
the use of DEMs is approved by practice guidelines for ZTV analysis (Scottish Natural Heritage, 2006).
Secondly, another space for improvement involves the positioning of theoretical observers within
protected areas. For example, traditional settlements were presented as points within the utilized
data sets, while more accurate representations of them would allow for the inclusion of more
theoretical observers, thus improving the accuracy of the derived R-ZTV maps. Differences between
R-ZTVs could also be investigated by means of using centroids or peripheral points or combinations
of the two for calculations in polygon type protected areas. The number of points that are generated
to represent a structure in the landscape have already found to affect the calculation of area of
visibility (Caha, 2018) in R-ZTV analyses at smaller spatial scales and may also have some impact,
probably less significant, in larger scales.

3.6 The utility of reverse visibility analysis

The inability to integrate visibility analyses into the strategic planning of RE projects has hindered
the timely projection of landscape impacts, thus impeding their mitigation and arguably contributing
to significant landscape-impact induced public opposition. In this Section, the realization of a
methodological shift in visibility analyses was proposed as a solution to the above-mentioned
shortcoming: shifting the focus of visibility analysis from RE infrastructures that cause visual impacts
to the landscape elements that should be protected from such impacts. With this modification, R-
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ZTVs (Reverse Zones of Theoretical Visibility) can be calculated and be used to anticipate landscape
impacts of projects, much before their design studies and before the crucial steps of licensing and
EIA.

The practical challenges of this shift were investigated in the region of Thessaly, Greece, where R-
ZTV analysis was implemented at a regional scale of 14.000 km?. This proof-of-concept demonstrated
how the proposed reverse visibility analysis can be used to support the sitting of projects is various
levels of maturity (initial evaluation of wind speeds and business plans, EIA, finalized licensing, etc.)
with the landscape-protection criterion, a prioriand in large spatial scales. It has to be noted though
that the generated maps can also be used for the prediction of landscape impacts of future proposed
projects within the region, even in earlier preliminary stages of development, namely in early
planning or conception.

Through both the theoretical and the practical investigations of this Section it was demonstrated that
the reversal of visibility analyses can lead to overcoming common landscape-associated difficulties
of RE planning, in the following ways:

1) The reversal of visibility analyses enables their integration into the early planning stages of
RE, which has been impractical so far. Mainstream ZTV and viewshed analyses could not be
carried out at these stages since they require the detailed project layout as input, while at
that time the project design (including its micro-siting) is still under investigation. However,
since important landscape elements (historical-archaeological sites, cultural monuments,
touristic areas, etc.) are in already known locations, visibility analysis can be instead carried
out from their perspective in the form of reverse viewshed, using their locations as input. The
combination of the computed reverse viewsheds in R-ZTV-type maps formulates a new type
of map that can be used to project potential visual impacts to the examined landscape
elements. This map can be used as early as in the conception phase or can be integrated into
multi-criteria strategic planning studies, along with other technical, economic and
environmental criteria, thus allowing for the early anticipation of potential landscape impacts.

2) After a single calculation, R-ZTV maps of protected landscape elements can then be used in
the future for any planned RE project in their proximity. Hence, in terms of their policy
implications, R-ZTV maps can potentially render the requirement for individual visibility
analyses for each new project obsolete, overall accelerating the EIA of RE. Since protected
landscape sites are static, the computation of the reverse viewshed of every site is only
required once, and would not need to be re-calculated for each new project, as is the case
with conventional visibility analyses. A new implementation will only be required if basic
geometrical features of the examined RE projects, such as wind turbine or solar photovoltaic
panel heights, are modified significantly.

3) Finally, R-ZTV maps have potential for synergy with participatory planning processes and can
also be used independently by stakeholders and investors in RE. R-ZTV maps can be used
independently by any of the stakeholders in the development of RE, in the early planning
phases of RE development, when the siting or projects is still under consideration, therefore
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allowing for better-informed siting decisions. From the perspective of investors, R-ZTV maps
can be used for the selection of locations with low anticipated landscape impacts, thus
reducing investment risks. From the perspective of stakeholders that are active in the
protection of landscapes, R-ZTV maps can provide quantitative data that can be used to
facilitate communication and public discourse over projected landscape impacts. Finally, R-
ZTV maps can be co-produced with local communities and landscape protection institutions,
who can be involved in the selection of landscape features to be included in the R-ZTV
analysis.

Overall, it can be expected that the continuous effort to expand RE in combination with the fact that
low-impact sites for such projects are declining (Deshaies and Herrero-Luque, 2015; Kaldellis et al,,
2012; Nitsch et al., 2004), will render the RE transition one of the most significant drivers of landscape
change in the following decades. It is evident that the mitigation of impacts to landscapes will be a
key goal for both investors and local communities that aim to protect their landscapes (loannidis and
Koutsoyiannis, 2020), since the associated conflicts are detrimental to both groups, as it is especially
manifested in countries with highly developed economies (Didgenes et al., 2020). Technological
tools, such as the R-ZTV analysis, can aid towards this effort, by improving the quantitative data
generated for RE planning while also maintaining potential for a synergetic relation with the
participatory planning methods proposed by the ongoing research on public discourse and
participation schemes (Picchi et al., 2019; Stober et al., 2021, Wolsink, 2018) and decision making
policies (Frantal et al., 2018; Weinand et al., 2021; Wolsink, 2020a).
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4 THE UTILITY AND POTENTIAL OF ARCHITECTURAL AND LANDSCAPE
TREATMENT OF INFRASTRUCTURE — IN PROJECT-SITE SCALE

4.1 Infroduction

4.1.1 The question of landscape design of major civil infrastructure

In Section 2.4, it was established the architectural and landscape design are essential tools in the
effort to mitigate the landscape impacts of infrastructure works. However, the capability of
infrastructure works to be treated architecturally is not a given; wind and solar energy works as well
as overhead power transmission lines and other infrastructure seem to suffer significantly, from a
landscape impact perspective, by the fact that their shape and form cannot be modified as part of
architectural design studies. Works that are capable of receiving architectural treatment, such as
dams (Koutsoyiannis and loannidis, 2017), bridges (Denn, 1995), irrigation channels, etc., seem to
benefit significantly when such studies are applied, by enjoying a better integration with the natural,
cultural and aesthetic characteristics of their surrounding landscapes.

The advancement of the architectural and landscape design of major civil infrastructure has also
been identified as a crucial focus-point for the future research agenda of landscape architecture
(Meijering et al., 2015; Nijhuis et al., 2015; van der Wal et al., 2021). The major role that the so called
"landscape impacts" have had in the discussion over the sustainability of the renewable energy
transition (loannidis and Koutsoyiannis, 2020; Jefferson, 2018; Pasqualetti, 2011) has certainly
contributed to this regard.

However, so far and in most countries, architectural and landscape design studies are still not
required for major projects of civil infrastructure such as dams, bridges and highways (Kara et al,
2017). When it comes to major infrastructure projects, the landscape design sector is generally
considered to be underdeveloped both in practice (Fischer et al., 2000; Moosavi et al., 2016) and in
academic research (Vicenzotti et al., 2016). The few cases worldwide in which landscape design has
been consistently and widely implemented during the development of infrastructure are limited to
some of the countries with highly developed economies'3, where landscape design requirements are
included in institutional design standards, e.g. in countries in Europe and in the USA (Chugh, 2011;
Thompson et al., 2006). It has to be noted though that in practice, even in those countries, the
implementation of landscape design is in many instances limited to peripheral interventions such as
slope restorations and planting trees, without intervening in the form and surface of infrastructure.

Hence, the primary research question of this Section is whether landscape design can have a more
important role in the design process of infrastructure. To this aim, we focus on the following two
issues that we perceive as most essential for decision makers in matters of design and planning
policy: (a) the investigation of the utility of landscape design in works of civil infrastructure and (b)
the investigation of the potential for its wider implementation with emphasis on the examination of

13 We use the term as it is defined in the UN classification (United Nations Department for Economic and Social
Affairs, 2019)
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cost-associated or technical limitations. According to the results of these investigations the academic
community could potentially argue for a more important role for landscape design of infrastructure,
to technical and political authorities that shape relevant policy.

4.1.2 Dams as the focus of the investigation

The decision to focus on a particular type of infrastructure was made so that the investigation of the
general research questions of this Section can be done in a predominantly practice-oriented context
rather than in a theoretical one. This was considered necessary for addressing adequately and
realistically the research questions of the Section regarding the utility and feasibility of landscape
design in major civil infrastructure projects.

Dams are arguably some of the most crucial works of infrastructure (Koutsoyiannis, 2011;
Nikolopoulos et al., 2018) and are multipurpose projects that are used for water supply, irrigation,
energy generation, flood protection, recreation and other purposes (Dimas et al., 2017; Efstratiadis
and Hadjibiros, 2011; Sargentis et al., 2020, 2019b). They were identified as a suitable focus for the
investigation of landscape design practice in infrastructure for two reasons. Firstly, due to the fact
that various cases can be found globally in which landscape design has been utilized and positively
perceived landscape transformations have been generated (Fleetwood, 2010; Frolova et al., 20153;
loannidis and Koutsoyiannis, 2017a; Kreuzer, 2011; Nynas, 2013). Secondly, because on the contrary
various cases in which no landscape or architectural treatment has been applied can also be
observed in global practice. Thus, through the focus on landscape design practice in dams,
interesting comparisons could be made between cases with or without implementation of
architectural design and the general research questions of the Section could be partitioned into these
more specific and quantifiable research questions: Has landscape and architectural design been
implemented successfully in dams? At what cost? Can it be demonstrated that it has contributed to
increasing the sustainability of the generated landscape changes (especially in comparison to cases
in which it has not been applied)? And if that is the case, is the wider realization of landscape design
in this type of projects technically and economically feasible?

In terms of the scale of the analysis, the investigation for the feasibility and typology of landscape
practice in dams was carried out on a global scale, examining cases of landscape design
implementations from more than 20 countries. On the contrary, the examination of projects' budgets
was approached through a more targeted and detailed analysis of three projects. It is also noted in
this regard, that so far the architectural potential of dams has largely been left untapped and
landscape design has only been utilized sporadically (loannidis and Koutsoyiannis, 2017a). Therefore,
the investigation of landscape-design practices in dam projects was carried out globally, so that a
sufficient number of cases of dams could be collected and analysed. This challenge led on the one

14 The definition for landscape that is followed in this thesis is the definition of the European Landscape
Convention (https://www.coe.int/en/web/landscape/the-european-landscape-convention) that "landscape is
part of the land, as perceived by local people or visitors, which evolves through time as a result of being acted
upon by natural forces and human beings".
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hand to the inclusion of dams from all around the globe in the study, while on the other hand, it
further demonstrated how landscape design has been neglected in major civil infrastructure projects.
Notably, given that dams have been recipients of criticism over various social and environmental
impacts (Mamassis et al., 2021), it would be reasonable to expect the implementation of any available
measure to mitigate them, including landscape design, would have been supported more.

4.1.3 Section structure

In Section 4.1, we described the scientific focus and the research questions of this Section (Section
4.1.1), the reasoning behind the selection of dams as the focus of the investigation that follows
(Section 4.1.2) as well as the overall structure of the Section 4 (Section 4.1.3). In the methods Section,
we initially we briefly describe the setup of dam projects and the basic components of dams, in
Section 4.2.1. In Section 4.2.2, we analyse landscape-design practice in dams and formulate a
typology of architectural and landscape design implementations. In Section 4.2.3, we investigate how
the utilization of the designs of the typology of Section 4.2.2 has affected the perception of the
public on transformed landscapes. This is carried out through the analysis of photograph uploads in
the proximity of dams in geotagged photography databases in Greece (Section 4.2.3.1) and also
globally through literature review (Section 4.2.3.2). In Section 4.2.4, we investigate the project-cost
requirements for the implementation of landscape design studies through the analysis of the
budgets of two realized projects as well as the budget of a theoretical case study specifically
formulated for the purposes of this investigation. Finally, in Section 4.3 we discuss the results of the
Section and in Section 4.4 we present the conclusions.

