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Bu calismada Balikesir ili kirsal bélgelerinde bulunan geleneksel Tiirk Evilerinin duvar kuruluslari, isisal ézellikleri
agisindan incelenmistir. Duvarlarin farkli malzeme ve kalinliklara gére degisen isil gegirgenlikleri ve buna bagl
olarak soguk mevsimdeki isi akis miktarlari hesaplanmis ve karsilastirilmistir. Konutlarin plan ve kesit semalari
Bayindirlik ve iskan Bakanligi igin hazirlanmis olan ‘Balikesir-Rehber Kitap’tan alinmis, Meteorolojiden elde
edilen veriler kullanilarak dis hava sicakliklari belirlenmis ve buna badli isitma yiikleri elde edilmistir. Duvarlarin
1s1 gegirimlilik dederleri ve isitma yiikleri “Insul Prediction Software”’den yararlanilarak bulunmustur. Calismada
ilin batisinda bulunan kiyi iklimi etkisindeki Harran ilgesi ile ilin dogusunda bulunan karasal iklim etkisindeki
Dursunbey ilgesi’nden secilen geleneksel konut 6rnekleri ele alinarak karsilastirmalar yapilmistir. Elde edilen

sonuglara gére, ithman iklim bélgelerindeki binalarda yalitim hesaplamalarinin sogutma yliklerine gére yapilmasi
gerektigi anlasiimaktadir.

Anahtar Kelimeler: Geleneksel Tiirk evi, duvar kurulusu, isil gegirgenlik, 1sitma yiki.

Evaluation of Wall Construction in Balikesir Traditional Houses in
Terms of Heating Load

Abstract

In this study, the wall structures of traditional Turkish houses located in rural areas of Balikesir province were
examined in terms of their thermal properties. Thermal permeability of the walls, which varies according to
different materials and thicknesses, and the heat flow amounts in the cold season were calculated and
compared. The plan and section diagrams of the houses were taken from the ‘Balikesir-Guide Book’ prepared
for the Ministry of Public Works and Settlement, and external air temperatures were determined using data
obtained from Meteorology, and heating loads were obtained accordingly. The heat permeability values and
heating loads of the walls were found using “Insul Prediction Software”. In the study, traditional house
examples selected from Harran district, which is in the west of the province and under the influence of coastal
climate, and Dursunbey, which is in the east of the province and under the influence of continental climate,
were taken into consideration and comparisons were made. According to the obtained results, it is understood
that insulation calculations in buildings in temperate climate regions should be made according to cooling
loads.

Keywords: Traditional Turkish house, wall construction, thermal transmittance, heating load.

Citation: Sahin Diri, B. & Diri, A. C. (2025). Evaluation of wall construction in Balikesir Traditional Houses in
terms of heating load. Journal of Protected Areas Research, 4 (1), 01-14.
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1. Giris

Binalarin isi enerjisi ihtiyacini belirleyen unsurlar arasinda, binanin bulundugu yerin iklimsel 6zellikleri
basta olma Uzere, yerlesim, yonlenme, bi¢cim ve bina kompakthgi sayilabilir. Bunlarla beraber diger
onemli bir unsur da i¢ ve disi birbirinden ayiran bina kabugunun isil 6zellikleridir. Glinimuzde
sehirlerde yer alan konutlarda enerji korunumu amaciyla duvar, ¢ati ve désemelerde cgesitli detaylar,
kaplamalar ve yalitim malzemeleri uygulanmaktadir. Kentsel bélgelerde bulunan binalarda enerji
performansi yonetmeligi ve is1 yalitimi yonetmeligi ile bu tiir 6nlemlerin alinmasi zorunlu hale
getirilmistir ve buna goére binalarin enerji kimlikleri diizenlenmektedir. Ancak kirsal alanlarin blyik bir
kisminda heniiz bu tiir kosullar gecerlilik kazanmamistir. Bulundugu bolgenin cografyasi ve iklimine
gore yerel malzemelerle insa edilmis geleneksel kirsal alan konutlarinda enerji korunumu, yizyillarin
deneyimi ile gecmisten gelen geleneksel yontem ve malzemelerle saglanmaktadir. Geleneksel
konutlarin bu agidan degerlendirilmesi, yeni yapilacak binalarin tasarim siirecinde 6nemli faydalar
saglayacaktir.

Bu calismada arastirma alani olarak Marmara ve Ege Bolgesi'nde topraklari bulunan, ve bir ucu
karasal iklimin hakim oldugu Kiitahya'ya kadar uzanan Balikesir ili segilmistir. Bu konumu ile Balikesir,
iklim agisindan, Akdeniz ve Karadeniz iklimleri arasinda bir gegit bdlgesi olusturur. Yeni Isi Yalitim
Kurallari Standardina goére, Ege denizi kiyisinda bulunan Edremit ilgesi 2. derece glin bolgesi olan sicak
iklim bolgesinde, en doguda bulunan ve Kitahya’ya komsu olan Dursunbey ilgesi 4. derece gin
bolgesi olan soguk iklim bolgesinde, Balikesir il merkezi de dahil olmak lizere geri kalan kisimlar 3.
derece gilin bolgesi olan iiman iklim bolgesinde yer almaktadir.

Erglin ve Cavdar (2010) yaptiklari galismada Dursunbey Evleri'nde kullanilan malzemeleri ve bunlarin
bolgede bulunan dogal malzeme kaynaklari ile iligkisini, bu malzemelere bagh olarak tasiyici
sistemlerin olusma seklini, mimari planlarin bigcimlenisini yerinde gozlemleyerek incelemisler ve kat
sayisl, temel ve taslyici duvar kalinliklari gibi 6zelliklerin Yigma binalarin yapim kurallari ile iliskili
DBYBHY 2007 deprem yonetmeligi esaslarina uyum sagladigi sonucuna varmislardir.

Levi ve Tasci (2017) izmir ili Bayindir ilcesi Zeytinova beldesine bagh ¢ kdyiin, Karahayit, Gaziler,
Kabaagac¢’in mimari dokusunu inceleyerek degerlendirmeler yapmislar ve koylerin gelecegine yonelik
Oneriler sunmusturlar.

Sarikaya ve Arpacioglu (2019) calismalarinda Orta Anadolu Evleri’nin dis duvar elemanlarinin genel
degerlendirmesini yapmislar, Bilecik Tongurlar Koy Evleri'nin dis duvar elemanlarinda olusan
hasarlarin giderilmesi icin bircok giliclendirme yolu kullanilarak bu yapilarin yasamaya elverisli sekile
getirilmesi icin ¢6zim onerileri gelistirilmislerdir.

1.1. Amag ve Kapsam

Bu calismanin amaci, geleneksel kirsal alan konutlarinin isi enerjisi yiklerini duvar kuruluslari
kontekstinde degerlendirmek ve iyilestirme onerilerinde bulunmaktir. Calisma bolgesi Balikesir ili
kirsal yerlesimlerini kapsamaktadir. Bolgenin iklimsel ve cografi 6zelliklerinin ve malzeme
olanaklarinin konutlar Gzerindeki etkisi, mimari Gslup ve yapim yontemlerinden konut odalarinin
dizenlenmesine kadar goridlmektedir. Calisma kapsaminda, secilen bdlgelerde yer alan 6rnek
konutlarin duvar kurgularinin kullanilan malzeme ve yapim teknigine gore farklilasan 1si gegirimlilik
degerleri hesaplanmis ve degerlendirilmistir.

2. Materyal ve Yontem

Calismada belirtilmis alanlarda yer alan yerel mimari Gslup ile insa edilmis 6rnek konutlarin duvar
kurgulari ele alinmis, kullanilan malzeme ve yapim teknigine gore dogal tas, kerpic, ve ahsap karkas
olarak 3 farkl sinifa ayrilmistir. Ahsap karkas, dolgu malzemesine gore kendi icinde tugla dolgulu,
dogal tas dolgulu ve kerpi¢ dolgulu olmak Gzere 3 farkh sinifa ayrilmistir. Boylece 5 farkh tip duvar
kurulusu ortaya ¢cikmistir.

Calisma alani olarak ilin batisinda bulunan kiyr iklimi etkisindeki Harran ilgesi ile ilin dogusunda
bulunan karasal iklim etkisindeki Dursunbey ilgesi secilmistir. Bu ilcelerden secilen geleneksel konut
orneklerinin yapi kabugu boyutsal 6zellikleri, seffaflik oranlari, malzeme ve yapim teknikleri

2
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belirlenmistir. Daha sonra 1sil gecirimlilik degerleri (U) ve Meteorolojiden elde edilen dis hava
sicakliklarina bagh olarak soguk mevsimdeki 1si kayiplari hesaplanmistir. Duvarlarin 1si gecirimlilik
degerleri ve i1sitma ylklerinin hesaplanmasinda “Insul Prediction Software” kullaniimistir. Bulunan
degerler birbirleriyle ve TS825 (2024)’de Balikesir ili icin verilen 1sil gecirimlilik sinir degerleriyle
karsilastirilmistir. Daha sonra, geleneksel konutlardaki dis duvar 1si gegirimlilik degerlerinin TS825’e
uygun hale gelebilmesi icin eklenmesi gereken yalitim kalinlklari belirlenmistir.

3. Bulgular ve Tartisma

Balikesir ilinde yerlesim modelini etkileyen dnemli unsurlardan biri topografyadir. Glineydogu, gliney
ve batidan daglarla kusatilmis olan Balikesirin kuzey ve glineybatisi ovaliktir ve sehir ortasindan akan
akarsu vadileriyle yarilmis bir yayla goriiniimindedir. Edremit korfezinin kuzeyinde bati-dogu
dogrultusunda uzanan Kaz dagi duvar gibi yikselmekte ve bu kisimda Marmara ve Ege bodlgelerini
birbirinden ayirmaktadir. Jeolojik ¢aglar boyunca yer ¢okmeleri sonucunda olusan ovalar ilin baslica
tarim alanlarini olusturmaktadir.

Balikesir ili kirsal alanlarda bulunan geleneksel konutlarin biliylk bir kismi Gliney Marmara’da yer
almaktadir. Konut duvarlarinda kullanilan yéresel malzemeler; dogal tas, kerpi¢ ve ahsaptir. Duvar
kurgularina bakildiginda dogal tas duvarlar, kerpi¢ duvarlar, tugla duvarlar, almasik duvarlar ve ahsap
karkas duvarlar olarak siralanabilir. Bu duvar kurgulari asagida sirasiyla agiklanmistir;

3.1. Tas Duvarlar

Balikesir kirsal bolge yapilarinda kullanilan farkh jeolojik formasyonlardaki taslar, genellikle ig
kesimlerdeki vadi boylarindan veya volkanik yikseltilerde kurulan ocaklardan elde edilmektedir.
Balikesir’'in batisinda bulunan koylerde konut duvarlarinda daha cok olarak kaba yonu tas duvar
kullanilimis, diger bolgelerde ise moloz tas duvar kullaniimistir. Sekil 1’de Dursunbey Kireg kdylinden
kaba yonu tas duvarh bir ev 6rnegi gorilmektedir.

Sekil 1. Kaba yonu tas duvar 6rgiisi, Dursuﬁbey Kire¢ Koyl (Corapgioglu ve digerleri, 2010b)

Moloz tas duvarlarin tesviye islemi hatillarla yapilmistir. Duvar 6rgisi belirli ylksekliklerde diiz
seviyeye getirilmis ve (zerine ahsap hatillar yerlestirilmistir. 8 ila 12 cm kalinhginda kare veya
dikdoértgen kesitli hatillar, duvar ic veya dis ylizeyine veya ortasina yerlestirilmislerdir. Yaklasik 50’ser
cm ara ile yerlestirilen bu hatillar baglanti agaglariyla baglanmislardir (Binan, 1961). Duvar
kurulusunda kullanilan tas tarleri, genellikle kalkerli kum tasi ve kire¢ tasidir. Duvarlarin bitim
yerlerinde ve koselerde ise genellikle sekillendirmesi daha kolay olan tif esasli kesme taslar
kullanilmistir. Avlu duvarlar daha ¢ok kuru sistem 6rgi yontemiyle, konut duvarlari ise toprak
baglayicili harglarla yapilmistir. Her iki yontemde de bosluklari minimuma indirmek icin biyik taslarin
aralari daha kiictk taslarla doldurulmus, duvar cepheleri, kullanilan tas cinsi ve 6rgi tipine gore
karakteristik bir gériinim kazanmistir. Bazi koylerde 1 - 1,5 m yiikseklige kadar tas 6rgii, bunun
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Uzerine kerpi¢c tugla kullanilarak yapilmis karma yapim sistemli konutlar da bulunmaktadir
(Corapgloglu ve digerleri, 2010a).

3.2. Kerpig Duvarlar

Kullanimi eski ¢aglardan glinimiize kadar gelmis olan kerpic, Anadolu’da geleneksel olarak kil esasl
toprak, saman ya da elyaf ve suyun karistirilarak kaliplanmasi ve glineste kurutulmasiyla Uretilen
dogal ve sirdurilebilir bir yapi malzemesidir. Bunun yaninda isi tutucu ve nem dengeleyici 6zelligi de
bulunmaktadir. Bununla beraber, suya karsi dayaniksiz ve basing dayanimi disuktir.

Kerpi¢ yapiminda yoresel ustalarin yaptiklari ahsap kaliplar kullanilir. Kerpi¢ kaliplari standart
olmadigi icin yoreden yoreye degisiklik gosterir. Hatta kaliplar bazen ayni yérede bile degisiklikler
gosterebilmektedir. Kerpig tuglalar bu kaliplarin igerisinde genellikle uzunluklari 30-40 cm, genislikleri
18, 19, 25, 30 cm ve yiikseklikleri 12 cm olarak hazirlanir ve 6rgi sistemiyle duvar olusturulur (Sekil 2)
(Tirkgli, 2004). Kerpic yapilarda genellikle duvarlar tasiyici dzelliktedir. i¢c ve dis duvar ayriminda
kalinlklar ve siva kullanim farkliliklari rol oynamaktadir.
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q q @
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1V KERPIC KALINLIELI Ana Kerpic Kuzu Kerpig
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Sekil 2. 30’luk kerpig bloklar ile yapilan farkh duvar 6rgileri ve kerpig boyutlari (Corapgioglu ve digerleri, 2010a)

Balikesir kirsalindaki yapilarin dis duvarlarinda kerpi¢ malzemeye oldukga fazla rastlanmaktadir (Sekil
3). Kerpi¢ binalar atmosfer etkilerinden yeterli derecede korunduklari takdirde uzun émdrliddrler.
Genellikle bu koruma kerpic¢ duvarlarin dis kisimlarina uygulanan camur esasli sivalarla yapilmaktadir.
Ancak bu tlr sivalarin 6mri fazla uzun olmadigi icin belli araliklarla yenilenmesi gereklidir. Bununla
beraber calisma alaninda yapilan gozlemlerde buna yeterince dikkat edilmedigi gérilmektedir. Kerpic
duvarh konutlarin duvarlarinda catlaklar olusarak yer yer tahribatlar meydana geldigi, zarar géren
kisimlarin yerlerinin tugla ya da beton briketlerle dolduruldugu gézlemlenmistir. Bu durum kirsal
mimari kimligin bozulmasina neden olmaktadir.

Sekil 3. Moloz tas lizerinde kerpicten yapilmis duvar érnegi, Havran Kiigikdere Koyl (Corapgioglu ve digerleri,
2010b)
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3.3. Ahsap Karkas Duvarlar

Balikesir yoresindeki ahsap karkas sistem genel olarak iki kath konutlarin yapiminda kullanilmistir. Alt
katlari tas yigma sistem, st katlar ise tugla, kerpic, tas veya agac dallari ile dolgulu ahsap karkas
duvarlardan olusmaktadir (Corapcioglu ve digerleri, 2010a). Ahsap karkas duvarlarda ylkler ahsap
dikme ve kirisler araciligiyla zemine aktarilir. Dogal tas ile yapilmis temel duvarlarinin tizerine oturan
dikmeler, kat dosemesi ve Ust kat iskeleti ile rijit bir sistemi meydana getirmektedir.

e Tugla Dolgulu Ahsap Karkas Duvarlar

Duvar yapiminda kullanilan tuglalar, Gretim yeri ve yontemine gore; harman tuglasi ve fabrika tuglasi
olmak Uzere iki ana gruba ayrilir. Harman tuglasi, tugla hamurunun kahlplarda bigimlendirilip, dogal
yontemlerle kurutulmasi ve harman yerindeki ocaklarda pisirilmesi sonucunda elde edilmektedir.
Fabrika tuglasi, tugla hamurunun makinelerde bigimlendirilip yapay yontemlerle kurutulmasi ve
fabrika firinlarinda pisirilmesi sonucunda elde edilir. Fabrika tuglalarinin harman tuglasina gore
bicimleri daha dlizglin olup, basinca, suya ve dona karsi dayaniklihgi daha ylksektir. Fabrika tuglalari;
normal, moddler ve blok tugla olarak ¢ farkl grupta Gretilmektedir (Gur ve digerleri, 2012).

Tugla Balikesir kirsalinda genel olarak ahsap karkas binalarda duvar dolgusu olarak kullaniimistir.
Masif tugla duvar ise daha yakin tarihlerde yapilmistir. 1ve 1% tugla duvar 6rgisi 6zellikle dosemeleri
betonarme olan yeni binalarda kullanilmistir (Sekil 4).

Tugla dolgulu ahsap iskelet duvarlarda, tuglalar dar aralikh (20-35 cm) ara dikmelerin arasina diiz
veya baliksirti seklinde yerlestirilir. Yoredeki kirsal alan konutlarinda rastlanan iki kath ahsap karkas
sistemlerde moloz tas temel duvari lzerine tas, tugla ya da ahsap dolgulu ahsap iskeletli duvarlarin
geldigi gorulmektedir. Tas duvarlarin Gizerine 20/20 cm kesitli ahsap yastiklar yerlestirilmistir ve Ust
katin duvarlarini olusturacak olan dikmeler bu yastiklarin Gzerine oturtulmustur. Dikmeler 14/14,
16/16 ve 18/18 cm kesitlerindedir. Ana dikmeler kdseler ve pencere kenarlarina gelecek sekilde 1,5-2
m araliklarla yerlestirilmistir. Bu tiir tek tabanli ve ¢ift tabanli ahsap karkas duvar sistemi érneklerinde
ahsap karkasin dolgusu genel olarak tugladir.
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Sekil 4. Moloz tas tizerinde ahsap karkas kurgu icinde tugla dolgulu konut 6rnegi;Génen Pehlivanhoca Koy
(Corapgioglu ve digerleri, 2010b)

e Tas Dolgulu Ahsap Karkas Duvarlar

Tas dolgulu ahsap karkas duvarlar; yéreden elde edilen dogal taslarin ¢camur veya kire¢ harc ile
baglanarak ahsap karkasin bosluklarina yerlestirilmesiyle olusmustur. Tas dolgulu ahsap karkas
sistemde dikmelerin arasi kerpi¢ dolgulu sisteme gore daha siktir (Sekil 5). Bazi yerlesimlerde ahsap
karkas duvarlarda dikme aralari 2-3 cm’lik dallarla 6ralir. Bu 6rgd, sivanin tasinmasi igin i¢c veya dis
yiizeye yakin olur. Orgii arasi ise kiiciik taslar ve kozalaklarla doldurulur. Bu érgiiniin {izerine camur
har¢ yapilir. Kerpi¢ dolgulu ahsap karkas duvarlarda; bazen dikey yonde, bazen de hem yatay hem
dikey yonde ara dikmelerin kullanildigi kirsal konut 6rnekleri mevcuttur. Genellikle duvarlarin i¢ ve dis
ylzeyleri sivanmustir.
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Sekil 5. Ahsap karkas sistem duvar iginde tas ve kozalak dolgu (Corapgioglu ve digerleri, 2010a)

e Kerpic Dolgulu Ahsap Karkas Duvarlar

Kerpi¢ dolgu malzemesi, kolay elde edilisi, ucuzlugu, kolay islenmesi, siva tutmasi ve dizgiin sekli ile
dolgu icinde kullanilmaya elverisli bir malzemedir. Kereste miktarinda buyik bir tasarruf saglamalari,
Isi depolama 06zellikleri ve ahsap dolguya oranla islyl1 daha az gecirmeleri kerpi¢ dolgulu duvarlarin
avantajli yonleri arasinda sayilabilir. Sakincali yonleri ise daha agir olmalari,. iskeletin
deformasyonunu 6nleyecek saglamlikta olmamalari ve deprem sirasinda dokilebilme riskleridir. Bu
sakincalari 6nlemek veya hafifletmek icin mimkin oldugu kadar duvar ve siva harcina algi karistirihir.
Bu sayede iskeletin her bosluguna girmis olan kerpi¢ dolgu bir bltin teskil eder. Algl harci ahsaba
oldukea iyi yapisir (Kafescioglu, 1955). Balikesir'de kerpi¢ dolgulu ahsap karkas duvarlarda; bazen
dikey yonde, bazen de hem yatay hem dikey yonde ara dikmelerin kullanildigi kirsal konut 6rnekleri
mevcuttur (Sekil 6) (Corapcioglu ve digerleri, 2010a). Genellikle duvarlarin i¢ ve dis ylzeyleri
sivanmistir.
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Sekil 6. Ahsap karkas sistem duvar icinde kerpic dolgu; Dursunbey Kire¢ Koyl (Corapgioglu ve digerleri, 2010b)

3.4. iklimsel Veriler

Balikesir'de goriilen t¢ farkl iklim bolgesinin ozelliklerinden dolayr kiyilarda yaz ve kis aylar
arasindaki sicaklik farki azdir. il merkezinin dogusunda bulunan Kepsut, Dursunbey, Bigadig, Sindirgi
gibi ilcelerde ise bu fark daha fazladir. Karasal iklim 6zellikleri gésteren bu kisimlarin geleneksel
mimarisine bakildiginda, bina kabugunda yoéresel dogal tas malzeme ile 6riilmis kalin duvarlarin
kullanildigi gorilmektedir. Ege kiyilarinda yazlari sicak ve kurak, kislari ilik ve genellikle yagisl Akdeniz
iklimi hakim olup, bu kisimlardaki konutlara daha hafif duvar kurgulari gorilmektedir. Yagis alan
kisimlardaki konutlarin cati ortiilerinin daha dayanikli ve korunakli yapildigi gozlemlenmistir.
Marmara kiyillarinda ise Karadeniz ikliminin etkisiyle yazlar Ege kiyilarina goére daha serin
gecmektedir.

Konutlarda 1s1 kayiplari, blylk oranla duvar, doseme, ¢ati, pencere ve isi koprileri gibi yapi
elemanlarindan gerceklesmektedir. Bu bolgelerden olusan isi kayiplari yapi konstriiksiyonuna, varsa
Isi yalitimi turine ve kalinligina ve yapi kabugunda kullanilan diger katmanlarin isisal 6zelliklerine
gore degisiklik gostermektedir (Dagidir ve Bolattirk, 2011). Cizelge 1'de iki katl bir yapida
kondiiksiyon ve konveksiyon vyoluyla gerceklesen isi kayip oranlari gorilmektedir. Cizelgeda
goraldugi gibi dis duvar ve pencere lzerinden isi kaybi en fazla olmaktadir.

Cizelge 1. iki katli bir yapida ortalama isi kayiplari (Dags6z, 1999)

Dis Baca +
duvar PEINES (G0 el havalandirma

%40 %25 %15 %5 % 20

Konutlarda duvar kuruluslari iklim bolgelerine gore degisiklik gostermektedir. Sicak iklime sahip
bolgelerde tuglalar sadece ince siva ile kaplanirken, soguk iklim bdlgelerinde sandvi¢ tipi duvar
yapilari tercih edilmektedir.
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Meteorolojik veriler incelendiginde Balikesir ili genelinde {g¢ farkh iklim tipinin goruldiugi
anlasiimaktadir. Farkl ilcelerde alinan rolovelerde goriilen plan tiplerinde de iklim etkilerine gore
degisen bina bigimlerine rastlanmaktadir. Balikesir ili Ege kiyilarinda sicak-nemli ve iklime uygun uzun
dikdortgen planh, kolonlar lizerinde yukseltilmis ve riizgardan yararlanabilmek igin girinti ve ¢ikintili
forma sahip plan tipleri kullanilmistir. Bununla birlikte Dursunbey ilgesi gibi i¢c kisimlarda bulunan
bolgelerde tlimh kuru iklime uygun kare planh ve rizgardan korunmus daha az hareketli cephelere
sahip plan tipleri kullaniimistir. Kuzey’e Marmara kiyilarina dogru gidildiginde ilimhi-nemli iklime
uygun dikdortgen planh veya egrisel ve en sicak donem riizgarindan yararlanan en soguk dénem
rizgarindan korunan plan tipleri kullanilmistir. imh kuru iklim boélgesi karakteri taslyan bazi yamag
koylerinde topografya nedeniyle tam kare planh bicim egim cizgilerine paralel olarak gelisip
dikdorgen forma yaklasmis olsa bile bina dis kabugunun bir bélimi (genelde uzun cepheler) toprak
altinda kaldigindan kabukta olusan isi kayiplari dogal olarak bir miktar azalmistir.

