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OzET

Surdurulebilirlik kavrami kilturel peyzaj baglaminda ele alindiginda goklu stratejilere odaklanan, yenilikgi teorik ve
metodolojik yaklagimlarin gelistirilmesine ihtiyag duymaktadir. Kulttrel peyzajlari korumak, yalnizca kolektif
mirasimizi korumak igin degil, ayni zamanda topluluklarin refahiyla igsel olarak baglantili oldugundan; sosyal-
ekolojik strdurulebilirligi tesvik etmek igin de 6nemlidir. Sosyal ekoloji, toplum-doga etkilesiminin tum ilgili
orgltsel, mekansal ve zamansal diizey ve 6lgeklerdeki analiziyle ilgilenen disiplinler arasi ve disiplinler arasi bir bilim
alanidir. Bu arastirma makalesi, kiltlrel peyzajlarin korunmasi ile sosyal-ekolojik surdirilebilirlik arasindaki
kesisimleri arastirarak bu kritik alandaki zorluklari ve firsatlari incelemektedir. Ozellikle yerel diizeyde kiiltiirel
peyzajlarin stirdiralebilirliginde cevresel degisim ve ¢agdas toplumsal gelisme tarafindan kiskirtilan ortaya g¢ikan
riskleri ve giivensizlikleri hafifletmek ve bunlara uyum saglamak icin toplumsal tepkilerin daha saglam ve ayrilmaz
bir unsuru haline nasil gelebilecegini daha iyi anlamak amaciyla yazilmigtir. Calisma, kapsayici yonetisimin,
toplumsal katilimin ve yesil altyapinin gelistiriimesinin 6nemini vurgulayarak, sosyo-ekolojik strdrulebilirlige
ulagmak igin gesitli stratejileri arastirmaktadir. Sonug olarak sosyo-ekolojik stirdirilebilirligi saglamak igin gesitlilik,
baglanti, degiskenleri yonetme, karmasik sistemlerin anlagilmasi-uyum kapasitesi, deneyim, katilim, yonetisim
baghklari altinda oneriler gelistirmektedir. Bu sorunlarin ele alinmasi, esitlikgi ve dayanikli olan uzun vadeli,
surdurilebilir kentsel kalkinmayi basarmak icin 6nemli olacaktir.

Anahtar Kelimeler: Surdirilebilirlik, kultirel peyzaj koruma, sosyo-ekolojik, dayanikhhk.

ABSTRACT

Sustainability, a multidimensional concept, needs the development of innovative theoretical and methodological
approaches. Protecting cultural landscapes is important not only to preserve our collective heritage but also to
promote social-ecological sustainability, as it is intrinsically linked to the well-being of communities. Socio-ecology
is an interdisciplinary and transdisciplinary field of science that deals with the analysis of society-nature
interactions at all relevant organizational, spatial, and temporal levels and scales. This research article examines
the challenges and opportunities in this critical area by investigating the intersections between the protection of
cultural landscapes and social-ecological sustainability. It is written with the aim of better understanding how the
sustainability of cultural landscapes, especially at the local level, can become a more robust and integral element
of societal responses to mitigate and adapt to emerging risks and insecurities provoked by environmental change
and contemporary societal development. The study explores various strategies to achieve socio-ecological
sustainability, emphasizing the importance of inclusive governance, community participation, and green
infrastructure development. As a result, it develops recommendations under the headings of Diversity,
Connectivity, Managing Variables, Understanding Complex Systems-Adaptive Capacity, Experience, Participation,
and Governance to ensure socio-ecological sustainability. Addressing these issues will be important to achieve
long-term, sustainable urban development that is equitable and resilient.

Keywords: Sustainability, cultural landscape protection, socio-ecology, resilience.

1. GIiRiS

Kaltlrler veya insan faaliyeti, bagh olduklari yerel sistemlerin ekolojik sinirlari igerisinde
gelisir (Rockstrom vd., 2009), kiltlrleri belirli sosyo-mekansal sistemlerde yerellestirmek,
kiresellesen diinyada her zaman ortaya ¢ikan c¢oklu hareketlilikler agisindan oldukga
karmasik bir konudur (Urry, 2001; Adger vd., 2013). Sirdirilebilir kalkinma, ekolojik,
ekonomik ve sosyal boyut olmak lizere Ui¢ boyut tizerinden tanimlanirken giinimiizde kaltir
boyutu 6n plana ¢ikmig, " kalkinma sireglerinin sirdirilebilirligini saglayan gerekli
dondstirtci boyutu” olarak ele alinmaya baslanmig, kaltirel sardirilebilirlik ise,
kalkinmanin dordincii ayagl olarak tanimlanmistir (UNESCO, 2019). Bu ilginin kokleri,
surdirilebilir kalkinmayi insa etmek igin mevcut ¢ok yonli kaynaklari igeren belirli bir
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Tablo 1. Kulturel Peyzaj Yaklagimi —
Degerlendirme

YILMAZ BAKIR
Kiltlrel Peyzaj Koruma Yaklagiminda Yeni Bir Boyut;
Sosyo-Ekolojik Strdurilebilirlik

sermaye tirl olarak "kiltlrel sermayeyi" 6neren ¢ok daha d6nceki tartismalar Gizerine insa
edilmektedir (Throsby, 1999; Labadi, 2017). Kdltirel peyzaj ve kiltirel strdirilebilirlik
iliskisinde esas konu sirdirilebilirlik ilkeleriyle tutarli bir sekilde kiltirel miras ve
geleneklerin korunmasi ve devam ettirilmesi anlamina gelmektedir; kdltirel alanlarin,
eserlerin ve uygulamalarin korunmasinin yani sira kudlttrel bilgi ve becerilerin
surdirilmesini de igeren bir yaklagima sahiptir. Bu konu kiltlrel kaynaklarin korunmasi ve
kullaniminda gelecek nesillerin ihtiyaglarinin dikkate alinmasini saglamayi da icermektedir.
Kaltirel peyzaj; toplum ve dogal yapi arasindaki dinamik iliskinin Griinl olarak kabul edilir
ve antropojenik faaliyetler ile c¢evreleyen ortam arasindaki karmasik bir etkilesimi
kapsamaktadir (Scazzosi, 2004; Zeng & Mu, 2024). Glinimizde kiiltlrel peyzaj koruma
kavrami, cevre yonetimi ve stirdirilebilirlik alaninda giderek daha fazla dnem kazanmistir.
Bu peyzajlar, belirli cografi bolgelerde gelisen benzersiz kiltirel kimlikleri, gelenekleri ve
yasam bigimlerini temsil ettikleri icin 6nemli bir degere sahiptirler ve sirdirilebilir
sistemleri sekillendiren sosyo-ekolojik stireglerin sonucu olarak doga ve kultir arasindaki bir
arayliz niteligindedirler (Lekakis & Dragouni, 2020; Frantzeskaki & Rok, 2018). Bu
dogrultuda klturel miras kavraminin, somut varliklara ve uzman goéruslerine odaklanmak
yerine, farkl paydaslardan gelen iliskisel degerleri ve ¢oklu bakis agilarini icerecek sekilde
genislemesi, peyzaj kavramini da igerecek sekilde kentsel mirasa dair bitlinsel bir baglamsal
goruse yol agmistir (Panjabi & Winter, 2009). Bu kavramsallastirmanin merkezinde, peyzajin
fiziksel karakterinin yani sira yasanan bir mekan, sosyo-kiiltiirel yapisi ile zaman ve mekanda
degisen gevrenin zihinsel-6znel bir temsili oldugu fikri yer almaktadir. Peyzaj kavraminin
karmasik katmanlasmasini ele almak igin genellikle ayri ayrn tartisilan farkh teorik
perspektifleri butlinlestiren bir yaklasiminin gerekliligini glindeme gelmesi ile pek ¢ok
disiplin peyzaj arkeolojisi (Anschuetz vd., 2001), kentsel peyzaj planlama (Waldheim, 2006)
ve peyzaj ekolojisi (Forman, 1995; Wu & Hobbs, 2002) gibi pek ¢ok disiplin konuyu
tartismaya baslamigslar literatiire katki sunmuglardir (Tablo 1).