4.2 Methods

4.2.1 Dam projects' setup

References to dam design in this research will be limited to the basic setup of a dam's site and to its
primary structural parts (Figure 16). The body of a dam is the main structure that blockades water
and creates an artificial lake or reservoir. It has three main parts: the downstream face that is visible
in Figure 16, the upstream face, which fronts onto the reservoir, and finally, the dam-crest. Reference
will also be made to appurtenant structures and to the peripheral landscape of dams. With the term
"peripheral landscape" we define the broader reservoir area including the natural terrain surrounding
the structural parts of dams; this is the area that commonly requires restoration after the construction
of dams. In relation to the appurtenant structures of dams, reference will be made to (i) spillways
and outlet works that are used to channel or siphon, respectively, excess water downstream of the
dam when the reservoir reaches its full capacity (Koskinas et al., 2019) (ii) powerhouses that are the
buildings where energy generation and conversion equipment is installed, in the case of
hydroelectric dams, and finally (iii) valve towers that provide access to valves for the control of outlet
works.
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B. Appurtenant Structures

AeND

Figure 16. A dam's project-site: (A) Dam body, (B) Appurtenant structures (spillway, entrance to the interior of
the dam and reservoir control facility in this case) and (C) Peripheral landscape (planted with trees and
redesigned with walking trails in this case). The dam presented in this figure is the Marathon dam in Greece.

4.2.2 Practice of landscape design in dams

Dams, similarly to all works of engineering, have inherent aesthetic qualities regardless of whether
they have had architectural treatment or not. The majority of dams globally are in fact formed solely
as the result of their technical requirements, meaning that architectural and landscape concerns have
no role in the design process. The focus of this investigation however is not on these cases of dams;
we rather focus on the cases where additional design elements have been specifically implemented
in order to better integrate the dam into landscapes or to enhance its aesthetics'®. Thus, in this
Section, we collected cases of dams that included architectural and landscape design features, from
global practice, aiming (i) to investigate the feasibility of landscape and architectural design in dams,
as demonstrated in realized projects, and (i) to create a typology of designs that can be used later
in the Section for the assessment of the contribution of landscape design to improving landscape
quality perception.

4.2.2.1 Collection of data

For the collection of data from landscape-design practice in dams, searches were initially carried out
in academic and institutional literature. However, since literature in this field was not very extensive
and was either focused on individual case studies (Kreuzer, 2011) or on single countries (Fleetwood,
2010; Nynas, 2013), data searches were also carried out in web search engines. The searches were
directed to data from websites of institutions and organizations that are active on the fields of dam
design, hydropower and cultural heritage. The keywords "dam landscape design in (country name)"
and "dam architecture (country name)" were used followed by searches using the same keywords

15 The only exception to this is our reference to arch and buttress dams, because their highly perceived
aesthetics have already been correlated to their inherent geometrical characteristics in literature, as explained
in more detail in Section 4.2.2.2.
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translated into the respective official languages of various countries using Google translate. The
countries that were included in the searches were, firstly, the top 10 countries globally, ranked by
number of dams'¢, and secondly, various other countries that were identified by the authors as
potentially relevant, based on their personal experience, such as: The United Kingdom, Norway,
Switzerland, Greece, Australia, France, Egypt, Algeria, Germany, ltaly, Turkey, New Zealand and
others.

Other than the text of the examined literature and websites, dam-photographs included in these
sources were also investigated. Since dams do not have publicly accessible interior spaces,
architectural and landscape design features are by default visible on the exterior of dams and their
appurtenant structures. Thus, landscape design features of dams were identified both from the
examination of literature and from photographs of dams. For the latter, the experience of the authors
on dam design was utilized in order to separate the additional landscape-design features from the
standard structural parts of dams that are necessary from a technical standpoint, as defined by the
universally standardized dam types (Chugh, 2011; loannidis and Koutsoyiannis, 2017a; Tanchev, 2014).

As a result of this investigation, more than 70 cases of architectural and landscape interventions in
dams were found, originating from counties across all inhabited continents. The typologies of
landscape design in dams were then formed, by grouping cases of implementation of landscape
design techniques with similar characteristics.

4.2.2.2 Landscape design: dam body

The analysis of landscape-design practice in dams demonstrated that, even though landscape design
is not implemented in the majority of dams globally, a great variety of distinctive implementations
can also be found. Beginning with the dams' body, architectural interventions are mainly carried out
in the downstream face, which is the largest visible part of the dam. In dams built from concrete or
hardfill, various different types of coatings have been used in this area. In the compiled examples
(Table 10), the technique that has been most regularly utilized is ashlar masonry with natural stones
both in carved and semi-carved form, using marble, slate, limestone, basalt and granite. Alternative
facing techniques also include brickwork and concrete moulds. In the case of the downstream face
of dams that are built of earth or rock material (also called embankment dams), different techniques
have been developed that mainly focus on the formation of the outer layer of the dam's material
with rubble masonry. Downstream slopes have also been planted, primarily in embankment dams
but also in some cases of concrete dams. In dams made from earth or rock material, the most
common techniques include planting with grasses, shrubs or even trees, such as in the Aswan High
dam in Egypt. In concrete dams, planting is commonly limited to planter boxes in the crest or sparsely
scattered in the downstream face. However, in the La Brefia Il dam, completed in 2009 in Spain, it
was demonstrated that full planting of the downstream slope is possible in gravity dams as well.

16 https://www.icold-cigb.org/article/GB/world_register/general_synthesis/number-of-dams-by-country-
members
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Table 10. Typology of techniques used in the landscape design of the dam's body and examples of cases
where they have been implemented.

Dam Section sketch

Type of design

Examples of dams

Downstream Howden (UK-England), Vyrnwy (UK-Wales), Marathon

slope facing (Greece), Bornos  (Spain), Cataract (Australia),
Solbergofoss (Norway), Wachuset (USA), Minamiaiki
(Japan), Kuriyama (Japan), Tirajana (Spain), Kurodani
(Japan), Pinios (Greece)

Planted Ladybower  (UK-England), La Brefia Il (Spain),

downstream Bhandardara or Wilson (India), Arriaran (Spain), Charco

face or crest

Redondo (Spain), Sorpe (Germany), Jarrama (Spain),
Aswan High (Egypt), Kalangur (China), Nangoumen
(China)

Dam crest Kawachi (Japan), Vyrnwy (UK-Wales), Cataract (Australia),

features Mohnetalsperre  (Germany), Jandula (Spain), Grand
Dixence (Switzerland)

Information Oddatjorns (Norway), Miharu (Japan), Arriaran (Spain),

boards, Sannokai (Japan), Hume (Australia),

decorative

elements,

lighting and art

T3

Arched-
buttress dams'
bodies form

distinctiveness

Emosson or Barberine (Switzerland), Meishan (China),
Roselend (France), Navatn (Norway), Plastiras (Greece)

The dam crest has also been the recipient of landscape and architectural interventions. Such
interventions include the design of parapets, railings and other auxiliary structures on the crest of
the dam. Examples of this type of structures are valve towers (Gandy, 2006), which can be included
into the architectural design of dams as demonstrated in the cases of Cataract dam in Australia or
Solbergfoss dam in Norway, or viewing towers, such as in the example of Mohnetalsperre dam in
Germany. Other than major architectural interventions, smaller scale designs and artistic elements
can also be found in several dams of all the various dam-types; e.g., in their parapets and railings,
such us the minimalistic concrete parapet of the Grand Dixence dam in Switzerland or the stone
parapet of the Oddatjorndammen in Norway. Artistic interventions include sculptures, wall-painting
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of parts of the dam (Pérez et al., 2013; Ramos and Alonso, 2003) and inscriptions in the downstream
facade of dam, such as in Sannokai dam in Japan.

Finally, the investigation also demonstrated that certain types of dams are in some cases considered
to be architecturally significant even solely due to their form or their historical significance, without
requiring additional landscape-design interventions. Plasticity of forms, body form distinctiveness
and the structural "honesty" (Bacon, 2015) of reinforced concrete, have been identified as elements
of inherent architectural and aesthetic value in dams, by Le Corbusier and others (Kreuzer, 2011; Le
Corbusier, 1925); the types of dams that usually combine these structural characteristics are arch
dams and buttress dams. Masonry dams are also perceived positively, but mainly due to their
historical significance (Garcia Martin, 2012) as they were a popular dam throughout European history,
beginning from Ancient Greece (Dounias, 2020; Mamassis and Koutsoyiannis, 2010) and Ancient
Rome (Arenillas and Castillo, 2003). Arguably, most of these dams were not affected by the "split
between architecture and engineering" (Berrocal Menarguez and Holgado, 2014) that took place in
the post-industrial era and contributed to the emergence of issues of landscape industrialization.

Figure 17. Example of dam with architectural intervention in downstream slope facing — Vyrnwy dam
(UK). Image source: https://Ih5.googleusercontent.com/p/AF1QipOcDGIoGN27CJjyFFeTsU9F6vz
6lLeUja7CjzgO=h720
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Figure 18. Example of dam with planted downstream face - La Brefia Il (Spain). Image source:
https://Ih5.googleusercontent.com/p/AF1QipMy-5InliGbtf4FyZgMJG1GdY73tAetloodIPGB=h1440
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Figure 19. Example of dam with architectural features it its crest — Kawachi dam (Japan). Image source:
https://Ih5.googleusercontent.com/p/AF1QipNeq)6r00d6-plvifpFCWwiOYm2YypsVwjFeqCe=h1440
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Figure 20. Example of dam with decorative elements and inscription in downstream face — Nangoumen dam
(China). Image source: Google Earth capture

Figure 21. Example of arched dam of architectural and landscape significance — Barnerine or Emosson dam
(Switzerland):  Image source: https://Ih5.googleusercontent.com/p/AF1QipMuEgKIDDHwrsHSEFol7il5Tm
ZR2GAAL2-3fgxJ=h1440

4.2.2.3 Landscape design: appurtenant structures and peripheral landscape
The appurtenant structures and the peripheral landscape of dams have also been incorporated into
landscape designs in several cases (Table 11). In general, spillways and outlet works of dams
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commonly follow standardized designs that are predetermined by technical requirements (Retsinis
and Papanicolaou, 2020). However, in the examined cases, creative non-standard-practice designs
have been used to improve landscape integration (Table 11). Examples include conveying water to
lateral rocky abutments, either directly below (e.g. Bhandardara-Wilson dam) or downstream of the
dam (e.g. La Pena Dam in Spain) (Garcia Martin, 2012), so that the water is finally released to flow
naturally over stones, similarly to natural waterfalls. Another alternative to mainstream standardized
spillway-design, is the use of customized overflow channels to convey the excess flood water directly
over the downstream face of dams; a technique primary utilized in dams built from masonry (Winter
et al,, 2010), concrete or hardfill.

Table 11. Typology of techniques used in the landscape design of dams' appurtenant structures and
peripheral landscape and examples of cases where they have been implemented.

Dam Section sketch Type of design Examples of dams

Appurtenant structures

Non-standard landscape | Bhandardara/ Wilson (India), Jandula
design of spillway and | (Spain), La Pena (Spain), Tunhovd (Norway)
outlet works

Special cases of | Derwent (UK-England), Batanejo (Spain),
architectural design of | Kuromata  (Japan), Ovre  Eggevatn
spillways with overflow on | (Norway), Malpaso del Calvillo (Mexico)

dam body

Architectural design of | Marathon (Greece), Bermejales (Spain),
facilities and appurtenant | Rocky Reach (USA), Dalsfos (Norway),
structures Pitlochry  (UK-Scotland), Beni Haroun
(Algeria)

@y%

Peripheral landscape

Restoration of excavated | Fukashiro (Japan), Kitakawachi (Japan),
slopes Shimokubo (Japan), Haizuka (Japan)

Public park in the dam | Asari (Japan), Haizuka (Japan), Kensico
area or the broader | (USA), Lenexa (USA), Mettur (India), Sardar
reservoir area Saroar (India)

Eﬂéﬂ

In addition to spillways and outlet works, other appurtenant structures of dams, such as water-intake
towers, fish passes and power stations (in hydroelectric dams) have also been modified in efforts to
improve the landscape integration of dams. Representative examples of architectural design of

105



water-intake towers are the Marathon dam in Greece (loannidis and Koutsoyiannis, 2020) and the
Vyrnwy Dam in Wales. Fish passes or fish ladders, as they are also called, have also been referenced
in regard to their potential for successful integration into landscapes when particular landscape
design techniques are followed (DVWK, 2002). Finally, power generation facilities (needed in the case
of hydroelectric dams) have also been treated architecturally and various architectural design
approaches have been used for their design, with references to cultural, natural and aesthetic
attributes of the project's location (Table 11).