3.5. Tespit Calismasi ve Hesaplamalar

Cahismada Balikesir’in batisinda bulunan Harran ilgesi ile dogusunda bulunan Dursunbey’den secilen
geleneksel konut ornekleri ele alinmistir. Palamut daginin eteklerinde yer alan Dursunbey ilgesi
engebeli, daglik ve ormanlarla kapli bir araziye sahiptir. Dursunbey ege iklim bdlgesi icinde yer
almakla birlikte yiksek olmasi ve deniz esintilerine kapali olmasi sebebiyle yazlar daha serin, kislar ise
daha sert ve soguk gecmektedir. ilcenin iklimi karasal iklim 6zellikleri tagimaktadir (Dursunbey, n.d.).
Havran ilcesi, algcak rakimli ve kiyi iklimi etkisinde olan bir bélgedir. Havran, kuzeyden ormanlarla kapl
Blylk Cal daginin glineybati eteklerinde kurulmustur ve Havran cayinin kuzey kiyisinda yer
almaktadir (Corapcioglu ve digerleri, 2010a). Havran bdlgesinde yazlar sicak, kurak ve acik, kislar
uzun, soguk, yagish, rtizgarh ve parcali bulutlu seklinde gegcmektedir.

Dursunbey ve Havran Evleri bolgede yasayan halkin kiltlrlini yansitacak bicimde geleneksel Turk
Evleri plan anlayisinin yerel 6zelliklerle birlesmesi sonucu olusmustur. Bu evlerin ¢ogunlugu 2 kath
olup Ust katta yasaniimakta, alt kat ise samanlik, depo veya ahir olarak kullaniimaktadir. Havran
ilcesinde Ust katlarda duvar kurgusunda tas veya kerpic malzeme kullanilmistir (Cizelge 2).
Dursunbey’de zemin kat duvarlari tas, Ust katlar ise ahsap ¢atki arasi tas, kerpig kullanarak yapilmistir
(Cizelge 3). Evlerde oOrtii sistemi kirma gatidir. Evlerin bliyik cogunlugu bahgelidir. Bahge, kerpic ya da
tas yiksek duvarlarla gevrilmistir, sokaga acilan bahge kapilari gift kanatli ahsaptir. Ust kat asil yasam
kati olarak tercih edilmis, odalar; uyuma, oturma, yemek yeme, yemek yapma yeri olarak
kullaniimistir. Oda boyutlarini ailenin biyUklGgi etkilemistir (Erglin & Cavdar, 2010).

Cahsmada her iki ilgeden de 10’ar adet konut drnegi ele alinmis ve bunlarin dis duvar malzemeleri,
duvar ve pencere yizolgimleri, “U” degerleri, duvar, kapi pencerelerden kaybedilen isi miktarlari
hesaplanmistir. Hesaplamalarda konut duvarlarinin malzeme ve boyutsal 6zellikleri Bayindirlik ve
iskan Bakanhgi icin hazirlanmis olan ‘Balikesir-Rehber Kitap’tan, isi iletkenlik katsayilari TS825 Ek
E’den, ilcelerin dis hava sicaklik ortalamalari TC Cevre, Sehircilik ve iklim Degisikligi Bakanlig
Meteoroloji Genel Miidiirligu sahifesinden alinmistir.

Elde edilen degerler Cizelge 2 ve 3’de verilmistir. Cizelge 4 ise bu iki ilcede incelenen konutlarin
ortalama degerlerini gostermektedir. Cizelgede ilgcelere goére duvar ve pencere ortalama ytzolgiimleri,
dis duvar ve pencere “U” degerleri, duvar, kapi pencerelerden kaybedilen ortalama isi miktarlari
verilmigtir.

Cizelge 4’Un alt iki satirinda ise, duvar ve pencere “U” degerleri TS825’de verilen sinir degerlere gore
dizenlendiginde, ayni ilcelerde, ayni duvar yizoélglimi ve seffaflik oranina sahip konutlar icin ortaya
cikacak 1s1 kayiplari verilmistir. Cizelgede goruldtugi gibi TS825’de verilen sinir degerlere gore
gerceklesecek i1si kayiplari ile mevcut konutlarin 1si kayiplari arasinda biyk farklar bulunmaktadir.

Cizelge 5 ise, incelenen konutlarin mevcut dis duvar “U” degerlerinin TS825’de verilen sinir degerlere
getirilmesi icin (1s1 yalitim tiirii olarak 1si iletkenlik degeri standart A = 0.04 W/mK olan tas yiinii
secildiginde) eklenmesi gereken isi yalitimi kalinliklarini géstermektedir.
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Cizelge 2. Havran geleneksel evlerinin duvar kuruluslari ve isisal 6zellikleri (Yazarlar tarafindan gelistirilmistir)

Pencereler ve

Kod ROl . eUel Pencere alani Duvar U degeri PRGETCET kapidan el
malzemesi alani harcanan isi harcanan isi
harcanan isi
01 Kerpig 60cm/87.3m? 6.7 m? 0.60 W/m?K 775.22 W 588.77 W 1363.00 W
02 Kerpig 40cm/58.1m? 6.9 m? 0.85 W/m?K 730.90 W 661.74 W 1392.64 W
03 Tas 50cm/45.6m? 2.1m? 2.58 W/m2K 1741.19 W 201.40 W 1942.59 W
04 Kerpig 50cm/62.9m? 4.8 m? 0.70 W/m?K 651.64 W 390.19 W 1041.83 W
05 Kerpig 50cm/67.9m? 5.7 m? 0.70 W/m3K 703.44 W 448.44 W 1151.88 W
06 Tas 50cm/82.4m? 1.3 m? 2.58 W/m2K 3146.36 W 138.71 W 3285.07 W
07 Kerpig 50cm/74.6m? 2.5m? 0.70 W/m?K 772.86 W 225.73 W 998.59 W
08 Tas 50cm/52.4m? 1.2 m? 2.58 W/m2K 2000.84 W 150.16 W 2151.00 W
09 Tas 50cm/75.3m? 2.2 m? 2.58 W/m2K 2875.26 W 194.62 W 3069.88 W
10 Tas 60cm/73.1m? 3.0m? 2.32 W/m2K 2509.96 W 290.05 W 2800.01 W
Toplam 679.60 m? 36.40m?  —eemeeeeeeeee- 15907.68 W 3289.80 W 19197.48 W
Cizelge 3. Dursunbey geleneksel evlerinin duvar kuruluslari ve isisal 6zellikleri (Yazarlar tarafindan
gelistirilmistir)
Duvar Duvar kalinhgi _ Duvardan Pencereler ve ek
Kod . ve Pencere alani Duvar U degeri kapidan
malzemesi harcanan isi harcanan isi
alani harcanan isi
Tas 50cm/33.3m? 2.58 W/m2K 1486.31 W
01  Tugladolgulu R 2.5 m? R 252.93W 2811.23 W
ahsap karkas 12¢m/24.3m 2.55 W/m?K 1071.99 W
Tas 60cm/55.4m? 2.32 W/m?K 2223.53 W
02 Tag dolgulu ) 7.2m? ) 692.35 W 3358.93 W
ahsap karkas 12¢m/6.5m 3.94 W/m?K 443,05 W
Tas 60cm/59.0m? 2.32 W/m3K 2368.02 W
03 Tas dolgulu 5 8.0m? B 727.36 W 5426.53 W
ahsap karkas 12¢m/34.2m 3.94 W/m?K 2331.14 W
04 Tas 60cm/79.2m? 3.9m? 2.32 W/m2K 3178.77 W 382.54 W 3561.31 W
05 Tas 60cm/67.7m? 0.8 m? 2.32 W/m2K 2717.21 W 119.75W 2836.96 W
Tas 70cm/64.0m? 2.11 W/m2K 2336.19 W
06  Kerpig dolgulu ) 5.0 m? ) 609.72 W 3481.38 W
ahsap karkas 15cm/21.2m 1.46 W/m?3K 535.47 W
Tas 60cm/19.1m? 2.32 W/m3K 766.60 W
07 Tas dolgulu 3 2.8 m? 2 278.36 W 4281.72 W
ahsap karkas 15em/51.4m 3.64 W/m?K 3236.76 W
08 Tas 80cm/53.6m? 2.2m? 1.93 W/m2K 1789.65 W 235.70 W 2025.35 W
Tas dolgulu ) ) )
09 ahsap karkas 25cm/64.2m 3.6m 2.90 W/mZK 3220.91 W 346.17 W 3567.09 W
Tas 50cm/40.2 m? 2.58 W/m2K 1794.29 W
10  Kerpig dolgulu R 4.0 m? R 456.62 W 2601.99 W
ahsap karkas 15cm/13.9m 1.46 W/m?3K 351.09 W
Toplam 687.20 m? IR E 29850.99 W 410148 W  33952.48 W
Cizelge 4. Ortalama degerler ve TS825 ile karsilastirma (Yazarlar tarafindan gelistirilmistir)
Pencereler ve  Yapi kabugu
Duvar alani  Pencere alani Duv“ar U Penc?re_ v Duvardan kapidan lizerinden
degeri degeri harcanan isi
harcanan isi harcanan isi
2
OrHt:I‘;r;ZSI 67.96m :f;ejr;a gy LSBW/MK 49W/mK 159077W  32898W 191975 W
0 .
2
Et‘t;::nb:s‘l' 872m 54'50;)620 g 2STW/mK 49W/mK 298510W  41015W 339525 W
0 .
2
F_';‘ér;: 67.96m* 53f;e;a gy OAW/MK LBW/mK  40232W  16198W 564.30 W
0 J.
Dursunbey ) 4.00 m? ) )
15825 68.72 m (% 5.5 seffafiik) 0.4 W/m?K 1.8 W/m?K 475.54 W 195.63 W 671.17 W
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Cizelge 5. TS825’e gore ek 1si yalitim kalinhklari (Yazarlar tarafindan gelistirilmistir)

Mevcut ortalama TS825’e uymasi icin eklenecek

U degeri yalitim kalinhgi
Kerpig 0.70 W/m?2K 4 cm
Tas 2.32 W/m2K 8cm
Ahsap karkas (tas dolgulu) 3.64 W/m2K 9cm
Ahsap karkas (kerpic¢ dolgulu) 1.46 W/m?K 7 cm
Ahsap karkas (tugla dolgulu) 2.55 W/m2K 8cm

4. Sonug ve Oneriler

Bu galismada Tirkiye'nin 2. Derece giin boélgesinde bulunan Balikesir ili kirsal alan konutlarinda dis
duvar isisal ozellikleriyle ilgili hesaplar yapilmistir. Calismada ilin dogu ve batisinda yer alan
Dursunbey ve Havran ilgeleri ele alinmis, bu ilcelerden secilen yer alan 10’ar adet geleneksel konut
projesi lizerinden hesaplamalar yapilmistir.

Balikesir’in Havran ilgesinde kirsal mimari yaklasimi olarak konutlarin zemin katlari tas, Ust katlari ise
tas veya kerpic olarak yapilmistir. ilcede yaz aylarinin sicak ve kurak, kis aylarinin ise soguk ve yagisli
gecmesinden dolayi, kerpic ve tas malzemenin kiitle 1sil degerinden yararlanilmis ve tiim kat duvarlari
masif ve kagir malzeme ile yapiimistir. Tas ve kerpi¢ duvarlarin isi kapasitesi degerleri birbirine
yakindir. Ancak duvar malzemesi olarak kerpi¢ kullanildiginda “U” degerlerinde ve isI kayiplarinda, tas
malzemeye gore 6nemli farklar ortaya ¢cikmaktadir. Dursunbey ilcesinde ise yazlar nispeten daha
serin, kislar soguk gecmektedir. Bunun nedeni yliksek rakim ve deniz esintilerinin olmamasidir.
Bundan dolayi konutlarin esinti alabilecekleri ve hayat kismini 6rten 2. kat cepheleri ahsap karkas
olarak yapilmis, diger yon duvarlari ise kagir malzeme ile tamamlanmis, agik ve serin bolimlerle
birlikte ve kapal ve korunmus béliimlere yer verilmistir.

Binalarda yalitim kalinliginin artmasi 1si kaybini azaltmakta ve enerji tasarrufu saglamaktadir.
Dursunbey ve Havran ilgeleri kirsal konut duvarlarinin “U” degerleri TS825 standardinda verilen sinir
degerlerin ¢ok Ustlinde kalmakta, bu nedenle duvarlarin isi yalitim malzemesi ile takviye edilmesi
onerilmektedir (Cizelge 5). Bununla beraber iklime gore kendi kendine gelisen geleneksel bina
bicimleri glinimiz iklim kriterleri ile uyusmaktadir. Bu nedenle mevcut dokuda goériilen bina bicimleri
oldugu gibi korunmalidir. Kiyilardan i¢ bolgelere dogru gidildikce bina kabugunun isi yalitim 6zelligi
arttinlmahdir.

Bu calismada Dursunbey ve Havran ilgelerinde yer alan farkli duvar malzemelerine ve plan tiplerine
sahip 10’ar konut projesi tzerinden duvarlarin sahip oldugu “U” degerleri birbirleriyle ve TS825’e
gore karsilastirilmistir. Daha sonra yapilacak calismalarda Ege bolgesinde yer alan diger sehirler icin
de benzer arastirmalar yapilabilir ve elde edilen sonuglar birbirleriyle karsilastirilarak Ege Bolgesinde
kirsal alanda kullanilan yerel malzemelerin isil konfor (izerindeki etkisi ortaya konulabilir.

Tesekkiir ve Bilgi Notu

Bu makale, 2010 yilinda T.C. Bayindirlik ve iskan Bakanlig Teknik Arastirma ve Uygulama Genel
Mudirligli tarafindan desteklenen ve Mimar Sinan Giizel Sanatlar Universitesi Déner Sermaye
isletmesi Mudirltgi'ne bagh olarak hazirlanan Bilimsel Arastirma Projesi: “Balikesir Kirsalinda
Yéresel Doku ve Mimari Ozelliklere Uygun Yapilasmanin Yayginlastiriimasi-Réleveler” ve “Balikesir
Kirsalinda Yéresel Doku ve Mimari Ozelliklere Uygun Yapilasmanin Yayginlastirilmasi-Rehber Kitap”
isimli yayinlanmis calismalardan Gretilmistir.

Makalede ulusal ve uluslararasi arastirma ve yayin etigine uyulmustur. Calismada etik kurul izni
gerekmemistir.

Yazar Katkisi ve Cikar Catismasi Beyan Bilgisi

Makalede tim vyazarlar ayni oranda katkida bulunmustur. Herhangi bir c¢ikar c¢atismasi
bulunmamaktadir.
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Evaluation of Wall Construction in Balikesir Traditional Houses in
Terms of Heating Load

Summary

The thermal energy requirements of buildings are determined by a number of factors, including the
climatic characteristics of the location, the layout and orientation of the building, and its shape and
compactness (surface area to volume ratio). Another important factor is the thermal properties of
the building envelope separating the interior from the exterior. Nowadays, various coatings and
insulation materials are applied to the walls, roofs and floors of urban dwellings to conserve energy.
In urban areas, such measures are mandatory due to energy performance and thermal insulation
regulations, and building energy performance certificates are issued accordingly. However, such
regulations have not yet been implemented in most rural areas. In traditional rural dwellings, which
are constructed using locally sourced materials that are suited to the region's geography and climate,
energy conservation is achieved using methods and materials that have been passed down through
centuries of experience.

This study focused on rural areas within the province of Balikesir, extending to Kiitahya, where a
continental climate prevails and the land is located in the Marmara and Aegean regions. Balikesir
thus forms a transition zone between the Mediterranean and Black Sea climates. According to the
New Thermal Insulation Rules Standard, the Edremit district, located on the Aegean coast, is in the
second degree day zone (a hot climate zone); the Dursunbey district, located in the far east of the
province and bordering Kitahya, is in the fourth degree day zone (a cold climate zone); and the
remaining areas, including the provincial capital of Balikesir, are in the third degree day zone (a
temperate climate zone).

This study aims to evaluate the thermal energy loads of traditional rural dwellings in the context of
wall construction, and to provide recommendations for improvement. The study area covers rural
settlements in the province of Balikesir. The impact of the region's climatic, geographical and
material characteristics on dwellings is evident in aspects such as architectural style, construction
methods and the layout of rooms. Within the scope of the study, the thermal transmittance values of
wall structures in sample dwellings in the region were calculated and evaluated according to the
materials and construction techniques used.

The wall structures of dwellings built in the local architectural style in the specified area were
examined and classified into five categories: natural stone, adobe, brick, mixed and wooden frame.
The thermal transmittance values of these five types of wall structure were then calculated and
compared with each other, as well as with the values of reinforced concrete brick and lightweight
concrete wall projects commonly used today. The transparency ratio (window-to-wall ratio) was then
determined for the selected residential buildings and the total heat loss was calculated and
compared with the standard value. Insul software was used to calculate the thermal conductivity
values of the walls.

The stones used for rural buildings in Balikesir come from various geological formations and are
typically sourced from quarries situated within the valleys or on volcanic elevations. Rough-hewn
stone walls were more frequently used in residential buildings in the villages located to the west of
Balikesir, while rubble stone walls were used in other regions. Adobe is a natural and sustainable
building material that has been used since ancient times. It is traditionally produced in Anatolia by
mixing clay-based soil with straw or fibre, adding water, moulding the mixture and then drying it in
the sun. Adobe has heat-retaining and moisture-regulating properties. However, it is not water-
resistant and has low pressure resistance. The wooden frame system has generally been used for the
construction of two-storey houses in the Balikesir region. The lower floors are made of masonry,
while the upper floors consist of wooden frames filled with brick, adobe, stone, or tree branches
(Corapgioglu et al., 2010a). In wooden frame walls, loads are transferred to the ground via wooden
posts and beams. These posts rest on foundation walls made of natural stone and form a rigid system
with the floor slab and the skeleton of the upper floor.
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Due to the characteristics of the three climate zones observed in Balikesir, there is a low temperature
difference between the summer and winter months on the coast. However, this difference is greater
in districts such as Kepsut, Dursunbey, Bigadi¢ and Sindirgi, which are located to the east of the
provincial centre. Examining the traditional architecture of these regions, which exhibit continental
climate characteristics, reveals the use of thick walls constructed from local natural stone materials
in the building envelope. Additionally, residential buildings in these regions have both open, cool
sections and closed, protected sections. Along the Aegean coast, the Mediterranean climate prevails,
with hot, dry summers and mild, rainy winters. Lighter wall structures are seen in houses in these
areas. The roof coverings of houses in rainy areas are more durable and protective. Along the
Marmara coast, summers are cooler than along the Aegean coast due to the influence of the Black
Sea climate. Heat loss in residential buildings mainly occurs through structural elements such as
walls, floors, roofs, windows and thermal bridges. The amount of heat lost from these areas varies
depending on the construction of the building, the type and thickness of insulation used, and the
thermal properties of the other materials in the building envelope. Additionally, the rate of heat loss
through exterior walls tends to increase as building height increases. As shown in Table 1, heat loss
varies depending on whether the building is single-storey or multi-storey. Traditional building forms
that have evolved in response to the climate are compatible with modern climate criteria. Therefore,
the existing building forms should be preserved. As one moves from the coast to the interior, the
thermal insulation properties of the building envelope should increase. According to the 'Thermal
Insulation Rules Standard for Buildings' (TS825), the total heat transfer coefficient (U) calculations for
the building envelope should meet the following values: e In regions along the Aegean coast (Ayvalik,
Gomeg, Burhaniye, Edremit and Havran), the maximum value is 0.7 W/m?°C; e In regions along the
Marmara coast (Erdek, Bandirma, Gonen and Marmara Island), as well as in city centres, the
maximum value is 0.6 W/m?2°C; e In inland regions such as Sindirgi, Bigadi¢, Kepsut and Dursunbey,
the maximum value is 0.5 W/m?°C.

The houses in Dursunbey and Havran were built by combining traditional Turkish house designs with
local features, reflecting the culture of the people who live in the region. Most of these houses have
two floors. In the Havran district, the upper floors were constructed using stone or adobe materials.
In Dursunbey, stone was used for the ground floor walls, while the upper floors were constructed
using wood-framed walls with stone and adobe. The roofs of the houses are gabled. The majority of
the houses have gardens. These are surrounded by high mud brick or stone walls, and the gates
opening onto the street are double-winged wooden doors. The upper floor was favoured for use as
the main living area, with rooms used for sleeping, sitting, eating and cooking. The size of the rooms
depended on the size of the family.

Ten residential examples were selected from each district and their wall and window areas, as well as
their wall 'U' values and heat loss quantities through walls and windows, were calculated. Table 1
shows the average heat losses through walls and windows, and the average ‘U’ values for the
dwellings examined in these two districts. These values were compared with those in TS825, and the
recommended insulation thicknesses are shown in Table 2. The lowest 'U' value was obtained in
adobe-walled buildings, while the highest 'U' value was obtained in stone-filled timber-framed
buildings. Accordingly, the recommended insulation material (stone wool) thicknesses varied.
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Table 1. Average values (Created by the authors)

Heat loss Heat loss
Wall area Window area Wall U-value pindes Heat loss .through thron.ng.r the
value through walls windows and building
doors envelope
Havran o) 96 m? 3.64m® 158 W/mK 49W/m2K 1590.77W  328.98 W 1919.75 W
Average (% 5.1 seffaflik)
Dursunbey o0 ) 2 4.00 m* 251 W/mK  49W/mK  2985.10W  410.15W 3395.25 W
Average ) (% 5.5 seffaflik) ) ) ) ) )
HTaS‘ér;’S” 67.96m 5i6;e;: fug QAWM L8W/mK 40232 W 161.98 W 564.30 W
Dursunbey o0 2> m2 4.00 m* 0.4W/mK 18W/mXK 47554 W 195.63 W 671.17 W
TS825 ) (% 5.5 seffaflik) ) ) ) ) )

Table 2. Additional thermal insulation thicknesses according to TS825 (Created by the authors)

Current average U Insulation thickness to be
value added to comply with TS825

Adobe 0.70 W/m2K 4cm

Stone 2.32 W/m2K 8cm
Wooden frame )

(stone-filled) 364 W/m?K 9cem
Wooden frame )

(adobe infill) 1.46 W/m?K 7cm
Wooden frame )

(brick infill) 2:55 W/m?K 8cm

This study involved making calculations using solar radiation and non-radiation heating and cooling
loads for the province of Balikesir in Turkey's first degree-day region. The districts of Dursunbey (in
the east) and Havran (in the west) were considered, with calculations made for ten residential
projects in each district. A balance temperature of 18 °C was used for heating degree-hours and 26 °C
for cooling degree-hours in the calculations. The results revealed that adobe is the most suitable wall
material in terms of thermal insulation. In the Havran district, the ground floors of residential
buildings were constructed using stone, while the upper floors used either stone or adobe, reflecting
a rural architectural approach. Due to the hot, dry summers and cold, rainy winters in this district,
the thermal mass properties of stone and adobe were utilised and all floor walls were constructed
using solid masonry. Dursunbey is located at a higher elevation and is sheltered from sea breezes,
resulting in cooler summers and harsher, colder winters. For this reason, the second-floor facades of
houses, which are exposed to breezes and cover living areas, were built with wooden frames, while
other walls were built using masonry materials. The thin (10-20 cm) wooden frame walls have a low
thermal mass value and result in greater heat loss.

Within this study, the ‘U’ values of the walls in ten residential projects, each featuring different wall
materials and plan types, were compared with each other and according to TS 825. Similar studies
could be conducted in other Aegean cities in future to determine the effect of locally used materials
on thermal comfort in rural Aegean areas.
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0z
Bu ¢alisma, Tiirkiye'deki bitkisel atiklardan dretilen 1s1 yalitim malzemelerinin endiistriyel élgekte
uygulanabilirliginin degerlendirilmesini amaglamaktadir. Literatiirden elde edilen verilere gére, isi yalitimi
agisindan en yliksek degerler gésteren malzemeler, ay ¢ekirdedgi kabugu katkili epoksi levha, cam kozalagi katkili
lire-formaldehit levha ve findik kabudu katkili epoksi levhadir. Uretim siirecleri incelendiginde, yonga levha tipi
bir iretim modelinin bu malzemeler icin uygulanabilir oldugu gériilmiistiir. Yapilan analiz sonucunda,
malzemelerin lretim yéntemlerinin endiistriyel lretim igin standardize edildigi takdirde Tiirkiye’deki mevcut
yonga levha iiretim tesislerinde yillik bitkisel atik esasl is1 yalitim malzemesi (retiminin Tiirkiye’nin ihtiyacinin
%3’linli karsilayabilecegi tespit edilmistir. Ancak teknik fizibilite ile beraber beraber finansal fizibilite

analizlerinin de yapilarak (retim tesislerinin altyapilarinin bitkisel atik esasli 1s1 yalitim malzemelerine
uygunlugunun sinanmasi gerekmektedir.