Kaynak | Arastirma Odagi

Catalbas & Kilig, 2022 | Kentsel dinamikler igerisinde koruma ve planlamada Kiiltlirel Peyzaj yaklasimi

bilesenleri

Perihan & Asur, 2020 | Kent kimligi ve Kulturel Peyzaj iliskisi

Martinez Pino, 2018; Rodwell, 2018 | Kiltiirel Peyzaj yaklasimini yerel kalkinma giindemlerinin merkezine yerlestirme ve

surdirilebilir kalkinma igin 2030 Gilindemi, Yeni Kentsel Giindem (Habitat IIl)
hedeflerine yirmi birinci ylizyil igin kentsel planlama modellerine entegrasyon

Colavitti & Usai, 2019 | Kentin tarihsel odagini kavramsallastirmanin énemi,

Vatandaslarin karar alma sireglerindeki belirgin rolu

Ginzarly vd., 2019 | Tekil yerel baglamlardan ve ulusal ve yerel ydnetimlerin miras yonetiminde birlikte

naslil gcalisabilecegine, mirasi ulusal ¢ikar olarak belirleyip bu sekilde kiiresellesmeye
karsi nasil miicadele edebilecegine dair bir 6rnek olarak Kiiltiirel Peyzaj yaklagimi

Markeviciené, 2011

Kiltlrel Peyzaj siirecinde kent ve kentli hakki

Turner, 2015

Somut olmayan miras yoluyla sosyal sirdirilebilirligi tesvik etmek igin Kaltarel
Peyzaj yaklagsiminin potansiyel uygulamasi

Fusco Girard, 2013

Kaltlrel Peyzaj yaklagiminin planlamaya entegrasyonu

Rey Pérez & Gonzalez Martinez
Pino, 2018; Rodwell, 2019

Kiltlrel Peyzaj siirecinde 6zglinliik degerlendirmesi

Azpeitia Santander vd., 2018

Kiltlrel Peyzaj yaklagiminda kabul edilebilir degisim sinirlarinin tanimlanmasi

Jokilehto, 2014

Yerel idari cergeveleri ile Kiltirel Peyzaj yaklagimi iliskilendirme

Ginzarly vd., 2019

Kdltirel Peyzaj yaklagimi, katilim, koruma, yoénetim, kalkinma ve planlama
disiplinlerini butlinlestiren yeni araglar

Waterton & Smith, 2010

Kiltlrel Peyzaj kavraminin insa edilmis cevreyle etkilesim siireglerinin tanimlanmasi

Avrami, 2010 ; Avrami vd., 2019;
European Council, 2000

Toplumsal iliskiler, hakim sdylemler ve insa edilmis ¢evrenin ve diger eserlerin
olusumunu etkileyen politik, ekonomik ve kurumsal baglamlar

Van der Hoeven, 2019; Nash vd.,
2018

Kaltlrel Peyzaj stirecinde yeni teknolojilerin dahil edilmesi, mirasin maddi olmayan
boyutunu ve erisilebilirligi

Angrisano vd., 2016

Sosyal girisim, sosyo-ekonomik araglar

Dinger, 2013

“Tarihi kentsel peyzaj” anlayisi igcinde karar verme, slregte yer alan toplum
aktorlerinin ortakligl, miizakere ve is birligi
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Kaltirel peyzajlar korumak, yalnizca kolektif mirasi korumak igin degil, ayni zamanda
kendilerine giivenen topluluklarin refahiyla igsel olarak baglantili oldugundan, sosyal-
ekolojik surdirilebilirligi tesvik etmek igin de 6nemlidir (Scazzosi, 2004; Soini & Birkeland,
2014). Bu nedenle kiiltlirel peyzajlarin ve dogal mirasin korunmasina yonelik yonetim
stratejilerine odaklanan yenilikgi teorik ve metodolojik yaklasimlarin gelistiriimesine yénelik
artan bir ihtiya¢ bulunmaktadir. Son yillardaki bu kapsamda koruma tartismalarindaki vurgu,
anitlarin onarimi ve korunmasindan, kdltirel peyzaji sekillendiren toplumsal siireglere ve
¢ogunlukla tarihi, insan yapimi ortamlarin dikkate alinmasi; kiiltlirel mirasin sosyo-ekonomik
ve cevresel degerlerinin takdir edilmesine dogru kaymistir (Tunbridge & Ashworth, 1996;
Loulanski, 2006; Bond & Worthing, 2008; Tait & While, 2009). Ayrica fiziksel eserlerle
baglantili olsun veya olmasin, sosyal érintllere ve yasam geleneklerine dncelik verilmesi
gerekmektedir. Somut olmayan miras, somut mirasin sekil ve anlam kazandigi daha genis
bir cerceve saglamaktadir (Bouchenaki, 2003). Sonug olarak kultiirel mirasi, gelenekler ve
eserler araciliglyla sonraki nesillere aktarilan, gelecek nesillerin yeni katkilariyla bir arada var
olan ve glinimiz degerleriyle uyumlu, degisken, heterojen ve melez olmak lizere ¢oklu
yorumlari olan, strekli olarak yeniden yaratilan bir toplumsal siireg olarak tanimlanmaktadir
(Tait & While, 2009). Gelenek ve uygulamalarin tasiyicisi olan yerel topluluklar, mirasi
Ureten, slrdiiren ve koruyan temel koruyucular olarak gérilmektedir; bu nedenle miras ve
onun kullanimi  hakkinda farkindalik yaratma araglarina ve uygun enstrimanlara
erisebilmelidirler (Xie vd., 2022; Ziemelniece vd., 2021). Bu kapsamda g¢alismanin odaginda
yer alan sosyal-ekolojik strdirdlebilirlik, strdirilebilir kalkinmanin sosyal, ekonomik ve
cevresel boyutlarini biitiinlestiren kapsamh bir cercevedir. Oziinde, bu yaklasim insan
toplumlari ile bunlarin iginde yer aldig1 ekosistemler arasindaki karmasik baglantilari kabul
eder (Surdirilebilirlik, Ogrenme, Uyum ve Bilgi isleme vb.). Surdirilebilirligin sosyal-
klltirel yon, topluluklarin refahini ve dayanikhligini saglayan siregleri ve kosullari kapsar
(Berkes vd., 1994). Bu, tiim bireylerin yerel ortamlarinin karar alma ve gelisimine aktif olarak
katilmalar igin firsatlar yaratmayi, cevreleri Uzerinde bir sahiplik ve faaliyet duygusu
gelistirmeyi icermektedir.

2. MATERYAL VE YONTEM

Kaynak kullanimi ve sonuglarin degerlendiriimesinde insan faktérlu distnildiginde
kaynaklarin koruma ve dayanikliiginin artirilmasi siirecinde sosyo-ekolojik yapinin iyi
¢ozlimlenmesi gereklidir. Bu siiregte kiltirel peyzajin korunmasinda yerele 6zgi kiltirel
bilgi ve deneyimlerin 6n plana g¢ikariimasi, dayanikhhgin artirilabilmesi icin uyum
kapasitesinin artiriimasi, acil bir durum karsisinda organize olma yetenegine sahip esnek ve
dayanikli yonetisim modellerinin gelistirilmesi gereklidir (Berkes vd., 2014; Folke vd, 2005;
Olsson vd., 2004; Bodin vd., 2006; Bodin & Crona, 2009).

Bu arastirma makalesi, kiltlrel peyzajlarin korunmasi ile sosyal-ekolojik strdtralebilirlik
arasindaki kesisimleri arastirarak bu kritik alandaki zorluklari ve firsatlari incelemektedir.
Calisma, kapsayici yonetisimin, toplumsal katilimin ve yesil altyapinin gelistirilmesinin
onemini vurgulayarak, sosyo-ekolojik slrdirilebilirlige ulagsmak igin cesitli stratejileri
arastirmaktadir.  Sosyo-kiltirel  sdrdirdlebilirligi  artirmayr  amaglayan  insan
yetenegi/kapasitesi ve yerel adaptasyon gergevesinde kiltirel mirasin korunmasina tartisan
bir ¢cerceve sunmaktadir. Farkli topluluklarin ekolojik dinamikleriyle nasil basa ¢iktiklarina
dair net bir anlayis gelistirmek, koruma bilimi ve uygulamasi igin kritik Gneme sahiptir. Bu
nedenle arastirma kapsaminda gelistirilen teorik model, yeni veya optimize edilmis koruma
stratejileri igin olasiliklar sunmaktadir. Arastirma kapsaminda Kiltirel Peyzaj-Koruma ve
sosyo-ekolojik Strdirdlebilirlik iliskisinin degerlendirmesi, iki asamadan olusan hakemli
bilimsel literatiirden yararlanarak gergeklestirilmistir. Konunun ¢ok disiplinli dogasinin ve
¢ok sayida yayinin farkinda olarak, ilk asama konunun genis bir genel gérinimini ve
kapsamini almaya yonelik olarak arastirilmistir. Bu nedenle Scopus, WOS ve Proquest
veritabaninda gelismis bir literatlir aramasi yapilmis, ikinci asamada arastirmalarin odaklar
analiz edilerek nitel bir degerlendirme yapilmistir (Tablo 1 ve Tablo 2).
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Arastirma sorulari;

e Klturel sardurilebilirlik, risk algisina, azaltmaya ve uyum stratejilerine dayanir. Yerel
kaltarler, riskleri nasil algilar ve bunlara nasil uyum saglar?

¢ Yerel kiiltiirler, surdirilebilirlik stratejilerini nasil gelistirir ve uygular?
* Bu stratejiler, kiltiirel degerleri ve gelenekleri nasil korur?

Genel olarak, bu ¢alisma kentsel stirdirilebilirlige butlinsel bir yaklasimi savunan biiylyen
bilgi birikimine katkida bulunmakta ve kiltiirel peyzajin ve topluluklarinin refahinin ayrilmaz
bir sekilde baglantili oldugunu vurgulamaktadir. Bu sorunlarin ele alinmasi, esitlik¢i ve
dayanikli olan uzun vadeli, strdirilebilir kentsel kalkinmayi basarmak igin ¢cok 6nemli
olacaktir.

3. SOSYAL EKOLOJiNiN TEMEL iLKELERI

Sosyo-ekolojik sistem (SES) kavrami glindeme geldigi donemden (Ratzlaff, 1969) glinimiize
kadar kavramsal olarak evrilerek (Tablo 2) hem g¢evre hem de sosyal bilimlerde, ekonomide
ve tip, psikoloji, sanat ve beseri bilimler gibi cesitli bilgi alanlarinda yaygin olarak
kullanilmaktadir (Berkes vd., 1994).