Other than the design of dam infrastructure and facilities, landscape design of dams also concerns
the peripheral area of the dam. Indicative works include the rehabilitation of local landscape impacts
from excavation works, landscaping the area surrounding the structural parts of the dam and
construction of park infrastructure. Techniques for slope and excavation rehabilitation primarily
include the use of gabions and planting. In addition to landscape rehabilitation, in various examples
public parks have been constructed in the proximity of dams (Table 11). In such cases, the dam is
commonly used as a central landmark of the park and the park itself is constructed close to it, usually
right downstream of the dam or in its lateral abutments. Public parks in dams usually include
benches, information signs for the dam, terraces, etc. In a larger scale, the construction of the dam
might also include the creation of coastal trekking trails or biking paths in the periphery or the
reservoir. Cases where trees were planted were also found, usually in the proximity of the dam and
the reservoir area (Koutsoyiannis and loannidis, 2017) but also in more distant areas, as remedial
measures; such us for example in Andevalo dam in Spain (Pérez et al., 2013).

Figure 22. Example of dam with non-standard landscape design of outlet works - Bhandardara or Wilson (India)
with overflow of outlet water on rocky dam abutments. Image source: Error! Hyperlink reference not valid.
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Figure 23. Example of dam with a special architectural design of its spillway with overflow over dam body —
Derwent dam (UK). Image source: https://Ih5.googleusercontent.com/p/AFIQipNV_viéwBhjacDsGQLUWEC
EL2h-UkFP7v_3Mc2E=w1280-h720-pd

Figure 24. Example of dam with landscape design of appurtenant structure, in this case of fish pass, - Rocky
Reach dam (USA). https://Ih5.googleusercontent.com/p/AF1QipP518DvzPQGW1tKryb0t7UbOCAKI3UYkWI74
30_w=h1440
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Figure 25. Example of dam with restorated excavation slopes — Fukashiro dam (Japan). Image source:
https://Ih5.googleusercontent.com/p/AF1QipN8vIYgphblHIzA_A_S2kFEMImwiksyMkRvOoqg_=h720

Figure 26. Example of dam with public park in the dam area — Kensico dam (USA). Image source:
https://Ih5.googleusercontent.com/p/AF1QipNPTQRNIJpEeLalYGIimGjmI9_trtamnTOlyLxZ8=h720

4.2.3 Contribution of landscape design to improving landscape quality
perception

The typology of landscape-design techniques that was formed in Section 4.2.2 (Table 10 and Table
11) is used in this Section to evaluate the effect of landscape design to public perceptions of dams'
landscapes. This evaluation is carried out using two separate methods: (a) the investigation of the
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impact of the use of designs from the typologies of Table 10 and Table 11 on the numbers of
photograph uploads near dams in geotagged photography databases and (b) the investigation of
literature on dams, looking for positive references to dams in which the techniques that are
presented in the typologies of Table 10 and Table 11 have been used; positive references had to be
relevant to improvement of landscape qualities or landscape-value perception.

4.2.3.1 Landscape-quality perception analysis using geotagged photography
databases

The level of public activity in geotagged photography web applications or social media platforms
has already been used in investigations of place attachment, landscape qualities or landscape value
perception (Komossa et al., 2020; Oteros-Rozas et al., 2018; Pettorelli et al., 2016; Zhang and Zhou,
2018). Thus, online geotagged photography data bases were examined in the effort to identify
potential correlations between the implementation of landscape design in dams and increased
landscape-value perception. The analysis of this Section was limited to dams of Greece for two
reasons: Firstly, because the personal experience of the authors in the dams of this country allowed
for the qualitative oversight of the results. Secondly, because the required research procedures
(count of photographs uploads, examination of photographs, etc) were carried out manually
therefore limiting the potential for a global analysis due to the significant work-load required.

The initial step of the analysis was the selection of a group of dams and the identification of any
architectural and landscape design features (such as those presented in the typologies of Table 10
and Table 11) on them. For this, we used the data set of the 27 large-dams of Greece with height
over 50 m, as listed in the inventory of large dams of the Greek Committee on Large dams (Greek
Committee on Large Dams [GCOLD] and TEE Larissa, 2012). Out of the 27 examined dams, three
dams included any of the features of the typologies of Table 10 and Table 11: Marathon dam (Figure
16), Tavropos (also referred to as Plastiras) dam and Pinios dam (both in Figure 28). In the Marathon
dam, a broad set of landscape-design interventions has been carried out in order to integrate the
dam with its natural and cultural environment; the design includes downstream slope and crest facing
with marble, careful architectural treatment of appurtenant structures and a public park in the
abutments of the dam. The Pinios dam is the only Greek dam with a freely planted downstream slope
including grass, shrubs and trees, overall managing to resemble a natural hillside. In the Tavropos
(Plastiras) dam, landscape design features include the methodical architectural design of the
appurtenant structures of the dam, three viewing balconies in the middle and the edges of the dam,
an open market and furthermore the dam also presents architectural value in itself due to the
distinctiveness of its form, being the only arch dam in Greece

The second step of the analysis was the examination of the density of uploaded images in geotagged
photography data bases in the proximity of all examined dams, followed by the comparison of the
number of uploads between dams with and without architectural and landscape design
interventions. All uploaded photographs in Panoramio and Google Earth platforms within a buffer
zone of approximately 50 m surrounding all of the dams were examined. Out of those photographs,
we counted those that met either of the following two criteria: (a) captured the dam or its
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appurtenant structures or (b) captured the reservoir of the dam; The reservoir was also included in
the analysis since the reservoir is also a derivative of the dam and its landscape significance has been
highlighted in literature (loannidis and Koutsoyiannis, 2020), as is the presence of water in landscapes
in general (Yamashita, 2002). The resultant photograph counts for the 27 examined dams are
presented in Figure 27.
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Figure 27. Count of photograph uploads in Panoramio and Google Earth geotagged-photography databases
in the proximity of Greek dams with height over 50 m. The names of the dams that include landscape-design
features are presented inside rectangles with black outline. Data from Panoramio were collected in March of
2016 and data from Google Earth in November of 2019.

The results demonstrate that the three Greek dams with the largest number of uploaded
photographs are the Marathon, Tavropos (Plastiras) and Pinios dams, followed closely by Potamon
(Amariou) dam. Interestingly, the top three dams in terms of photograph-upload count are actually
those that include features of landscape and architectural design, such as those listed in Table 10
and Table 11. The fourth dam in the photograph count, the Potamon (Amariou) dam, does not
include any notable features of landscape design (other than a plateau for parking and viewing the
reservoir in the left abutment of the dam) but also presents a high number of photograph uploads
in its vicinity. It is possible that the large number of uploads is associated with the influx of tourists
in the region of Crete, which is where the dam if built. Nevertheless, it should be noted that it seems
that high numbers of photograph uploads cannot be solely attributed to landscape design. Other
parameters such us ease of access to the dam, proximity to highly populated cities, tourist load of
the broader dam's area, etc. could also contribute to the larger number of photograph uploads. With
that said, the strong correlation between the presence of architectural design features and the high
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density of photograph uploads indicates that landscape-design features probably contribute to the
higher number of uploads, to some extent. Indicatively, the average photograph count in dams
including architectural design features is 113.7 photographs/dam in comparison to 25.8
photographs/dam for the remaining dams.

Figure 28. Photographs of Pinios (left) and Plastiras/Tavropos dam (right)17.

4.2.3.2 Analysis of literature on landscape qualities

Dams and their reservoirs have in various instances been cited in positive regard in terms of their
capacity to improve landscape quality perception. This has been observed both in academic
(Ananiadou-Tzimopoulou and Nana, 2015; Berrocal Menarguez and Holgado, 2014; Callis, 2015;
Frolova, 2010; Frolova et al, 2015a; loannidis and Koutsoyiannis, 2017a; Kreuzer, 2011) and in
institutional literature (Douet, 2018; Fleetwood, 2010; Norges vassdrags- og energidirektorat., 2013;
Pérez et al, 2013). Attributes of dams that are cited in this regard are usually cultural, natural or
purely aesthetic.

In the academic literature, the architectural and landscape design of dams have been associated with
the creation of scenic landscapes (Frolova et al., 2015a), enhancing built heritage (Callis, 2015) and
creating tourist attractions (Ananiadou-Tzimopoulou and Nana, 2015). Even though dams of
standardized technical design, i.e. without additional landscape-design features, have also been

17 Sources: https://Ih5.googleusercontent.com/p/AF1QipNTM286rj_ceC2VKNONpGU9IE6BmMv3IMOJSKSpolu=h1
440 and https://Ih5.googleusercontent.com/p/AF1QipPyOqUAmMI4H_EAEgRPsdeZd6Wjc9jyRhOk3jPy3=w1440
-h1440-pd
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referenced for their positive landscape contribution, either due to their form (e.g. arch or buttress
dams as described in Section 4.2.2.2) or due to the aesthetics of the natural scenery surrounding
them (Sargentis et al, 2021b, 2005), positive contribution to landscapes is more commonly
highlighted in cases where architectural and landscape design features are present (loannidis and
Koutsoyiannis, 2017a). In Table 12, we compiled a list of dams that have been referenced positively
regarding landscape qualities, built heritage or tourism and presented them alongside the
corresponding landscape design features from Table 10 and Table 11 that were found in each case.

Likewise, in institutional publications, references to positive landscape-changes induced by dams are
commonly associated with the presence of features of architectural and landscape design.
Institutions that have published relevant reports and studies include governmental agencies for the
preservation and management of natural and cultural resources such as, e.g., in Norway (Nynas,
2013), Scotland (Fleetwood, 2010) and Spain (Pérez et al., 2013), as well as international societies for
the preservation of cultural heritage (Douet, 2018). The former institutions have examined dams at a
national level while the latter have approached the topic from a global perspective. Dams are
referenced mostly in relation to their contribution to built-heritage but also for promoting tourism
and recreation in their respective areas. Dams that include architectural interventions have in many
cases been designated as monuments of cultural heritage (Douet, 2018; Fleetwood, 2010; Norges
vassdrags- og energidirektorat., 2013) or as places of Interest for the Community (e.g. the Bolarque
dam in Garcia Martin (2012)) and have been included in registers of Historic Places (e.g. the
Wachusett dam in the USA, listed in National Park Service - Intermountain Region Museum Services
Program (2016)).

Finally, the importance of the architectural and landscape features of dams and reservoirs has also
been highlighted in the context of the discussion on the emerging renewable energy landscapes
(Frolova et al., 2015¢). In a systematic review of literature on the topic of landscape impacts of
renewable energy, hydroelectric dams were highlighted for generating, on average, the least
landscape impact in comparison with the other two major renewable energy technologies that are
utilized globally, i.e. wind turbines and solar panels (loannidis and Koutsoyiannis, 2020). Among
others, one of the origins of this differentiation is that dams do not have completely predefined
forms like wind turbines and solar panels but can be modified and be integrated into local landscapes
through architectural and landscape design (Koutsoyiannis and loannidis, 2017), thus generating
more positively-perceived landscape change (Keilty et al., 2016; Matveev, 1988; Sargentis et al., 2019a;
Sherren et al,, 2016; Thaulow et al., 2009). We have to note though that all literature referenced in
this Section is associated with landscape perception by individuals experiencing the finished projects
and does not concern environmental impacts of dams on ecosystems or the displacement of
communities; areas in which there have been important criticisms against dams.