Anahtar Kelimeler: Bitkisel atik, 1s1 yalitimi, enddistriyel iiretim.

Investigation of Industrial Scale Thermal Insulation Material
Production From Vegetable Wastes in Tiirkiye
Abstract

This study aims to evaluate the applicability of thermal insulation materials produced from plant wastes in
Tiirkiye on an industrial scale. According to the data obtained from the literature, the materials showing the
highest values in terms of thermal insulation are epoxy board with sunflower seed shell additive, urea-
formaldehyde board with pine cone additive and epoxy board with hazelnut shell additive. When the production
processes were analysed, it was seen that a particle board type production model was applicable for these
materials. As a result of the analysis, it was determined that if the production methods of the materials are
standardised for industrial production, the annual production of plant waste-based thermal insulation materials
in the existing particleboard production facilities in Tiirkiye can meet 3% of Tliirkiye's need. However, along with
technical feasibility, financial feasibility analyses should also be carried out to confirm the suitability of the
infrastructure of the production facilities for vegetable waste based thermal insulation materials.
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1. Giris

Hem kiresel hem de llkesel olgcekte enerji tiketimine bakildiginda, enerji tliketiminin blytk bir
kisminin yapi ve insaat sektorl tarafindan gerceklestirildigi bilinmektedir. Enerji tasarrufu ve verimli
enerji kullanimi agisindan, yapilarda isi yalitiminin énemi artmaktadir. Bu baglamda, enerji tasarrufu
saglamak adina isi yalitim malzemeleri kullanilmasi zorunlu hale gelmistir. Sinirh enerji ve hammadde
kaynaklarina sahip oldugumuz gercegi gz 6niinde bulunduruldugunda, malzeme israfinin 6nlenmesi
oncelikli haline gelmektedir (Demir & Elmali, 2020). Demir ve Elmal’nin ¢alismasinda sanayide
kullanilan hammaddelerin sinirl oldugu, nifus artisiyla beraber tiiketimin daha ¢ok artacagi ve dogal
kaynaklara bagli hammadde talebinin kaynaklari tiketecegi ifade edilmektedir. Yapi malzemeleri
Uretiminin hem hammadde hem de enerji bakimindan yiksek talepler olusturdugu distnuldiginde,
atik olarak nitelendirilen hammaddelerden yeni isi yalitim malzemeleri Gretme olanaklari dikkat
cekmektedir.

Ozetle sdylenebilir ki ulusal hedefimiz atik olusumunu énlemek, bu miimkiin degilse en aza indirmek
ve olusan atiklari ayri toplama ve geri kazanim siregleriyle degerlendirmek Uzerine bir atik anlayisi
olusturmaktir (Unlii ve digerleri, 2023). Atik maddeleri yeniden kullanima tesvik edebilmek ve atik
madde miktarini azaltabilmek i¢in Dinya’nin farkli yerlerinde yapilmis organik atik esasli yapi
malzemesi lretimlerinin derlendigi ¢alismada, yerfistigi kabugu kill, piring kabugu, durian kabugu,
hindistan cevizi elyafi, misir kabugu gibi fakat bunlarla limitli olmayan atik maddelerin calismalarda
kullanildigi belirtilmistir (Demir & Elmali, 2020). Ancak, atik sorunu, en ideal ¢6zlimiin olustugu yerde
saglanabilecek konuma 6zgii bir problemdir. Bu nedenle, ¢alismanin kapsami ulusal 6lgekteki atiklarla
Uretilen is1 yalitim malzemeleri olarak belirlenmistir.

Bitkisel atiklardan dretilen 1s1 yalitim malzemelerinin konu edildigi akademik calismalar, bu
malzemelerin yeterli i1s1 yalitim 6zellikleri sergiledigini gdstermistir. Ancak, bu calismalarin genellikle
deneysel 6lcekte kaldigi ve yliksek hacimli iretimlerinin, dolayisiyla atik problemine olan katkilarinin
sinirh oldugu tartismaya aciktir. Atiklardan (retilen yapi malzemelerinin, genel olarak
“uygulanabilirligi tartismali ve teorik bir calisma alani" olarak nitelendirildigi ve tGretiminin miimkin
olmadigr yonindeki algilar oldukca yaygindir. Bu goris, s6z konusu malzemelerin performans
acisindan yeterli olup olmadigi, endistriyel dlgekte Uretim siireclerine uygunlugu, iretim hacminin ne
Olcide artirilabilecegi ve kullanilan atik maddelerin sdrdardlebilir bir sekilde temin edilip
edilemeyecegi gibi sorularla desteklenmektedir. Ayrica, bu malzemelerin Uretilmesi halinde dahi
pazarda yer bulmasinin neredeyse imkansiz oldugu dusinilmektedir. Calismanin hedefi, bu sorulara
yanit arayarak bitkisel atiklardan dretilen 1si yalitim malzemelerinin “kayda deger bir sonug
Uretmeyen bir arastirma alani” olmadigini, aksine bu malzemelerin endistriyel Gretiminin ulusal
Olcekte atik sorununa ve llke ekonomisine katki saglayabilecek bir potansiyele sahip oldugunu ortaya
koymaktir.

Bu calisma, bitkisel atik esash isi yalitim malzemelerinin endustriyel Gretim potansiyelini; Gretim
yontemleri, Gretim hacmi, slrdirdlebilirlik, malzeme performansi ve pazarda yer bulabilme
olasiliklari ¢ergevesinde kapsamli bir sekilde degerlendirmeyi amaglamaktadir. Calisma kapsaminda,
Turkiye’de gerceklestiriimis akademik c¢alismalarda yer alan bitkisel atik esash 1si yalitim
malzemelerinin laboratuvar deneyleri yoluyla elde edilen malzeme 6zelliklerine dair veriler sistematik
bir literatlir taramasi yoluyla toplanmis ve analiz edilmistir. Ayrica, atik malzemelerin yillik Gretim
miktarlari, cografi dagilimlari ve Uretim zincirine dayali sinirhliklari arastirilarak Tarkiye’nin yillik 1s
yalitim malzemesi ihtiyaci ile karsilastirmali bir fizibilite analizi gerceklestirilmistir. Bu baglamda, atik
malzemelerin yapi sektériinde hammadde olarak etkin bir sekilde kullanilabilirligini ortaya koymak
hem cevresel slrdurilebilirlik hem de ekonomik fayda saglama potansiyelini incelemeye yonelik bir
yaklasimla ele alinmistir.

Bu calismanin amaci Turkiye’de bitkisel atiklardan deneysel 6lcekte Uretilen 1si yalitim malzemelerinin
endustriyel Uretim potansiyelini arastirmaktir. Bu kapsamda akademik calismalar dogrultusunda
Uretilmis atik esasli 1s1 yalitim malzemeleri belirlenmistir. Arastirmada meta-analiz arastirma yontemi
kullanilarak literatir taramasi yapilmis ve Tirkiye’de atik maddelerin yapisal eleman olarak
kullanilmasina dair yaklasimla ilgili calisma sorulari ortaya koyulmustur.
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2. Materyal ve Yontem

Arastirma, “tarimsal atik”, “bitkisel atik”, “organik atik”, “yalitim malzemesi” anahtar kelimeleri
kullanilarak EBSCO, JSTOR, ScienceDirect, Scopus, Dergipark, YOKSIS Tez ve Springerlink veri
tabanlari taranarak yapilmistir. Bu tarama sonucunda Tirkiye adresli ve 1994-2023 yillari arasinda
yayimlanan 47 adet makale, 8 adet yliksek lisans tezi ve 4 adet doktora tezi incelemeye alinmistir.
Calisma kapsaminda;

e Tirkiye'de yalitim malzemesi Gretiminde hangi bitkisel atiklarin kullanildigi,

e Hammadde olarak kullanilan bitkisel atiklarin yillar icindeki Giretim davranisi,

e Bitkisel atiklarin tretiminin sinirli oldugu sezon ve cografi bolgeler,

e Bitkisel atik esasli 1s1 yalitim malzemelerinin {iretimi konusundaki akademik ¢alismalarin
incelenmesi ve bu malzemelerin 6zelliklerini tayin etmek icin yapilan deneylerin sonuglari,

e Bitkisel atik esasli isi yalitim malzemesinin (BAEIYM) Uretiminin endustriyel olarak standardize
edilebilecek lretim potansiyelinin kesikli bir iretim zinciri stirecinde nasil uygulanabilecegi,

e BAEIYM Uretimi ulusal isi yalitim malzemesi ihtiyacinin ne kadarini karsilayabilecegi,

e Uretilen 1s1 yalitim malzemelerinin yalitim 6zelliklerinin sektdrde siklikla kullanilan ikamelerle
iliskisi,

irdelenmistir.

Bu kapsamda (ilkemizdeki atiklarin yapi malzemesi olarak kullanilabilirligini ve endustriyel lretim
potansiyelini degerlendirmek amaciyla, atik esash malzeme (zerinde deneysel ¢alismalar yapan 35
ulusal calisma incelenmistir. Taramada agirlikh olarak bitkisel atiklarin hammadde olarak kullanildigi
calismalar secilmis olup Uretilen yapi malzemelerinin cesitli fiziksel, 1sil ve mekanik testlere tabii
tutulmus olmasi gozetilmistir.

Bu calismalardaki malzemelerin 1sil iletkenlik degerine ait test sonuglari kullanilarak, yalitim
malzemelerinin performans ozellikleri karsilastirmali olarak analiz edilmistir. Calismada, atik
hammadde sirdirilebilirligi ve atik esasli 1si yalitim malzemelerinin endustriyel 6lcekte liretim
imkanlari belirlenmeye calisiimistir. Son olarak, bitkisel atik esasli 1si yalitim malzemelerinin
endustriyel Uretimine iliskin bir fizibilite calismasi, bu tespitlere dayali olarak gerceklestirilmistir.
Fizibilite calismasi sonucunda elde edilen hammadde stirdirilebilirligi, tGretim teknolojileri ve tedarik
zinciri konulari degerlendirme bolimiinde sunulmustur.

2.1. Tiirkiye’de Atiklarin Geri Donustiirilmesi

Buglin atiklar sadece bir sorun olmaktan ¢ikmis, dogru sekilde degerlendirildiginde hem ekonomik
hem de cevresel firsatlar sunan bir sektor haline gelmistir. Atiklar, evsel ve endistriyel faaliyetlerin
bir sonucu olarak ortaya ¢ikan, kullanilabilirligini yitirmis ancak yeniden degerlendirildiginde buyuk
bir potansiyel barindiran maddelerdir. Sekil 1'de gorildigi gibi atiklar genel olarak organik
(hayvansal ve bitkisel), evsel ve endustriyel atiklar olmak Ulzere (¢ ana gruba ayrilir. Artan atik
miktarlari yalnizca dogal kaynaklarin tiikenmesine katkida bulunmakla kalmaz, ayni zamanda gevre ve
iklim Gzerinde ciddi etkiler yaratir. Dogru yontemlerle geri donlstirilen atiklar, cevre kirliligini
onlemekten iklim degisikligine karsi miicadeleye, eneriji tasarrufundan yeni riinlerin Gretimine kadar
genis bir yelpazede fayda saglar. Bu nedenle atiklarin dogru yonetimi, yalnizca cevresel
strdurulebilirligin degil, ayni zamanda ekonomik kalkinmanin da anahtarlarindan biridir.

Turkiye'deki atik potansiyelini anlamak ve strdirilebilir uygulamalari tesvik etmek amaciyla bu
calisma, genis bir yelpazeden daraltilarak yalnizca bitkisel atiklarin yapi malzemesi Gretimi icin
degerlendirilmesine odaklanmistir. Bu segim, bitkisel atiklarin yapi sektord icin sundugu yenilikgi
firsatlardan kaynaklanmaktadir. Bu calismada, Tirkiye’deki biyoatiklarin disiplinlerarasi kullanimi ve
yeniden degerlendirilmeleri sonucunda Uretilen yenilik¢i triinler incelenmistir. Boylece, hem mevcut
uygulamalar hem de alternatif potansiyeller kesfedilmistir. Bitkisel atiklarin yalitim malzemesi
Uretimindeki potansiyeli detayl bir sekilde ele alinmis ve bu atiklarin yapi sektoriinde strdirilebilir
bir gelecegin anahtari olabilecegi ortaya konmustur.
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Sekil 1. Atiklarin Siniflandiriimasi (Yazarlar tarafindan gelistirilmistir)

Biyo-atiklarin yeniden kullanimi konusunda yapilan arastirmada oOncelikle enerji alaninda belediye
atig1 olarak gecgen evsel atiklarin miktari ve ¢alisma kapsaminda ne sekillerde geri donistirildiagi
incelenmistir. T.C. Enerji ve Tabii Kaynaklar Bakanligi, Biyokitle Enerji Potansiyeli Atlasi’na gore, yillik
32 milyon ton evsel atik, teorik olarak 3.37 milyon TEP (ton esdeger petrol) enerji potansiyeline
sahiptir. Bu atiklarin bliylk bir kismi biyogaz Gretimi yoluyla elektrik enerjisine donusturilmektedir
(T.C. Enerji ve Tabii Kaynaklar Bakanligi Enerji isleri Genel MudirlGgii, 2024). Bu nedenle, evsel
atiklarin genellikle elektrik enerjisi Gretimi icin kullanildig1 gorilmis ve yapi malzemesi olarak yeniden
kullanimi bu ¢alismanin kapsami disinda birakilmis, hayvansal atiklar ve bunlarin geri donistirilmesi
incelenmistir.

Hayvansal atiklar; blyilkbas ve kiiclkbas hayvanlarin diskilari, mezbaha atiklari ve yan Urlinlerden
olusur. Bu atiklarin biyodizel ve biyogaz liretimi agisindan buiyiik bir enerji potansiyeline sahip oldugu
bilinmektedir. Ornegin, yapilan bir calismaya gére, hayvansal atik yaglardan uretilen biyodizelin, soya
fasulyesi kaynakh biyodizele kiyasla %30 daha diisik CO, emisyonu sagladigi ve 2030 yilina kadar bu
kaynaktan 11 bin ton biyodizel Uretilebilecegi 6ngoriilmektedir (Aslan ve digerleri, 2024). Ayrica,
hayvansal atiklardan elde edilen yillik metan Uretimi, bitkisel atiklardan elde edilen metan Uretimine
yakin bir dizeydedir. Metan potansiyeli (izerinden yapilan karsilastirmada yalnizca sigir ve tavuk
diskilarinin yillik 102.061.996 m*® CH, uretildigi belirtilirken, yukaridaki bitkisel maddelerinin
tamaminin hasat artigindan elde edilecek metan potansiyeli 101.354.042 m3 CHa/yil olarak
gorilmustdr. Bununla birlikte, hayvansal atiklarin igeriginde bulunan yiksek azot miktari, metal, tas
ve kum gibi safsizliklar, bu atiklarin yapi malzemesi olarak yeniden kullanimini teknik olarak
zorlastirmaktadir. Ayrica, hayvansal atiklarin enerji Gretiminde ylksek verimlilik sunmasi sebebiyle bu
atiklar da galisma kapsami disinda birakilmistir.

Sonug olarak bu calismada, Tirkiye’de (retilen bitkisel atiklar ve bu atiklarin yalitim malzemesi
Uretimindeki potansiyeli detayli bir sekilde ele alinmistir. Bitkisel atiklar, tarimsal faaliyetlerden arta
kalan sap, kabuk, saman gibi dogal materyalleri icerir ve enerji liretiminin dtesinde yapi sektoriine
kazandirilabilecek yenilikgi bir kaynak olarak dne ¢ikmaktadir.

2.2. Tiirkiye’nin Bitkisel Atik Potansiyeli

Tirkiye gibi tarim ve hayvancilik sektorlerinin dnemli yer tuttogu bir llkede, atik yonetimi yalnizca
cevresel siardurilebilirligi degil, ayni zamanda ekonomik ve sektdrel donisimi destekleme
potansiyeline sahiptir. Ozellikle bitkisel atiklar, geleneksel enerji tretimindeki rolleri kadar yapi
malzemesi liretimindeki yenilik¢i kullanim olanaklariyla da dikkat cekmektedir. Bu ¢alismada, tarimsal
faaliyetlerden kaynaklanan bitkisel atiklarin yalnizca enerji Gretimindeki rolline degil, yapi sektoriine
entegrasyonu Uzerine de odaklaniimis ve bu baglamda yerel kaynaklarin degerlendirilmesi gerekliligi
vurgulanmistir.

Tirkiye’de bitkisel atik potansiyelinin her mevsim icin oldukca yiksek oldugu bilinmektedir. Bu
dogrultuda, ulusal baglamda bitkisel atiklarin hangi sektérlerde kullanildigl, yeniden kullanim
ornekleri ve bu atiklarin yalitim malzemesi Gretimindeki roli arastirilmistir. Yiksek ve Atalan
tarafindan incelendigi lzere kenevir, kenaf, pamuk, mantar, saman, aga¢ gibi fakat bunlarla limitli
olmayan gesitli birtakim bitkisel yapi malzemeleri halihazirda vardir. Ayni ¢calismada dikkat ¢ekildigi
Uzere Ulke toplam alaninin yaklasik Ggte birine denk gelen 27 milyon hektar alanin tarim amaciyla
kullandigi ve ulusal isgici istihdaminin %40'inin da tarim sektoriinde ¢alistigl bilinmektedir. Bu
nedenle yerel kaynak potansiyelini kullanmak ve bitkisel esasli malzemelerini yapi sektériinde de
kullanmak 6nem arz etmektedir (Yiksek & Atalan, 2021). Ancak, mevcut ¢alismada genellikle bitkisel
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Urlinlerin degerlendirilmesine odaklaniimakta, atik kisimlarinin potansiyel kullanim alanlari goz ardi
edilmektedir. Bu eksiklik, bitkisel atiklarin tarimsal Giretimin dogal bir yan Uriini olarak nasil daha
verimli degerlendirilebilecegi izerine derinlemesine bir arastirma yapilmasini gerektirmektedir.

Bitkisel atiklarin kapsaminda tarla hasat atiklari, sebze ve meyvelerin atiklar, kiispeler ve tohum
artiklari bulunmaktadir. Ulkesel 6lgekte iiretim ve atiga dair verilere BEPA veri sistemi {izerinden
cevrimici olarak ulasilmistir. Bitkisel atiklar dolayl olarak tekstil, kagit ve gida sektérlerinde
kullanilmasinin disinda insaat sektériinde de kullanilmaktadir (Unli ve digerleri, 2023). BEPA
verilerine goére, Tirkiye’de bitkisel atik miktari 62.206.754 ton/yil olup bu miktarin %74’tGnl tarla
bitkilerinin atiklari, %6’sini bahce bitkileri atiklari ve %19’unu sebze atiklari olusturur.

Unli ve arkadaslar tarafindan 2023’de yapilan calismada Tiirkiye’de yetistirilen tarla bitkilerine ait
yillik Gretim ve atik miktari, teorik enerji esdegerleri ve Uretimlerinin atik miktarlarina oranlari
verilmistir (Unli ve digerleri, 2023). Uretim miktarinin fazla olmasinin yani sira, iretim miktarina
oranla Uretilen atigin en fazla oldugu bitkiler atik miktari agisindan 6énemli bir veri sunar. Burada
aycicegi, bugday, celtik, misir, nohut ve yerfistiginin dikkat ¢ektigi gdzlemlenmistir. Bahge bitkileri
arasindaki iliskiler incelendiginde, atik Gretim potansiyelleri en giiclii olan maddeler hacim ve oransal
acidan findik, muz ve Gzimdir. Ayni ¢calismada sebze kaynakli atiklar arasindan dikkat ¢eken Griinler
kuru sogan, fasulye, hiyar, domates ve patlican olmustur.

Yaman tarafindan yapilan ¢alismada Tirkiye kapsaminda bitkisel atiklar degerlendirilmis ve ekonomik
onemi vurgulanmistir. Bazi Urlinlerin yapraklarinin pazar degeri oldugu, bazilarinin atiklarinin bitkisel
cay olarak kullanildigi ve o6zut halinde satildigi belirtilmistir. Yilda 3 milyon tona yakin geri
donistiurilebilir atik Gretildigi ve bunun vyaklasik %70’inin biyolojik olarak bozulabildigi
duslintldigiinde bitkisel atiklarin yeniden degerlendirilmesi i¢in adimlarin atilmasi 6nemlidir (Yaman,
2012).

Bitkisel atiklarin hammadde olarak strekli kullanilabilirliginin degerlendirilmesi icin 5 yillik atik Giretim
miktari egrileri incelenmistir. Yaman’in c¢alismasindaki verilere dayanarak, atik esasli madde
potansiyeli yiksek olan malzemelerin hammaddeleri belirlenirken, Gretim/atik orani distk olan,
ancak yillar icinde atik miktari artis gosteren maddeler tercih edilmistir. Degerlendirilebilecek baslica
bitkisel Gretim atiklarinin dane misir, aycicegi, pamuk, findik, Gziim, domates, hiyar ve karpuz oldugu
ortaya ¢ikmaktadir. Bu bitkilerin Ulkesel olgekte olusturdugu toplam atik miktarlarinin 20 milyon
tondan fazla oldugu gorilmektedir. Literatir arastirmasinda ulusal O6lgcekte yapilan deneysel
calismalarin da bunu destekler nitelikle oldugu gortlmistur.

Yalitim malzemesi olarak ulusal 6lgekte en ¢ok kullanilan hammaddelerin Gretiminin TMQO’ya gore
yillar icinde degisimi Cizelge 1'de verilmistir. Buna gore bitkisel atik hammaddelerinin tretim egilimi
donem i¢inde dalgalansa da genel olarak ayni gizgide ilerlemistir.

Cizelge 1. Tarim iriinlerinin 2019-2023 arasi Giretim miktari - ton (TMO, t.y.; Unlii ve digerleri, 2023)

Uretim/Atik Atik

2019 2020 2021 2022 2023 Miktar: Miktar:

Piring 1.000.000 980.000 1.000.000 950.000 900.000 0.67 1.343.283
Misir 6.000.000 6.500.000 6.750.000 8.500.000 9.000.000 0.83 10.943.373
Cay 1.407.000 1.418.000 1.450.000 1.270.000 1.356.000 2242.49 604
Aygicegi 1.950.000 1.900.000 2.215.000 2.350.000 1.960.000 0.43 4.558.139
Findik 515.000 776.000 665.000 684.000 765.000 0.47 1.627.659
Yerfistig 170.000 215.000 - 174.000 - 0.50 348.000
Sogan 2.200.000 2.280.000 2.500.000 2.350.000 - 2.50 940.000
Pamuk/Kiispesi 977.000 814.000 656.000 833.000 1.018.000 1.85 550.270

3. Bulgular ve Tartisma

Arastirmaya Tirkiye’de atik esash Uretilen yapi malzemeleri Gzerine yapilan akademik galismalar
incelenerek baslanmistir. Arastirma, “tarimsal atik”, “bitkisel atik”, “organik atik”, “yalitim
malzemesi” anahtar kelimeleri kullanilarak EBSCO, JSTOR, ScienceDirect, Scopus, Dergipark, YOKSis
Tez ve SpringerlLink veri tabanlari taranmasi ile yapilmistir. Tlrkiye'de atik esash Uretilen yapi
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malzemeleri lizerine yapilan akademik calismalar toplanarak meta-analiz yapilmistir. Yapilan tarama
sonucunda Tirkiye adresli ve 1994-2003 yillari arasinda yayimlanan 47 adet makale, 8 adet yiiksek
lisans tezi ve 4 adet doktora tezi secilmistir.

Calismada Tirkiye capinda bitkisel atiklarla Gretilen 1si yalitim malzemelerinin endustriyel 6lcekte
Uretilebilirligi incelendigi icin endustriyel atikla yapilan c¢alismalar ile Tarkiye disindaki atiklarla
gerceklestirilen calismalar hari¢ tutulmustur. iceriginde atik hammadde olarak organik atiklarin yani
sira endustriyel atiklar da kullanan ¢alismalar ise dahil edilmistir. Kullanilan atik malzemelerinin tipi
ve Uretilen numuneler (izerinde 1sil testler yiritilmis olmasi gibi kriterleri saglamayan calismalarda
eleme yapilmistir. Calismalarda kullanilan organik olmayan atik malzemeler ayirt edici olarak ifade
edilmis ve ilerleyen adimlarda kapsam disinda birakilmistir.