Kaynak

Tanim- Odak Uzlasi-Ortak Nokta

Thomas vd., 2012

“Insan ve doga sistemi” (1) Entegre Biyo-Fiziksel ve Sosyo-kultirel

Fidel vd., 2014

suregler,
(2) Kendi kendini 6rgitleme,

Toplumsal ve ekolojik sistemlerin karsilikli
olarak bagiml oldugu” bir sistem

Bouamrane vd., 2016

Olgekler arasinda i¢ ice gecmis, birbirine | (3) Dogrusal olmayan ve ongoriilemez

sistemleri igeren bir sistem

Colding & Barthel, 2019

Yerel kurumlar tarafindan c¢ergevelenen
farkli yonetim uygulamalarina yansitilma

bagimh ve baglantili insan ve doga | dinamikler,

sistemleri (4) Sosyal ve ekolojik siiregler arasindaki
Harrington vd., 2010 | Karsilikli etkilesimler icinde toplumsal | geri bildirim,

(insan) ve ekolojik (biyofiziksel) alt | (5) Mekanda (uzamsal esikler) ve zamanda

(zaman esikleri) degisen davranis,
(6) Farkhh zaman olgeklerinde sonuglari
olan miras davranissal etkiler, ortaya ¢ikan

zorunlulugu ozellikler

del Mar Delgado-Serran vd.,
2015

Cok farkli zaman &lgeklerinde sonuglari olan | (7) Karmasik uyarlanabilir sistemler

miras davranigsal etkiler,

Berkes vd., 1998

Yerel kaynak yonetim sistemlerindeki
dayanikliligi analiz etme yontem,

Davidson-Hunt & Berkes, 2003

Ekosistem ve  yonetim  uygulamasi
arasindaki baglantinin, kaynak
kullanicilarinin yerel ekosistemi veya bagh
olduklari kaynak tabaninin ekolojik bilgisi ve
anlayisl

Ostrom, 2009

Saglamlik modeli (Vakalari karsilagtirmak
icin kosullar iyilestirilmesi gerekliligi, ortak
dil gelistirilmesi, karmasik, ¢ok degiskenli
kaynak yonetim sistemlerinin daha ciddi bir
bicimde incelenmesi gerekliligi)

Anderies vd., 2004

Kavramsal Modelin arkasindaki mantik hem
tasarlanmis hem de kendi kendini
dizenleyen bilesenlerini tanimlamak ve
degerlendirmektir.

Tablo 2. Sosyo-Ekoloji Yaklagimlari-
Kavramsal Degerlendirme

Sosyal-ekolojik sistemler (SES) arastirmasi, insanlarin ve doganin derinlemesine ig ice
gectigini kabul eder ve devam eden kiresel degisimle iliskili sosyal-ekolojik kosullar,
zayifliklar ve yollar hakkinda tutarli bir anlayis saglamayi amaglamaktadir (Currie vd., 2024).
SES kavrami — ayni zamanda bagli insan-gevre sistemleri veya bagli insan ve dogal sistemler
olarak da adlandiriir — gevresel ve toplumsal degisimin birbirine bagh dinamiklerini
anlamak igin gii¢li bir analitik cergeve saglamaktadir (Sekil 1). Gliniimiizde kavramsal olarak
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sosyo-ekoloji, toplum-doga etkilesiminin tiim ilgili 6rgiitsel, mekansal ve zamansal diizey ve
Olgeklerdeki analiziyle ilgilenen disiplinler arasi ve disiplinler arasi bir bilim alanidir. Sosyal
ve doga bilimlerinin yani sira beseri bilimlerden gelen uzmanliklari birlestirerek ve
uygulayicilardan gelen bilgileri entegre ederek, sosyal ekoloji strdirilebilirlige dogru
ilerleme ¢abalari igin bilgi temeli saglamayi amaglamaktadir.

Sosyo-ekoloji tematik olarak sunlari igermektedir:

¢ Malzemeler, eneriji, su ve arazi dahil olmak tizere kaynak kullanim modellerinin analizi;
¢ Kaynaklarin yénetimi;

¢ Kurumsal, toplumsal, kiltirel ve ekonomik boyutlari;

¢ Kaynak kullaniminin iklim degisikligi, biyolojik gesitlilik, ekosistemler ve diger ¢evresel
yonler Gzerindeki etkileri;

¢ Gida Uretimi, donglsel ekonomi, paylasim ekonomisi veya fiziksel ekonomileri yeniden
dizenlemeye yonelik diger kavramlar gibi yerlesik ve ortaya ¢ikan konular;

¢ Toplumdaki iliskilerinin roli;
e Siirdurilebilirlige dogru ilerlemek igin seceneklerin karsilikli tavizleri ve sinerijileri;

e Siirdurilebilirlik donistmleri igin ivme noktalari ve engeller.

[ |

Yerel Cevre Yerel Halk
Iklim Degisikligi Yerel Kiiltiirel Yapi
Cevrsel Faktorler Deneyimler
s N N
Kiiltiirel Sermaye Kiiltiirel Kapasite
Yerel Kiiltlr, Gelenek, Bilgi ve Deneyimler Adaptasyon, Yenilik, Strdiriilebilirlik Kapasitesi
\. J J
e t . — N — 1 PR "
Toplum Direngliligi Kiiltiirel Siirdiiriilebilirlik
Degisime Adaptasyon T Kultiirel Degerleri Koruma
g Dayaniklilik J Sureklilik )

A A

Bolgesel Faktorler

Ulusal Politikalar
A

A

Uluslararasi Faktérler

Yukarida belirtilen tanimla, sosyo-ekolojik sistemler analitik bir arag ve kaynak kullanimi ve
givenligi Gzerine teknik ve bilimsel arastirma i¢in bir katalizor olarak ana akim teorik anlayisi
temsil etmektedir. Bu baglamda, giincel sorunlara odaklanmakta ve baski altindaki peyzaj
Uzerindeki kaynak yonetimindeki sinerjiler ve uzlasmalar hakkinda yenilikgi diisiinceyi tesvik
etmektedir. Kavram hakkindaki ikinci teorik egilim teknik olmaktan ¢ok normatiftir: alana
yonelik sosyal esitlige ve cevresel adaletsizlige elestirel bir sekilde bakmayi, gig
asimetrilerine isaret etmeyi ve savunmasiz gruplarin riskler karsisinda ihtiyaglari tizerinden
degerlendirilmesini talep etmeyi 6nermektedir. Genelde belirsiz anlam ve giigli normatif
yankinin bir kombinasyonu olarak goriilen bu normatif vurgu SES’i catisma ve esitsizligin bir
tarayicisi ve karar vericileri ve paydaslari hangi tir bir gelecek (ve diinya diizeni) istendigi
sorusuna dogru harekete gegirmek igin bir pusula olarak kullanmayi 6nermektedir. Sosyal-
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ekolojik sistemler kavrami, gevresel ve toplumsal degisimin birbirine bagl dinamiklerini
anlamak i¢in faydaldir. Kavram; insanhgin ekosistemlere bagimlilhginin daha fazla kabul
edilmesi, disiplinler arasi ve bilim ile toplum arasinda iyilestirilmis is birligi; gelismis sistem
anlayisina yol agan artan metodolojik cogulculuk ve sosyal-ekolojik etkilesimleri dikkate alan
onemli politika ¢ergeveleri konularini ve iliskiselligini anlamada katki saglamaktadir (Fischer
vd., 2015; Deslatte vd., 2022).

Kentsel ortamlarda sosyo-ekolojik stirdirilebilirligi kesfetmek, toplum refahi ile ekolojik
saglik arasindaki karmasik iliskilerin bltiinsel bir sekilde anlagiimasini gerektirir. Bu kesfin
merkezinde, ¢evresel kosullar ile insan refahinin birbirine baghhgini vurgulayan ve kentsel
surdirdlebilirligin hem sosyal hem de ekolojik faktérleri dikkate almadan elde
edilemeyecegini gosteren sosyo-ekolojik paradigma yer almaktadir (Anjali vd., 2024;
Edwards & Sen, 2000). Kent planlamacilari ve politika yapicilar stirdirilebilir ve dayanikli
kentsel gelecekleri tesvik etmeye calisirken, bu baglantilar tesvik etmede kultirel
peyzajlarin roliine odaklanmalidirlar. Kiltiirel peyzajlar yalnizca kentsel yasam kalitesini
artirmak icin hayati bilesenler olarak hizmet etmekle kalmaz, ayni zamanda sosyal boyutlari
planlama ve gelistirmelerine entegre etmeyi 6nemli hale getiren temel ekolojik faydalar da
saglamaktadir (Amster& Grdina, 2021; Kithne & Kiihne, 2019.). Ornegin, kiiltiirel peyzajin
surekliliginin saglanmasi gibi tim kullanicilarin  haklarini  dengeleyerek kapsayiciligi
onceliklendirmeli ve bdylece kentte yerlesik sosyal-kiiltiirel sorunlari toplumsal empati ve
katihm firsatlarina donistirmelidir (Schmitz & Herrero-Jauregui, 2021; Anjali vd, 2024).

4. KULTUREL PEYZAJ SURDURULEBILIRLIGI/ SOSYO-EKOLOJi ARA KESITINDE TEMEL
BIiLESENLER

Surdirilebilirlikle yakindan baglantili olan dayaniklilik, sistemin dis etkilere yanit verme
yetenegini tanimlayan bir kavramdir. Dayanikliligi stirdardlebilirlige baglamanin, belirsiz ve
degisen bir diinyada sosyo-ekolojik sistemleri yénetmek igin 6nemli oldugu kabul
edilmektedir (Reyers vd., 2022). Bu baglamda ¢alismanin bu bélimiinde sosyo-ekolojik
dayaniklilik klltlrel peyzaj ile birlikte ele alinarak degerlendirilmistir.