Table 12. Dams with architectural and landscape design features and their corresponding positive references
in literature, for contribution to landscape qualities, built heritage and tourism.
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Type of design

References for positive contribution to landscape qualities, built
heritage or tourism

Dam body

Downstream slope facing

Jandula dam - Spain (Pérez et al., 2013), Vyrnwy dam - UK (Wales)
(Douet, 2018; Roberts, 2006), Miharu dam - Japan (Japan Dam
Foundation, 2011), Minamiaiki dam - Japan (loannidis and
Koutsoyiannis, 2017a), Naramata, Minamiaiki and Sagae Dams —
Japan (Japan Dam Foundation, 2021)

Planted downstream face

Charco Redondo dam - Spain (loannidis and Koutsoyiannis,
2017b), La Brefia Il dam, Spain (Pérez et al.,, 2013), Sorpe dam —
Germany (Sorpesee LLC, 2021)

Dam crest features

Ringedalsvatn — Norway (Nynas, 2013), M&hnetalsperre dam —
Germany (Economics and Tourism LLC M&hnesee, 2021)

Information boards, decorative
elements, lighting and art

Wachusett dam — USA (National Park Service - Intermountain
Region Museum Services Program, 2016), Hoover dam — USA
(Wilson, 1985)

Dam body form distinctiveness

(Sargentis et al., 2005) (Tavropos (Plastiras) - Greece, (Norges
vassdrags- og energidirektorat, 2013) (Navatn - Norway),
(Bacon, 2015) (Barberine dam - Switzerland)

Appurtenant structures

Non-standard landscape
design of spillway and outlet
works

Bhandardara (Wilson) dam — India (loannidis and Koutsoyiannis,
2017a; Laskowski, 2017)

Architectural design of
spillways with overflow on dam
body

New Croton dam - USA (Laskowski, 2017)

Architectural design of facilities
and appurtenant structures

Norris — USA (Bacon, 2015), Dalsfos, Vamma, Solbergfoss dams
— Norway (Norges vassdrags- og energidirektorat., 2013),
Pitlochry, Bonnington dams —UK (Scotland)) (Fleetwood, 2010)

Peripheral landscape

Restoration  of  excavated

slopes

Fukashiro dam — Japan (loannidis and Koutsoyiannis, 2017a),
Osatogawa Dam — Japan (Japan Dam Foundation, 2003)

Public park in dam area

Miramar Reservoir and Poway lake — USA (Koutsoyiannis and
loannidis, 2017)

4.2.4 Analysis of project-costs for landscape design

In this Section, we investigate landscape design of dams from a project-cost standpoint, through the
analysis of three case studies, aiming to gain insights on whether landscape design of infrastructure
projects is necessarily associated with high additional costs or if there are cases of low-cost yet
efficient landscape design.
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4.2.4.1 Case studies: completed projects

Additional project costs for the implementation of landscape design studies in dams are expected
to differ depending on type and scale of the proposed interventions. For example, the cost for the
downstream face of Marathon dam in Greece, which is coated with high-quality marble, is expected
to be significantly higher than the cost for the downstream face of Charco Redondo dam in Spain,
which is planted with grass. Given this variability of costs for the implementation of landscape design,
we investigated whether landscape design of infrastructure is necessarily associated with high
additional project costs or if low-cost designs are also a possibility. In this vein, we initially found and
compared the budgets of two cost-wise antithetical cases: La Brefia Il dam in Spain and Kensico dam
in the USA. The two dams share common characteristics in terms of size and dam-type, as they are
both gravity-type dams with heights of the same scale, 119 m for La Brefia Il and 94 m for Kensico
dam. However, the costs for the implementation of landscape design differ significantly between the
two cases.

In the case of La Brefia Il dam, the cost for the implementation of the selected landscape design
technique on the dam was calculated at €0.67 million, i.e., 0.56% of the total project's cost, analysing
the official project-cost data from ACUAES (A. Sandoval, personal communication, 2015) (more
details in supplementary material). On the other hand, in the case of Kensico dam, the original dam
budget could not be accessed but the budget for a rehabilitation project that largely concerned
reconstruction and maintenance of the landscape design works of the dam was found and it
amounted to US$31.4 million (NYC Department of Environmental Protection Public Affairs, 2005).
Such a high cost for maintenance demonstrates that probably the cost for the initial construction
was even higher. The significant difference in project costs between these two cases is attributed to
the fact that the landscape design of Kensico dam includes highly detailed masonry, colonnades and
paved terraces, all of which have significant construction and maintenance costs. On the other hand,
in the La Brefia Il dam the project costs were kept relatively low as the primary landscape intervention
carried out was the planting of the downstream slope of the dam using a low-cost innovative
technique.

4.2.4.2 Case study: architectural re-design proposition

For a deeper insight into the costs for the implementation of landscape design in dams, we
formulated a landscape-design upgrade proposition for an existing dam, so that we can analyse the
cost of landscape design in dams in more detail. For the generation of the upgraded design, the
typology of Table 10 was utilized as reference, taking inspiration from best-practices for potentially
low-cost landscape designs. The original budget of the dam was then compared to the new
increased budget, which included the additional architectural features, loosely following the research
to design process of the "experiential model", as described by Milburn and Brown (2003).
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Figure 29. (A) left side: photograph of a hardfill dam (in Steno - Serifos, Greece) and common front view of a
hardfill dam. (B) right side (case study): 3d render of the architectural design proposition and front view of the
dam after the architectural upgrades.

In detail, the case study was carried out through the following steps: (a) The original technical plans
of Filiatrinos Dam, in Greece, were collected and analysed. (b) Landscape design upgrades were
designed and integrated in the original technical plans, aiming for improved landscape integration
of the dam and utilizing the typology of landscape-designs of dams presented in Table 10 as a source
of ideas and techniques; a basic overview of the end result of the landscape design upgrade
proposition is presented in Figure 29, as designed with 3d-software (Figure 29-(B)), alongside a photo
of a typical hardfill dam in Greece (Figure 29-(A)). (c) The budget for the landscape-design upgrade
of the dam was calculated, following the official procedure for public-work costing in Greece,
including quantity measurement and costing with the use of standard tariffs; the procedure followed
was the same with the one used for the calculation of the original budget of Filiatrinos dam. (d) The
original budget and the updated budget for the re-design proposition were compared.

The selection of a simplistic design with the utilization of earth material, planting and limited amounts
of additional concrete and hardfill material led to relatively small increase to Filiatrinos dam budget,
equal to €0.50 million, i.e., 1.41% of the total project's budget. The detailed budget of the updated
architectural design is provided on the supplementary material. In Table 13 we also present the
individual sub-budgets for the landscape-design upgrade of each dam part along with a summary
of the budgeted tasks in each case.
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Table 13. Budget and summary of budgeted tasks for the landscape-design upgrade case study (More details
on the supplementary material).

Budget as
B
Darm zone udgeted tasks percentage of
summary total project
budget (%)
Zone 1 - Downstream Slope hardfill moulding
Downstream face 0.10%

hardfill moulding

! |
——————

Precast concrete units, | 0.44%
concrete construction,
coating and colouring

Gabion assemblage 0.48%
_ and installation,
N — preparation of green
— areas, planting,
Irrigation system

|

1|”

—

Zone 4 - Crest gabion facade

Gabion assemblage 0.07%
and installation

m

Zone 5 - Crest balconies

Concrete and hardfill | 0.27%
construction, coating
and colouring
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Zone 6 - Crest concrete finish

Concrete coating and | 0.01%

_ colouring
: 3 o
Additional works (Upstream slope crest, lighting)
Concrete coating and colouring, lighting fixtures 0.04%
Sum
1.41%

4.3 Results - Discussion

The key findings from the analysis of landscape-design practice in dams are the following:

Technical feasibility: The compiled list of 53 dam projects in which landscape design has been applied
in various different scales and styles, demonstrated that there are no insurmountable technical issues
to the implementation of landscape design in dams (Table 10 and Table 11).

Perceived quality of infrastructures' landscapes: In the online geotagged photography databases of
Google Earth and Panoramio, a significantly higher density of uploaded content was observed in the
proximity of dams that included features of landscape and architectural design. In particular, in the
largest 27 Greek dams (over 50 m in height), the average number of uploaded photographs in the
proximity of the dams that included features of landscape design was 113.7 photographs per dam,
in contrast to 25.8 photographs per dam in dams that did not include such features. Furthermore, in
institutional and academic literature, dams that include architectural and landscape-design features
have been praised for their contribution to built cultural heritage, to touristic development and to
the creation of scenic landscapes. Thus, it can overall be argued that the implementation of
landscape design in dam projects has contributed to improved landscape-value perceptions and
landscape qualities in local landscapes.

Cost: Additional project-costs for the large-scale integration of landscape-design features in dams
can be kept at the order of 1% of projects' budgets. This is supported both by the case study of La
Brefia Il dam, constructed in Spain in 2009, and also by the calculation of additional project costs for
a theoretical complete architectural re-design proposition for Filiatrinos dam, constructed in 2017 in
Greece; a case study that was specifically formulated for the purposes of this research.
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In regard to the limitations of our research in Section 4, a significant point to be made is that the
above-mentioned results originate from the analysis of landscape design practices in dams, in
particular, out of all types of major civil infrastructure. It has to be noted though, that many of the
results also apply to other major civil infrastructure as well. Indicatively, the typologies of landscape
design in dams (Table 10 and Table 11) include various types of landscape-design techniques that are
also commonly implemented in many other types of infrastructure as well, such as highways, bridges,
water supply infrastructure, etc.; e.g. the restoration of excavated slopes, the architectural design of
facilities and appurtenant structures, the integration of public parks in the areas of the projects, the
inclusion of information boards, green infrastructure, decorative elements associated with local
cultural background and architectural preferences, lighting and art installations and finally treatment
of the facades of generated structural slopes. Nevertheless, more targeted research on the technical
and cost-associated feasibility of landscape-design in other types of infrastructure would certainly
generate valuable insights for the advancement of this field of landscape design.

It also has to be noted that in most cases presented in the landscape-design typology of Table 10
and Table 11 it is not clear whether the compiled designs are the result of targeted landscape and
architectural studies or the results of individual initiatives of participating architects or engineers.
Unfortunately, literature and publicly available information on the dam projects compiled did not
include details on whether architects actually participated in the projects, in most cases. It can be
assumed that in most large-scale implementations of architectural interventions architects have
indeed participated. However, this is not certain for all cases, especially for less extensive
interventions. For example, the participation of architects is confirmed in various projects in Norway,
e.g. Bredo Greve in Solbergfoss dam and Thorvald Astrup in Nomeland dam (Norges vassdrags- og
energidirektorat., 2013)or in the Mohnetalsperre dam in Germany, designed by Franz Brantzky's.
However, in the La Brefia Il dam, for example, it is known that the planted downstream slope was
designed by the dam engineers of Dragados S. A. as a measure for limiting the visual impact of the
dam (A. Sandoval, personal communication, October 14, 2015).

4.4 Inferences for the architectural and landscape design of major
civil infrastructure

Beginning from the global observation that landscape design is usually not implemented in major
civil infrastructure projects, in this Section we investigated whether this shortcoming is justified by
practical or utility-related limitations or if the role of landscape-design in infrastructure projects
should be reinforced. Landscape-design practice in dam projects was selected as the focus of the
investigation, due to the fact that landscape-design interventions in dams present a wide spectrum
of approaches, ranging from minor beatification efforts or full architectural studies to complete lack
thereof. Hence, through the analysis of the various implementations of landscape design in dams

18 https://www.reisefuehrer-moehnesee.de/sehenswuerdigkeiten/moehnetalsperre/
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the utility as well as the technical and economic feasibility of landscape design could be evaluated,
using data from real projects and forming revealing comparisons.

The results demonstrated that landscape design of infrastructure projects is beneficial for landscape
quality perception, cultural heritage and touristic development and that, with proper design, these
benefits can even be achieved with low costs and without remarkable technical challenge. Thus, the
primary policy implication of the study is that the role of landscape design in major civil infrastructure
projects should be bolstered and could be supported more by policy and design guidelines or
guidances. In this regard, the utilization of knowledge from global best-practice as reference and
inspiration for new designs can facilitate the minimization of the technical and economic
requirements for the wider integration of landscape design into infrastructure projects.