Yapilan elemelerin sonunda 35 adet yayin elde edilmis ve bu ¢alismalarda yalitim malzemesi olarak
kullanilmak Uzere atiklarla dretilen numunelere vyapilan testler (zerinde vyapilan testler
karsilastirilmistir. Secilen yayinlarin arastirma yéntemi laboratuvar ortaminda sirdirilen testler ile
Uretilen numunelere dair bilgi edinmek oldugu gozlenmistir. Calismalarda Uretilen numuneler
malzeme tipi bakimindan levha ve har¢ olmak Ulzere iki grupta incelenmistir. Atiklardan yapi
malzemesi Uretiminde kullanilan baglayici, attk hammaddeler ve malzeme 6zelliklerinin tayini igin
yapilan testler degerlendirmenin diger 6lgiitleri olarak belirlenmistir.

incelenen yayinlarda elde edilen bulgular sonucunda iiretilen malzemelerin levha ve harg tiplerinde
olugu, baglayici olarak organik ve inorganik olmak Uzere basta epoksi, Ure-formaldehit, algi ve
cimento gibi ¢esitli malzemeler kullanildigl gbzlemlenmistir.

Secilen yayinlarda Uretilen numuneler lizerinde yapilan malzeme 6zellikleri tayin testleri; 1sil iletkenlik
katsayisi, yogunluk, basing dayanimi, cekme dayanimi, egilme dayanimi, elastiklik modali, su emilimi,
ve ultrasonik ses dalgasi yayllma hizi olarak gozlenmistir. Ayrica malzemenin bozulmasi ile ilgili iki
¢alisma, ve malzemenin ses yutma katsayisi ilgili 4 ¢alisma incelenmis olup li¢ ¢alismada ise Uretilen
numunelerin yalnizca mekanik 6zelliklerinin arastirildigi tespit edilmis ve bu calismalar konu disi
birakilmistir. Yapilan calismalar ve bakilan 6zellikler toplu olarak Cizelge 2’de gorilebilir.

Numunelerin isil iletkenlik degerleri 1si yalitim malzemesi olarak tretilebilirligi konusunda belli bir
aralik icerisinde kalmasi gerektigi icin calismaya numuneler lzerinde bu testi gerceklestiren ve
bitkisel atik kullanan yayinlar lzerinden devam edilmistir. Yayinlarin meta-analizi konusunda dikkat
ceken ve calismayi sinirlandiran bazi noktalar bulunmustur. S6z konusu bulgular;

e Bitkisel atiklarla beraber endiistriyel ve/veya hayvansal atiklarin da ¢alismalara dahil edilmesi,
e incelenen ¢alismalarin Tiirkiye’de iiretilen atiklari iceren arastirmalarla sinirlandiriimis olmasi,
e Isiyalitim malzemesi olarak deneysel ¢alismalar ylritiilen ¢alisma sayisinin az olmasi,

e Bitin calismalarda kapsamli mekanik, 1sil ve nemsel deneylerin beraber yiiritilmemis olmasi

olarak belirlenmistir.
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Cizelge 2. incelenen calismalarda kullanilan malzemeler, elde edilen iriinler ve bakilan 6zellikler (Yazarlar
tarafindan gelistirilmistir)

Bakilan Ozellikler

~ - N
. = g x E =
Gahismayi Calismanin bashg Urlin tipi  Baglayici Atik cinsi é % = g g 2 = g
yapan B S5 o x = B £ §
L 0 © O B0 g D ©
= O 0O O w — s S
a3 > Y a5
. Evaluation of the mechanical .
33hin ve and physical properties of Yonga Ure
Kaymakgl, . phy prop & formaldehit Piringkabugu - X - - - X X -
particleboards manufactured levha .
2024 . regine
from rice husk
Farkli tane boyutuna sahip
Tirk ve ogutilmus atik misir koganinin Har Alct Misrkocam X X X X X X
digerleri, 2022 algi esasl Kompozitlerde ¢ ¢ ¢
degerlendirilmesi
Melamin, lre formaldehit .
. Melamin,
- tutkal, kizilgam ve gay atiklari ile " Kizilgam
Filiz ve elde edilen yonga levhanin bazi Yonga ure ongasl, ¢a X X X X
digerleri, 2011 .y.. g. L levha  formaldehit yongasi, cay
teknik 6zelliklerinin atiklar
M L . tutkali
degerlendirilmesi
Binici ve An environmentally friendly Aycicegi sapl,
digerleri, thermal insulation maFerlaIfrom Levha  Algi, epoksi pam.uk vg X X X - X - X X
5014b sunflower stalk, textile waste tekstil atigi
and stubble fibres elyafi, aniz
Celik, 2003 Yerfistigi kabugunun agrega Harc .A|§I, YerflsEIél X X X - X X - X
olarak kullanim olanaklari ¢imento kabugu
Koc ve Kayisi cekirdegi kabuklari Fenol o
digerleri 2015 kullanilarak yalitim amagh Levha formaldehit Kayisi gekirdegi X - - - - - - -
& ! kompozit malzeme Uretilmesi
Binici ve Mechanical, thermal and
. o E .
digerleri, ac'oustlc:?ﬂ character{zatlons of Levha pgksualgl, Misrkocani X X X - X - X X
50152 an insulation composite made of ¢imento
bio-based materials
Pamuk atig1, ugucu kil ve barit
Binici ve ile iretilen sunta panellerin isi, . Tekstil kal,
digerleri, 2016  ses ve radyasyon gegirgenligi Hare Gimento pamuk atig X X x - X - X -
ozellikleri
Binici ve Insulation material production
N from onion skin and peanut shell Algl, Sogan kabugu,
Aksogan, ] . . Harg . N X X X - X X X X
2016b fibres, fly ash, pumice, perlite, ¢imento fistik kabugu
barite, cement and gypsum
Binici ve New generation and Findik kabugu,
digerleri 2019 environmentfFriendly bio-based  Levha Epoksi Yumurta XX - - - - X X
& ! thermal insulation materials kabugu
Ekolojik malzemeler kulllanarak Findik k.abuug.u,
Kurnaz ve Uretilen 1s1 yalitim levhalarinin Levha Epoksi aycekirdegi X
Oktay, 2017 s y . . P kabugu, cam
ozelliklerinin incelenmesi .
kozalag
Using bio-materials in
Haberal, 2023 peycling p Levha Agar, jelatin balkabagi - - - - X - - -

nutshells to be used as an
elastomer material in floating
floor system

kabugu

An investigation on the
Demir, 2005 production of construction brick  Tugla Kil Atik cay - - X - - - X -
with processed waste tea

Findik kabuklarinin polipropilen
esasli polimer kompozit Levha Polipropilen Findik kabugu - - X X - X - -
Uretiminde degerlendirilmesi

Akbas ve
digerleri, 2013

Findik kabugu kilinin puzolan
Ozocak, 2021 malzeme olarak kullanilmasi ile Beton Cimento
Uretilen betonun tarimsal

Findik kabugu
kala
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Temiz & Olgar, Dogal ve yapay liflerden Uretilen

Aycicek sapi,
Algl, Misir sapi, ekin

2017 panellerin yalutm o6zelliklerinin Levha cimento sapi, palmiye X
arastiriimasi M
yapragi
L An environmentally friendly
Binici ve . . - .
Y . thermal insulation material from Epoksi, algl,
digerleri, . Levha . Misir kogani X
5014b sunflower stalk, textile waste ¢imento
and stubble fibres
Orman ve tarim atiklarindan Cam kozalagi
Yasar ve surdurdlebilir bitkisel lifli dusuk Ure (karagam,
M . Levha . -
Altunok, 2023  yogunluklu kompozit izolasyon formaldehit kizilgam),
levhasi Uretimi aycicegi sapi
Pamuk kispesinin siva harci
Altunci ve L . . .
. icerisinde agrega olarak Harg Cimento  Pamuk kiispesi -
Ocal, 2021 I
kullanilabilirligi
Bazi seliilozik esasli sekonder
lifsel hammaddeler katilarak Pirinc saoi atik
Demir, 2019 Uretilmis algi esash Levha Algi 9ka u?t’ -
kompozitlerin teknolojik &
ozelliklerinin arastiriimasi
Binici ve .
:
2015b &
Atik kagit ve mukavvalarin
Binici ve yalitim malzemesi ve radyasyon Ugucu kiil, Atik kagit,
- . Harg . X
digerleri, 2013 tutucu materyal olarak barit mukavva
Uretiminde kullaniimasi
Araunhan Yapi elemanlarinda kullanilan
g2017 ’ atik lastiklerin isil Harg Cimento Atik lastik X
performansinin incelenmesi
Atik odun talasi kullanilarak s Ure
Ceviz, 2008 yalitimh dis cephe kaplama Levha .. Atik odun talagi -
s . formaldehit
elemaninin gelistirilmesi
Atik yun elyafi,
P Tekstil kati atiklarinin geri atik pamuk
Ucglil ve e . .
doniisimi ve yalitim malzemesi Harg Cimento elyafi, atik -
Turak, 2015 . . . s
olarak degerlendirilmesi pamuk ipligi,
kumas atig
Yalitim malzemelerinin
Bahsude ve Urretiminde yapay lif yerine tavuk Tavuk tiyd
Avsaroglu, minde'y pay ity Levha Epoksi yv, X
tlyl ve pamuk atiklarinin pamuk atig
2023
kullaniimasi
Aygicegi bitkisi (helianthus Melamin,
Efe, 2011 annuus |.) saplarinin yalitim Levha tre Aycicegi sapi X
levha Giretiminde kullanilabilirligi formaldehit
Kenevir bitkisi atiklarinin isi Kirec. silis
Kaynak, 2022 Yalitim malzemesi olarak Levha & Kenevir sapi -
. dumani
kullanilabilirligi
Findik, fistik ve kaYISI t;'eklrdegl , Findik kabugu,
kabuklarindan uretilecek Regine, .
Tastan, 2015 A A . Levha A fistik kabugu, -
kompozit malzemelerin mekanik epoksi R
e Ty . kayisi gcekirdegi
ozelliklerinin incelemesi
Ticari kahve atiklarinin yalitim
malzemesi iginde Borlu siva M
K k, 2022 H Kah -
ivrak, 20 degerlendirilebilirliginin are karigimi anhve atigi
incelenmesi
- Eco-friendly insulation material .
Binici, production with waste olive Zeytin
Aksogan, seeds, ground PVC and wood Har¢  Algl, epoksi g“evknlréeg{,. talas, X
2016a . ogutiilmius PVC
chips
Tarimsal yapilarda kullanilan isi Algl,
. M . . Saman, sap, ot,
Yaganoglu, yalitim malzemelerinin isi ¢imento, L
. e ; . Levha R kémir clirufu, -
1994 iletkenliklerinin belirlenmesi sonmis
. . . hizar talasi
{izerine bir arastirma kireg
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3.1. Tiirkiye’de Bitkisel Atik Esashi Isi Yalitim Malzemesi Calismalari

Ulusal 6lcekte yapilan literatiir taramasi sonucunda elde edilen 35 ¢alismanin arasindan, isil iletkenlik
katsayisi tayini testi yapilmis ve bitkisel atik esasli hammadde kullanilarak numune Uretilmis
¢alismalar belirlenmistir. Bu ¢alismalarin 16 adet oldugu tespit edilmistir. Bu ¢alismalardan hem atik
hammaddeleri bitkisel olan hem de is1 yalitim amach malzeme Uretimi izerine ¢alisan ve isil iletkenlik
testleri gergeklestiren calismalar 6rneklem grubunda arastirmaya dahil edilmistir.

Secilen yayinlar, Uretim sekli, malzeme tipi, atik hammadde cinsi, baglayici malzeme, yogunluk tayini
ve isil iletkenlik katsayisi tayini, atik ve lretilen Grinin ylzde orani Olgltleriyle degerlendirilmistir.
Calismalarda Elde Edilen Uriinlerin Yogunlik, Isi iletkenlik ve Atik/Uriin Oranlari Cizelge 3’de toplu
halde verilmistir.

Malzeme tipi ol¢itine gore degerlendirildiginde, secilmis 16 c¢alismanin 6’sinda Uretilen
malzemelerin tiplerinin har¢ ve 10 tanesinde levha oldugu tespit edilmistir. Baglayici malzeme
acisindan incelendiginde ise harg tipindeki isi yalitim malzemelerinde baglayici olarak algl ve ¢gimento
kullanildigl, levha tipi malzeme Uretiminde baglayici olarak sikhkla epoksi, ardindan tre-formaldehit,
fenol-formaldehit olarak kompozit malzemelerle beraber algi ve ¢cimento kullanildigi tespit edilmistir.

Bitkisel atik agisindan incelendiginde 1si yalitim malzemesi lretiminde misir kogani, aygicegi sapi,
yerfistigl kabugu, findik kabugu, kayisi ¢ekirdegi, sogan kabugu, cam kozalagi, ekin sapi, odun talasi,
pamuk kiispesi, kenevir sapi, kahve atigi, zeytin ¢ekirdegi, saman ve sap kullanildigI tespit edilmigtir.
Gahsmalarda farkli tiplerde ve gesitli atik ylzdeleriyle numuneler Uretildigi gorilmustir. Her
calismadan en iyi 1sil yalitkanhk 6zelligi gdsteren bitkisel atik esasli numuneler segilmistir. Aragtirilan
calismalarda lretilen malzemelerin 1sil iletkenlik katsayilari, yogunluklari ve igeriklerindeki karisim
ylzdeleri, bitkisel atik esasli 1s1 yalitim malzemelerinin karsilastirilmasi amaciyla toplanmistir.

Cizelge 3. incelenen calismalarda elde edilen triinlerin yogunlik, isi iletkenlik ve atik/lriin oranlari (Yazarlar
tarafindan gelistirilmistir)

Isi

Calismayi o o e .. Yogunluk iletkenlik % Oran
Calismanin bashgi Uriin tipi  Baglayic Atik cinsi (Atik /
yapan [g/cm3]  katsayisi Oriin)
[W/mK]
Tirk ve Farkli tane boyutuna sahip 6gutiilmus
digerleri, atik misir koganinin algi esash Harg Algl Misir kogani 0,878 0,293 5.33

2022 kompozitlerde degerlendirilmesi

Binici ve An environmentally friendly thermal

digerleri, insulation material from sunflower stalk, Levha Epoksi  Aygicegisapi 0,136 0,073 30+20
2014a textile waste and stubble fibres

g g i t g 1,660 0,241 9.27
Celik, 2003 YerflStlgLEﬁs:,ijZT:nZiTsﬁa olarak Harc Cimento Ylfarglj'ilﬁl , B
Algi & 0,860 0,384 11.67
!(Uog ve_ Kayisi gekirdegi kabuklar_l kullanilarak Fenol Kayist
digerleri, yalitim amagli kompozit malzeme Levha . e - 0,600 -
T . Formaldehit  ¢ekirdegi
2015 Uretilmesi
Binici ve Mechanical, thermal and acoustical Epoksi 0,280 0,075 66.67
digerleri, characterizations of an insulation Levha Algi Misir kogani
2015a  composite made of bio-based materials cimento 0,500 0,100 22.73
Binicive "eulation material production from Algi Sogan 1,040 0058  46.15
. onion skin and peanut shell fibres, fly N
Aksogan, ash, pumice, perlite, barite, cement and Harg kabugu,
2016b P » PEITEE, ' Cimento fistikkabugu 1,330 0,062  46.15
gypsum
L . . Findik
Binici ve New generation and environment Kabuiu
digerleri,  friendly bio-based thermal insulation Levha Epoksi sy, 1,230 0,055 15.15
. yumurta
2019 materials .
kabugu
" T GCam
Kurnaz ve Ekolojik malzemeler kulllanarak Gretilen . 2,000 0,050 100.00
T . kozalag
Oktay, 1st yalitim levhalarinin 6zelliklerinin Levha Epoksi Aveekirdes
2017 incelenmesi YeeKiraeel 5000 0,030  100.00
kabugu
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Findik 2,000 0,045  100.00
kabugu
Brocak Findik kabugu kqun.un Puzc?lan malzeme . Findik
olarak kullanilmasi ile Uretilen betonun  Beton Cimento e - 1,160 -
2021 s kabugu kula
tarimsal yapilarda kullanilabilirligi
.Alc"t Ekinsapi 1,180 0,092
Temiz ve Dogal ve yapay liflerden Uretilen simento
Olgar, panellerin yalutm 6zelliklerinin Levha Algl Ekin sapi 0,450 0,082 -
2017 arastiriimasi Algt,
¢gimento
Orman ve tarim atiklarindan Cam
Yasar ve surdiralebilir bitkisel lifli dustk Ure kozalagl
Altunok, . o 3 Levha . & 0,410 0036  90.09
2023 yogunluklu kompozit izolasyon levhasi formaldehit (karagam,
Uretimi kizilgam)
Altuncive  Pamuk kiispesinin siva harci igerisinde . Pamuk
Ocal, 2021 agrega olarak kullanilabilirligi Hare Gimento kispesi 1751 0,365 0.87
o 1292
2008 3cep .p . . formaldehit talas! ! ’
gelistiriimesi
Kavnak Kenevir bitkisi atiklarinin isi yalitim Kirec. silis
ynak, malzemesi olarak kullanilabilirliginin Levha & Kenevir sapi - 0,140 70.00
2022 . . dumani
incelenmesi
Kivrak Ticari kahve atiklarinin yalitim malzemesi Borlu valitim
! icerisinde degerlendirilebilirliginin Harg y Kahve atig 0,405 0,065 30.00
2022 . . sivasi
incelenmesi
Binici ve Eco-friendly insulation material .
o . . . Zeytin
Aksogan, production with waste olive seeds, Harg Algl ekirdegi 1,150 0,096 66.67
2016a ground PVC and wood chips ¢ &
- to,
. . Tarimsal yapilarda kullanilan isi Yalitim Clmen ° saman 0,271 0,055 90.91
Yaganoglu, - . . kireg
1994 Malzemelerinin isi iletkenliklerinin Levha Cimento
belirlenmesi lzerine bir arastirma alci ! sap 0,312 0,055 93.02

3.2. Bitkisel Atik Esasli Isi Yalitim Malzemelerinin Karsilastirilmasi

Bitkisel atik esasli 1si yalitim malzemelerinin 6zelliklerinin karsilastiriimasi, incelenen ¢alismalardaki
hangi yalitim malzemesinin teknik 6zellikler bakimindan daha gigli bir alternatif oldugunun tespiti
icin dnemlidir. Bu nedenle, bu calismalardaki malzemelerin teknik 6zellikleri arasinda bir karsilastirma
yapildi ve Uretim odakh fizibilite ¢alismasi yapilmak lzere yiiksek performans gosteren (ic BAEIYM

¢alismasi segilmistir.

Secili yayinlardan elde edilen bitkisel atik esasli i1si yalitim malzemelerinin isil iletkenlik degerleri,
yogunluklari ve atik hammadde miktarlarinin, Gretilen madde miktarina oranlari karsilastirilmistir.
Cizelge 4. Malzemelerin 1sil iletkenlik degerlerini, yogunluklarini ve kitlece ylizde atik oranlarini

gostermektedir.
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Cizelge 4. Uretilen BAEIYM'nin 1sil iletkenlik degerleri, yogunluklari ve kiitlece atik oranlarinin karsilastirilmasi
(Demir ve Elmali, 2020)

Isil

Malzeme iletkenlik Yogunl;:k Kiitlece atik orani %
[W/mK] [g/cm’]

Misir kogani, algl 0,293 0,87 5,33

Yerfistigl kabugu, ¢cimento 0,241 1,66 9,27

Yerfistigl kabugu, algi 0,384 0,86 11,67

Sogan kabugu, fistik Kabugu, algi 0,058 1,04 %23 Sogan %23 Fistik

Sogan kabugu, fistik kabugu, cimento 0,062 1,33 %23 Sogan %23 Fistik

Pamuk kiispesi, cimento 0,365 1,75 0,87

Kahve atigi, borlu siva harci 0,065 0,40 30

Zeytin ¢ekirdegi algi harg 0,096 1,15 66,67

Aycicegi sapi, epoksi levha 0,073 0,13 %30 Aygicegi I;ZI;LIJ %20 Aygicegi

Kayisi cekirdegi, FF levha 0,600 - -

Misir kogani, epoksi levha 0,075 0,28 66,67

Misir kogani, algi gcimento levha 0,100 0,50 22,73

Findik kabugu, yumurta kabugu, epoksi 0,055 123 15,15

levha

Cam Kozalagi, epoksi levha 0,050 2,00 66,67

Aycekirdegi kabugu, epoksi levha 0,030 2,00 66,67

Findik kabugu, epoksi levha 0,045 2,00 66,67

Ekin sapi, algi cimento levha 0,092 1,18 -

Ekin Sapi, algi levha 0,082 0,45 -

Cam kozalagi, UF levha 0,036 0,42 90,09

Atik odun talast, UF levha 0,068 - 42,92

Kenevir sapi, kire¢ levha 0,140 - 70

Saman, ¢cimento kireg levha 0,055 0,27 90,91

Sap, ¢cimento algi levha 0,055 0,31 93,02

Sonraki asamada meta-analizde kullanilan c¢alismalardan numunelere ait 1sil iletkenlik katsayisi,
yogunluk degerleri ve (retimlerinde kullanilan atiklarin kitlece yilizde oranlari elde edilmistir.
Calismalarda Uretilen numunelerden 23 adet malzeme secilmistir. Malzemeler dncelikle kendi icinde
harc ve levha tipinde olmak Uzere iki gruba ayrilmistir. Uriin tipi acisindan yapilan incelemede bu
calismalarin 8 adedinin harg tipinde 15 adedinin ise levha tipinde oldugu goriilmustir. Son Urin sekli
olarak harg tipinde lrretilen malzemelerin 4 adedinin algi, li¢ adedinin ¢imento ve bir adedinin borlu
siva karisimi ile baglandigl not edilmistir. Levha tipinde Uretilen 15 adet malzemenin ise 6 adedinin
epoksi, G¢ adedinin algi-gcimento karisimi, bir adedinin fenol formaldehit, iki adedinin tre-formaldehit,
bir adedinin algi ve bir adedinin de kire¢-cimento karisimi olmak tGzere 7 farkli baglayici ile dretildigi
gozlemlenmistir. Ozetle, yapilan c¢alismalarin agirlikli olarak algi harci ve epoksi levha tipinde
gerceklestirildigi ortaya konulmustur.

Malzemelerde kullanilan bitkisel atik hammadde tirleri incelenmis, 23 adet segili malzemenin 5
adedinde bitkisel sap atigl, (¢ adedinde misir kogani, 4 adedinde fistik kabugu, iki adedinde ¢am
kozalagi, iki adedinde aycicegi atigi kullanildigi belirlenmistir. Kahve atigi, zeytin cekirdegi, kayisi
cekirdegi, odun talasi, pamuk kispesi gibi atiklarin ise birer ¢alismada kullanildigi not edilmistir.
Bitkisel atiklarin galismalarda farkli dane blyukliklerinde ogutllerek ve baglayicilar ile karigtirilarak
kullanilmis, kaliplanmis ve kurutulmus oldugu bulunmustur.

BAEIYM teknik o6zelliklerinin incelenmesine ilk olarak malzemelerin 1si iletkenlik katsayilar
incelenerek baslanmistir. Calisilan numunelerin isi iletkenlik degerlerinin 0,600 W/mK ile 0,030 W/mK
arasinda bulundugu gorilmistir. TSEN Standartlari'nda isil iletkenlik degeri 0,065 W/mK'nin altinda
olan malzemelerin 1si yalitim malzemesi olarak tanimlandig dikkate alinarak bu deger bir limit olarak
belirtilmis ve bundan dislik degerlere sahip olan numuneler incelenmistir. 4 adedi harg tipinde ve bir
adedi levha tipinde olmak lizere 5 malzemenin bu degerin Gzerinde kaldigi tespit edilmistir. Malzeme
tipi olarak gruplar incelendiginde levha tipindeki malzemelerin isi yalitim 6zelliklerinin daha Ustiin
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oldugu gozlemlenmistir. En disik degere sahip olan ay cekirdegi kabugu katkili epoksi esasl levha
malzemenin 0,030 W/mK ile en iyi yalitim performansini sergiledigi gérilmustir. Onu 0,036 W/mK
degeri ile cam kozalagi ve UF karisimi levha malzeme ve 0,045 W/mK ile findik kabugu esasli epoksi
baglayicili levha malzemenin takip ettigi gérilmistiir. Uriinlerin 1sil iletkenlik degerleri Sekil 2’de
toplu halde goriilmektedir.