4.1. Risk Algisi, Azaltma ve Uyum Kapasitesi

Risk, tanimlanmis bir tehlikenin meydana gelme olasiligi veya sikligi ile meydana gelmenin
sonuglarinin biyuklGginin birlesimi olarak tanimlanmaktadir (Slovic vd., 1982; Lechowska,
2018). Toplumun risklere yanit vermedeki dayanikliigini artirmada en énemli stratejiler
planlanma siirecinde azaltma ve adaptasyonun daha genis kavramlar ile ele alinmasini
gerekli kilmaktadir. Toplumlarin 6z yeterliliklerinin ve uyum segeneklerinin maliyetleri ve
etkinliginin degerlendiriimesinde uyum kapasitesi dikkate alinmalidir. Uyum kapasitesini
etkileyen temel faktorler risk farkindaligi ve risk algisidir; 'risk farkindahgl', tehlikelerin
potansiyelinin taninma dizeyini tanimlarken, 'risk algisi' mevcut risklerin 6znel
degerlendirmesine atifta bulunmaktadir. Literatirde, risk algisi 1980'lerde sosyal bilimlerde;
yargilama ve karar alma ¢alismalarindaki arastirmalar yoluyla 6n plana ¢ikmistir. Pidgeon
vd. (1992), risk algisinin insanlarin inanglarini, tutumlarini, yargilarini ve duygularini, sosyal
ve kultirel degerlerini ve belirli bir tehlikeye karsi benimsedikleri egilimleri igerdigini
belirtmektedir.

Surdirilebilir toplumlara dogru uygulanabilir gegisler tasarlarken sosyal baglamda mevcut
klltirel yeteneklerden yararlanmalidir. Bu nedenle, riske verilen her yanitin kaltdr
araciligiyla iletildigini kabul etmek 6énemlidir. Kimligin algilanan yonleri, toplum uyumu ve
yer duygusu dahil olmak Uzere hem maddi degerleri hem de maddi olmayan degerleri
degerlendirmeyi gerektirmektedir (O’Brien vd., 2015). Ancak, bu stratejilerin etkili bir
sekilde uygulanmasinin, uzmanlar tarafindan kabul edilebilir olarak belirlenen risk seviyesi
icin etkileri olan yerel diizeydeki risk algisi ve glivenlik kiltlri uygulamalan tarafindan
yonlendirilmesi gereklidir. Bu uygulamalara yonelik kiltirel bir duyarhhgin ve uyum
kaltirinin olmamasi durumunda, ilerleme yavas olabilir veya geri gevreletilebilmektedir.
Acikga, risk azaltma yalnizca yasal dizenlemeler, kurumlar ve potansiyel tehlikelerle ilgili
degildir; ayni zamanda tiim bu bilesenleri yerellestirilmis bir baglamda bir araya getirerek
degisim siireclerini aktif olarak yonetir. Ornegin iklim degisikligi arastirmalarinda nitelikli
adaptasyon fikri, ¢gevrenin bozulmasina pasif bir sekilde uyum saglamayi ifade etmez.

6
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Aksine, adaptasyon tercihen surdirilebilir kalkinma hedeflerine ulasmayi amaglayan kasitl
dondstirici eylem agisindan kavranir (Bassett & Fogelman, 2013; Salomaa & Juhola, 2020;
Juhola vd., 2022). Bu hedefler, riskleri tanimlayarak ve etkili yanitlar bularak takip edilir.
Modern toplumlarda riskler genellikle bilim temelli kavramlar ve yoéntemlerle
degerlendirilir. Ancak, stirdUrilebilirlik stratejileri tasarlanirken, riskin insan gegim kaynagi
ve kiltlirh Gzerindeki sosyal etkilerini ilgili kisilerle diyalog halinde degerlendirmek de
onemlidir; geleneksel bir bilim temelli risk yonetisim stratejisi, geleneksel kilturlerin
klltirel potansiyelini ve riske yanit verme bilgisini siklikla gbz ardi ettigi icin sosyal
surdirilebilirlikle yeterince uyumlu degildir. Tartismal olarak, topluluklar geleneksel
kaltdrel wvarhklarini yalnizca 6nerilen politikanin genel kabulli yoluyla reformlarin
mesruiyetini artirmak igin degil, ayni zamanda yeni risk yonetimi politikalarinin ortak
yaratilmasina katkida bulunmak igin de kullanabilirler. Bu, gesitli yerel girisimlerden ve
kiltirel olarak miras alinan sdrdirilebilir uygulamalardan yararlanilarak yapilabilir
(Haustein & Lorson, 2023; Buttimer, 1998; Ranson vd., 1994). Etkili bir sekilde, yerel kiltrel
miras ve gesitliligin tanimlanmig varliklari araciligiyla stirdirilebilir kalkinma saglayabilecek
mevcut uygulamalari belirlemek ¢ok 6nemlidir.

4.2. Sosyal Farkhlagsma, Savunmasiz Gruplar

Sosyal uyumun yogunlugu ve kapsami, sosyal gruplar arasinda kirilganliklarin farklilagsmasi
gbz 6niline alindiginda, topluluklardaki "6zerk" uyum, giinlik insan ihtiyaglari ve hizl sosyal
degisim ortasinda glindelik uygulamalarin uygulanabilirligi agisindan yakindan anlasiimalidir
(Kortetmaki & Jarveld, 2021). Toplumsal farklilasmanin ve yasanan adaletsizligin etnik
gruplar veya diger toplumsal azinhklar arasinda "6zerk uyum" olusturma kapasitesini
engelleyebilecegi ileri siurilmektedir. Dahasi, mekan veya yer de savunmasizhg
degerlendiren agiklamalara dahil edildiginde, toplum diizeyindeki glg iliskilerinin de dikkate
alinmasi gereken toplumsal yapilar ve varliklar ayirt edilebilir (Demetriades & Esplen, 2008;
Vallury vd., 2022). Temel olarak, bu kosullar altinda taninan vyerel topluluklarda
surdirilebilir kalkinma fikri, yerel kalkinma sireci igerisinde, sosyal azinliklarin bile kendi
klltirel yeteneklerine dayal olarak toplumsal degisime katkida bulunabilecekleri kapsayici
bir slirecin izlenmesi girisimi anlamina gelecektir (Blaser, 2004) . Ancak, kiltirel
surdirdlebilirligi uyarlanabilir kapasiteyle birlestirme perspektifinden bakildiginda, yerli
topluluklarin yerel kiltirlerinde taninmasi gereken daha da fazla kiiltiirel potansiyel vardir.

Modern toplumlarda gagdas kirilganlik deneyimlerini ortaya koyan sosyal farklilasmanin bir
baska yonu de kentsel/kirsal ayrimiyla baglantihdir. Kentlesme egilimi, yerel ntifusun gegim
kaynaklari ve kuiltlrl Uzerinde kutuplastirici bir etkiye sahip olabilecek bdlgesel
farklilasmaya yol agan yeni bir ortam saglamistir. Bu farklilasma ve potansiyel ayrisma
yalnizca bireyler arasinda degil, ayni zamanda topluluklar ve bolgeler arasinda da tespit
edilebilir. Bu nedenle, bolgelere gore kiltirel strdirilebilirligin 6n kosullarini dikkatlice ele
almak ve bolgesel farklilasma agisindan bile kolektif uyarlanabilir kapasiteyi éngérmek
onemlidir. Farklilasmanin alt bolgesel dinamiklerini taniyarak, yerel aktérler genellikle
kirsal/kentsel ayrim ve diger mekansal farklilasmalarla iliskilendirilen marjinallesmeye
meydan okumak igin kapsayici stratejiler bulabileceklerdir.

4.3. Yerel Dayaniklilik ve Doniistiiriicii Yonetim

Yerel uyarlanabilir kapasiteye ve dayanikliliga katkida bulunmak amaciyla, topluluktaki hem
kaltirel hem de maddi kaynaklarin yasayanlar ve yerel kurumlar tarafindan belirlenmesi ve
degerlendirilmesinin saglanmasi gereklidir. Yonetisim perspektifinden ele alindiginda, yer
temelli bir topluluk ve kiltir, bolgesel ulus devletinin mevzuatina bagl olarak daha fazla
veya daha az Ozerklige sahip olan kentsel veya kirsal topluluk yonetimi baglaminda
konumlandirilabilir. Bu idari topluluklar, yerel stirdlrilebilirlige dogru adimlar atabilen ve
benzer ¢ikarlari paylasan kiltlrel aglarla birlikte calisabilen kamu politikalarinin yerel
girisimleri igin "yuva" gorevi gorecek sekilde kasitli olarak "yerel stirdirilebilirlik yonetigsimi"
yollari kurabilme olanagina sahiptir (Smit & Wandel, 2006; Edge & McAllister, 2009; Gough,
2013). Yer temelli gesitlilik ve ¢ok konumlu yonetisim ¢ercevesinde, kiltlrel
strdurulebilirlik, 6ncelikle gtinliik yasam pratikleri tGizerinde yaratici islevler/reformlar veya
cesitli yerel kilturel performanslarda paylasilan deneyimler yoluyla giiclendirme(ler) olarak
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yerel uyarlanabilir kapasiteye ortaya c¢ikan bir katki anlamina gelir ve kiltirel degisim
yoluyla farkli alanlarda daha da genis bir sekilde uyum saglama yetenegini artirir (Rozmiarek
vd., 2022; Kortetmaki & Jarveld, 2021). Yer ve kltirel miras arasindaki goreve dayali bir
iliskinin 6nemini vurgulamak kendiliginden agik olarak kabul edilebilir, ¢linkii yere dayali
gorevler ve yerel gevre ve tarihi alanlarin yonetimi gelenek tarafindan yerel dayanikliliga
acikca dahil edilmistir (Folke vd. 2005; Holling, 1996; Anderies vd., 2004; Sachs vd., 2019).
5. TARTISMA VE SONUC