On a final note, it should be acknowledged that the results of this Section are more relevant to
countries with developed economies that can allocate more resources to the sustainable design of
projects and that are already ahead in terms of landscape design and landscape planning policy.
However, this is not to say that countries with developing economies have no capacity to integrate
of landscape design in infrastructure projects, as several of the cases of dams that were presented in
this study attest to the opposite.

119



5 CONCLUSIONS

5.1 Landscape impacts of infrastructure — Do they differ between
different types of works and how?

The first level of the analysis, was targeted on the investigation of whether generic levels of landscape
-impact severity can be attributed to different types of major infrastructure. This analysis was carried
out in Section 2 and in a generic-global scale, investigating data and literature from on landscape
impacts of RE works from global sources.

The aim of the analysis was to improve our understanding of landscape impacts of infrastructure,
quantify and compare those impacts and eventually build the empirical and theoretical background
that would lead to the formation of improved measures for the mitigation of landscape impacts in
Sections 3 and 4. Other than its utility as the foundation for the next levels of the research, the
analysis of Section 2 was also considered important due to the fact that landscape impacts are often
subject to dispute, due to being considered unquantifiable and thus subjective by stakeholders in
infrastructure development. The identification of the distinct characteristics of those impacts was
hence seen as a way to overcome this uncertainty and to proceed to planning and design
improvements to how infrastructure is integrated into landscapes.

Three specific metrics were identified as illustrative and descriptive of landscape impacts of
infrastructure: (a) land use, (b) visibility and (c) public perception. Through the investigation of these
metrics both the quantitative-spatial and the qualitative-perceptual aspects of landscape impacts of
infrastructure works could be addressed. Additionally, the metrics were also already established in
relevant literature regarding wind, solar and hydroelectric energy works. Therefore, additional
emphasis was given on utilizing the largest possible global data sets from realized projects but also
on maintaining an independence from potential biases of data due to terrain differences between
origin countries as well as from design-quality standards differentiations.

The results of the investigation, are presented in detail in Section 2 (or in this Section, condensed in
the graphical abstract of Figure 30) and the primary conclusions are the following:

e Wind energy works were identified as the most impactful to landscapes, on average, both
spatially and perceptually, followed by solar and hydroelectric energy works, respectively.

e The quantitative (spatial) aspect of landscape impact was found to be directly correlated to
the qualitative (perceptual) one. In other words, infrastructure works that introduce
negatively perceived elements into larger landscape areas and produce the most extensive
visual impacts are also the ones that are perceived most negatively by the public. In the
examination of landscape impacts of RE works this was demonstrated by the fact that the
types of infrastructure that cause the most extensive impacts from a spatial perspective are
also the ones that are perceived more negatively.

e The above-mentioned conclusions offer enlightening insights for the scientific debate over
the emotionality or rationality of landscape-impact induced opposition and its relation with
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the NIMBY phenomenon. In particular, the results demonstrate that public perception is more

negative for types of infrastructure works that are actually linked to increased landscape

impacts, through the examined metrics. In that logic, it is reasonable to argue that uncritical
attribution of landscape-impact opposition to underlying NIMBY predispositions should be
avoided. Instead, research should be focused on the investigation, assessment and
eventually, on the mitigation of landscape impacts from the various types of infrastructure.

e Two characteristics of infrastructure works were identified as crucial for the type of public
perception that their transformations to landscapes receive:

1) Perception of industrialization is the major determinant for negative perception of
infrastructure in terms of its landscape impacts. This perception is particularly incited by
types of infrastructure whose form is completely predefined by industrial-technical
specifications. In the case of large-scale renewable energy works, these problems are met
with wind and solar energy projects, since wind turbines and solar panels have fixed forms
and shapes that cannot be modified to fit into local landscapes, architectural traditions
and preferences etc. Similar critique has been observed for other types of infrastructure
works, with similar characteristics, such as overhead electric power transmission lines or
for stacks and cooling towers of fossil fuel power generation complexes. We named these
types of major infrastructure "non-architecture-friendly" infrastructure.

2) Infrastructure works that are capable of receiving architectural treatment enjoy more
positive perception, particularly so if architectural and landscape design designs studies
are implemented. In our investigation this observation was initially made for hydroelectric
dams, for which positive perceptions over their landscape transformations were found to
be predominant. Other infrastructure works such as bridges, ports and airports also enjoy
the same benefits, as they are also receptive of architectural treatment, to varying extents.
We named these types of major infrastructure "architecture-friendly" infrastructure.

Overall, we conclude that landscape impacts are indeed different among different types of
infrastructure and should be dealt with according to the extents of their spatial impacts and the
public perception over those impacts. Effective policy for the mitigation of landscape impacts of
infrastructure should combine both measures for the mitigation of the negative visual impacts of the
so called "non-architecture-friendly" infrastructure and measures for the exploitation of the positive
aspects of the so called "architecture-friendly infrastructure". So far, policy has mainly focused on the
former, primarily in the form of project-oriented visual impact analyses, which are analysed and
expanded in Section 3. A more holistic approach should include both approaches, thus dealing with
landscape impact of infrastructure as cumulative problem and utilizing all available means to reduce
it from all possible directions. A more comprehensive framework of designing and planning
infrastructure for landscape integration can reduce their impacts and consequently the public
opposition incited by them; overall, contributing to increasing the sustainability of infrastructure and
the facilitation its development.
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Figure 30. Graphical abstract of the results of Section 2.

5.2 Upgrading spatial planning for the mitigation of landscape
Impacts by reversing visibility analyses

Visibility analysis has been established as the primary method for the anticipation and assessment of
landscape impacts of infrastructure. Its importance has increased along with the increase of the
spatial requirements of infrastructure during the last two decades, primarily due to the expansion of
wind and solar energy works. These works affect larger areas of land than other civil infrastructure,
can alter the visual scenery of countries in double digit percentages and are often perceived as
elements of landscape industrialization. The mitigation of the landscape impacts of such types of
infrastructure, can only be approached by targeted planning and siting so that their visibility from
within areas of high landscape value is reduced. Architectural or landscape treatment is not a
potentiality for utility scale developments of wind turbines or solar panels, since their shape and form
cannot be modified and such works were included in the category "non-architecture-friendly"
infrastructure, along with overhead power transmission lines and other similar works.

Visibility analysis has therefore already been used extensively to assess landscape impacts of RE
projects. However, conventional visibility analyses have been restricted by important limitations as a
planning tool. In particular, the predominant viewshed-type visibility analyses cannot be
implemented in the early strategic planning of infrastructure, as they require the finalized locations
of projects as input. Thus, landscape impacts of proposed projects can only be assessed after the
locations of the examined projects have largely been partially or fully finalized, therefore usually,
after the licensing of projects in underway. This has hindered the timely projection of landscape
impacts, as evidenced especially in the case of wind energy development, and has impeded their
mitigation, arguably contributing to the contemporary issues of significant public opposition that is
largely prompted by landscape impacts. It is thus overall argued that even though visibility analysis
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has so far been implemented a posteriori and in a project-site spatial scale it would be more useful
as a planning tool if it was implemented a priori and at the regional or national scale, which however
is impossible in its conventional format.

In this research, in Section 3, the implementation of a methodological shift in visibility analyses is
proposed as a solution to the above-mentioned shortcomings. Specifically, we propose shifting the
focus of visibility analysis from the infrastructures that cause visual impacts to the landscape elements
that should be protected from such impacts. With this modification, reverse visibility analyses can be
implemented precautionary from the perspective of important landscape elements and therefore
can be already ready for use in early stages of investigation of the siting of projects, much before
their design studies and before the steps of licensing and EIA.

Reverse visibility analyses, in the format of R-ZTVs (Reverse Zones of Theoretical Visibility) or in
similar configurations, benefit from the following advantages, as demonstrated through the
theoretical and practical investigations of Section 3 (also summarized in Figure 31):

1) The reversal of visibility analyses enables their use into the early planning stages of
infrastructure, which has been impractical so far. Since important landscape features
(historical-archaeological sites, cultural monuments, touristic areas, etc.) are in fixed and
known locations, visibility analysis can be instead carried out from their perspective in the
form of reverse viewshed, using their locations as input. The combination of the computed
reverse viewsheds in R-ZTV-type maps formulates a novel type of map that projects potential
visual impacts to the examined landscape elements. This map can be used as early as in the
conception phase or can be integrated into multi-criteria strategic planning studies, along
with other technical, economic and environmental criteria, thus allowing for the early
anticipation of potential landscape impacts.

2) After a single calculation, R-ZTV maps of protected landscape elements can then be used for
the assessment of landscape impacts of any potential project in their proximity. Hence, in
terms of policy implications, R-ZTV maps can potentially render the requirement for
individual visibility analyses for each new project obsolete, thus accelerating the relevant
stages of EIA. Since protected landscape sites are static, the reverse viewshed computation
of every site is only required once, and would not need to be re-calculated for each new
project, as is the case with common visibility analyses. A new implementation will only be
required if basic geometrical features of examined projects, such as wind turbine or solar
photovoltaic panel heights, are modified significantly.

3) The proposed R-ZTV analysis, can have a more synergetic relation with participatory
planning, design and decision-making processes. These processes have been identified as
pivotal for the mitigation of landscape impacts of infrastructure and of the associated public
opposition. In particular, R-ZTV maps can be co-produced with local communities and
landscape protection institutions, by allowing their involvement in the selection of the
landscape features to be included in the R-ZTV analysis. Thus, from the perspective of these
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communities, R-ZTV maps can facilitate their direct involvement in planning processes and
also ease the communication and public discourse over projected landscape impacts.

4) Finally, R-ZTV maps can be used independently by stakeholders in infrastructure
development from the early planning phases of projects, when siting is still under
consideration, allowing for better-informed siting decisions. From the perspective of
investors of RE or example, R-ZTV maps can be used for the selection of project locations
with low anticipated landscape impacts, from preliminary stages of development such as
early planning or conception, in order to reduce investment risks.
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Figure 31. Graphical abstract of the concept of reverse visibility analysis and its benefits

5.3 The role and potential of architectural and landscape design in
major infrastructure

In Sections 2.4.2 and 4.2.3, architectural adaptability potential was identified as a significant
parameter that can facilitate the positive public perception of landscape transformations by
infrastructure works that enjoy it. Therefore, we grouped infrastructure works that can be treated
through architectural and landscape studies: e.g., dams, bridges, water and wastewater treatment
plants, airports etc. under the term "architecture-friendly" infrastructure. This term is used to
differentiate between these types of infrastructure with the "non-architecture-friendly" infrastructure,
such as wind and solar energy works and overhead power transmission lines.

Nevertheless, albeit being recognized for its importance, architectural design is usually not
implemented in major civil infrastructure projects, or it is limited to landscape works in the periphery
of infrastructure without intervening in its surface and functionalities. In Section 4, we investigated
whether this lack of implementation of architectural and landscape design is justified by its technical
or cost-related limitations or if the role of landscape-design in infrastructure projects should be
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reinforced. Landscape-design practice in dam projects was selected as the focus of this analysis, due
to the fact that landscape-design interventions in dams present a wide spectrum of approaches,
ranging from minor beatification efforts to full architectural studies or complete lack thereof. Thus,
through the analysis of the various different implementations of landscape design in dams the
technical and economic feasibility of landscape design could be evaluated, using data from real
projects and forming revealing comparisons. Furthermore, the sporadic application of architectural
studies in dams also allowed us to investigate the effect of architectural design to the public
perception of infrastructure. We did this by comparing public perception in dams that have been
treated architecturally to those that have not been, through the analysis of literature and photograph
uploads in geotagged photography data bases.

The results demonstrated that landscape design of infrastructure works is beneficial for landscape
quality perception, cultural heritage and touristic development and that, with proper design, these
benefits can even be achieved with low costs and without remarkable technical challenge. Thus, the
primary policy implication of this investigation is that the role of landscape design in major civil
infrastructure projects should be bolstered and could be supported more, through targeted policy
and design guidelines or guidances. In this regard, the utilization of knowledge from global best-
practice as reference and inspiration for new designs can facilitate the minimization of the technical
and economic requirements for the wider integration of landscape design into infrastructure
projects.