Isil iletkenlik Degeri (W/mK)

m Harg Tipi
0,7 B Levha Tipi
N}
S
0,6
0,5
o0
r‘“i [r\r‘
0,4 = =}
&
03 —
<+
0,2 ~ —
[\
5 3 S
0,1 = S =3
0 I I

Ekin Sap1 - Al¢1 Levha
Sap - Cimento Al¢i Levha wmm' 0,055

Misir Kogani - Alg1 Harg
Cam Kozalagi - UF Levha wm 0,036

Atik Odun Talasi - UF Levha
Kenevir Sap1 - Kire¢ Levha
Saman - Cimento Kire¢ Levha wmm| 0,055

Yerfistig1 Kabugu - Al¢1 Harg
Sogan Kabugu, Fistik Kabugu - Alg1 Harg ™==| 0,06
Kahve Atig1 - Borlu Siva Harg
Zeytin Cekirdegi - Al¢1 Harg
Aycigegi Sap1 - Epoksi Levha
Kayis1 Cekirdegi - FF Levha
Misir Kogani - Epoksi Levha
Cam Kozalagi - Epoksi Levha wem |0,05
Findik Kabugu - Epoksi Levha wm 0,045

Sogan Kabugu, Fistik Kabugu - Cimento Har¢ ™= 0,06
Ekin Sap1 - Al¢1 ¢imento Levha

Yerfistig1 Kabugu - Cimento Harg

Pamuk Kiispesi - Cimento Harg

Misir Kogani - al¢1 ¢gimento Levha
Aygekirdegi kabugu - Epoksi Levha mm 0,03

Findik Kabugu, Yumurta Kabugu - Epoksi Levha mmm| 0,055

Sekil 2. BAEIYM’nin isil iletkenlik degerleri [W/mK] (Demir ve Elmali, 2020)

Distik birim hacim agirliklh malzemelerin fiziksel etkilere karsi daha dayaniksiz olacagl ve ¢dzlinme,
fiziksel olarak ayrisma gibi sorunlarla karsilasabilecegi, buna karsin, yiliksek yogunluga sahip
malzemelerin ise yapinin statik ylkind artirabilecegi, kullanildigi yapi bileseninde hava gegisini
zorlastirabilecegi ve gecirimsizlik sorunlarina bagh kif olusumuna maruz kalabilecegi bilinmektedir.
Bu noktada malzemelerin yogunluklarina dikkat etmek onemlidir. Yogunluk agisindan yapilan
degerlendirmelerde, secili BAEIYM’nin yogunluklarinin 0,136 g/cm? ile 2,00 g/cm? arasinda degistigi
goérilmistir. Ug numunede yogunluk tayini testlerinin yapilmadigi tespit edilmistir. 0,136 g/cm? ile
en disitk yogunluga sahip olan aycicegi sapi esasl epoksi bazli levhanin disik yogunluklu yapisi
sayesinde geciriminin fazla olacagi 6ngoriilmustir. Bunun aksine cam kozalagi-epoksi karisimli levha
ile ay c¢ekirdegi kabugu-epoksi karisimli levha ve findik kabugu-epoksi karisimh levhalarin
yogunluklarinin 2,00 g/cm? oldugu belirlenmistir. Yiiksek yogunluklu bu malzemelerin yogunluklarinin
sebebi baglayici olarak kullanilan epoksi malzemesi olarak degerlendirilmistir. Harg¢ tipindeki
malzemelerin yogunluklarinin agirlikli olarak 1 g/cm? civarinda oldugu tespit edilmistir. Buna karsin
levha tipindeki malzemelerde yogunlugun cok farkh degerlerde oldugu, bunun nedeninin de
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kullanilan baglayicinin tiirii ve oranina bagli oldugu ongoriilmustir. Sekil 3'de Grinlerin yogunluklari
toplu halde verilmistir.

Yogunluk (g/cm?)

- ® Harg Tipi ® Levha Tipi

1,66

1,5

0,5

Misir Kocani - Algi Harg ——————— (),33
Ekin Sap1 - Algt Levha s 0 45

Cam Kozalagi - UF Levha s 0,42
Sap - Cimento Al¢i Levha mmmm 0,312

Zeytin Cekirdegi - Algt Harg '—————— | |5
Kenevir Sap1 - Kireg Levha

Misir Kogani - Epoksi Levha  mesm (028

Atik Odun Talas - UF Levha

Pamuk Kiispesi - Cimento Har ——————— 1,75
Kayis1 Cekirdegi - FF Levha

Cam Kozalagi - Epoksi Levha m— )

Findik Kabugu - Epoksi Levha m—— )

Yerfistigi Kabugu - Algi Harg — ()36
Sogan Kabugu, Fistik Kabuguy -, —m——— |33
Ekin Sap1 - Al¢1 ¢imento Levha  m—— | g

Sogan Kabugu, Fistik Kabugu - Alg1 Harg ———————— ] (4
Saman - Cimento Kire¢ Levha s 0,271

Kahve Atig1 - Borlu Siva Harg ™ (4]

Aygicegi Sapi - Epoksi Levha wm 136
Findik Kabugu, Yumurta Kabugu -. . m—— 1,23

Misir Kogant - al¢1 ¢imento Levha s (5

Yerfistigi Kabugu - Cimento Harg
Ay(;ekirdegi kabugu - EpOkSi Levha I )

Sekil 3. BAEIYM'nin yogunluklari [g/cm?3] (Demir & EImali 2020)

Bir diger onemli parametre olan atik orani ylizdesi, bitkisel atik esasli is1 yalitim {iretiminde tarimsal
atiklarin ne kadar etkin bir sekilde degerlendirildigini gosterdigi icin secilmistir. BAEIYM’deki yliksek
atik hammadde orani, atik geri déntsimiiniin verimli bir sekilde gercgeklestiginin bir gostergesidir.
Secilmis calismalarda atik hammaddelerin yalitim malzemeleri icinde bulunma yizdelerinin kitlece
%1 ile %93 arasinda oldugu gorilmdistir. Cimento algl karisimli sap bazl levhanin, %93 orani ile en
ylksek atik kullanimina sahip malzeme olarak 6ne ¢iktigi ve bu durumun, cevresel sirdurilebilirlik
acisindan onemli bir avantaj sagladig tespit edilmistir. Buna karsin, pamuk kispesi esasli ¢cimento
harcin yalnizca % 1 atik orani ile bu konuda en disik performansi sergiledigi gérilmustir. Calismada
kullanilan malzemelerin atik oraninin agirlkli olarak %20 ve %70 civarinda bulundugu saptanmistir.
Uriinlerin atik oranlari Sekil 4’de verilmistir.
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Atik Orani (%m)

B Atik Orani (%m) Se¢ili BAEIYM Atik Orani (%m)

0 10 20 30 40 50 60 70 80 90 100

Misir Kogani - Alg1t Harg == 5,33
Yerflsn%l Kabugu - Cimento Har¢ === 9,27
Yerfistig1 Kabugu - Al¢1 Har¢ ===

Sogan Kabugu, Fistik Kabugu - Algi Harg === 53,8;
Sogan Kabugu, Fistik Kabugu - Cimento Harg === %gg;
Pamuk Kiispesi - Cimento Harg * 0,87 ’
Kahve Atig1 - Borlu Siva Harg === 30
Zeytin C%klrde“n - Alc¢1 Harg 66,67
Aygcicegi Sap1 - Epoksi Levha _20 30

Kayisi Cekirdegi - FF Levha
Misir Kogani - Epoksi Levha 66,67
Misir Kocani - al¢i ¢imento Levha 22,73
Findik Kabugu, Yumurta Kabugu - Epoksi.. ! 15,15
am Kozalagi - Epoksi Levha 66,67
Aygeklrdelg? kabugu - Epoksi Levha 66,67
Findik Kabugu - Epoksi Levha 66.67
Ekin Sap1 - Alc1 ¢imento Levha
Ekin Sapi - Alc1 Levha
Cam Kozalagi - UF Levha 90,09
Atik Odun Talas1 - UF Levha 42,92
Kenevir Sapi - Kire¢ Levha 70
Saman - Cimento Kire¢ Levha 90,91
Sap - Cimento Algt Levha 93,02

Sekil 4. BAEYIM icinde bulunan atiklarin karisima kitlece orani [%] (Demir & Elmali, 2020)
Bitkisel atik esasl isi yalitim malzemelerinin karsilastiriimasinda;

e Isil iletkenlik katsayisi bakimindan degerlendirildiginde, cam kozalagi UF levha, ay cekirdegi
kabugu epoksi levha ve findik kabugu epoksi levha olarak 3 malzemenin iyi 1sil yalitim
performansi gosterdigi,

e Bitki esash atiklar ile deneysel olarak elde edilen malzemelerin ise ¢imento veya al¢i bazli harg
olarak ya da cesitli organik ya da inorganik polimerik bilesenlerle yogunlugu yiiksek bir kompozit
levha olarak Uretildigi, en ¢ok tercih edilen yontemlerin algi harg ve epoksi levha oldugu,

e Malzeme tipiyle birlikte malzemenin birim hacim basina disen agirhginin da bitkisel atik esasli isi
yalitim malzemelerinde kullanilan baglayicinin tipine ve atik hammaddesinin oranina gore
degisiklik gosterdigi,

e Uretim ydntemi agisindan bakildiginda bitkisel atik esasli isi yalitim malzemelerinin fiziksel olarak
farkl dane boyutlarinda 6gatilmus bitki atiklarinin baglayici ile karistirilarak kaliplandigini ve
kurutuldugu, yiksek basing ve sicakliga maruz birakilmadigi gérilmustar.

Ozetle, bitkisel atik esash 1si yalitim malzemesi Uretimi (izerine yapilan ¢alismalar incelenmis ve
makalelerden derlenen malzemelerin igerigindeki bitkisel atik miktari, kullanilan baglayici
malzemeler, Uretilen malzeme tipi, malzemelerin yogunlugu ve 1sil iletim katsayisi verileri
degerlendirilmistir. Bu veriler dogrultusunda, dislik 1si iletkenligine ve optimal bitkisel atik ylizdesine
sahip numuneler belirlenmistir. Bu numunelerin atik hammaddelerin stirdirilebilirligi agisindan
ylksek potansiyele sahip olmasi da goz o6niinde bulundurulmustur. Sonug olarak, ay cekirdegi
kabugu—epoksi levha, cam kozalagi—lire-formaldehit levha ve findik kabugu—epoksi levha olmak lizere
one c¢ikan li¢ calismanin endistriyel tGretime uygunlugu belirlenmistir.

3.3. Secili BAEIYM Uretimi

incelenen makalelerdeki numuneler {izerine yapilan karsilastirmalar sonucunda yiiksek potansiyeli
olan {i¢ adet 1s1 yalitim malzemesi tespit edildi. Bu malzemelerin Uretilebilirligi icin sinir teskil eden
Olcitler;

e Atik hammaddelerin agirlikli Giretim sezonu,
o Atik hammaddelerin agirlikli tiretim yeri,
e Atik hammadde liretim hacimleri ve sirdirilebilirligi,
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e Atik maddenin malzeme igindeki miktari,
e Uretim yéntemi ve malzeme igerigi olarak belirlenmistir.

Deneylerde en iyi isil yalitim 6zelligi gdsteren ve polimer baglayicinin bitkisel atik ile karistirilarak
sikistirilmasi prensibiyle Uretilen;

o Ay cekirdegi kabugu ve epoksi baglayicili levha,
e Cam kozalagi ve Ure-formaldehit baglayicili levha,
e Findik kabugu ve epoksi baglayicili levha yukaridaki dlcitler baglaminda degerlendirilmistir.

TS EN 309’da belirtildigi sekliyle yongalevha odun esasli maddelerin ve/veya diger seliilozik lifli
materyallerin bir tutkal ilavesi ile basing ve sicaklik altinda Uretilmesiyle elde edilmektedir. (TSE,
2008). Yukarida isil 6zellikleri bakimindan dikkat ¢eken 3 malzeme Uretim yéntemi agisindan yonga
levha Uretim teknigiyle paralellik gostermektedir. Dolayisiyla, benzer bir iretim sireci ylksek sicaklik
ve basing altinda standartlara uygun bitkisel atik esash 1si yalitim malzemesi Uretmek igin
kullanilabilecegi degerlendirilmistir.

Cahsmalarda, karisimlarindaki atik yiizdesi ay ¢ekirdegi ve findik icin %66 ve ¢cam kozalagi icin %90
olarak belirtilen bu malzemelerin atik hammaddelerinin stirdirebilirligi de incelenmistir. Cizelge 1.'de
TMO’dan alinan verilere goére findik ve aygicegi liretiminin yillar icinde dalgalandigi fakat azalan bir
atik hammadde Uretim egilimi gostermedigi dogrulanmustir.

Bu ¢ atik hammaddenin ¢am kozalagi, ay ¢ekirdegi kabugu ve findik kabugu oldugu géz oniinde
bulunduruldugunda, bu atiklarin iiretim dénemleri de arastirilmistir. TMO (t.y.)’dan alinan bilgilere
gore;

e Ay cekirdegi icin Uretim sireci Glkemizde nisan basi, mayis ortasinda ekilip genelde agustos sonu
ve eylll ayinda hasat edildigi, yetisme periyodu ortalama olarak 120-130 giin sird(gu, Gretimi
Trakya-Marmara Bélgesinde yogunlasmis olmakla birlikte i¢c ve Dogu Anadolu Bélgesinde de
hasat yapildigi,

e Cam kozalaginin fistikcami icin hasadi ekim ayinda baslayip hazirana kadar devam ettigi,
Turkiye'de Artvin, Trabzon, Bartin, Bursa, izmir, Aydin, Mugla, Antalya, Kahramanmaras illerinde
dogal yayilisi bulundugu,

e Findik icin hasat sireci agustos basindan eylil ayinin ortalarina kadar siirdigi, tGlkemizde
Uretiminin yapildigi alanlarin Artvin, Giresun, Ordu, Rize, Samsun ve Trabzon oldugu

tespit edilmigstir. Atik hammaddelerin hasat bolge ve donemleri Cizelge 5’'de gorilmektedir.

Cizelge 5. Atik hammaddelerin agirlikli hasat bolgeleri ve dénemleri (TMO, t.y.)

Hammadde Hasat siireci Bolge
Ay cekirdegi Agustos sonu-eylil Trakya, i¢c ve Dogu Anadolu Bolgeleri
Cam Kozalagi Ekim, haziran Artvin, Trabzon, Bartin, Bursa, izmir, Aydin,

Mugla, Antalya, Kahramanmaras

Findik Agustos basi,-eylll ortasi  Artvin, Giresun, Ordu, Rize, Samsun, Trabzon

Secili BAEIYM Uretimine ait teknik fizibilite analizi ve akis semasi olusturmak amaciyla yonga levha
tipinde Uretilebilecek bu (¢ Urin, lretim yontemi, hammadde Uretim dénemi, hammadde ile
Uretilebilecek son Grlin miktari siniri agisindan degerlendirilmistir. Tirkiye’de yonga levha liretimi
yapan tesislerin konumlari ve kapasitelerine dair bilgiler toplanmistir. Attk hammaddelerle
Uretilebilecek toplam bitkisel atik esasli i1si yalitim malzemesi miktari liretim tesislerinin kapasitesiyle
karsilastirilmistir. Bunun sonucunda Uretilen miktarin Turkiye’nin yillik 1s1 yalitim malzemesi ihtiyacina
olan orani bulunmustur. Bu siireci gosterir akis semasi Sekil 5.”te belirtilmistir.
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Literatiir Taramasindaki Calhigmalardan Alnan Veriler

‘ Tail fletkenlik Degeri | | Atk Urin Yiizde Oram | Yogfunluk
Is1] Performans: En
Yiiksek Ug Malzeme
Ay Cekirdefi Kabugn .
Kozal Hammadde Kaynakh o Maksimum Uretim
Cam Kozalafy Uretim Limiti 7 Miktan {m3)
Findik Kabugu

Firma Giinlik Uretim
Kapasiteleri

Yonga levha Uretimi
Yapan Firmalar

¥

Atk Hammadde

Uretim Tesisi Konum
Tayini

Atk Hammadde Hasat ol

» 1Y M Uretimi
Diinemi BAEIYM Uretimi

Tiirkiye IYM ihtiyact

BAEIYM Yillik Ihtivag
Kargilama Potansiyeli

Sekil 5. BAEIYM Uretiminin teknik fizibilite analizi akis semasi (Demir ve Elmali, 2020)

BAEIYM (retilebilecek Griinin maksimum hacimsel miktarini bulmak i¢in Gretime hammadde olarak
girecek atigin yillik ulusal Gretim miktari tespit edilmistir. Ardindan bunun ¢alismalarda belirtilen atik
hammaddenin kutlece atik/son uriin kutlesi oranina gore uretilebilecek maksimum Griin miktari
kilogram cinsinden bulunmustur. Yine literatiir taramasinda elde edilen yogunluk verileri kg/m3
cinsinden cevrilerek, Uretilebilecek maksimum Grinin hacimsel miktari metrekip cinsinden
bulunmustur. Buna gére teorik fizibilite sonucunda m?* birimiyle yillik iretilebilecek BAEIYM limiti
asagidaki gibi olup hesaplar Cizelge 6.’da gorilebilir.

e Ay cekirdegi kabugu esasli epoksi baglayicili levha yilda 263.116,84 m?
e Cam kozalagi esasli iire-formaldehit levha yilda 1.717,86 m?
e Findik kabugu esash epoksi baglayicili levha yilda 286.860,88 m?

Gul ve arkadaslarinin calismasinda, hammadde yillik atik miktarini tespit edebilmek igin cesitli
verilerden faydalanilmistir. Aycicegi atigl sap, gévde, kabuk gibi farkli gruplara ayrilmistir. Aycicegi
cekirdegi kabugunun aygicegine orani %17,9 olarak verilmistir (Gul ve digerleri, 2017). Buna gore
2023 yili igin ay ¢ekirdegi kabugu miktari TMO tarafindan iletilen 1.960.000 tonun %17,9’u olan
350.840 tondur. Cam kozalagl hasat miktari hesabinda T.C. Tarim ve Orman Bakanligi Orman Genel
Mudarliaga (t.y.) tarafindan verilen bilgiye gére 650.000 ton ¢am fistig1 kozalagl hasadi gergeklestigi
gorilmustir. Findik kabugunun findik Gretimine orani ise T.C. Tarim ve Orman Bakanligi Findik
Arastirma Enstitlisi Mudarliga (t.y.) tarafindan %50 olarak verilmistir. Buna gore Cizelge 1’de verilen
765.000 tonun %50’si olan findik kabugu miktarinin 382.500 ton oldugu tespit edilmistir.
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Cizelge 6. Secili BAEIYM Urinlerinin Uretilebilecek maksimum miktarlari (YOMSAD, t.y.)

Hammadde Atik/Son Uretilebilecek

- Yog g Uretilebi .
Uriin ulusal atik  Griin % maks. Griin ogunluk Yogunluk  Uretilebilecek maks

; ; retrent 5
miktari {kg]  orani miktari [kg] [g/cm’] [ke/m?’] U Gl Sl D

Ay cekirdegi kabugu, 350.840.000 66,67 526.233.688 2,00 2.000 263.116,84

epoksi Levha

Cam kozalagi— UF levha  650.000 90,09  721.501 0,42 420 1.717,86

Findik Kabugu —epoksi 30, 500000 66,67 573721314 2,00 2.000 286.860,38

levha

Malzemelerin maksimum UGretim kapasitesini belirlemek amaciyla éncelikle atik hammadde tedarik
sinirlarinin analizi yapilmis, ardindan Gretimi etkileyebilecek bir diger faktor olan lretim tesisinin
kapasitesi incelenmistir. YOMSAD'In paylastig verilere gore 2020 yilindaki yonga levha liretiminde
yilda 6,2 milyon m? iretim ile diinya yonga levha (retiminin %6,5’unu ireten Tiirkiye Diinya’da 6.
sirada yer almaktadir (Akbulut & Ayrilmis, 2024).

Tirkiye'de en yiksek (liretim kapasitesine sahip yonga levha dreticilerinin sirasiyla Kastamonu,
Kocaeli, Bursa ve Isparta illerinde faaliyet géstermektedir. Uretim kapasitesi en yiiksek 6 firma, bu
firmalarin tesisleri ve 2020 yilindaki tretim hacimleri Cizelge 7' de verilmistir. Altinci fabrikadan
itibaren Uretim tesislerinin Uretim kapasitesi dramatik olarak distiiglu icin BAEIYM Uretiminde
kapasitesi en yliksek 6 tesis fizibilite analizi hesabina katilmistir. Tesislerin lretim altyapisi ve atik
hammaddelerin hasat edildigi sehirlere yakinhgi g6z 6nlinde bulundurularak bir inceleme yapilmistir.
Uretici firmalarin tesislerinin harita (zerindeki yerlesimleri Sekil 6.da sunulmustur. inceleme
sonucunda, findik kabugu esasli isi yalitim malzemesinin Kastamonu ve/veya Samsun’daki tesiste
Uretilmesi, cam kozalagl esasli malzemenin Isparta, Manisa veya Samsun’da Uretilmesi, ay ¢ekirdegi
esasli malzemenin de Bursa, Kocaeli, Balikesir ve Tekirdag'daki tesislerde Uretilmesi uygun
gorilmustar.

[l cxm vozaLGi BOLGELERI

@ 1ONGA Leviua-0s8 TESis [l #viceci soceLeni
FINDIK BOLCELER|

@ MOF + YONGA LEVHA-0SB TESIS

Sekil 6. Tiirkiye geneli yonga levha Uretim tesisleri (YOMSAD, t.y.)
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Cizelge 7. Turkiye’deki yonga levha Ureticileri ve yonga levha Uretim kapasiteleri (Akbulut & Ayrilmig, 2024)

Fabrika Tesis Yer Kapasite [m3/giin]

Kastamonu 2.152

. . - Balikesir 1.702

Kastamonu Agag San. ve Tic. A.S. A Tesisi Samsun 1607

Gebze, istanbul 1.500

. . . Bolu 1.164

Yildiz Entegre Agacg San ve Tic. A.S. B Tesisi Manisa 1702

Starwood Orman Uriinleri A.S. C Tesisi inegdl/Bursa 4.140

grsma Orman Mabhsiller San.Tic D Tesisi Isparta 2919
Yildiz Sunta MDF A.S. E Tesisi  Kartepe, Kocaeli 1.702
Kupeliler A.S. F Tesisi Eskisehir 1.225
Divapan A.S. H Tesisi Duzce 603
Teverpan MDF Agac Sanayii A.S. G Tesisi Cerkezkoy, Tekirdag 436

Buna gore, Urlnler igin Uretilebilecek maksimum miktarlar segili tesislerin glnlik Gretim
kapasitelerine bollinerek lretim zinciri icinde kag glin bitkisel atik esasli 1s1 yalitim malzemesi Gretimi
yapilabilecegi hesaplanmistir. Potansiyel tesisler arasindan secim yaparken kapasitesi en yiksek
tesislerden baslanmistir. Hesaplanan sireler Cizelge 8'de belirtilmistir. Analizde atik hammadde
miktarinin yillik toplami esas alindigindan, Cizelge 7'de belirtilen hasat doneminin sona erdigi durum
kapsaminda;

e Ay cekirdegi kabugu katkili epoksi levha Bursa’daki C tesisi ve Isparta’da D tesisi, tesislerinde
birlikte Ekim ayindan itibaren 42 giinde,

e Cam kozalagi katkil Gre-formaldehit levha Kocaeli’'ndeki E tesisinde veya Manisa’daki B tesisinde
Haziran-Ekim aylari arasindaki 2 giinde,

e Findik kabugu katkili epoksi levha ise A Tesisinin Kastamonu ve Samsun’daki Uretim zincirlerinde
birlikte Ekim ayindan baslayarak 77 glinde Uretilebildigi tespit edilmistir.

Cizelge 8. BAEIYM Uretim tesislerinde Uretilebilecegi giin sayisi ve dénemi (Demir ve Elmali, 2020)

g Uretilebilecek maks. Uretim Uretim kapasitesi Tesis calisma  Uretim
Urin o 5 L 5 )i .
Grtin miktari [m?] tesisi [m3/gilin] [gln] baslangici

Ay cekirdegi kabugu, 263.116,84 c,p  BUSA 444042219 42 Ekim
epoksi levha Isparta,
Gam Kozalagi, UF 1.717,86 E Kocaeli 1.702 2 Haziran,
levha ekim
Findik kabugu, epoksi 286.860,88 A festamonu o, 4 os 1607 77 Ekim
levha , Samsun
Toplam 551.695,36

Uretim zinciri agisindan bakildiginda, yonga levha iiretimi amacgh makineler Uzerinde birtakim
degisiklikler yapilarak gerceklestirilen ve az miktarda liretim yapilan bir tGretim modeli olacagi icin
kesikli Giretim yapilabilecegi 6ngériilmistiir. Onerilen dénemlerde parti tretim sistemi uygulanarak,
donemsel olarak elde edilen bitkisel atiklarin isi yalitim malzemesi lGretiminde degerlendirilmesinin
mimkin oldugu gorilmistr.