Literatir degerlendirmesi sosyo-ekolojik sirdirilebilirlik kapsaminda kiltirel peyzajlarin
dayaniklilik stratejilerinin tanimlanmasinda ve sosyal, ekonomik ve ekolojik boyutlarinin
ozelliklerinin incelenerek saglanabilecegi degerlendirilmistir. Kavramlar arasindaki iliski,
sosyo-mekansal sistem iginde olusturulmasi gereken bir standart veya kayittan ¢ok bir slireg
olarak distnulmelidir. Kiltlrel strdarilebilirlik agisindan bu, dncelikle yerel mirasin,
kaltirel strdurilebilirlik merceklerinden tekrar tekrar nitelendirilmesi gereken toplumsal
dayanikliligin olusturulmasinda kalict ve kurucu bir unsur oldugu anlamina gelmektedir.
Kulttrel peyzajin korunmasinda SES aracilig ile yerel ve/veya toplumsal dayanikliligin
olusturulmasina katkida bulunan sosyal aktorlerin gesitliligini tanimak gereklidir.
Surdirilebilir donlslimlerini onaylamaya yonelik yerel politika yapiminin uygulanabilir
oldugu kanallari, aglari ve etkili iletisim ortamlarini belirlemek énemlidir. Son olarak, etkili
yonetisim kaliplari olusturma perspektifinden ister kamu kurumlari ister 6zel kuruluslar
olsun, toplulugun "dis" aktorlere goére 6zerklik derecesini tanimak dnemlidir. Dolayisiyla
hem artan yerel uyum kapasitesini hem de toplumsal dayanikliligi hedefleyen toplumsal
sureglerin, kiltirel strdirilebilirlik Gzerindeki etkileri agisindan zaman zaman kontrol
edilmesi gerekir. Genel diizeyde, onerilen bir prosedir, bu etkilerin “taninma, yeniden
dagitim ve temsil” ilkeleriyle ne kadar iyi uyustugunu degerlendirmektir (Fraser, 2009). Bu
dogrultuda ¢alisma kapsaminda kdltirel peyzajlarin korunmasi siirecinde Sosyo-ekolojik
surdirdlebilirlik icin yedi ilke 6nermektedir, bu ilkeler Tablo 3'de degerlendirilmistir.

Nitelikler SES-Kiiltiirel Peyzaj (Dayanikhilik) Gereklilikler
Cesitlilik Uyum Kapasitesi (Beklenmeyen tehdit ve tehlike durumlarina hizli, sorunsuz ve uygun maliyetli
bir sekilde yanit verme yetenegi (islevsel, mekansal, yapisal, tiretim- cesitlilik)
Esneklik — esnek operasyonlar (Cok yonli stratejiler gelistirebilme)
Baglanti Bolgeler arasindaki sosyal-ekolojik etkilesimlerin daha iyi anlasiimasi ve bu tiir etkilesimleri

yonetecek kurumlarin gelistirilmesi
Sistemdeki elemanlar arasindaki baglantilari yénetmek (Ornegin, sosyal gruplar arasindaki
artan baglanti, bilgi paylasiminin artirilmasi)

Degiskenleri Yonetme

Degiskenleri ve geri bildirimleri yonetmek:

* Yavas degiskenler, iklim veya yasal sistemler gibi diizenleyici degiskenleri ifade etmektedir.
e Geri bildirimler, ayni tirdeki sonraki degisiklikleri gliclendiren veya azaltan bir degiskendeki
veya etkilesimdeki degisikliklerdir

Hem arastirmacilar hem de karar vericiler, sosyal-ekolojik sistemleri kademeli olarak
sekillendiren uzun vadeli etkenlere daha fazla dikkat etmelidir.

Karmagik sistemlerin
anlasiimasi-
Uyum Kapasitesi

e Sistemler siirekli olarak evrimlesir, uyum saglar ve birden fazla mekansal ve zamansal 6lgek
boyunca birbirine baglanir

e Belirsizlikler mevcuttur.

¢ Bitlinsel yaklagimlara ihtiyag vardir

Glg iliskileri, esitlik, adalet ve ekosistem yonetimi arasindaki etkilesimlerin daha iyi anlagiimasi
gereklidir.

Kullanilabilir sonuglarin es-tretimini saglamaya yardimci olunmalidir

Deneyim

Sosyo-ekolojik sistemlerin belirsizlik, degisim ve siirpriz altinda uyum saglamasini ve direngli
kalmasi saglanmalidir (6rnegin izleme ve bilgi paylasimi)

Risklere karsi dayanikhlik bilesenleri tariflenerek yerel degerlendirmeler yapilmalidir
insanlarin sosyal érgiitlenme ve doga hakkindaki kiiltiirel diinya gérislerinin anlasiimasi
onemlidir

Katihm Y&netim ve yonetisimde ilgili paydaslarin aktif katihimi
Katilimci, topluluk temelli analiz yaklagimlari
Daha gigli bir akademi-toplum arayiiziinin gelistiriimesini desteklemek igin hilkiimetlerin ve
toplumun genelinin taahhitte bulunmasi gereklidir.
Yénetisim ilgili durumlarda farkh élceklerdeki (yerel, bélgesel, ulusal, uluslararasi) yénetim otoritelerinin

birlikte ¢alismasi
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Kaltirel peyzajin korunmasi slirecinde mevcut dokularin yapili gevre ve dogal gevre ile bir
bitin olarak ele alinmasi gerekligi kapsaminda sdz konusu etkilesimlerin dayaniklilhk
baglaminda da degerlendirilmesi gereklidir (Walker vd., 2006; Folke, 2004; Folke, 2006;
Sarmiento-Mateos vd., 2019). Kirilganhklarin strdirilebilir sistemdeki karsiligi sosyal ve
ekolojik esitsizliklerin giderildigi yasanilabilir bir ortam igin; risklerin ve belirsizliklerin
tanimlanmasi, uyarlanabilirlik, senaryo analizleri gibi yontem ve araglarin gelistirilmesi
gerekliligi kaginiimazdir.
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ABSTRACT

This study presents a comprehensive evaluation of the hybrid and electric conversion of the Anadol A1, a culturally
iconic vehicle in Turkey’s automotive history, through a 9E analysis covering energy, exergy, environment, and
economic dimensions. The aim is to combine nostalgic design with modern technologies for sustainable mobility.
The electric model emerged as the most efficient and environmentally friendly option, with an energy consumption
of 64.1 MJ and emissions of 8 kg CO2 per 100 km. However, the battery production energy cost of 750 MJ reveals
a limitation in its sustainability profile. The hybrid model offers a balanced trade-off between energy efficiency and
cost-effectiveness, with 127.35 MJ of total energy use and 10.8 kg of CO2 emissions. In contrast, the conventional
internal combustion engine (ICE) model demonstrated the lowest sustainability performance. This research
highlights how integrating classic design with contemporary technology can facilitate sustainable innovation in the
automotive industry.

Keywords: Electric vehicles, hybrid vehicles, 9e analysis, sustainability.

1. INTRODUCTION

Fossil fuels are used as a primary energy source in many areas, especially in the
transportation sector, due to their high concentration in energy production and easy
availability. However, the carbon dioxide (CO2) and other greenhouse gases produced by
the combustion of these fuels are a major cause of global climate change. This has increased
interest in renewable energy sources and encouraged the development of alternative
technologies to internal combustion engine (ICE) vehicles in the transport sector. ICE
technology is based on pistons that generate energy by compressing and burning the fuel-
air mixture in the combustion chamber. This energy is transmitted to the crankshaft, which
provides mechanical motion. The efficiency of ICEs varies according to engine design, fuel
type and operating conditions. However, due to their high fuel consumption and exhaust
emissions, ICEs pose significant problems in terms of environmental sustainability (Mi &
Mansur, 2017).

Electric vehicles (EVs) are a type of vehicle that operate using electric motors in place of
fossil fuel engines, with rechargeable lithium-ion batteries serving as the primary energy
source. The operation of electric motors is based on the conversion of electric energy from
the battery into rotating mechanical motion through the use of magnetic fields. EVs offer
an environmentally friendly alternative, with zero exhaust emissions and high energy
efficiency. However, the limited range of EVs and the lack of charging infrastructure
represent significant obstacles to their widespread adoption (Ozbay et al., 2020).