On a final note, it should be acknowledged that the results of this part of the research are more
relevant to countries with developed economies that can allocate more resources to the sustainable
design of projects and that have already developed landscape design and landscape planning policy.
However, this is not to say that countries with developing economies have no capacity to integrate
landscape design in infrastructure projects, as several of the cases of dams that were presented in
this thesis attest to the opposite.

5.4 Strategic inferences for policy of landscape integration for major
civil infrastructure - synthesis of the conclusions

Through the synthesis of the conclusions, we propose a set of inferences for policy regarding the
mitigation of landscape impacts of infrastructure. These inferences are grouped into a generic
strategy for assessing, planning and designing major infrastructure with the aim of landscape
integration. The strategy consists of three successive levels, in decreasing spatial scales. Particular
emphasis is given on the first level that largely defines the proposed actions in the following ones.
In more detail the strategy proposes the following levels of analysis for any examined type of major
infrastructure:

(Level A) Generic theoretical investigation in global scale:

Investigation of the generic landscape impacts of the examined type of infrastructure work
utilizing academic literature and realized data from global sources. Assessment of the generic
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severity of landscape impacts of the examined type of infrastructure both quantitatively-spatially
and qualitatively-perceptually.

In more detail, based on the investigation of Section 2, the following two questions should be
answered:

(i) Are the landscape impacts of this type of infrastructure generally identified as intrusive in
literature in terms of land use, visibility and public perception? How do their impacts in
this regard compare with other types of infrastructure with similar purpose?

(if) Is the examined type of infrastructure capable of receiving architectural treatment or is its
form rigidly defined by industrial or technical specifications? According to the answer to
this question the examined type of infrastructure can be labelled as architecture-friendly
or non-architecture friendly.

(Level B1) National and regional level spatial planning:

If from the answer of question (i) it is concluded that the examined infrastructure type is perceived
as highly impactful and also has high demands in terms of land use and/or generates extensive
visual impacts then particular emphasis should be placed in its spatial planning, no matter what
the answer to question (i) is. For types of infrastructure works that are identified as highly
impactful to landscapes both perceptually and spatially the mitigation of their visual impacts to
important landscape elements or areas should be prioritized.

In this regard, the implementation of reverse visibility analyses and their use in their national-
regional scale spatial planning is seen as an upgrade to current practices of conventional visibility
analyses, which are carried out in the project-site scale. Reverse visibility analyses, such as the R-
ZTV methodology developed in Section 3, can be utilized to facilitate the a prioriand accelerated
anticipation of visual impacts. Potential project locations with high anticipated impacts can be
dismissed earlier that with conventional visibility analyses and thus potential conflicts and project
delays can be averted. The R-ZTV methodology is also compatible with participatory planning
processes, which have been recognized as essential in efforts to mitigate landscape impacts and
increase the public acceptance of projects.

(Level B2) Architectural and landscape design in the project site scale:

If the answer to question (ii) is affirmative, this means that the implementation of architectural
studies is possible in the examined type of infrastructure.

For these types of infrastructure works, the implementation of architectural and landscape design
studies is proposed. From the investigation of Section 4, it was demonstrated that the
implementation of architectural and landscape studies can be carried out while only demanding
an increase in the order of 1% of the projects' budgets and without posing any significant technical
challenges. Furthermore, it was demonstrated that architectural and landscape studies can have
measurable positive impacts to the public perception of the works they are implemented in.
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In more detail, two different options can be identified for the implementation of architectural
studies in infrastructure works that belongs in the "architecture-friendly" group, in the context of
policy: (B2i) the imposition for a universal requirement for the implementation of architectural
and landscape design studies (B2ii) the identification of particular cases or projects in which the
application of architectural studies should be required, depending on the anticipated severity of
their landscape impacts and on the perceived quality of the landscape in which they will be built.
Reverse visibility analyses could be used to this regard, in order to identify which proposed
projects are projected to cause visual impacts to areas of high landscape significance and
therefore enforce the implementation of architectural studies in such projects only.

The decision over the preference of universal or selective architectural treatment will probably
also depend on the economic-developmental status of the country/region that implements such
a policy as well as on the public perception regarding the landscape impacts of the examined
type of infrastructure that was assessed in question (i).

The strategic inferences of this Subsection of the Conclusions, primarily refer to those responsible
for the development of legislation, licencing procedures and guidances for the planning and design
of infrastructure in the national or regional level. In addition however, they can also be useful to
stakeholders in the protection of landscapes and the mitigation of landscape impacts of
infrastructure and practitioners in the fields of landscape planning, spatial planning and renewable
energy planning and stakeholders in the development of infrastructure projects.
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5.5 Directions for future research

In regard to future research, we mostly focus on the direction of the further improvement of the
planning and design methodologies that we proposed for the improvement of the integration of
infrastructure into landscapes. Initially, further steps for the evaluation and utilization of reverse
visibility analysis for the planning of infrastructure would include: (i) its implementation across even
larger spatial scales, e.g., in the scale of a whole country and (ii) the incorporation of R-ZTV-type
maps in large-spatial multi-criteria studies for the investigation of the locations of projects, along
with the other common criteria that are used in such analyses. Another, interesting area for relevant
future research would be the investigation of how R-ZTV-type maps can be introduced in policy and
in licencing procedures of infrastructure. This could be potentially combined with the formations of
concepts and schemes for the participatory formation of those maps, by the inclusion of bodies and
organizations involved in the management and protection of landscapes in the selection of
landscape sites to be protected. Furthermore, qualitative analysis of the efficacy of reverse visibility
analysis in assessing potential landscape impacts, e.g., by means of photomontage and questionaries
for visitors of important landscape sites, would also be useful. Finally, further research should also be
carried out in the direction of architectural and landscape design of major infrastructure projects.
Following the identification of architectural treatment potentiality as an important attribute of some
infrastructure projects and the eventual split of infrastructure between the classification of "non-
architecture-friendly" or "architecture-friendly" infrastructure, we believe that further research is
required in regard to the latter. In particular, we propose that studies following the format of our
investigation on the utility, costs and technical requirements of the architectural design of dams
should be expanded to other "architecture-friendly" infrastructure works. For example, to bridges,
water and wastewater treatment plants, water supply works, airports, etc. Additionally, the formation
of best-practices guidelines for the architectural treatment of infrastructure works would also be very
useful and could contribute to reducing the cost, technical and maintenance requirements of such
applications in the future.
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8 APPENDICES AND SUPPLEMENTARY MATERIAL

Appendix A - Details over data screening and selection of metrics and
technologies

Other metrics and technologies

Other quantifiable aspects of landscape impact from RE that are acknowledged but were not
reviewed are listed below, along with a brief description on why they were not included:

a) Full life-cycle landscape impact: For a comprehensive understanding of the overall impact of
RE on landscapes a full life-cycle impact analysis is necessary (Fthenakis and Kim, 2009;
Voorspools et al., 2000). However, the analysis of impacts from facilities and processes of
manufacturing and decommissioning RE machinery and infrastructure components is a
complex task that requires specialized research, and unfortunately relevant studies are scarce
(Fthenakis and Kim, 2009; Lagaros et al.,, 2015). Additionally, it exceeds the boundaries of
national and regional planning and sitting practices, which are in focus in this analysis, since
life-cycle impacts do not concern a single region or country but are spread across several
countries (Smoucha et al., 2016). For example, the materials required for manufacturing wind
turbines include steel, carbon fibre, cast iron, fiberglass and aluminium (Martinez et al., 2009;
Psomopoulos et al., 2019), most of which are imported to the countries that manufacture RE
technology.

b) Duration of impact: Duration of impact (Koellner and Scholz, 2008; Pasqualetti and Stremke,
2018) was not examined in this analysis. Since renewable energy is designed to be a
permanent replacement for fossil fuel, RE developments are expected to provide
continuously to the new fossil fuel- free energy world until new technologies can replace
them. The type and extents of landscape impacts remaining after a large scale decommission
would differ for each technology (Psomopoulos et al., 2019), but were overall considered a
distant problem.
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¢) Short-term construction related landscape impact: Short-term construction related
landscape impact was not examined. Emphasis was put on large scale and long-term impacts
and therefore impacts during the life span of the project were prioritized.

In regard to RE technologies that were not included in the analysis, the most developed were small
hydroelectric dams, amounting to approximately 11% of the total installed capacity of hydropower
globally (148 GW in 2016) (Couto and Olden, 2018), and offshore wind energy, with 18,8 GW of
installed capacity globally (Global Wind Energy Council [GWEC], 2017). In comparison, the global
installed capacity of solar energy, which is the least utilized out of the three technologies that were
examined, was 222 GW (World Energy Council [WEC], 2016c). It is pointed out that both small
hydroelectric dams (Kelly-Richards et al., 2017) and offshore wind turbines have distinct
characteristics and should be analysed independently regarding their landscape impact.

Primary study screening

Study screening was more complex in the review of land use and visibility, which are quantitative
(spatial) metrics, due to the fact that their estimates are greatly dependent on parameters such as
terrain, energy efficiency, scale of data sets used etc. These additional parameters were thus
addressed through the secondary study screening. In the review of public perception, on the other
hand, which is an exclusively qualitative (perceptual) metric, the collection of studies from academic
databases was adequate for the statistical analysis of literature and further screening was not
required.

Secondary study screening

This Section is dedicated to additional clarifications over the secondary screening methods for the
literature review on land-use and visibility:

Scale of data sets: The scale of datasets used in the estimates that were distinguished for generic
applicability, depended on data quality and availability. Limiting factors to the exclusive use of global
data were their scarcity and the difficulty in maintaining an overview of their reliability, which was at
times questionable for estimates based on the largest available datasets (as described in Appendix
B for hydroelectric land use). As a result, for example, in the review of land-use studies based on
national datasets were finally utilized (Denholm et al., 2009; Ong et al., 2013; Trainor et al., 2016) and
in the review of visibility studies based on regional data were also included (Degorski et al.,, 2012;
Diaz Cuevas et al.,, 2016; Madller, 2010; Tsilimigkas et al., 2018), since national-scale visibility analyses
(Rodrigues et al., 2010; Scottish Natural Heritage [SNH], 2014; Statistics Netherlands [CBS] et al., 2014)
were scarce and global scale visibility analyses were not found.

Terrain: As an example of the utilization of the ruggedness index of Nunn and Puga in our study we
present the examples of Switzerland (CHE), which is an exceptionally mountainous country and has
a ruggedness index of 4.76, and Brazil (BRA), which is an exceptionally flat country with a ruggedness
index of 0.24. Based on their ruggedness index, countries with similar characteristics were excluded
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from the generic estimation of average hydroelectric reservoir size (Dones and Gantner, 1996;
Fearnside, 1995; Gagnon and van de Vate, 1997), as their results were not considered of generic value.

Energy generation efficiency: Since data where not always available in the desired format,
conversions of installed capacity to expected average energy generation were made, using the
capacity factors (CF) of the technologies examined (Table 11). The cases in which such conversions
were carried out are reported in the text.

Realized data vs. theoretical estimates: Even though theoretical estimates were also useful, especially
when data from built projects had not been collected (as was the case with visibility analyses for solar
energy (Rodrigues et al.,, 2010)), they have also been found to differ from reality, in some instances.
Such a case, for example, is the discrepancy of theoretical from realized CF of wind energy, described
by Boccard (2009), which was one of the examples that acted as alerts for prioritizing realized data
over theoretical estimates, when possible.

170



Appendix B — Analysis of older estimates of hydroelectric land use

In this Appendix, further details on the older studies with estimates of hydroelectric land use are
provided, with emphasis on the characteristics that hindered their generic applicability.