3.4. Bulgularin Degerlendirilmesi

Bu calismada Dlnya’da endustriyel olarak Uretilen bitkisel atik esasli yapi malzemeleri de g6z 6niinde
bulundurularak bitkisel atik esasl 1si yalitim malzemelerinin Tirkiye’de kullanilabilirligi incelenmistir.
Ornegin Fransa’da yapilan bir calismada bitkisel esasli yalitim malzemelerinin Avrupa hedefleri
dogrultusunda pazarda yer bulabilirligi arastirilmistir. Ancak de bitkisel atik esash yaltim
malzemelerinin Uretim yonteminde yiksek basing ve sicaklik kullanilmadigi i¢in dayaniminin da diisik
oldugu distnilmektedir. Diger bir bitkisel atik esasli yapi malzemesi endistriyel Gretim 6rnegi olarak
da Portekiz’'de (iretilen saz kamisi verilebilir (Rabbat ve digerleri, 2021).
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Ayrica bu calismada atik hammaddenin miktari ve bu miktarin devamhliginin is1 yalitim malzemeleri
Uretiminde onem arz ettigi vurgulanmistir. alti ¢izilmistir. Ulusal atik potansiyeli lzerinden bir
inceleme yapildiginda 6zellikle tarim atik potansiyelinin ylksek oldugu TMO verilerine gore yillik
yaklasik 4,5 milyon ton aycicegi ve 1,6 milyon ton findik atigl ile teyit edilmistir. Yapilan ulusal
literatlir taramasi sonucu elde edilmis laboratuvar arastirmalarindan gorildigi Gizere bu Urlinlerden
1si yalitim malzemesi Gretiminin mimkiin oldugu gérilmustiir. Oncelikli olarak bu arastirmalardan
secilmis Uc¢ adet bitkisel atik esash 1si yalitim malzemesi numunelerinin geleneksel 1si yalitim
malzemelerine karsi glicli ve zayif yonleri tartisilmistir. Ardindan, ayni tG¢ BAEIYM’'nin teknik fizibilite
sonucunda hangi bolgelerde, hangi sezon ve ne miktarlarda Uretilebilecegi analiz edilmistir. Bu
bolimde ise BAEIYM’nin analiz edilmis endistriyel Gretiminin Tirkiye pazarinda yer bulabilirligi
degerlendirilmistir.

Teknik ozellikleri ve Uretim potansiyelleri bakimindan incelenmis ve teknik fizibilite calismalari
yapilmis Gg bitkisel atik esasl i1si yalitim malzemesi sektérde agirlikla kullanilan geleneksel is1 yalitim
malzemeleriyle karsilastiriimistir. Bu karsilastirma bitkisel atik esasli malzemelerin pazarda geleneksel
ikameleri karsisinda ne kadar glicli olabileceklerini tayin etmek lizere yapilmistir.

Glnlmuzde sektorde genellikle 1si yalitim malzemesi olarak cam ylnd, tas yind, EPS, XPS ve
Poliliretan kdpuik kullanilmaktadir. Bu malzemelere ait yogunluk ve isil iletkenlik degerleri arastirma
sonucu elde edilmis segili 3 BAEIYM ile birlikte Cizelge 9’da verilmistir.

Cizelge 9. Secili BAEIYM ile geleneksel is1 yalitim malzemelerinin isil iletkenlik katsayilari ve yogunluklari (Demir
ve Elmali, 2020)

Uriin Isil iletkenlik Degeri [W/mK]  Yogunluk [g/cm?]
Aycekirdegi kabugu, epoksi levha 0,030 2,00
Findik Kabugu, epoksi levha 0,045 2,00
Cam kozalagi - UF levha 0,036 0,42
Cam ylnu 0,040 0,10
Tas yuna 0,040 0,20
EPS 0,030 0,02
XPS 0,030 0,02
Poliliretan kopik 0,030 0,03

Yapilan karsilastirma sonucunda bitiin 6rnek numunelerin geleneksel olarak kullanilan 1si yalitim
malzemelerine yakin ya da esit isil yalitim performansi gosterdigi dogrulanmistir. Ay cekirdegi
kabugundan yapilan epoksi levhanin, 0,030 W/mK 1sil iletkenlik degeriyle EPS, XPS ve PU képiikle
esdeger ve yiksek performansh bir 1s1 yalitimi sagladigi gérilmustir. Birim hacim kitlesi 2 g/cm3 olan
bu malzemenin karsilastirilan geleneksel 1si yalitim malzemelerinin yaklasik 100 kati yogunluga sahip
oldugu tespit edilmistir. Bu ylksek yogunluk yapi malzemesinin fiziksel dayanikliligina olumlu bir etki
sunsa da yapidaki kullanim miktarina bagh olarak yapiya fazla bir statik yiik yikleyebilecegi
ongoérilmistir. Cam kozalagl bazh UF levhanin da 0,036 W/mK'lik isil iletkenlik degeriyle sektérde
sikhkla kullanilan is1 yalitim malzemelerine esdegerde yalitim performansi sundugu tespit edilmistir.
Yogunluk agisindan bakildiginda ise diger BAEIYM’ne gbre daha bir hafif yapisinin olmasinin avantaj
saglayacagl disiinilmustir. Ozetle tim malzemeler isil performans acisindan disiik isil iletkenlik
degerleriyle dikkat cekse de epoksi esasli malzemelerin yiksek yogunlugu nedeniyle sorun
yaratabilecegi, hafif yapi ihtiyaci olan projelerde ¢cam kozalagi esasli malzemenin tercih edilebilecegi
Ongorilmustir.

Uretilen BAEIYM'nin 1si yalitim malzemesi olarak kullanilabilirligine iliskin tartisilan bir diger kritik
nokta, bu malzemelerin Tlrkiye’deki i1s1 yalitim malzemesi ihtiyacini hangi 6lcide karsilayabilecegidir.
iZODER’den (2023) alinan verilere gore, Tirkiye pazarindaki i1si yalitim malzemelerinin oranlari
karsilastirildiginda, %37 ile en g¢ok tercih edilen malzemenin EPS oldugu goérilmektedir. Arkasindan
%24 ile cam yiini, %16 ile tas yiini ve %11 ile PUF takip gelmekte, polietilen kdpiik ve polietilen
kauguk kopUgin pazar payinin ise %1’den az oldugu gorilmektedir. Malzemelerin yillara gore tretim
miktarlari Cizelge 10’da verilmistir.
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Cizelge 10. Tiirkiye 1si yalitim pazarindaki tiriinlerin gesitliligi 2016-2022 (iZODER, 2023)

Yillara gére tretim miktari [1000 m3]

0,
Malzeme 2016 2017 2018 2019 2020 2021 2022 °
Cam yiind 3786 4022 4022 3403 3864 4152 4099 24
Tas yin 2634 3049 3112 2190 2395 2716 2729 16
EPS 6090 6410 6216 5075 5850 6250 6600 37
XPS 1902 1973 1783 1408 1325 1527 1438 10
Politiretan kopik 2253 2033 1876 1440 1520 1775 2000 11
Polietilen kaucuk képik 0191 0315 0213 0152 0159 0178 0172 1
Polietilen kapiik 0118 0148 0110 0120 0100 0120 0116 1
Toplam 16974 17950 17331 13789 15212 16717 17154

Cizelge 8'de goruldugu gibi; ay cekirdegi esash levhanin yillik Gretim hacmi 263.116,84 m3, ¢cam
kozalagl esaslh levhanin 1.717,86 m?® ve findik kabugu esasli levhanin 286.860,88 m3‘diir. Bu
kapsamda, belirtilen BAEIYM’nin toplam Uretim hacmi 551.695,36 m3 olarak hesaplanmistir. Bu
miktarin, 2022 yilinda 1si yalitim uygulamalari icin kullanilan toplam 17.154.475 m3® malzeme
hacminin % 3.2’sini karsilayabildigi tespit edilmistir.

4. Sonug ve Oneriler

Arastirilan deneysel calismalar 1siginda 6ncelikli olarak bitkisel atiklarin geri donustirilebildigi ve
hammadde olarak isi yalitim malzemesi Uretim siirecine dahil edilebildigi gortimustir. Cesitli fiziksel,
isil ve mekanik malzeme ozellikleri test edilen bu galismalarda malzemelerin 6ncelikli olarak sl
iletkenlik katsayisi ve birim hacim agirliklari agisindan bir degerlendirme yapilmistir. Buna ek olarak
calismalardaki atik ve baglayici maddelerin karisim oranlari kullanilarak malzemelerin kiitlece atik
hammadde oranlarina ulasiimistir.

incelenen deneysel calismalarin degerlendirmesi sonucunda isil iletkenlik katsayisi en diisiik ti¢ farkh
bitkisel atik esasli 1s1 yalitim malzemesi arastirilmistir. Bunlar aycekirdegi kabugu esash epoksi levha (A
= 0,030 W/mK), findik kabugu esasli epoksi levha (A = 0,045 W/mK) ve cam kozalagi esasli UF levha (A
= 0,046 W/mK) olarak segilmistir. Malzemelerin isil iletkenlik katsayilarinin sektérde geleneksel olarak
kullanilan isi yalitim malzemelerine yakin degerler gésterdigi ve teknik agidan Urinlerin Uretilebilirligi
dogrulanmistir. Ardindan, bu malzemeler atik hammaddelerinin agirlikli Gretim sezonu, Uretim
yerleri, Uretim hacimleri ve sirdurulebilirligi, yalitim malzemesi igindeki miktari ile yalitim
malzemenin Uretim yontemi agisindan degerlendirilmigtir.

Atik hammaddelerin hasat edildigi donemler ve konumlari incelenmistir. Degerlendirme sonucunda
Uc attk hammaddenin Gretim hacminin daha fazla oldugu, ay cekirdegi icin hasat doneminin agustos
sonu ve eyliil ayinda, Trakya Bélgesi, i¢c ve Dogu Anadolu bdlgelerinde gerceklestigi tespit edilmistir.
Findik icin hasat doneminin agustos basindan eylil ortalarina kadar siirmekte oldugu ve Karadeniz
Bolgesinde hasat edildigi, cam kozalaginin ise ekim ile haziran arasinda Karadeniz, Ege, Akdeniz ve
Guneydogu bolgelerinde cgesitli illerde hasat edildigi gérilmastur.

Bu malzemelerin endistriyel Uretim potansiyelleri tespiti icin teknik fizibilite analizi ¢alismasi
gerceklestirilmistir. Uretim yodntemi bakimindan yonga levhaya benzeyen bu s yalitim
malzemelerinin Gretimi icin Turkiye’deki mevcut yonga levha Uretim tesisleri belirlenmistir. Teknik
fizibilite analizi dogrultusunda ay cekirdegi kabugu katkili epoksi levhanin Bursa ve Isparta’daki
mevcut yonga levha tesislerinde ekim ayi sonrasi 42 glnlik Uretimle, cam kozalagi katkili Gre-
formaldehit levhanin Kocaeli’'ndeki mevcut tesiste haziran ve ekim aylari arasi 2 glinde, findik kabugu
katkili epoksi levha ise Kastamonu ve Samsun’daki mevcut yonga levha iretim tesislerinde es zamanl
olarak ekim ayindan itibariyla 77 glinde Uretilebildigi tespit edilmistir.

Sonug¢ olarak, Tirkiye’de bitkisel atik esash 1si yalitim malzemelerinin endistriyel Uretilme
potansiyellerin oldugu ve bu malzemelerin Uretim yontemlerinin standardize edilebilecegi
soylenebilir. Yapilan teknik fizibilite analizi dogrultusunda, standartlara uygun Gretimleri yapildiginda,
secili Gg¢ bitkisel atik esasl 1s1 yalitim malzemesinin toplam Uretiminin Tirkiye'nin yillik 1s1 yalitim
malzemesi uygulamalari hacminin %3.2’sini karsilayabilecegi gorilmistir. Pazarda yer alabilmesi
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adina bitkisel atik esasli is1 yalitim malzemelerinin mevcut Uretim zincirinde parti Gretimi icin
asagidaki noktalarin belirlenmesi 6nerilir;

e Malzemelerin mekanik dayanikhlklari, bozulma ve gevresel etkenlere karsi dayanimlari ile ilgili
testler tamamlanmalidir.

e Uretilen malzemelerin lojistigi ve depolanmasi ile ilgili kosullar belirlenmelidir.

e Uretimlerine ait finansal olarak karlilik calismalari yapilmalidir.

e Tesislerdeki liretim bantlarinin isi yalitim malzemeleri Gretimine uygunlugu kontrol edilmelidir.

e Mevcut lretim bantlarinda BAEIYM dretiminin uygun olmadigl durumlarda Gretim tesislerinin
kurulmasinin gerekliligi ve fizibilite calismalari yapilmahdir.

Tesekkiir ve Bilgi Notu

Makalede ulusal ve uluslararasi arastirma ve yayin etigine uyulmustur. Calismada etik kurul izni
gerekmemistir.

Yazar Katkisi ve Cikar Catismasi Beyan Bilgisi

Makalede tim vyazarlar ayni oranda katkida bulunmustur. Herhangi bir ¢ikar c¢atismasi
bulunmamaktadir.
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Investigation of Industrial Scale Thermal Insulation Material
Production From Vegetable Wastes in Tiirkiye

Summary

This study aims to evaluate the industrial production potential of plant-based waste insulation
materials comprehensively, considering production methods, volume, sustainability, performance
and marketability. Within the scope of the study, a systematic literature review was conducted to
collect and analyse data on the material properties of plant-based thermal insulation materials
obtained through laboratory experiments included in academic studies conducted in Turkey.
Additionally, a comparative feasibility analysis was conducted by researching the annual production
quantities, geographical distribution and production-chain-based limitations of waste materials, and
by comparing these with Turkey's annual thermal insulation material requirements. The study
examined the potential environmental and economic benefits of using waste materials as raw
materials in the construction sector.

The research was conducted by searching the EBSCO, JSTOR, ScienceDirect, Scopus, Dergipark,
YOKSIS Thesis and SpringerLink databases using the keywords ‘agricultural waste’, ‘plant waste’,
‘organic waste’ and ‘insulation material’. As a result of this search, 47 articles, eight master's theses
and four doctoral theses published between 1994 and 2023 and originating from Turkey were
included in the analysis.

In the context of this study, a comprehensive review of 35 national research projects was conducted,
focusing on the utilisation of waste materials in construction and their potential for industrial
production. The review concentrated on studies that employed plant waste as a raw material, and
the construction materials produced were subjected to various physical, thermal, and mechanical
tests.

The performance characteristics of insulation materials were analysed comparatively using the test
results for the thermal conductivity values of the materials in these studies. The objective of the
present study was to ascertain the sustainability of waste raw materials and the industrial-scale
production possibilities of waste-based thermal insulation materials. Consequently, a feasibility study
on the industrial production of plant-based thermal insulation materials was conducted. The raw
material sustainability, production technologies, and supply chain issues obtained as a result of the
feasibility study are presented in the evaluation section.

The composition of plant waste encompasses field harvest waste, vegetable and fruit waste, husks,
and seed residues. Access to national-scale production and waste data was facilitated online through
the BEPA data system. The utilisation of plant waste is an indirect process that occurs within various
industries, including the textile, paper, food, and construction sectors. According to data from the
BEPA, the amount of plant waste in Turkey is 62,206,754 tonnes per year, with 74% consisting of field
crop waste, 6% of garden crop waste, and 19% of vegetable waste.

An examination of five-year waste production quantity curves was conducted to evaluate the
continuous usability of plant waste as a raw material. As demonstrated in Yaman's study, materials
characterised by low production/waste ratios, yet an escalating trend in waste quantities over time,
were given greater precedence in the selection of raw materials exhibiting high potential for waste-
based material composition. The primary plant production by-products that can be assessed are
corn, sunflower, cotton, hazelnut, grape, tomato, cucumber, and watermelon. It has been observed
that the total waste quantities generated by these plants at the national level exceed 20 million
tonnes. A review of the extant literature reveals that experimental studies conducted on a national
scale also support this hypothesis.

The present study examined the industrial-scale producibility of thermal insulation materials
produced from plant waste across Turkey. However, studies conducted with industrial waste and
studies conducted with waste outside Turkey were excluded from the analysis. The present study
incorporated a range of research findings that utilised both organic and industrial waste materials as
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fundamental raw materials. Studies that did not meet the specified criteria, such as the type of waste
materials used and the conduct of thermal tests on the produced samples, were excluded from the
analysis. Non-organic waste materials used in the studies were explicitly stated and excluded from
further consideration.

Following the conclusion of the screening process, a total of 35 publications were obtained, and the
tests conducted on samples produced from waste materials for use as insulation materials were
compared. It was observed that the research method of the selected publications was to obtain
information about the samples produced through tests conducted in a laboratory environment. The
samples produced in the studies were examined in two groups in terms of material type: sheet and
mortar. A series of tests were conducted in order to ascertain the binder utilised in the production of
building materials from waste, waste raw materials, and material properties. These tests constituted
further criteria for evaluation.

As a result of the national-scale literature review, 35 studies were obtained. These studies involved
the performance of thermal conductivity coefficient determination tests and the production of
samples using plant-based raw materials. Following a comprehensive review of the extant literature,
it was determined that there were 16 such studies. The study incorporated experimental designs that
utilised plant-based waste raw materials and prioritised the fabrication of thermal insulation
materials, in conjunction with conducting thermal conductivity tests.

A study of the plant waste utilised in the production of thermal insulation materials revealed the
following materials to be of particular interest: corn cobs, sunflower stalks, peanut shells, walnut
shells, apricot pits, onion skins, pine cones, crop stalks, wood shavings, cotton seed cake, hemp
stalks, coffee waste, olive pits, straw, and stalks. The extant research demonstrates that samples
were produced through the utilisation of disparate types and varying percentages of waste. The
plant-based waste samples that demonstrated optimal thermal insulation properties were selected
from each study. The thermal conductivity coefficients, densities, and mixture percentages of the
materials produced in the studies were collated for the purpose of comparing plant-based thermal
insulation materials.

The examination of the technical specifications of BAEIYM commenced with an analysis of the
thermal conductivity coefficients of the materials. The thermal conductivity values of the samples
under study ranged from 0.600 W/mK to 0.030 W/mK. In accordance with the stipulations set out in
TSEN Standards, materials exhibiting thermal conductivity values below 0.065 W/mK are designhated
as thermal insulation materials. In light of this definition, the present study has been undertaken
with the objective of examining samples with values below this specified limit. Following rigorous
analysis, it was determined that five materials, four of which were of the mortar-type and one of
which was of the sheet-type, exceeded this value. An analysis of the materials revealed that sheet-
type materials exhibited superior thermal insulation properties. The material with the lowest value,
fabricated from a pine cone shell-reinforced epoxy, exhibited the optimal insulation performance
with a value of 0.030 W/mK. Subsequent to this, the pine cone and UF mixture sheet material was
examined, exhibiting a value of 0.036 W/mK. This was followed by the walnut shell-based epoxy-
bonded sheet material, which demonstrated a value of 0.045 W/mK.

It is acknowledged that materials exhibiting low unit volume weight are more prone to physical
effects and may encounter issues such as dissolution and physical separation. In contrast, materials
with high density have the potential to augment the static load of the structure, impede airflow
within the structural component where they are utilised, and be susceptible to mould formation due
to permeability concerns. At this juncture, it is imperative to pay close attention to the densities of
the materials. In the course of density evaluations, it was observed that the densities of the selected
BAEIYM ranged from 0.136 g/cm?3 to 2.00 g/cm3. It was determined that density determination tests
had not been performed on three samples. It is hypothesised that the epoxy-based sheet, which has
the lowest density of 0.136 g/cm? and is based on a sunflower stalk, will have high permeability due
to its low-density structure. In contrast, the densities of the pine cone-epoxy composite panel,
sunflower seed shell-epoxy composite panel, and walnut shell-epoxy composite panel were
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determined to be 2.00 g/cm3. The high density of these materials is attributed to the epoxy material
used as a binder. The densities of the mortar-type materials were found to be predominantly in the
range of 1 g/cm3. In contrast, the densities of sheet-type materials were found to vary significantly,
and it is hypothesised that this is due to the type and proportion of the binder used.

Another significant parameter, the waste percentage, was selected because it demonstrates the
effectiveness with which agricultural waste is employed in the production of plant-based thermal
insulation. The elevated proportion of waste raw materials utilised in BAEIYM signifies the efficacy of
the waste recycling process. In a number of studies, the percentage of waste raw materials in
insulation materials was found to range from 1% to 93% by mass. The cement-gypsum-based
fibreboard, with a 93% ratio, was identified as the material with the highest waste utilisation, and
this was found to provide a significant advantage in terms of environmental sustainability.
Conversely, the cement mortar derived from cotton seed cake exhibited the poorest performance in
this regard, with a mere 1% waste ratio. The waste ratio of the materials utilised in the study was
predominantly determined to be between 20% and 70%.

According to data from the TMO, approximately 4.5 million tonnes of sunflower and 1.6 million
tonnes of walnut waste are generated on an annual basis. As demonstrated in the laboratory studies
obtained from the national literature review, it has been observed that it is possible to produce
thermal insulation materials from these products. A comparative analysis of the strengths and
weaknesses of three plant-based thermal insulation material samples has been conducted, with a
focus on their performance in comparison to conventional thermal insulation materials.
Subsequently, a technical feasibility analysis was conducted to ascertain the regions, seasons and
guantities in which the production of the three BAEIYM materials could be accomplished. In this
section, the market potential of the analysed industrial production of BAEIYM in the Turkish market
is evaluated.

A comparative analysis has been conducted on three plant-based thermal insulation materials, which
have been assessed in terms of their technical characteristics and production potential. These
materials have been subjected to technical feasibility studies, and a comparison has been made with
traditional thermal insulation materials that are widely utilised in the industry. The objective of this
comparison was to ascertain the competitive positioning of plant-based materials in the market in
relation to traditional alternatives.

The comparison confirmed that all sample specimens exhibited thermal insulation performance
comparable to or equal to that of traditionally used thermal insulation materials. The epoxy sheet,
fabricated from moon seed shells, was found to provide high-performance thermal insulation, with a
thermal conductivity value of 0.030 W/mK, equivalent to that of EPS, XPS, and PU foam. The
material, which has a unit volume mass of 2 g/cm3, was found to have approximately 100 times the
density of the traditional thermal insulation materials that were compared. While this high density
has been shown to positively affect the physical durability of the building material, it is anticipated
that it may impose excessive static load on the structure, depending on the amount used in the
structure. It has been determined that the pine cone-based PUF panel offers insulation performance
equivalent to that of commonly used thermal insulation materials in the industry, with a thermal
conductivity value of 0.036 W/mK. In terms of density, it is hypothesised that its comparatively
lighter structure in comparison to other BAEIYM materials may provide a distinct advantage. In
summary, while all materials attract attention with their low thermal conductivity values in terms of
thermal performance, it is anticipated that epoxy-based materials may cause issues due to their high
density, and that pine cone-based materials may be preferred in projects requiring a lightweight
structure.

Another critical point discussed regarding the usability of BAEIYM as a thermal insulation material is
the extent to which these materials can meet the demand for thermal insulation materials in Turkey.
According to data from IZODER (2023), EPS is the most preferred thermal insulation material in the
Turkish market, with a 37% market share. The following materials were identified: glass wool (24%),
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rock wool (16%), and PUF (11%), while the market share of polyethylene foam and polyethylene
rubber foam was found to be less than 1%.

In conclusion, it can be stated that there is potential for the industrial production of plant-based
thermal insulation materials in Turkey, and that the production methods for these materials can be
standardised. As indicated by the technical feasibility analysis, it has been determined that the
production of the three selected plant-based waste-based thermal insulation materials, when
undertaken in accordance with the established standards, has the potential to satisfy 3.2% of
Turkey's annual demand for thermal insulation materials. In order for plant-based thermal insulation
materials to be introduced to the market, it is recommended that the following points be determined
for batch production in the current production chain:

e |t is imperative that tests related to the mechanical strength, degradation, and environmental
resistance of the materials are completed.

e Itis imperative that conditions related to the logistics and storage of the produced materials are
determined.

e Itis imperative that financial feasibility studies be conducted with regard to their production.

e It is imperative to ascertain the suitability of production lines in facilities intended for the
fabrication of thermal insulation materials.

e In instances where the manufacturing of BAEIYM is deemed unsuitable for existing production
lines, it is imperative to undertake comprehensive feasibility studies and establish dedicated
production facilities.
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Abstract

Urban protected areas are becoming valuable tools to conserve biodiversity in an urbanizing world. Local public
support for urban protected areas is important for the successful conservation of them. In Puerto Vallarta,
Mexico, Estero el Saldo is an estuarine urban protected area surrounded by development. We engaged in a
human dimensions study of Puerto Vallartan knowledge and perceptions of Estero el Salado as a measurement
of support for its existence and continued conservation efforts. While there is generally strong support for the
continued conservation of Estero el Salado, it is also unknown among a large portion of the city population, and
an even smaller proportion of citizens have visited it. These two variables are very important in statistically higher
support for conservation and the education roles of Estero el Salado. We recommend increased awareness and
education campaigns with the city to maintain the desire for its conservation into the future.