Hybrid electric vehicles (HEVs) present a novel solution that integrates the benefits of both
technologies by employing both internal combustion engines and electric motors. The
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operational principle of HEVs is predicated on the utilization of the electric motor at low
speeds or under light load, with the internal combustion engine activated at high speeds.
Additionally, the regenerative braking system facilitates the conversion of kinetic energy
released during braking into electrical energy, which is utilized to charge the battery. This
feature enhances energy efficiency and reduces environmental impact (Dogan et al., 2016).
Hybrid electric vehicles (HEVs) exhibit reduced fuel consumption and emission values in
comparison to internal combustion engine (ICE) vehicles. Plug-in hybrid electric vehicles
(PHEVs) represent an advanced iteration of HEV technology. PHEVs are equipped with larger
batteries that can be recharged from the grid, enabling fully electric driving over short
distances. The internal combustion engine is only activated if the battery is depleted,
thereby further reducing fossil fuel consumption and emissions. In regions where charging
infrastructure is well-developed, PHEVs are considered a more economical and
environmentally friendly option than both ICEs and HEVs (Urooj & Nasir, 2024).

In the contemporary automotive sector, electric vehicles (EVs) and hybrid electric vehicles
(HEVs) are undergoing a period of significant transformation on a global scale. The demand
for electric vehicles is increasing rapidly due to a number of factors, including the tightening
of global environmental policies, the adoption of carbon neutrality targets and the limited
availability of fossil fuels. Hybrid electric vehicles (HEVs) and plug-in hybrid electric vehicles
(PHEVs) in particular play a critical role in the transition to sustainable transportation
solutions by balancing energy efficiency and range anxiety. Innovations in regenerative
braking, energy management systems and battery technologies further enhance the
performance of these vehicles and reduce their environmental impact. In his study, Mengi
(2018) converted a 1.3-litre vehicle with a diesel engine into an electric vehicle and
compared the performance of both vehicles. The study concluded that the conversion
process results in a more environmentally friendly vehicle without any loss of performance.
In their study, Mizushima and Oguma (2023) improved the dynamic performance of the
electric supercharged Sl engine by more than 20% with a fuel consumption of approximately
2.5% in a target compact 12-V HEV with an electric supercharged SI engine.

The Anadol, Turkey's inaugural mass-produced automobile, was manufactured between
1966 and 1984, and was distinguished for its utilization of glass fiber-reinforced polyester
bodywork (Anadolturkey, 2025). The Anadol brand encompasses a range of models, each
designed to cater to distinct purposes and periodic requirements: These include the 'Anadol
Al', a two-door car with a very lightweight design; the 'Anadol SL', a family car with a sedan
body type; the 'Anadol STC-16', Turkey's first sports car; the ‘Anadol SV', a five-door car; the
Figure 1. Anadol Models; (a): AL (b):SL, {c):  'Anadol Bécek', a car with off-road capabilities; and the 'Anadol P2, a pickup truck used for
STC-16, (d): Bocek, (e): SV, (f): P2 . .
commercial purposes (Figure 1).
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This study proposes a novel approach in the domains of energy efficiency, environmental
sustainability and cost effectiveness by addressing the electric and hybrid conversion of the
Anadol A1 model. A more comprehensive evaluation is made with 9E analysis, in contrast
to similar studies in the literature.

2. METHODOLOGY

In this study, 9E (energy, exergy, economy, energo-economics, energo-economics, exergo-
economics, environment, energo-environment, exergo-environment, exergo-environment
and emergy) analyses were first performed for full electric and rechargeable hybrid electric
vehicle models with internal combustion engine. Then, the sustainability index was
calculated by performing life cycle and economic sensitivity analysis.

The equations utilized in the analysis are delineated in Table 1 (Sreenath et al., 2021; Unal
et al., 2022; Kog et al., 2022; Khan et al., 2023; Maruf et al., 2023; Sabbaghi et al., 2024;
Kumar et al., 2024; Han et al., 2025).

Type of . . .
Analysis Description Equation Equation Number
Involves' the study of the N Output energy
Ener energy input and output of Efficiency = e —— (1)
&Y the system. It is based on the nput energy
law of energy conservation.
o _ Useful exergy output
Evaluates the quality Efficiencyexergy = Total exergy input
dimension of energy
utilization. It shows how
Exergy thermodynamically efflc'lent . 2)
the energy transformations Exergy destruction
within the system are. It
= Input exergy
analyzes energy losses as
well as exergy destruction. — Output exergy
Simpl back Total initial cost
imple payback =
pre pay Annual net income
Examine the cost-
Economy effectiveness of the energy Net present value (3)
system. "
_ Z Annual income — Annual cost
(1 + discount rate)¥ea"
year=1
_ Energy consumption
Energy efficiency and cost ECOE = Cost
Energo- .
effectiveness of systems are (4)
economy
evaluated together.
Analyzes the cost- Exergy consumption
. EXCOE =
Exergo- effectiveness of the system Cost
econgom by relating the exergy losses (5)
v in the energy system to the
economic value.
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Environment

Evaluates the environmental
impacts of energy
production and utilization
processes.

CO, = Fuel consumption

X Emission factor

Energo-
environment

Evaluates the environmental
impacts of energy
production and
consumption systems.

Energy consumption

ECE =
CO, emission

Exergo-
environment

Evaluates the environmental
impact of exergy losses in
the system.

Exergy consumption

EXCE =
CO, emission

Emergy

Relates the environmental
contribution of energy and
natural resources in the
system to an economic
value. It takes into account
the total amount of energy
consumed (both direct and
indirect) for the production
of energy.

Emergy

= Energy consumption

X Emergy conversion factor (9)

The equations employed in the study were selected for systematic analysis of energy,
exergy, economic and environmental impacts. Energy equations determine the energy
input and output of vehicles, while exergy equations evaluate the thermodynamic efficiency
of energy transformations. The economic equations analyse cost-effectiveness, while the
environmental equations evaluate emissions and environmental impacts. Energy equations
analyse the sustainability of systems by relating natural resource consumption to economic

value.

The motor types and their characteristics are shown in Table 2 (Urooj & Nasir, 2024; Mengi,
2018; Mizushima & Oguma, 2023).
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Engine type Schematic representation Specifications
o fuel type gasoline,
e 1300 cc engine
Fuel di
isplacement
Internal Tank | P ’

Combustion Engine
(ICE)

e 63 HP engine power,

e 75 1/100 km fuel
consumption,

E:" e 25% mechanical efficiency

Electric Vehicle (EV)

e 134 HP engine power,
e 90% mechanical efficiency,

e 50 kWh lithium-ion battery
with a range of 250 km,

QATjRISURSY

e quick charging with 80%
charge in 30 minutes,

e regenerative braking system

Plug-in Hybrid
Electric Vehicle
(P-HEV)

R (e e 30% internal combustion,

70% electric motor,

aAneIRtaEaY

e complex (series-parallel)
strategy,

suDjaIg

\

=

I

rechargeable,

e 35% mechanical efficiency

Table 2. Engine Types and Their
Characteristics

In the context of the analysis, the ICE was selected as the primary reference point, serving
as a baseline model compatible with the vehicle design of the era. The EV is a contemporary
solution to the requirements of sustainability, with zero emissions and high energy
efficiency. The PHEV is regarded as a transitional technology, representing both urban and
intercity efficient use scenarios.

The complex (series-parallel) hybrid configuration enables the vehicle to operate in series
mode at low speeds in urban areas, utilizing the electric motor to power the vehicle, while
the internal combustion engine charges the battery. At higher speeds, the internal
combustion engine functions directly to power the wheels, thereby facilitating a transition
to parallel mode. This configuration is regarded as offering the most balanced solution in
terms of fuel consumption and carbon emissions, providing maximum efficiency in urban
(series mode) and intercity (parallel mode) use.

The methodology follows a two-step approach: First, performance indicators based on 9E
principles were calculated using data from published literature and simulation results.
Second, sustainability was assessed through a composite index integrating energy,
emissions, and cost dimensions. The normalization of indicators was carried out using min-
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max scaling, and sensitivity analysis was performed to evaluate robustness. No structured
MCDM framework (e.g., AHP, TOPSIS) was used, which is noted as a limitation.

The methodology of this study is designed to comprehensively evaluate the environmental,
economic and thermodynamic aspects of energy systems. The 9E analysis approach used
provided a basis for determining the environmental friendliness and economic viability of
hybrid and electric conversion. The results have made the scope and interactions of all the
outputs analyzable and provided guiding insights for the sustainable transformation of
Anadol vehicles.

3. RESEARCH & FINDINGS

The objective of this study is to integrate contemporary drivability standards with a
nostalgic design, with a focus on the electric and hybrid conversion of the Anadol Al.
Utilizing innovative energy and environmental analysis methodologies, the economic and
thermodynamic merits of this conversion are examined.

It is estimated that 1 liter of gasoline contains 34.2MJ of energy (Energyeducation, 2025).
Gasoline has 80% exergy potential, while electricity has 95% exergy potential (Fl6rez-Orrego
et al., 2014; Nazerifard et al., 2023). The cost of 1 liter of gasoline is approximately 45 #,
while 1 kWh of electricity costs approximately 2 £ (EPDK, 2025a; EPDK, 2025b). Gasoline has
an emission value of 2.31 kg CO2/I, while this value is 0.4 kg CO2/kWh for electricity (Yalh
Kilig et al., 2021; ETKB, 2025). The emergy conversion factor for fossil fuels is 50.3 MJ/I, 3.6
MJ/kWh for grid electricity, and 15 MJ/kWh for the production of lithium-ion batteries with
a lifetime of 300 thousand km, which is a one-time energy cost for electric vehicles (Energy
and carbon conversions 2023 update, 2025). The results of the 9E analysis based on these
data are given in Table 3.