Gagnon and van de Vate (Gagnon and van de Vate, 1997) thoroughly researched the subject of
hydroelectric land use in the context of estimating the greenhouse gas emissions produced by
reservoirs. The data analysed by Gagnon and van de Vate are extensive, and produce a weighted
average of 91448 m?/GWh. However, the national-scale studies they cite, which analyse data from
China (Zigiang et al.,, 1996), Switzerland (Dones and Gantner, 1996) and Finland (Vaisdnen et al., 1996)
could not be found and accessed for a more in depth-analysis of the datasets used. The study of
Dones and Gantner, even though it is apparently based on a large percentage of Switzerland's
installed capacity, would be unsuitable for the discussion on generic hydroelectric land use, since
Switzerland has exceptionally mountainous topography. Similarly, the study of Vaisanen et al. would
again be unsuitable, this time due to flat topography, since Finland is slightly outside the ruggedness
limits set for this analysis in Figure 2. On the other hand, the study of Zigiang et al. would be useful
if more information on data sets used could be found, since it is referenced that it includes data from
a significant percentage of the installed capacity of China, at the time (1996) and China has a
ruggedness index close to the global average.

Ledec et al. (Ledec and Quintero, 2003) conclude on 600 000 m?/MW as a global average land use
of large hydroelectric dams, based on personal communication with J. Goldemberg. Other than this
personal communication, the report includes data from 49 hydroelectric reservoirs whose weighted
average, in terms of installed capacity, is 546 958 m?/MW, that is, in line with their global estimate.
However, based on their selection of data the estimate of Ledec et al. should be more accurately
described as an estimate of land use of reservoirs with extreme environmental and social impacts
from developing countries, rather than an estimate of global average hydroelectric land use. Even
though the projects included in the analysis originate from various countries globally, it is noticed
that 47 out of the 49 projects were from developing countries and least-developed countries,
according to the United Nations categorization (United Nations Department for Economic and Social
Affairs, 2019). No further justification is provided on why these particular projects can be used to
reach conclusions on a global average. Secondly, even though most data refer to hydroelectric
projects with installed capacities over 100 MW, the only projects included whose capacities are
smaller than 150 MW have some of the largest ratios of inundated land to installed capacity found
in literature. In particular, these are five small projects from countries with developing economies
with installed capacities of 34, 30, 30, 29 and 16 MW. These projects average 16 527 300 m?*/MW or
53 568 400 m?/GWh for reservoir land-use, which is even larger than the most pessimistic estimates
of average hydroelectric land use by two orders of magnitude. Additionally, as stated in the report,
it "includes a few multipurpose projects for which hydroelectric power was less important than other
objectives”, which certainly contributes to overestimating the reservoir area. Furthermore, some of
the projects were listed with erroneous installed capacities or have since been upgraded with larger
installed capacities, such the Pak Mun and Akosombo dams.
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The study of Goodland on the environmental sustainability of hydro projects (Goodland, 1995) has
been cited in several occasions, when discussing hydroelectric land use (Gagnon and van de Vate,
1997; Ledec and Quintero, 2003; Williams and Porter, 2006). Many of the projects presented in this
study are common with those of the dataset used by Ledec et al. (Ledec and Quintero, 2003), with
the difference that the few small projects with extreme land use that Ledec et al. have included in
their data are not included in the study of Goodland. Similar to Ledec et al., land use data originate
mainly from developing and least-developed countries (69 out of the 73 projects). Goodland himself
however, makes no claim that the data set he compiled in his study is representative of the global
average of hydroelectric land use and comments that "corrections or additions... would be most
welcome". He also comments on the purposes of the reservoirs presented that the "most are
hydropower, rather than irrigation or flood control reservoirs", but evidently not all, incorporating
additional bias to the use of his estimations as a generic estimate of hydroelectric land use.
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Appendix C — Detailed methodology and results of the perception analysis

of Section 2.2.4

The exact algorithmic procedure followed to label publications over their perception on landscape
impact of RE technologies comprised of the following steps:

1.

10.

The abstract and keywords were read to determine if landscape impact of RE was the main
point of focus or one of the main points of focus of the article. If it was not the article was
labelled "Irrelevant" and did not proceed to the next steps®.

The introduction, conclusions and discussion of the article were read.

If at least one sentence was found, by the authors or by reference to others, in which it was
evident that landscape impact was considered a problem of the RE technology examined,
the article was marked for having at least one negative reference.

If at least one sentence was found, by the authors or by reference to others, in which it was
evident that the RE mentioned was considered to have a positive contribution to the
landscape the article was marked for having at least one positive reference.

If either a positive or negative or both types of references had not already been found, the
whole article was then searched for the words: landscape, visual, aesthetic and tourism.
Sentences containing any of these words were read to ensure that no relevant parts of the
text had been omitted.

Based on the sentences found and analysed in this second search the article was marked
accordingly, as having at least one positive or negative reference.

If only one of the two types of references had not yet been found, the article was searched
with some additional keywords to ensure that the other type of reference did not exist in the
text.

If only a positive reference had been found, the article was searched for the words: negative,
problem and impact.

If only a negative reference had been found the article was searched for the words: improve,
enhance and heritage.

According to the sentences found and analysed in this third search the article was marked as
having at least one positive or negative reference.

19" Articles labelled irrelevant are those that included the keywords searched but in context irrelevant to

landscape impact analysis; In addition, articles that did not specifically address landscape impact of renewable
energy but just included relevant comments by the authors, without sufficient justification, were classified in
this category too.
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11. If the article was marked for having both one negative and one positive reference after all of
the previous steps, then the article was labelled as being of "Mixed" perception. Otherwise,
if the article was marked for having exclusively negative of positive references, it would be
labelled accordingly as being of "Negative" or "Positive" perception.

The results of these analyses are presented in Table 14 and the sentences used to label the articles
are recorded in the supplementary material.

Table 14. Publications that were analysed in the perception analysis of literature grouped by perception label.
Publications labelled as "Irrelevant” are not cited in this table but are referenced in the supplementary material
and their percentage is reported alongside the general statistics of the analysis in Figure 6.

Publisher  Type of Positive Negative Mixed
RE
ELSEVIER Hydro (Keilty et al., (Jefferson, 2018) (Pagnussatt et al., 2018)
2016) (Sherren (Ferrario and Castiglioni,
et al.,, 2016) 2017)
Wind (Sklenicka and Zouhar, (Weiss, 2017)
2018) (Pasqualetti and Stremke,
(Scherhaufer et al., 2017)  2018)
(Nadai and Labussiere, (Delicado et al., 2016)
2017) (Nordman and Mutinda,
(Jefferson, 2018) 2016)
(Grima Murcia et al., (van Grieken, 2017)
2017) (Llewellyn et al., 2017)
(Maehr et al., 2015)
(Ribe et al., 2018)
Solar (Pasqualetti and
Stremke, 2018)
(Jefferson, 2018) (Weiss, 2017)
(Delicado et al., 2016)
(Walz and Stein, 2018)
WILEY Hydro (Thaulow et (Berchin et al., 2015)
al., 2009)
Wind (Petrova, 2013)
(Phadke, 2011)
ey @i el, 201, (Devine-Wright, 2005)
(Horbaty et al., 2012) (Fast et al, 2015)
(Lee, 2017) !
(Burton et al.,, 2001)
(Nordman et al., 2015)
Solar (Pasqualetti, 2011)
SPRINGER  Hydro (Matveev, (Tikhomirova and (Frolova et al., 2015a)
1988) Novozhenin, 2004) (Davasse et al., 2015)
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Wind

Solar

(Harris, 2011)
(Sternberg, 1985)
(Labussiere and Nada,
2015)

(Brahimi et al., 2018)
(Hajto et al., 2017)
(Diaz-Cuevas and
Dominguez-Bravo, 2015)
(Petri and Lombardo,
2008)

(Pavlickova et al., 2014)
(Huber et al., 2017)
(Deshaies and Herrero-
Luque, 2015)

(Steele, 1991)

(Frolova et al., 2015b)
(de Andrés-Ruiz et al.,
2015)

(Huber et al., 2017)
(Frolova et al., 2015b)
(Pavlickova et al., 2014)
(Franco, 2017)
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(Pavlickova et al., 2014)

(Betakova et al., 2016)
(Mathew and Energy, 2006)
(Wolsink, 2012)
(Baraja-Rodriguez et al.,
2015)

(Mérida-Rodriguez et al,,
2015a)
(Mérida-Rodriguez et al.,
2015b)



Appendix D - Excel tables of perception analysis - Supplementary material

The supplementary data in regard to the data used in the public perception analysis through
literature review can be found online at https://doi.org/10.1016/j.apenergy.2020.115367.
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Appendix E - La Brena Il dam landscape design costs

Table 15. La Brena Il dam landscape design costs.

Budget

Unit  Cost (€) Quantity

(€)

1 Planting soil placed on downstream slope | m?3 28,01 12.614,400 | 353.329,34
2 Hydroseeding of herbaceous plants m?2 2,67 15.974,784 | 42.652,67
3 Hydroseeding of herbaceous and shrubs | m? 2,88 3.993,696 11.501,84
4 Tree supply pcC. 19,07 440,000 8.390,80
5 Tree supply pcC. 16,71 860,000 14.370,60
6 Tree planting pcC. 119,94 440,000 52.773,60
7 Shrub planting pcC. 95,14 860,000 81.820,40
8 Tree planting pcC. 2,90 440,000 1.276,00
9 Shrub planting pcC. 1,70 860,000 1.462,00
Pumping system from theriver to the oc. | 6694429 1.000 66.94429
10 regulating tank
11 Pumping system to the distribution centre | pc. | 61.637,98 1,000 61.637,98
b Installation of drip |rr|g<]j’r|on system in Section oc. | 8.605,50 1.000 8.605,50
s Installation of drip mgg’rlon system in Section oc. | 1007662 1000 10.076,62
. Installation of drip mgg’rlon system in Section oc. | 793187 1000 793187
y Installation of drip |rr|gj|’r|on system in Section oc. | 819046 1.000 8.190,46
» Installation of drip mgg’rlon system in Section oc. | 870546 1000 8.705.46
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Unit

Cost (€)

- Installation of drip mgz’non system in Section oc. | 882673 1000 8.826,73
5 Installation of drip |mgc71’r|on system in Section oc. | 733430 1000 733430
Formation of downstream face access m 8.67 2,700,000 23.409.00
19 road
Total budget 779.239,46
Contractor Discount Rate 0,6999
Final budget 545.389,70

Quantity

Budget

(€)

Complete !ns’rollo’rlon of golvgmzed steel oc. | 560,00 118,000 66.080,00
20 staircase of 1.20 m width
Braided galvanized steel wire 60,
anchored with screws every 5m, including | m 3.8 22.240,000 | 84.512,00
1 pretensioners, rings and assembly
Total budget 150.592,00
Contractor Discount Rate 0,828309498
Final budget 124.736,78

*The original language of the budget provided to us by Antonio S. Zabal, manager engineer of La
Brena Il dam, was Spanish. Thus, all terms that are presented in this file have been translated by the
authors to English.
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Appendix F - Greek dam case study landscape design costs

Table 16. Greek dam case study landscape design costs.