Keywords: Urban protected areas, human dimensions, protected areas management, Mexico.

Topluluk Bilgisi ve Meksika'nin Jalisco Eyaletindeki Puerto
Vallarta'da Bulunan Kentsel Koruma Alani Estero el Salado ve
Yonetimine lligkin Algilar

0z

Kentsel korunan alanlar, kentlesen bir diinyada biyolojik cesitliligi korumak igin degerli araglar haline gelmistir.
Kentsel korunan alanlara yerel halkin destegi, bu alanlarin basarili bir sekilde korunmasi icin 6nemlidir. Meksika,
Puerto Vallarta'da, Estero el Saldo, gelismelerle gevrili bir hali¢ kentsel korunan alanidir. Puerto Vallarta'nin Estero
el Salado hakkindaki bilgi ve algilarini, varligina ve devam eden koruma ¢abalarina verilen destegin bir él¢lisi
olarak insan boyutlarinda bir ¢alisma yiiriitiilmistir. Estero el Salado'nun devam eden korunmasina genel olarak
gliclii bir destek olsa da, sehir niifusunun bliyiik bir kismi tarafindan bilinmemektedir ve daha da kiigiik bir oranda
vatandas burayi ziyaret etmektedir. Bu iki degisken, Estero el Salado'nun korunmasina ve egitim rollerine yénelik

istatistiksel olarak daha yiiksek destekte ¢cok 6nemlidir. Gelecekte korunmasi arzusunu siirdiirmek igin sehirle
birlikte farkindaligin ve egitim kampanyalarinin artirilmasi énerilmistir.

Anahtar kelimeler: Kentsel korunan alanlar, insan boyutlari, korunan alanlarin yénetimi, Meksika.
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1. Introduction
1.1. Purpose

A protected area is defined by the International Union for the Conservation of Nature as “a clearly
defined geographical space, recognised, dedicated and managed, through legal or other effective
means, to achieve the long-term conservation of nature with associated ecosystem services and
cultural values” (Dudley, 2008). It is generally accepted that protected areas are effective tools to
conserve biodiversity (Rodrigues et al., 2004), although there remains a wide degree of variation in
effectiveness (Kearney et al., 2020). The majority of globally protected areas are rural in their
geography, and the classical protected area is generally portrayed as a rural entity. However, as our
global population is becoming increasingly urbanized, the concept of urban protected areas has
become more popular. There is a decided difference between a traditional, rural protected area and
an urban protected area, which can be found in or at the edge of urban developments (Trzyna, 2014).
They are, nevertheless, important tools for both conservation and ecotourism.

In Puerto Vallarta, Jalisco, Mexico, there exists an urban protected area, Estero el Salado, established
and governed by the Fideicomiso para la Proteccion del Estero el Salado y el Desarrollo de las Areas
Colindantes, a trust of the State of Jalisco. Estero el Salado is one of the only remaining natural riverine
estuary environments on the Bay of Banderas. The purpose of this project is to assess knowledge of,
as well as attitudes toward, Estero el Salado and its management among Puerto Vallartans. The results
provide a lens through which we can measure the importance of this urban protected area and its
conservation to residents of the city.

1.2. Urban Protected Areas

As of 2024, there are 302,934 protected areas and 6,464 OECMs (Other effective area-based
conservation measures) in 247 countries across the globe, covering 17.6% of the Earth’s terrestrial and
inland waters, and 8.4% of its marine habitat (UNEP-WCMC and IUCN, 2024). We can theorize that
urban protected areas compose a minority of these numbers, given their more recent evolution, but
urban protected areas possess no formal, separate recognition from rural protected areas, and there
is no global inventory of urban protected areas (Trzyna, 2014). In this paper, we are not referring to
urban parklands of grass and flowerbeds, with playgrounds for children, but the IUCN definition of a
protected area within or near the edge of an urban area. Thus, they are set aside to protect
biodiversity, allowing visitation and recreation, along with some education opportunities. They can
provide ecosystem services, such as water filtration, and protect rare species of flora and fauna, but
also provide tourism revenue for the local area (Olena et al., 2020). They can be classified using the
IUCN Protected Area Management Categories and Governance Types (Dudley, 2008), although this
must be considered in the decidedly anthropogenic context of an urban landscape. Phillips & Gay
(2001), based on existing urban natural areas at the time, and McNeeley (2001), based on Phillips and
Gay’s analysis, further provide categories that may be used to specifically classify protected areas: 1)
heirloom urban protected areas, 2) urban refugia, 3) urban greenbelts, and 4) designed urban natural
areas (McNeeley, 2001).

Cities can harbour hotspots of biodiversity (Knapp, Kuhn & Mosbrugger, 2008), so although urban
protected areas can therefore often protect biodiversity, they are distinctive to rural protected areas
in five main characteristics: 1) they offer the opportunity for a natural experience to large populations
of nearby people and can consequently receive a great number of diverse, daily visitors, 2) they may
be more visible to urban stakeholders such as city governmental managers, education and cultural
organizations, and the media, 3) by nature of their location, they are more threatened by urban
development, which leads to, 4) more crime, litter, light and noise pollution; however, they can also,
5) develop an appreciation for nature conservation among urban populations (Trzyna, 2014).

Due to their proximity to anthropogenic systems, the list of differences in the previous paragraph
indicates that management of urban protected areas poses challenges that rural protected areas may
not. In particular, urban areas are subject to dynamic urban land use changes that may conflict with
protected area goals (De Leon & Kim, 2017), and may require specific research and management
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attention (Conner, 2005) to deal with such issues as encroachment of urban landscape uses (Antos et
al.,, 2007; Trzyna, 2014), such as the construction of building infrastructure and run-off of water
contaminated with oils, detergents, and other toxins associated with urban landscapes, which can lead
to negative impacts such as degradation and fragmentation of floral and faunal habitats (Hamilton et
al.,, 2013) and concomitant disturbance and changes to wildlife behaviour (Leroux & Kerr, 2013;
Ehrenfeld, 2000). In addition, socio-economic valuation of environments (Warren et al., 2011) (such
as urban resident knowledge, opinions, and attitudes) and city land use policy (Thorne et al., 2013) can
impact the effectiveness of urban protected areas.

Social science understanding related to protected areas is plentiful but is mainly restricted to rural
protected areas in developing countries (although De Leon & Kim (2017) present some information on
an urban protected are), who analysed local urban stakeholders concerning land changes but did not
collect attitude and perception data from residents). Through this body of research it has been found
that the majority of people have positive attitudes toward protected areas globally (Allendorf, 2020)
and there is a well-founded theory that the positive support of local residents is important to the
success of protected areas conservation (Holmes, 2013), although Brockington (2004) argues that lack
of local support should not eliminate the effectiveness of protected areas, particularly in regions of
rural poverty, where resistance may be weak. Research that has investigated this dichotomy of
regional residential support versus opposition to protected areas is varied. For example, Kideghesho
et al. (2007) found that locals demonstrated negative attitudes towards a local protected area in
Tanzania, where requirements of pasturing and watering domestic animals were perceived to be
limited by the presence of the park. Human-wildlife conflicts, particularly with large mammals, both
herbivore and carnivore, also contribute to negative attitudes towards local protected areas (Hemson
et al., 2009; Newmark et al., 1994; Ogra, 2008), which can undermine conservation goals (De Boer &
Baquete, 1998). Acquah et al. (2017) found that although adjacent residents generally had positive
attitudes towards Mole National Park, Ghana, there were negative attitudes towards issues of crop
damage and loss of farmland. Programs such as the Communal Areas Management Programme for
Indigenous Resources (CAMPFIRE) in Africa have been implemented to deal with these issues to
varying degrees of success (Gandiwa et al., 2013). On the other hand, Mavah et al. (2018)
demonstrated a positive correlation between proximity to a protected area in the Republic of Congo
and access to essential bushmeat resources and hypothesized that the protected area served as a
reservoir of wildlife important to villagers in the region. With respect to local tourism, particularly
wildlife-based tourism in developing countries, locals can sometimes benefit, in the way of
employment, or be negatively affected, such as the cases in which outside companies come to
dominate the activities of protected area—oriented tourism (Nepal, 1997).

Understanding the meanings people ascribe to protected areas can influence their behaviours
towards, and relationships with, them (Choe et al., 2024), meaning what people think is the purpose
of a local protected area may influence their attitudes to, and relationship with it. We hypothesize
that, particularly in the presence of urban development goals, Puerto Vallartan residents’
understanding of and attitudes toward Estero el Salado may be important in current and future
support for its conservation.

1.3. Estero el Salado

Estero el Salado is a small protected estuarine area within the city of Puerto Vallarta (Figure 1). It is
administered by the Fideicomiso para la Proteccion del Estero el Salado y el Desarrollo de las Areas
Colindantes, in trust by the government of the State of Jalisco in order to conserve the regional
mangrove ecosystem, facilitate research activities, and offer educational activities for local inhabitants
and tourists (Gobierno del Estado de Jalisco, 2000). The ecological conservation zone has an area just
over 168 ha, 140 ha of which is covered by three species of mangrove, Rhizophora mangle, Avicennia
germinans, and the dominant species, Laguncularia racemosa (Navarro-Rodriguez et al., 2019). A
small upland area of the estuary exists at the northern end, upstream, and is composed of thorn forest,
dominated by Pithecellobium lanceolatum, P. dulce, Acacia hindsii , and A. micrantha; this area is
particularly threatened by human development and crops.

45



Journal of Protected Areas Research, 2025, 4 (1), 43-56.

The Estero el Salado mangrove ecosystem is an important regional example of a natural coastal
ecological zone that conserves various species of birds, mammals, reptiles, amphibians, and
crustaceans, and provides significant ecosystem services. The ecosystem's health and biodiversity are
currently maintained despite its location in an urbanized area, making it an important ecological
"island" that provides wildlife habitat and supports ecological restoration efforts.

Despite being under urban pressure, Estero el Salado hosts a rich aquatic and terrestrial avian diversity,
some of which reproduce in the estuary. Research conducted from 1996 to 1997 identified 28 species
of waterbirds. These included 16 resident species, 11 winter residents, and one migratory species,
highlighting the role as a feeding, resting, and nesting ground for both temporary and permanent avian
populations (Cupul Magafia, 2000). These numbers were extended later to 160 water and terrestrial
bird species, a diversity that surpasses that of other wetlands in the Bahia de Banderas region,
highlighting the area's ecological significance (Molina et al., 2012). Habitat use of the mangrove by
birds at Estero el Salado throughout the year has also been of interest, especially the endangered
military macaw (Ara militaris) (Ornelas Carrillo et al., 2013).

There have been 29 species of mammal identified in the protected area, 69% of which are bats. Other
mammals include common raccoon (Procyon lotor), Virginia opossum (Didelphis virginiana), nine-
banded armadillo (Dasypus novemcinctus), and white-nosed coati (Nasua narica) (Guerrero et al.,
2014). The estuary supports diverse crustacean populations, including Macrobrachium tenellum and
the crab species Uca latimanus and Cardisoma crassum (De La Cruz-Manjarrez & Vazquez-Lépez, 2015;
Jauregui-Velazquez & Barcena-Gutiérrez, 2017; Molina-Ortega & Vazquez-Lépez, 2018).

Other faunal inhabitants include 29 species of amphibians and reptiles, including the green iguana
(lguana iguana) and American crocodile (Crocodylus acutus). The crocodile is one of the most notable
inhabitants of Estero el Salado, and has received regional research attention related to its biology,
ecology, and habitat use (Cupul-Magafia, 2012; Nacar-Mufioz et al.,, 2016; Rubio-Miranda, 2018).
Crocodilians are controversial species; on the one hand, the American crocodile is protected in Mexico,
while at the same time, it is perceived as a threat, causing conflicts with humans (Cupul-Magafia et al.,
2010). Feral fauna, primarily cats and dogs, is a conservation concern with respect to predation on
native species in Estero el Salado (Garcia-Padilla et al., 2014).
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Figure 1. Location of Estero el Salado in Puerto Vallarta (van Heyst, 2025)

Estero el Salado has not been assessed an IUCN Protected Areas Management Category, but we
hypothesize that it would be assessed at a Level IV, “Habitat or Species Management Area,” which is
characterized by management mainly for conservation through active management (Dudley, 2008),
and further, an “Urban Refugia,” as defined by McNeeley (2001). There is a small amount of ecotourism
in the lower portion of the estuary, consisting of a boat tour partway up the estuarine river during
which a guide explains about the mangroves and wildlife that is observed. The activities in the area are
considered sustainable, but the cost of entry may exclude local people (Gallardo-Lara & Chavez-
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Dagostino, 2019; Ortiz Lopez et al., 2015). The Estero el Salado mangrove ecosystem provides critical
ecosystem services, such as climate change mitigation, including carbon sequestration, that are also
economically valued for their contribution to tourism. The willingness to pay for these services is
estimated at USD 150 million annually (Figueroa et al., 2021), demonstrating the potential for
implementing important conservation measures.

While the Estero el Salado mangrove ecosystem is currently thriving, it faces challenges from
urbanization and climate change. The economic valuation of its ecosystem services underscores the
importance of sustainable management and conservation efforts to ensure its continued ecological
and economic benefits. However, this will require regional support for Estero el Saldo in an urban
setting where the continued development of tourism infrastructure is greatly valued.

2. Material and Methods

Questionnaires were administered anonymously throughout Puerto Vallarta by students from Centro
Universitario de la Costa, in which the students asked four neighbours (one on each side of their house
and two directly across the street) to participate. All students signed an oath of confidentiality with
respect to any knowledge they gained while administering the surveys. Participation was limited to
those 18 years of age and older. The questionnaire and its administration method were approved by
the Brandon University Research Ethics Committee (Certificate #22371). A total of 325 questionnaires
were obtained from 33 of the approximately 70 colonias throughout the city of Puerto Vallarta.

The questionnaire was administered in Spanish and primarily collected quantitative data in three
sections: 1) demographics, 2) previous experience with Estero el Salado, 3) attitudes toward the
management of Estero el Salado in the form of Likert items along a scale of “strongly disagree”,
“disagree”, “neutral”, “agree”, or “strongly agree.” Quantitative items were analyzed using the Mann-
Whitney U-test to assess differences between two independent groups and the Kruskal-Wallis test

between three or more groups.

III “«
’

Lastly, we provided a qualitative, open-ended item in which respondents were invited to make
voluntary comments about Estero el Salado. These responses were translated into English and
examined using content analysis methods that recorded the use of key words and word repetition
(Strauss & Corbin, 1998) to sort the responses into common expressions.

3. Findings and Discussion

Respondents to the questionnaire were 47.9% male and thus 52.1% female. The majority of
respondents were in the 20-29 (35%), 30-39 (31.9%), and 40-49 (22.5%) age groups, and were
moderately (secondary, 21.5%; preparatory, 33.3%) to highly educated (university, 35.6%). Only sixty-
eight percent of the respondents indicated that they knew that Estero el Saldo existed. Of those who
knew about Estero el Salado (n=219), 34.2% had visited (23.1% of total, n=325). Of those that had
visited (n=75), 74.3% had visited 1 to 2 times, 14.7% 3 to 4 times, and 10.7% 5 or more times. Of the
participants that indicated they knew about Estero el Salado but had not visited (n=136), 54.4%
responded yes, they planned to visit in the future, 38.2% stated maybe, and 7.4% indicated no, they
did not plan to visit.

Of the respondents who indicated they knew about Estero el Salado (n=219), 54.8% stated they knew
the purpose of the protected area. In 100% of these cases, an Active Management term was given for
the question “What is the purpose of Estero el Salado?” such as “conserve” or “preserve” (Table 1). In
29% of the cases, a Geographical Active Management Target was given (Table 2), and in 61.8% of the
cases, a Biological Active Management Target was given (Table 3). For example, in the response

” o«

“Protect nature,” “protect” is the Active Management term, and “nature” is a Geographical Active
Management Target, while in the response “Conserve crocodiles,” “conserve” is the Active
Management term, and “crocodiles” is a Biological Active Management Target. Approximately 10%
only provided an Active Management term (e.g., “conserve”) without a target.
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Table 1. Active management terms given for “What is the purpose of Estero el Salado?”

Action terms n %
Conserve/conservation 48 35.0
Preserve/preservation 43 31.6
Protect/protection 21 15.4
Take care of 18 13.2
Aware(ness) 4 2.9
Tourism 3 2.2
Environmental 2 1.5
Inform(ation) 1 0.7

Table 2. Geographical active management targets for “What is the purpose of Estero el Salado?”

Active management target: geographical n %
nature/natural 12 8.8
habitat 11 8.1
area(s) 5 3.7
ecosystem 3 2.2
environment 3 2.2
estuary 3 2.2
biodiversity 1 0.7
natural area 1 0.7
protected area 1 0.7

Table 3. Biological Active Management targets for “What is the purpose of Estero el Salado?”

Active management target: biological n %
species 38 27.9
crocodile(s) 25 18.4
animal(s) 18 13.2
fauna 17 12.5
flora 16 11.8
mangroves 8 5.9
bird(s) 6 4.4
wildlife 6 4.4
plant(s) 4 2.9
reptile(s) 4 2.9

In 33% of the cases in which a Biological Active Management Target was given, multiple targets were
stated, e.g., “Preserve flora and fauna.”

We also asked the respondents if they knew who manages Estero el Salado. Only one person
responded correctly that it is managed in trust by the State of Jalisco. Three percent of respondents
answered “state government,” and 13.3% answered “government” in general, while 57.8% stated that
they didn’t know.

Table 4 indicates the overall response rates for nine items regarding protection, education, and
tourism at Estero el Salado.

48



Journal of Protected Areas Research, 2025, 4 (1), 43-56.

Table 4. Overall response rates (%) for the importance of protection, education, and tourism statements at
Estero el Salado.

Statement Not at all Somewhat Important Extremely
important important important

How important do you think it is to preserve areas like 0.9 8.1 376 534

Estero el Salado?

How. |mportant do you think Estero el Salado is for 34 211 481 273

tourism in Puerto Vallarta?

How |mp9rtant is it to develop Estero el Salado for 50 19.6 472 )83

more tourism?

How |rT1portant do you think Estero el Salado is for 25 15 43.8 338

education?

How important do you think it is to have protected

areas like Estero el Salado inside Puerto Vallarta? 0 8.4 306 609

How important is it to conserve crocodiles in Estero el )5 12.9 30.5 541

Salado?

How .|mp.ortant is it to understand habitat use by birds 06 9.0 312 592

and fish in Estero el Salado?

How important is it to conserve mangrove trees in 0 59 58,7 65.1

Estero el Salado?

How important is it to have school tours to Estero el 56 15.0 44.9 343

Salado?

How important is it to have tourism tours in Estero el 44 3.4 »8.3 34.0

Salado?

Table 5 reports the response rates for the nine importance items for those respondents who reported
they knew about Estero el Salado versus those that reported that they did not.

Table 5. Response rates (%) for importance of protection, education, and tourism statements at Estero el
Salado for those who know about Estero el Salado (n=218) and those who do not (n=103). Statistically
significant differences are shown in bold.

Statement Know of Not at all Somewhat Important Extremely Mann-
Estero el important important important  Whitney
Salado U-test, p-

value

How important do you think 0.5 55 321 61.9

it is to preserve areas like 0.000

Estero el Salado? No 1.9 13.6 49.5 35

How important do you think
Y 4.1 16.1 49.5 30.3

Estero el Salado is for e 0.018

tourism in Puerto Vallarta? No 1.9 31.1 45.6 21.4

How important is it to Yes 6.4 16.1 46.8 30.7

E A

develop stero el Salado for No 19 26.2 48.5 533 0.195

more tourism?

How important do you think Yes 2.8 11.1 38.7 47.5

Est | Salado is f 0.000

stero € salado 18 1o e 2 235 53.9 20.6

education?

How important do you think Yes 0 6.5 27.6 65.9

it is to have protected areas

. . 0.000

like Estero el Salado inside No 0 11.8 373 51

Puerto Vallarta?

How important is it to Yes 3.7 10.7 27 58.6

diles in Est .

conserve crocodiles in Estero No 0 176 373 451 0.050

el Salado?

How |mportant' is it to Yes 0 73 321 60.1

understand habitat use by

birds and fish in Estero el 0.487
No 2 10.8 29.4 57.8

Salado?
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How important is it to Yes 0 4.1 24.9 71

conserve mangrove trees in No 0 9.7 36.9 534 0.001
Estero el Salado?

How important is it to have Yes 5 14.7 44 36.2

school tours to Estero el No 59 15.7 471 304 0.367
Salado?

How important is it to have Yes 3.7 25.3 36.9 34.1

tourism tours in Estero el No 49 19.4 417 34 0.698

Salado?

Table 6 reports the response rates for the nine importance items for those respondents who had
visited Estero el Salado versus those who reported that they had not.

Table 6. Response rates (%) for the importance of protection, education, and tourism statements at Estero el
Salado for those who had visited Estero el Salado (n=218) and those who had not (n=103). Statistically
significant differences are shown in bold

Statements Visited Mann-
Not at all Somewhat Extremely ~ Whitney
Estero el . . Important .
important  important important  U-test, p-
Salado
value

How important do yqu think it Yes 0 6.7 293 64
is to preserve areas like Estero 0.036*
el Salado? No 1.2 8.5 40.2 50
How important do you think

Yes 1.3 14.7 53.3 30.7
Estero el Salado is for tourism 0.100
in Puerto Vallarta? No 4.1 23.2 46.3 26.4
How important is it to develop Yes 4 17.3 44 34.7
E | A
ste.ro el Salado for more No 53 50,3 48 26.4 0.186
tourism?
How important do you think Yes 1.4 8.1 29.7 60.8
E | | is f .
stero' el Salado is for No 59 171 478 329 0.000
education?
How important do you think it v 0 8 28 64
is to have protected areas like

. 0.539
Estero el Salado inside Puerto No 0 8.6 31.6 59.8
Vallarta?
How important is it to Yes 5.5 11 24.7 58.9
diles in Est 0.569

conserve crocodiles in Estero No 16 135 32 529
el Salado?
How |mportant' is it to Yes 0 12 24 64
understand habitat use by
birds and fish in Estero el 0.516

No 0.8 8.2 33.1 58
Salado?
How important is it to Yes 0 2.7 28 69.3
conserve mangrove trees in No 0 6.9 28.6 64.5 0.332
Estero el Salado?
How important is it to have Yes 6.7 12 38.7 42.7

hool E | 1

school tours to Estero e No 53 15.9 46.5 318 0.168
Salado?
How important is it to have Yes 5.3 22.7 34.7 37.3
touri t in Est | 0.720
ourism tours InESTEo € No 4.1 23.7 39.2 33.1

Salado?

Table 7 lists the top five themes from the open-ended question “Do you have anything else you would
like to say about Estero el Salado?” In total, there were 143 responses to this question.
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Table 7. Top five themes and example comments for “Do you have anything else you
would like to say about Estero el Salado?”

Theme %
1. Need for protection of Estero el Salado 41.9
“It is an extremely important place for its wildlife”
“We have to take care of it”
“It is a vital area for the ecosystem of Puerto Vallarta”
2. Importance of public awareness of Estero el Salado 13.9
“Needs more promotion”
“It has very little publicity”
“You have to promote more to know about the estuary”
“Projects like this are important to educate the Vallartans”
3. Perception of lack of care of Estero el Salado 8.1
“Lacks care, make it more attractive...”
“It is not very well taken care of, they do not show interest”
“To me it seems abandoned or poorly attended to”
4. Estero el Salado is aesthetically pleasing 7.0
“It is pretty”
“I like it very much”
“It is very big and very pretty”
5. Contain the crocodiles in Estero el Salado 3.5
“As long as the crocodiles do not go out”
“That the crocodiles be enclosed to be keep the people of Puerto
Vallarta safe”

There are a number of important conclusions that we can form from these data concerning community
knowledge, perceptions, and attitudes towards Estero el Salado and its management. First, knowledge
of the existence Estero el Salado area is extremely important. Thirty-two percent of the respondents
did not know that Estero el Salado exists in their city. Those who knew about Estero el Salada were
statistically more likely to support its preservation. This is reflected in the open-ended question
responses that there needs to be more knowledge and promotion of Estero el Salado. This also factors
into the lack of knowledge and promotion of Estero el Salado in Puerto Vallarta. Only 54.8% of those
who reported they knew about Estero el Salado stated that they also knew the purpose of the
protected area. Again, this points toward a lack of knowledge about Estero el Salado on the part of
Puerto Vallartans. A lack of knowledge of the protected area may lead to less support in the urban
population in general, as suggested by Holmes (2013). There needs to be more public awareness
efforts made on the part of the trust, Fideicomiso para la Proteccion del Estero el Salado y el Desarrollo
de las Areas Colindantes, responsible for the conservation of Estero el Salado, to develop a proud
feeling on the part of Puerto Vallartans for this protected area. Second, having visited Estero el Saldo
was also important. Only 34.2% of those who stated they knew about Estero el Salado (23.1% of all
respondents) reported that they had visited Estero el Salado; these respondents also reported
statistically greater support for its preservation. This low percentage in visitation may be due in part
to the cost of entry, as mentioned by Gallardo-Lara & Chdvez-Dagostino (2019) and Ortiz Lépez et al.
(2015).