Analysis type

Internal combustion engine | Electric vehicle Hybrid vehicle

Energy (MJ/100 km)

256.5 (total) 72 (total) 127.35 (total)

64.1 (useful) 64.8 (useful) 44.57 (useful)

Exergy (MJ/100 km)

51.3 61.56 38.3

Economy (£/100 km)

337.5 100 171.25

Energo-economy (MJ/%)

0.76 0.72 0.74

Exergo-economy (MJ/%)

0.15 0.62 0.22

Environment (kg CO,/100 km)

17.33 8 10.8

Energo-environment (MJ/kg CO>)

14.81 9 11.8

Exergo-environment (MJ/kg CO>)

2.96 7.7 3.55

Emergy (MJ/100 km)

377.25 72.25 233.6

Table 3. 9E Analysis Results

The 9E analysis results indicate that electric vehicles offer significant environmental and
economic advantages. While the internal combustion engine vehicle demonstrates the
highest values in total energy consumption, the electric vehicle is notable for its zero
emissions and low operating costs. Hybrid vehicles offer a balanced solution between
energy efficiency and carbon emissions. The potential for further reduction in the
environmental impact of such vehicles is suggested by the findings of this study, which
indicate that optimisation of regenerative braking and energy management strategies,
especially in hybrid systems, may be a fruitful avenue for future research. The high emergy
values resulting from the battery production processes of electric vehicles are a point to be
considered in sustainability policies.

Life cycle analysis is a method that examines the environmental impacts of a product from
production to disposal. In the life cycle analysis for internal combustion, hybrid and electric
vehicles, the following data were used: 15 MJ/kWh energy consumption for the production
of electric vehicle batteries, 300000 km lifetime of lithium-ion batteries, 2.31 kg CO2/I
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gasoline emission and 0.4 kg CO2/kWh electricity generation value of internal combustion
engines. The analysis yielded results indicating that the total energy consumption for
battery production in electric vehicles amounts to 750 MJ. Furthermore, the analysis
revealed that internal combustion engine vehicles generate 17.33 kg of CO2 emissions per
100 km, whereas electric vehicles emit 8 kg of CO2. While electric vehicles demonstrate low
emissions over their lifetime, their high initial energy and environmental cost due to battery
production is a significant drawback. Hybrid vehicles offer a balanced environmental impact
between the production and use phases.

Economic sensitivity analysis is a tool that can be used to assess the impact of changes in
fuel and energy prices on the cost-effectiveness of vehicles. This analysis is illustrated in
Figure 2 for nine distinct scenarios involving a 20% fluctuation in gasoline and electricity
unit prices.

Economic Sensitivity Analysis

400 mmm Electric (£/100 km)
Il Hybrid (£/100 km)
350 = |nternal Combustion (£/100 km)

N W
[S =]
o o

Cost (£/100 km)
N
o
o

The cost changes in different scenarios demonstrate that electric vehicles are economically
advantageous in all scenarios. Conversely, hybrid vehicles exhibit heightened sensitivity to
price fluctuations, while internal combustion vehicles emerge as the most cost-
disadvantageous option, particularly in the context of escalating gasoline prices.

To assess the overall sustainability performance of the evaluated vehicle types, a composite
Sustainability Index (SI) was developed. The 9E indicators served as foundational inputs for
sustainability assessment, especially focusing on energy consumption, CO, emissions, and
economic cost. These were synthesized into a composite index (SI) through a normalized
inverse formula, enabling cross-comparison and integrative sustainability evaluation. The Sl
is computed using the Equation 10 (Maruf et al., 2023; Khan et al., 2023):

, e . i i CO2 i
Sustainability index = (2min 4 Smin | Z2min) (10)
3V E c co,

where E, C, and CO, represent the energy consumption (MJ/100 km), cost (£/100 km), and
carbon emissions (kg/100 km) of the vehicle, respectively, while Ep,;;,, Cpnin, and CO,, ..
are the lowest values among all evaluated options. This formulation results in a
dimensionless index ranging from 0 to 1, with higher values indicating better sustainability.

Based on this approach, the electric vehicle (EV) achieved the highest sustainability score
(1.000), followed by the hybrid model (0.609), while the internal combustion engine (ICE)
model scored the lowest (0.336). This method provides a transparent, interpretable, and
comparative metric for assessing the multi-dimensional aspects of vehicle sustainability
(Fig. 3).
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Sustainability Index (S1) by Vehicle Type
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The Worldwide Harmonized Light Vehicles Test Procedure (WLTP) evaluates the energy
consumption and emissions of vehicles according to four different speed zones (low,
medium, high, very high speed). This procedure is designed to more accurately simulate
real-world operating conditions. The impact of each speed zone on energy consumption
and CO; emissions is calculated as a percentage contribution to the total trip. These
percentages were determined according to WLTP standards (BM, 2025).

e Low Speed: 13% (19 km/h average speed - city low speed)

e  Medium Speed: 36% (39 km/h average speed - normal city speed)

e High Speed: 36% (56 km/h average speed - acceleration outside the city)
e  Extra High Speed: 15% (91 km/h average speed - highway conditions)

The energy consumption in each region according to the WLTP speed zones (Fig. 4) is
calculated by Equation 11. In this context, EC,.40n denotes the energy consumption in
each speed zone, while EC,, signifies the total energy consumption. The term
percentage,gion refers to the percentage contribution of the respective speed zone.

ECregion (M]) = ECporu(M]) X percentage,qgion (11)

WLTP Energy Consumption by Speed Range

Electric (M))
. Hybrid (M)
= Internal Combustion (M))

80

60

40}

Energy Consumption (M])

201

Medium Extra High
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Figure 5. Carbon Emissions by WLTP Speed
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The electric vehicle demonstrates the lowest energy consumption at each velocity (8.33 -
23.08 - 23.08 - 23.08 - 9.61 MJ), while the internal combustion engine vehicle exhibits the
highest values (33.35 - 92.34 - 92.34 - 38.48 MJ).

The carbon emission in each region according to the WLTP speed zones (Fig. 5) is given by
Equation 12. In this equation, CO, ¢4;on denotes the CO, emission in each speed zone, and
CO, torqr Signifies the total CO; emission.

COz,region(kg) = C0z 0t (kg) X percentage;,qgion (12)

WLTP CO2 Emissions by Speed Range

Electric (kg CO2)
61 s Hybrid (kg CO2)
mmm Internal Combustion (kg CO2)

CO2 Emissions (kg)

Low Medium High Extra High

The electric vehicle is notable for its near-zero emission values (1.04 - 2.88 - 2.88 - 1.20 kg),
while the hybrid model demonstrates balanced performance (1.40 - 3.89 - 3.89 - 1.62 kg).

The following comparison is made of internal combustion, hybrid and electric vehicles in
terms of energy savings and cost advantages in long-term use (average 10 years - 150000
km). Electric vehicles are shown to be the most economical option, with a total energy cost
of approximately 9600 £. The total energy cost of hybrid vehicles is calculated as 21375 #,
and for internal combustion vehicles, it is 67275 . While electric vehicles produce
approximately 1200 kg CO2 for 150000 km, this value is 1620 kg in hybrid vehicles and 2600
kg CO2 in internal combustion vehicles. In the long term, electric vehicles have been shown
to offer a cost advantage of 57675 £ and a reduction of 14000 kg CO2 over 10 years. The
conclusion drawn is that electric vehicles offer a cost-effective and environmentally friendly
alternative in the long term, given their low energy consumption and emission advantage.
Conversely, hybrid vehicles emerge as a viable transitional technology, adeptly balancing
economic and environmental considerations.

The findings unequivocally underscore the merits of electric vehicles, particularly their
energy efficiency and zero emissions, while hybrid models proffer a balanced approach
between environmental impacts and cost effectiveness. With regard to energy
consumption per 100 km, the electric model achieved the lowest values (64.1 MJ), while
the hybrid model's features such as regenerative braking systems minimized energy losses.
However, the high emergy values resulting from battery production in electric models
increase the environmental cost of this technology. Hybrid systems offer versatility in urban
and intercity use, making them a strong alternative.
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4. CONCLUSION

This study presented a comprehensive analysis of the conversion of the Anadol Al with
electric and hybrid systems. The findings in terms of energy efficiency, environmental
impacts and economic viability have important implications for fossil fuel consumption
reduction and renewable energy integration.

The study's findings can be summarized as follows:

e Theinternal combustion engine exhibited the least sustainable performance, with
a total energy consumption of 256.5 MJ and 17.33 kg CO, emissions per 100 km.

e In comparison, the electric model emerged as the most environmentally
sustainable option, exhibiting an energy consumption of 64.1 MJ and emissions of
8 kg CO; per 100 km.

e The hybrid model was found to offer a balanced solution between energy and
economy, with a total energy consumption of 127.35 MJ and 10.8 kg CO, emissions
per 100 km.

e The additional energy consumption of 750 MJ from battery production was
identified as a significant factor increasing the environmental cost of the electric
model.

Hybrid vehicles function as a crucial intermediary in the transition to electric vehicles. This
is particularly beneficial for users experiencing range anxiety, as hybrid models offer a more
practical solution for both urban and intercity journeys. While electric vehicles demonstrate
high energy efficiency, hybrid models emerge as a user-friendly alternative in regions where
charging infrastructure is limited. In addition, the effective role of hybrid vehicles in saving
energy and reducing carbon emissions is attributable to regenerative braking and mixed
operating modes.