" . Revision Cost .
Work Unit name (€) Quantity Budget (€)

Section 1- Downsiream slope hardfill moulding

Metal or wood
formwork for flat
surfaces m? YAP 6301 450 4688.64 | 2109888

Section 2 - Downsiream slope balconies

Precast concrete
units C16/20! pC. YAP 6329 | 450.00 96.00 43200.00

Concrete
construction with
9.10.04&01 C16/20 m3 YAP 6328 82.50 11.49 948.02

Concrete
construction with
C20/25 m3 YAP 6329 88.00 63.94 5626.51

Metal or wood
formwork for flat
surfaces m?2 YAP 6301 450 22994 1034.73

Supply and
installation of
concrete
reinforcement kg YAP 6311 0.90 7542.88 6788.59

Addiitional cost for
forming detailed
concrete surface

finishes m? YAP 6304 5.40 404.10 2182.14

Supply and
installation of
concrete
reinforcement kg YAP 6311 090 | 29387.76 | 2644898

Dam hardfil? m?3 YAP 6323 22.50 36.12 812.59
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Rubbed coating
on meshes with
lime mortar using

plastering trowel m? OIK 7146 11.00 | 491.28 5404.08
Lime water-
colouring of new
surfaces m? OIK 7701 1.50 491.28 736.92
Section 3- Downstream slope planted space
Concrete steps
Assemblage of
wires of gabions of
galvanized wire
mesh from alloy of
zinc and aluminium | kg YAP 6151 250 | 1729383 | 43234.56
Filing of gabions
with crushed
material of quarry
origin m3 YAP 6154 1600 | 101045 | 16167.28
Metal or wood
formwork for flat
surfaces m?2 YAP 6301 4.50 1155.09 5197 .91
Supply and
installation of mesh
support anchors pcC. YAP 7025 9.00 89542 8058.77
Preparation of green areas
Supply of
gardening soil m3 MPx 1710 8.50 157.75 1340.84
Supply of topsail m3 MNP 1620 500 591.55 2957.74
Supply of manure m3 MNP 5340 24.60 39.44 970.14
Loading and
unloading by
mechanical
10.01.02 means m3 OIK-1104 1.50 788.73 1183.10
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Generdal soil surface

formation for
planting plants

acre

MPX 1140

100.00

0.61

60.77

Plant material

Slope plants of
category S2
(cypress)

pC.

MPX-394.2

1.50

14.00

21.00

Shrubs category
©2 (olive)

pC.

MPX-392.2

3.50

12.00

42.00

Herbaceous -
perennial plants
category P1
(thyme)

pC.

MPX-396.2

0.75

405.00

303.75

Planting

Digging pifs with
dimension: 0.30 X
0.30X0.30m

pC.

MPX 5130

0.60

800.73

480.44

Planting plants with
balled roots of
volume up to 1.50
litres

pC.

MPx 5210

0.80

788.73

630.98

Planting plants with
balled roots of
volume up 1o 4

litres

pC.

MPx 5210

1.00

591.55

591.55

Imigation of plants
with ground
imgation system,
automated

pC.

MPX 5321

0.01

1905.87

19.06

Imigation system

Primary irigation network

Imigation control
solenoid valves
(solenoid valves),
PN 10 atm, plastic
D21/2"

pC.

HAM 8

140.00

4.00

560.00

181




Other equipment
for imigation control
systems 4

15000.00

Pipeline made of
galvanized iron
pipe with heavy

typeseam ® 2 1/2°
3

HAM 5

17.10

64.00

1094.40

Pressure reducer
PN 16 atm ® 3/4"

pC.

HAM 11

28.70

4.00

114.80

Drawer vales with
flange diameter of
100 mm and
nominal pressure of

13.03.01.03 10 atm.

pC.

YAP 6651.1

200.00

4.00

800.00

Water filter, mesh or
disc, plastic,
nominal pressure 10
atm® 3"

pC.

HAM 8

400.00

2.00

800.00

Secondary irig

atfion network

Pressure reducer
PN 16 atm ® 3/4"

pC.

HAM 11

28.70

4.00

114.80

Pipeline from PVC
pipe 10 atm ® 110

pC.

HAM 8

9.90

55.00

544.50

Self-regulating
dripper, accessible

pC.

HAM 8

0.21

862.00

181.02

Driper carrier ®20
mm from PE with
selfregulating
drippers and root
repellent for
underground

MPx H8.2.9 installation.

pC.

HAM 8

0.94

646.50

607.71

Drawer valves,
brass, threaded ®
MPX H5.3.2 3/4""5

pC.

HAM 11

3.70

68.00

251.60
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Imigation of plants
with ground
imgation system,

automated pcC. MNP 5321 0.01 800.73 801

(1]

Section 1 - Crest gabion facad

Assemblage of
wires of gabions of
galvanized wire
mesh from alloy of
zinc and aluminium | kg YAP 6151 250 | 5329.50 | 13323.75

Filing of gabions
with crushed
material of quarry

origin m3 YAP 6154 16.00 106.59 1705.44

Section 2 - Crest balconies

Rubbed coating
on meshes with
lime mortar using
plastering trowel m? OIK 7146 11.00 | 489.80 5387.80

Lime water-
colouring of new
surfaces m? QIK 7701 1.50 489 .80 734.70

Addiitional cost for
forming detailed
concrete surface

finishes m? YAP 6304 5.40 195.80 1057.32

Concrete
construction with
C20/25 m3 YAP 6329 88.00 228.29 20089.47

Metal or wood
formwork for flat
surfaces m?2 YAP 6301 450 830.00 3735.00

Supply and
installation of
concrete
reinforcement kg YAP 6311 090 | 2282894 | 20546.05
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Dam hardfill m?3 YAP 6323 2250 | 21307 4793.96

Section 3 - Crest concrete finish

Rubbed coating
on meshes with
lime mortar using

plastering trowel m? OIK 7146 11.00 | 247.80 2725.80
Lime water-
colouring of new
surfaces m? OK 7701 1.50 247 .80 371.70

Additional works

Upstream slope crest

Rubbed coating
on meshes with
lime mortar using

plastering trowel m? OIK 7146 11.00 | 486.60 5352.60
Lime water-
colouring of new
surfaces m? OIK 7701 1.50 486.60 729.90
Lighting fixture modification
Lighting fixture with

arm and lamp Na
of 400 W power pC. HAM-103 | 340.00 6.00 2040.00

298211.65
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Appendix G — Complete list of publications carried out during the PhD
research

The list below contains all the publications of the author carried out during his PhD research.
Publications in Scientific Journals

loannidis, R., Koutsoyiannis, D., & Sargentis, G.-F. (2022). Landscape design in infrastructure
projects-is it an extravagance? A cost-benefit investigation of practices in dams. Landscape
Research. https://doi.org/10.1080/01426397.2022.2039109

loannidis, R., Mamassis, N., Efstratiadis, A., & Koutsoyiannis, D. (2022). Reversing visibility analysis:
Towards an accelerated a priori assessment of landscape impacts of renewable energy projects.
Renewable and Sustainable Energy Reviews, 161, 112389.
https://doi.org/10.1016/j.rser.2022.112389

loannidis, R., & Koutsoyiannis, D. (2020). A review of land use, visibility and public perception of
renewable energy in the context of landscape impact. Applied Energy, 276, 115367.
https://doi.org/10.1016/j.apenergy.2020.115367

loannidis, R., lliopoulou, T., lliopoulou, C., Katikas, L., Petsou, A., Merakou, M.-E., Asimomiti, M.-
E., Pelekanos, N., Koudouris, G., Dimitriadis, P., Plati, C., Vlahogianni, E.|., Kepaptsoglou, K,
Mamassis, N., Koutsoyannis, D., 2019. Solar-powered bus route: introducing renewable energy
into a  university campus  transport  system. Adv. Geosci. 49, 215-224.
https://doi.org/10.5194/adgeo-49-215-2019

Sargentis, G.-F., loannidis, R., Bairaktaris, |., Frangedaki, E., Dimitriadis, P., lliopoulou, T,
Koutsoyiannis, D., & Lagaros, N. D. (2022). Wildfires vs. Sustainable Forest Partitioning.
Conservation, 2(1), 195-218. https://doi.org/10.3390/conservation2010013

Sargentis, G.-F., loannidis, R., lliopoulou, T., Dimitriadis, P., & Koutsoyiannis, D. (2021). Landscape
Planning of Infrastructure through Focus Points’” Clustering Analysis. Case Study: Plastiras Artificial
Lake (Greece). Infrastructures, 6(1), 12. https://doi.org/10.3390/infrastructures6010012

Sargentis, G.-F., loannidis, R., Karakatsanis, G., Sigourou, S., Lagaros, N.D., Koutsoyiannis, D.,
2019b. The Development of the Athens Water Supply System and Inferences for Optimizing the
Scale of Water Infrastructures. Sustainability 11, 2657. https://doi.org/10.3390/su11092657

Sargentis, G.-F., Dimitriadis, P., loannidis, R., lliopoulou, T., Koutsoyiannis, D., 2019a. Stochastic
evaluation of landscapes transformed by renewable energy installations and civil works. Energies
12. https://doi.org/10.3390/en12142817

Sargentis, G.-F., Dimitriadis, P., loannidis, R., lliopoulou, T., Frangedaki, E., Koutsoyiannis, D.,
2020a. Optimal utilization of water resources for local communities in mainland Greece (case
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study of Karyes, Peloponnese). Procedia Manufacturing, The 1st International Conference on
Optimization-Driven Architectural Design (OPTARCH 2019) 44, 253-260.
https://doi.org/10.1016/j.promfg.2020.02.229

Klousakou, E., Chalakatevaki, M., Dimitriadis, P., lliopoulou, T., loannidis, R., Karakatsanis, G.,
Efstratiadis, A., Mamasis, N., Tomani, R., Chardavellas, E., & Koutsoyiannis, D. (2018). A preliminary
stochastic analysis of the uncertainty of natural processes related to renewable energy resources.
Advances in Geosciences, 45, 193-199. https://doi.org/10.5194/adgeo-45-193-2018

Book Chapters

Sargentis, G.-F., loannidis, R., Chiotinis, M., Dimitriadis, P., Koutsoyiannis, D., 2021. Aesthetical
Issues with Stochastic Evaluation, in: Belhi, A., Bouras, A., Al-Ali, A.K., Sadka, A.H. (Eds.), Data
Analytics for Cultural Heritage: Current Trends and Concepts. Springer International Publishing,
Cham, pp. 173-193. https://doi.org/10.1007/978-3-030-66777-1_8

Mamassis, N., Efstratiadis, A., Dimitriadis, P., lliopoulou, T., loannidis, R., Water and Energy,
Handbook of Water Resources Management: Discourses, Concepts and Examples, edited by
Bogardi, J.J., Tingsanchali, T., Nandalal, K.D.W., Gupta, J.,, Salamé, L., van Nooijen, R.R.P,,
Kolechkina, A.G., Kumar, N., and Bhaduri, A., Chapter 20, 617-655, doi:10.1007/978-3-030-60147-
8 20, Springer Nature, Switzerland, 2021, (in press).

Fully evaluated conference publications

loannidis. R., Mamassis, N., Moraitis, K., & Koutsoyiannis, D. (2022). MpoTAcelq XWPLIKOU Kol
QPXLTEKTOVIKOU 0XeOLOOUOU yla TN Blwolpn évtaén Twv €pywV QVAVEWOLUNG EVEPYELAS OTO
eAANVIKO Tortio. [Spatial planning and architectural design proposals for the sustainable integration
of renewable energy works into the Greek landscape] Research and Action for the Regeneration
of Mountainous and lIsolated Areas. 10" Conference of MIRC (Metsovion Interdisciplinary
Research Center) - NTUA, Metsovo.

loannidis, R., Iliopoulou, C., lliopoulou, T., Katikas, L., Dimitriadis, P., Plati, C., Vlahogianni, E.I,,
Kepaptsoglou, K., Mamassis, N., Koutsoyannis, D., 2020b. Solar-electric buses for a university
campus transport system, in: Advances in Geosciences. Presented at the Transportation Research
Board (TRB) 99th Annual Meeting, Washington, D.C.

loannidis, R., Koutsoyiannis, D., 2017. H apx(tekTovIKr Kot Tomakn afla Twv dpayudatwy: Ano ta
Stebvn mapadelypata otig mpotaoelg yla tTnv EAMada [The architectural and landscape value of
dams: From international examples to proposals for Greece], in: Proceedings of 3rd Hellenic
Conference on Dams and Reservoirs. Presented at the 3rd Hellenic Conference on Dams and
Reservoirs, Hellenic Commission on Large Dams, Zappeion, Athens.
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Conference publications and presentations with evaluation of abstract

loannidis, R., Koutsoyiannis, D., 2017. Evaluating the landscape impact of renewable energy plants,
in: Geophysical Research Abstracts. Presented at the EGU General Assembly 2017, Vienna.
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impact perception with stochastic tools, in: Geophysical Research Abstracts, Vol. 22. Presented at
the EGU  General Assembly 2020, European  Geosciences Union, Vienna.
https://doi.org/10.5194/egusphere-egu2020-18212
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