Government incentives and regulations are critical to accelerating the adoption of electric
and hybrid vehicles. The provision of incentives, including investments in charging station
infrastructure for electric vehicles, the implementation of carbon taxes, and the reduction
of tax rates, has been identified as a key factor in facilitating the widespread adoption of
these technologies. Tax incentives for the purchase of electric vehicles and the benefits of
hybrid vehicles based on their low fuel consumption have been shown to significantly
reduce the total cost of ownership of these vehicles. It is evident that incentive policies are
a pivotal instrument in accomplishing sustainable transportation objectives.

The revival of a nostalgic model such as the Anadol with modern technologies not only
provides environmental and economic benefits but also creates social awareness. The
adoption of electric and hybrid conversion solutions offers a viable solution that addresses
the needs of the future while preserving the values of the past. Such initiatives are
instrumental in paving the way for innovative approaches in the domestic automotive
sector, thereby raising environmental awareness and contributing to the realization of
sustainable development goals. Moreover, the revival of an iconic brand like Anadol creates
a cultural impact that supports the harmony between nostalgia and modernity in different
segments of society.

This study combines a classic design with modern technologies and concludes with an
innovative perspective on the environmental and economic dimensions of energy systems.
The adoption of renewable energy-oriented solutions has yielded insights that have led to
innovation in the local automotive sector. The development of a sustainable transportation
strategy has supported economic gains and contributed positively to the environment by
reducing the carbon footprint.

23



FBU-DAE 2025 OKTEN
5(1): 14-25 From Icons of the Past to a Sustainable Future:
9e Performance Evaluation in Electric/Hybrid Conversion of Anadol Vehicles

The following recommendations are offered for future studies:

e Investigate new materials and techniques to reduce the environmental costs of
battery technologies.

e  Further optimisation of regenerative braking in hybrid systems.
e  Further analysis of drivability in different urban and intercity scenarios.

e  While the WLTP procedure offers a standardized framework, alternative test cycles
such as the FTP-75 (used in the US) or the NEDC (formerly used in Europe) may
yield different results due to variations in acceleration patterns, average speeds,
and load assumptions. For instance, the NEDC often underestimates real-world
emissions and energy use, potentially overstating the efficiency of EVs and PHEVs.
A brief comparative evaluation of such procedures could be a fruitful avenue for
future work.

REFERENCES
Anadolturkey. Anadol Fan Kullibi. Retrieved January 10, 2025, from http://www.anadolturkey.com

BM. Tekerlekli Araglar, Tekerlekli Araglara Takilabilen ve/veya Tekerlekli Araglara Kullanilabilen
Ekipman ve Parcalar icin Kiiresel Teknik Diizenlemelerin Olusturulmasina iliskin Anlasma Cenevre, 25
Haziran 1998. Retrieved January 10, 2025, from
https://treaties.un.org/Pages/ViewDetails.aspx?src=TREATY&mtdsg_no=XI-B-
32&chapter=11&clang=_en

Dogan, U., Erfidan, T., & Bilgin, M.Z. (2016). Elektrikli araglarda faydali frenleme enerijisinin
depolanmasi. ileri Teknoloji Bilimleri Dergisi, 5(2), 41-51.

Energy and Carbon Conversions 2023 Update. Retrieved January 10, 2025, from
https://ctprodstorageaccountp.blob.core.windows.net/prod-drupal-
files/documents/resource/public/Conversion_factor_introductory_guide.pdf

Energyeducation. Gasoline. Retrieved January 10, 2025, from
https://energyeducation.ca/encyclopedia/Gasoline

EPDK. Petrol Piyasasi Bayi Satis Fiyati Bllteni. Retrieved January 10, 2025a, from
https://bildirim.epdk.gov.tr/bildirim-portal/faces/pages/tarife/petrol/yonetim/bultenSorgula.xhtml

EPDK. Elektrik Faturalarina Esas Tarife Tablolari. Retrieved January 10, 2025b, from
https://www.epdk.gov.tr/Detay/Icerik/3-1327/elektrik-faturalarina-esas-tarife-tablolari

ETKB. Turkiye Elektrik Uretimi ve Elektrik Tiiketim Noktasi Emisyon Faktérleri Bilgi Formu. Retrieved
January 10, 2025, from
https://enerji.gov.tr/Media/Dizin/EVCED/tr/CevreVeiklim/iklimDegisikligi/EmisyonFaktorleri/TEUVE
TN_Emisyon_Faktorleri_Bilgi_Formu.pdf

Flérez-Orrego, D., Silva, J.LA.M., & de Oliveira Jr., S. (2014). Renewable and non-renewable exergy cost
and specific CO2 emission of electricity generation: the Brazilian case. Energy Conversion and
Management, 85, 619-629. https://doi.org/10.1016/j.enconman.2014.04.058.

Han, J., Han, K., Wang, Y., Han, Y., Ye, Z., & Lin, J. (2025). Multi-objective planning and sustainability
assessment for integrated energy systems combining ORC and multi-energy storage: 4E (economic,
environmental, exergy and emergy) analysis. Case Studies in Thermal Engineering, 65, 105674.
https://doi.org/10.1016/j.csite.2024.105674.

Khan, M.A.Z., Khan, K., Wahab, A., Ahmad, N., & Kamran, M.A. (2023). Energy, exergy, exergo-
economic, enviroeconomic, exergo-environmental, exergoenviro-conomic, austainability and
sensitivity (6E,2S) analysis on single slope solar still—an experimental study. PLoS ONE, 18(8),
€0290250. https://doi.org/10.1371/journal.pone.0290250.

Kog, M., Yuksel, Y.E., & Oztiirk, M. (2022). Thermodynamic and exergo-economic assessments of a
new geothermally driven multigeneration plant. International Journal of Hydrogen Energy, 47(45),
19463-19480. https://doi.org/10.1016/j.ijhydene.2022.01.044.

24



FBU-DAE 2025
5(1): 14-25

OKTEN
From Icons of the Past to a Sustainable Future:
9e Performance Evaluation in Electric/Hybrid Conversion of Anadol Vehicles

Kumar, V., Saxena, V.K., Kumar, R., & Kumar, S. (2024). Energy, exergy, sustainability and
environmental emission analysis of coal-fired thermal power plant. Ain Shams Engineering Journal,
15, 102416. https://doi.org/10.1016/j.asej.2023.102416.

Maruf, M.H., July, S.A., Rabbani, M., Sahrani, S., Hossain Lipu, M.S., Sarker, M.R., Ashique, R.H., Kabir,
M.S., & Shihavuddin, A.S.M. (2023). Energy and exergy-based efficiency, sustainability and economic
assessment towards improved energy management of a thermal power plant: a case study.
Sustainability, 15, 5452. https://doi.org/10.3390/su15065452.

Mengi, 0.0. (2018). Dizel bir aracin elektrikli araca déniisiim performansinin degerlendirilmesi. Firat
Universitesi Miihendislik Bilimleri Dergisi, 30(1), 175-182.

Mi, C., & Masrur, M.A. (2017). Hybrid Electric Vehicles: Principles and Applications With Practical
Perspectives. 2nd ed., John Wiley & Sons Ltd.
https://onlinelibrary.wiley.com/doi/book/10.1002/9781118970553.

Mizushima, N., & Oguma, M. (2023). Energy conversion analysis for mild hybrid electric vehicles
equipped with an electric supercharged Sl engine via multi-domain acausal modeling. Energy
Conversion and Management, 286, 117054. https://doi.org/10.1016/j.enconman.2023.117054.

Nazerifard, R., Mohammadpourfard, M., & Heris, S.Z. (2023). Design, thermodynamic and economic
evaluation, and optimization of gasoline production from refinery furnaces flue gas. Energy
Conversion and Management, 293, 117492. https://doi.org/10.1016/j.enconman.2023.117492.

Ozbay, H., Kézkurt, C., Dalcali, A., & Tektas, M. (2020). Gelecegin ulasim tercihi: elektrikli araclar. Akill
Ulasim Sistemleri ve Uygulama Dergisi, 3(1), 34-50.

Sabbaghi, M.A., Soltani, M., & Rosen, M.A. (2024). A comprehensive 6E analysis of a novel
multigeneration system powered by solar-biomass energies. Energy, 297, 131209.
https://doi.org/10.1016/j.energy.2024.131209.

Sreenath, S., Sudhakar, K., & Yusop, A.F. (2021). Energy-exergy-economic-environmental-energo-
exergo-enviroecono (7E) analysis of solar photovoltaic power plant: A case study of airport sites in
India. Sustainable Energy Technologies and Assessments, 47, 101352.
https://doi.org/10.1016/j.seta.2021.101352.

Urooj, A., & Nasir, A. (2024). Review of intelligent energy management techniques for hybrid electric
vehicles. Journal of Energy Storage, 92, 112132. https://doi.org/10.1016/j.est.2024.112132.

Unal, F., Akan, A.E., Demir, B., & Yaman, K. (2022). 4E analysis of an underfloor heating system
integrated to the 4E analysis of an underfloor heating system integrated to the geothermal heat pump
for greenhouse heating. Turkish Journal of Agriculture and Forestry, 46(5), 762-780.
https://doi.org/10.55730/1300-011X.3040.

Yalili Kilig, M., Dénmez, T., & Adali, S. (2021). Karayolu ulagiminda yakit tiketimine bagh karbon ayak
izi degisimi: Canakkale érnegi. Glimiishane Universitesi Fen Bilimleri Enstitiisi Dergisi, 11(3), 943-955.
https://doi.org/10.17714/gumusfenbil.848016.

25