Knowledge of, and visitation to, Estero el Saldo is likely related to knowing the purpose of the protected
area. We received a variety of responses to “What is the purpose of Estero el Salado?” but the answers
could be grouped as follows: 100% of the participants that stated they knew the purpose of Estero el
Salado responded to this question with an Action term such as “protect” or “conserve”. Approximately
one-quarter of the respondents then added a Geographical Active Management Target such as
“nature,” “ecosystem,” or “protected area,” while about 60% added a Biological Active Management
Target such as “species,” or “crocodiles.” Therefore, more people identified the conservation purpose
of Estero el Salado to be small-scale goals of a particular species, more akin to a zoo, while fewer
identified the large-scale, holistic purpose of protecting an entire ecosystem as habitat for these
species (i.e., with a Geographic Action Management Target). This result serves the message of Choe et
al. (2024). Understanding and awareness of conservation at the biodiversity scale has been proven to
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be crucial for protected areas success (lbrahim, Assim, Johari, Mohammad. Afandi & Hassan, 2023),
meaning the public needs to understand the purpose of a protected area at a broader level than a
single species, such as crocodiles. Further, Scholte, van Teeffelen & Verburg (2015) found that a lack
of understanding regarding ecological concepts, such as those espoused through ecosystem scale
rather than species scale, can lead to challenges in environmental conservation. For example, if people
think that Estero el Salado is solely for the protection of crocodiles, but they don’t like crocodiles, there
may be less support for the conservation of the protected area ecosystem as a whole. Given the high
biodiversity and critical habitat for numerous taxa in Estero el Salado, this is an important item related
to education messaging on the part of the trust, which should develop programs to educate regarding
the role and purpose of protected area conservation.

Third, preservation of Estero el Saldo, its habitat, and species was seen as more important than its role
in education and tourism. However, the importance of education was statistically much more
important to those who had visited Estero el Salado versus those who had not. It is therefore evident
that knowing about and visiting Estero el Salado results in greater importance placed on the
conservation, tourism, and particularly education goals of the protected area. A greater city-wide
knowledge and education message about Estero el Salado within the community of Puerto Vallarta,
such as in schools, or the establishment of an “Estero el Salado Celebration,” including free admission
for local residents, could strengthen these perceptions.

The open-ended question, “Do you have anything else to say about Estero el Salado,” elicited many
different responses, but there were several themes that were most common. The feeling of a need to
continue to protect Estero el Salado was very strong among the respondents. This is a positive result.
However, there was also a feeling that there needs to be more public awareness of Estero el Salado.
We think this is also an important result as a greater knowledge and understanding of Estero el Salado
within Puerto Vallarta should increase community desire for continued protection of the protected
area (sensu Holmes, 2013; Ibrahim et al., 2023). A small percentage of respondents also indicated that
they perceived the area is not well taken care of. This may be due to the view that people receive
driving by: a high metal fence with mainly dirt and a few trees within. It seems unused and inaccessible
to the public. One cannot see the beautiful river and mangrove forest within.

4. Conclusion and Suggestions

Upon receipt of a report of this research by the trust, a large, permanent, stonework sign is being
erected at the entrance to Estero el Salado, and the parking lot, previously dirt, was laid with
interlocking brick. This may help in fostering an improved knowledge about, and support for, Estero el
Salado, an important, unique, and biodiverse urban protected area, surrounded and potentially
threatened by continuing development of urban infrastructure such as housing, roads, and inflow of
raw sewage due to a burst pipe, as happened in 2019. We also feel that some more development as a
tourism destination in the city would protect it from urban threats, as it would be seen as a positive
economic generator. Overall, the Estero el Saldo appears to maintain ecological integrity, however, it
will require continued vigilance on the part of the Fideicomiso para la Proteccidn del Estero el Salado
y el Desarrollo de las Areas Colindantes to keep it so into the future. It is obvious that although there
is public support for its conservation, a wider understanding of the existence and purpose of Estero el
Salado is warranted.
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Abstract

Monumental religious buildings are valuable elements of cultural and architectural heritage, and documenting
the architectural design properties of these buildings is of great importance. At the same time, the climate-related
design properties of monumental mosques or masjids characterized by unique work plans are important in terms
of providing energy-efficient comfort conditions in the interior. In this respect, this study handles monumental
masjids built in Konya during the Anatolian Seljuk Period. It is aimed to create and document the inventory of
monumental religious buildings and to investigate the relationship between the design properties of these
buildings and energy efficiency. In the study prepared within the scope of the scientific research project (BAP), the
Bulgur Tekke Masjid built during the Anatolian Seljuk Period is examined. The religious building, whose
architectural design properties are determined, is modeled using the DesignBuilder simulation software and
analyzed in terms of energy efficiency. The findings show that monumental religious buildings have great
importance in terms of energy efficiency in line with their architectural design properties. Studies conducted in
this field are limited, and this study is pioneering in this respect.

Keywords: Monumental masjids, Anatolian Seljuk Period, energy efficiency.

Anitsal Mescitlerin Mimari Tasarim Ozellikleri ile Enerji Verimliligi
Arasindaki Illiskinin Arastirilmasi: Konya Ornegi

0z

Anitsal dini yapilar kiiltiirel ve mimari mirasinin dedgerli égeleridir ve bu yapilarin mimari tasarim ézelliklerinin
belgelenmesi bliyiik bir neme sahiptir. Ayni zamanda, benzersiz ¢calisma planlariyla karakterize edilen anitsal
cami veya mescitlerin iklime bagh tasarim ézellikleri ic mekanda konfor kosullarinin enerji verimli bir sekilde
saglanmasi agisindan énemlidir. Bu agidan bu ¢alismada, Konya’da Anadolu Selguklu Déneminde insa edilen
anitsal mescitler ele alinmaktadir. Anitsal dini yapilarin envanterinin olusturularak belgelenmesi ve bu yapilarin
tasarim ézellikleri ile enerji verimliligi arasindaki iliskinin arastiriimasi hedeflenmektedir. Bilimsel arastirma
projesi kapsaminda (BAP) hazirlanan ¢alismada, Anadolu Selguklu Déneminde insa edilen Bulgur Tekke Mescidi
ele alinmaktadir. Mimari tasarim ézellikleri belirlenen dini yapi DesignBuilder simiilasyon programi araciligiyla
modellenerek, enerji verimliligi agisindan analiz edilmektedir. Elde edilen bulgular anitsal dini yapilarin mimari

tasarim ézellikleri dogrultusunda enerji verimliligi agisindan biiyiik bir degere sahip oldugunu géstermektedir. Bu
alanda yapilan ¢alismalar sinirhidir ve bu agidan bu ¢calisma éncii niteliktedir.

Anahtar kelimeler: Anitsal mescitler, Anadolu Selgcuklu Dé6nemi, enerji verimliligi.
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1. Introduction

The urban structure is formed and constantly developed over time, but in addition to this
development, it remains the same in the consciousness of the societies. Konya, one of the important
examples of this situation, has great importance in terms of its location on the Silk Road in Anatolia
and its place in the historical process. Konya, one of the oldest settlements in Anatolia, has been home
to various civilizations (Yenice, 2012). Konya has been one of the most important Turkish-Islamic
cultural and art centers of Anatolia throughout its history. The city was the capital of the Anatolian
Seljuk Civilization and one of the important state centers of the Ottoman Empire, and has preserved
its importance for many years. It has been an architectural center throughout history and has precious
elements of cultural and architectural heritage. Mosques and masjids built during the Seljuk and
Ottoman Periods provide the foundation for the urban morphology of our civilization, creating a
distinctive typology through their plan, section, and facade properties. This architectural heritage
needs to be protected and documented.

Mosques and masjids, which are precious elements of architectural and cultural heritage, represent
the central space where people come together for their weekly and daily prayers and are considered
social, educational, and cultural spaces for Muslims' activities. Mosques and masjids are characterized
by having a unique intermittent working plan compared to other building types. They are used
simultaneously in a specific region and time (Azmi & Kandar, 2019). In this case, the periods when the
building needs to be heated and cooled affect the energy demand in line with the climatic zones (Al-
Homoud et al., 2005). The mosques or masjids’ climate-related design properties affect the building
thermal performance and the indoor comfort conditions (Abdou et al., 2005). Therefore, the thermal
comfort of mosques or masjids largely depends on the integrated and total thermal performance of
the building components, such as roofs, walls, and windows, working together as a system ( Al-
Homoud et al., 2009). A mosque with poor thermal performance consumes more energy to provide
comfort conditions. In this respect, the heating and cooling load of the mosque is quite important,
especially in terms of energy efficiency.

In a study conducted to determine the factors affecting energy efficiency in mosque buildings (Azmi et
al., 2021), contemporary literature on energy use in mosques was reviewed. As a result of the study,
it was stated that the building envelope design (thermal design) and climatic factors are the most
important factors in the energy use of mosques. In the study conducted by Al-Homoud et al., the
indoor comfort conditions and the relationship between these conditions and the energy consumption
levels were evaluated for three mosques located in the hot humid climate zone of Damman, Saudi
Arabia. It was stated that only one of the mosques examined had a thermal insulation layer on its
envelope. The two mosques without insulation reported higher energy consumption and
dissatisfaction in terms of thermal comfort. As a result, the importance of integrating a thermal
insulation layer was emphasized (Al-Homoud et al., 2009). Various studies show that older buildings
have lower energy demands in line with their compact urban layout and the material use with thermal
mass convenient for climatic conditions (Azmi et al., 2021).

This study, prepared within the scope of a scientific research project, aims to create and document the
inventory of a monumental religious structure built in the Anatolian Seljuk Period in Konya, to
contribute to studies on energy efficiency and monumental religious buildings, to show the value and
importance of these buildings in terms of energy efficiency by analyzing the current energy demands
of masjids, which are important elements of the monumental architectural heritage built centuries
ago. There is not enough research in the literature on the basic design properties and energy
performances of masjids. In this respect, this study is a pioneer for future studies. At the same time, it
is aimed that the relationship between the design criteria and construction techniques of monumental
masjids and energy efficiency will inspire and guide designers in the design of religious buildings with
a sense of sacred worship.
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2. Material and Method

This paper is prepared for the Scientific Research Project (BAP) scope. Among the monumental
religious buildings investigated within the scope of this project, the Bulgur Tekke (13th century) Masjid,
built in Konya during the Anatolian Seljuk Period, is handled in this study. Developments during the
Seljuk period shaped Konya's historical architecture. The Seljuk cities' smallest unit is the
neighborhood, and the neighborhood’s basic unit is usually the masjids that gives its name to the
neighborhood. Mosques are important social centers where Muslims come together. The construction
of the palace and grand mosque during the Ottoman period developed the historical focus point of the
city around an administrative and religious centre.

First of all, information about the Konya and the masjid belonging to the Anatolian Seljuk Civilization
are collected in the light of the literature. The masjid is visualized with the drone, and its properties
are documented with photographs. The drawings of the masjid in the electronic environment are taken
from the Konya Regional Directorate of Foundations, and the drawings are colored, and the current
situation based on on-site determinations and its relationship with its immediate surroundings are
processed on the drawings. In line with the literature review, visuals, on-site determinations and
drawings, plan section, facade, and top cover elements are explained, as well as construction
techniques and material properties. The masjid’s architectural design properties are documented, and
the masjid is modeled in the Design-Builder simulation software. In the DesignBuilder simulation
program, models specific to masjid buildings with characteristic features are developed, taking into
account the worshippers, usage times, and occupancy rate. In line with the simulation results and
findings, the evaluations are explained.

3. Findings and Discussion

In this section, first of all, Bulgur Tekke Masjid’s architectural design properties are explained. This
masjid is also analyzed in terms of energy efficiency.

3.1. Bulgur Tekke Masjid’s Architectural Design Properties

The construction of the Bulgur Tekke Masjid dates back to the second half of the 13th century. The
masjid was built in Konya in the Anatolian Seljuk period and was built using a masonry technique.
Bulgur Tekke Masjid’s form is square, and the masjid’s plan layout is three spaces. The masjid’s top
cover property is a dome. The religious building order is attached. The asjid's height (h) is 9.80 m and
the total area is 181.83 m2. In Figure 1, Bulgur Tekke Masjid’s front view and plan are shown.

Figure 1. Bulgur Tekke Masjid front view and plan (Photograph and image by the authors, 2019)

In terms of material properties and construction techniques, stone and brick were used together in
the Bulgur Tekke Masjid’s walls, the mosque’s wall thickness is 120 cm, and the bond technique is
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masonry. The stone up to the mantel base level, and brick after this level. In terms of openings, window
ratios are mixed. The Masjid has a dome, and the mosque’s top cover technique is masonry. The
dome’s material is brick, the dome’s diameter is 703 cm, and the dome’s thickness is 42 cm. There are
no openings on the top cover. The masjid’s flooring material is wood, and the last prayer hall flooring
is stone. The masjid has a minaret. In Figure 2 Bulgur Tekke Masjid’s A-A Section is shown and in Figure
3 Bulgur Tekke Masjid’s elevation is shown.

Figure 2. Bulgur Tekke Masjid’s A-A section (Authors, 2019)

Figure 3. Bulgur Tekke Masjid’s north elevation (Authors, 2019)
3.2. The Bulgur Tekke Masjid in the scope of Energy Efficiency

The Bulgur Tekke Masjid, belonging to the Anatolian Seljuk Period, is analyzed in terms of energy
efficiency in light of the architectural design properties and simulation results. The masjid is modeled
and analyzed using Design Builder software. Design Builder is an EnergyPlus-based simulation software
tool developed to measure and control the building design performance in terms of energy, comfort,
carbon, and lighting (Zhang, 2014).

Konya is located in Tirkiye's temperate-dry climate zone, a climate zone where heating periods are
important. Design parameters affecting the energy performance of a building are handled as the
building location, the building orientation, the distance between other buildings, the building form,
the building envelope's optical and thermophysical properties, solar control, and natural ventilation
layout (Lechner, 2015). It can be stated that energy-efficient design parameters are also valid for a
mosque and a masjid building. However, mosque buildings have elements that direct their basic
designs, such as the gibla, the gibla wall, the mihrab, and the minbar, and these factors need to be
evaluated. The masjid buildings' orientation, in the direction of a characteristic design property, is the
gibla direction. The orientation of the Konya mosques and masjids (their gibla), which are handled
within the scope of the scientific research project, is in the south direction.

The immediate surroundings of a building, the distance between other buildings, and the building
order affect the solar radiation and wind factors. The Bulgur Tekke Masjid’s building order is attached.
This situation affects the passive benefit or protection of the building from solar and wind effects. In
this respect, the building order is one of the parameters that directly affects the building energy load.
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Bulgur Tekke Masjid’s form is square, which is desired in the moderate dry climate region. In Table 1
Bulgur Tekke Masjid’s other design properties affecting the energy loads and the heating-cooling and
total energy loads per m? are shown, and energy loads are shown, and in Figure 4 Bulgur Tekke Masjid’s
Energy Model is shown.

Table 1. Bulgur Tekke Masjid’s architectural design properties and energy loads

Bulgur Tekke Masjid, 13th Century Anatolian

Si2eliCiSie Seljuk Period
Total Area of Masjid m? 181.83 m?
Masjid height (h) 9.80 m
Wall Material Brick
Wall Thickness 120 cm
Top Cover Material Brick
Top Cover Thickness 42 cm
South 8.97
Window-Wall -, 4 0.00
Ratio
(%) East 4.94
West 0.00
Cooling Load per m? kWh 20.29
Heating Load per m? kWh 114. 42
Energy Consumed per m? .

(heating-cooling-lighting) kWh

=

Figure 4. Bulgur Tekke Masjid’s energy model (Authors, 2019)

The Bulgur Tekke Masjid’s annual energy consumption per m?is 141.52 kWh, heating load per m2 is
114.42 m?, and cooling load per m2 is 20.29 kWh. It is seen that a large part of the energy consumed
is the heating load. In terms of building materials, the walls and dome materials of the masjid are
bricks. Brick building materials have the qualification to contribute to the heating and cooling loads of
buildings. Thermal conductivity properties of the building envelope’s opaque and transparent
components are important factors that can affect the energy demands of the buildings.

The thermal conductivity of the wall varies depending on the properties of the building material and
the wall thickness. The type of brick material used for the Bulgur Tekke (13th Century) Masjid, the wall
thickness, and the type of glass used in the openings should be considered as factors affecting the
thermal conductivity of the envelope and therefore the energy demand of the building. It can be said
that the building materials used for the Bulgur Tekke Masjid reduce the energy load of the building. In
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this context, the envelope properties should be evaluated as a parameter affecting the energy demand
of the mosque or masjid. In Figure 5 Bulgur Tekke Masjid’s envelope is shown.

Figure 5. Bulgur Tekke Masjid’'s envelope (Photograph by the authors, 2019)

The openings in the building envelope depending on the directions directly affect the energy demand
of the building in terms of solar radiation gain and beneficial effects of wind. Openings in the south
direction provide direct solar radiation gain, especially openings in the north direction are of great
importance to benefit from wind effects. In this respect, the opening ratios depending on the
directions of Bulgur Tekke Masjid should be evaluated as a parameter affecting the energy loads of the
masjid. As a result, the parameters affecting the energy load of a monumental religious building can
be evaluated as building materials, especially envelope design, wall thickness, multi-directional
openings, top cover properties, thermal conductivity, physical environmental properties such as
building order, and characteristic properties. In addition, building volume should be handled and
evaluated as an important factor.

4. Conclusion and Suggestions

This study investigates the historical and monumental religious building in Konya, one of the most
important centers of Turkish-Islamic art and culture, built in the Anatolian Seljuk Period, in terms of
energy efficiency. The relationship between the masjid’s architectural design properties and energy
efficiency is evaluated. First of all, the monumental masjid’s plan, section, envelope properties,
construction techniques, and material properties have been documented. The Bulgur Tekke Masjid's
energy consumption is analyzed. Creating an inventory of masjids, determining their place in the
historical process and current situations, and analyzing them in terms of energy efficiency are of great
importance for architectural heritage.

The mosques and masjids examined within the scope of the scientific research project and the Bulgur
Tekke Masjid have traditional architectural design properties and construction techniques. The use of
materials with thermal mass that are traditional and appropriate for climatic conditions is a sustainable
approach that will affect the energy demand of the masjid buildings. It can be said that acceptable
results have been obtained in terms of energy efficiency in line with the energy loads consumed per
m? of the Bulgur Tekke Masjid. The monumental religious buildings analyzed are energy efficient in
light of today's energy demands and traditional design properties and construction techniques.

At the same time, it is stated that building volume is an important parameter for religious building
types in terms of energy efficiency analyses. The Design Builder simulation software calculates the
energy loads per m?. It has been determined that for buildings where volume is an important factor,
such as monumental mosques and masjids, m? type analyses are inadequate, and volume-related (m?)
analysis results are necessary. As a result, positive results are obtained in terms of energy efficiency in
the study. Studies in the field of monumental religious buildings and energy efficiency are limited. In
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this respect, this study is pioneering and is expected to create potential research scopes for future
research. At the same time, it will throw light on designers.
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Abstract

Protected areas play a crucial role not only in biodiversity conservation but also in enhancing human well-being
through cultural ecosystem services (CES). CES encompass non-material benefits that arise from people's
interactions with nature, including aesthetic, spiritual, recreational, educational, and social values. This article
provides a theoretical overview of the evolution and classification of CES, focusing on their psychological and
societal significance. Drawing on both national and international case studies, the article discusses how CES are
perceived, valued, and integrated into visitor management strategies in protected areas. The findings highlight
that CES contribute not only to conservation goals but also to sustainable tourism, environmental education, and
social cohesion. Accordingly, this review aims to raise awareness about the necessity of incorporating CES into
the effective planning and management of protected areas.

Keywords: Cultural ecosystem services, visitor management, protected areas, nature connectedness, spatial
equity.

Korunan Alanlarda Kiiltiirel Ekosistem Hizmetleri ve Ziyaretgi
Yonetimi Uzerine Literatiir Incelemesi

(o}

Korunan alanlar, yalnizca biyolojik cesitliligin korunmasi agisindan degil, ayni zamanda topluma sunduklari
kiiltiirel ekosistem hizmetleri (KEH) ile insan refahi lizerinde derin etkiler yaratmaktadir. KEH, bireylerin dogayla
kurdugdu etkilesimler yoluyla estetik, manevi, sosyal, egitsel ve rekreasyonel degerler liretmektedir. Bu ¢alismada
kiiltiirel ekosistem hizmetleri kavraminin tarihsel gelisimi, siniflandirilmasi ve insan psikolojisi ile olan ¢ok boyutlu
iliskisi teorik bir cercevede ele alinmistir. Ayrica ulusal ve uluslararasi ¢alismalardan érnekler araciligiyla korunan
alanlarda kiiltiirel hizmetlerin nasil algilandigi, degerlendirildigi ve ziyaretgi ydnetimiyle nasil biitiinlestirildigi
tartisiimistir. Bulgular, KEH’in yalnizca doga koruma hedeflerine degil, ayni zamanda siirdiiriilebilir turizm, egitim

ve sosyal biitiinlesmeye katki sagladigini ortaya koymaktadir. Bu baglamda ¢alisma, kiiltiirel hizmetlerin daha
etkin sekilde planlanmasi ve yénetilmesine yénelik bir farkindalik olusturmayi hedeflemektedir.

Anahtar Kelimeler: Kiiltiirel ekosistem hizmetleri, ziyaretgi yénetimi, korunan alanlar, doga ile bag kurma,
mekdnsal adalet.
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1. Introduction

Throughout human history, interactions with nature have extended beyond merely fulfilling basic
needs, significantly shaping individuals’ cultural, aesthetic, and spiritual development. These
multidimensional relationships reveal that the benefits provided by ecosystems are not solely material
but also deeply cultural and emotional. In this regard, the concept of ecosystem services offers a
systematic approach to assessing the contributions of nature to human well-being (Daily, 1997;
Costanza et al., 1997; Boyd & Banzhaf, 2007; Kaya, 2019).

The concept gained widespread recognition following the publication of the Millennium Ecosystem
Assessment (MEA) in 2005, which introduced a comprehensive classification of ecosystem services.
According to the MEA, ecosystem services are divided into four main categories: provisioning,
regulating, supporting, and cultural services. Among these, CES are characterized by their intangible
nature and encompass spiritual connections with nature, recreational engagement, aesthetic
appreciation, educational benefits, and the shaping of cultural identity

Protected areas, which combine high biodiversity with remarkable landscape value, are where cultural
CES are most intensively experienced (Li et al., 2020). These areas provide opportunities for individuals
to connect with nature and engage with cultural values both personally and socially. Activities such as
hiking, swimming, and camping contribute not only to physical health but also to psychological well-
being, social cohesion, and environmental awareness (Willis, 2015; Zhang et al., 2023). Beyond these
direct benefits, CES also play a significant role in supporting community identity, social integration, and
the transmission of traditional knowledge. From an economic perspective, CES-related activities such
as ecotourism and local service provision generate income and promote sustainable rural development
(Roux et al., 2020).

Moreover, the sociological dimensions of CES are evident in the way these experiences support
community identity and intergenerational knowledge transfer. From an economic perspective, CES-
related activities in protected areas can generate income through ecotourism and local services,
supporting sustainable rural development. Thus, addressing CES through a multi-dimensional lens
strengthens the holistic understanding and management of protected areas (Roux et al., 2020).

However, the extent to which CES can be enjoyed is closely linked to the carrying capacity of protected
areas and the efficacy of visitor management strategies. Excessive and unregulated visitor pressure
threatens the sustainability of natural resources and diminishes the quality of cultural experiences
(Newsome et al., 2012; Clements & Cumming, 2017). Therefore, managing CES effectively is critical not
only for achieving conservation objectives but also for maintaining visitor satisfaction (Akten & Giil,
2014).

This study aims to explore the theoretical foundations of cultural ecosystem services, trace their
conceptual evolution, and analyze their relationship with visitor management in protected areas.
Through the examination of national and international case studies, this research evaluates the
diversity and impact of CES applications and provides strategic recommendations aligned with
sustainability principles.

1.1. Conceptual Development and Classification of Cultural Ecosystem Services

The concept of ecosystem services began to take shape in the 1970s when ecologists started to explore
the linkages between human well-being and natural systems. Over the years, the term has evolved to
encompass interdisciplinary dimensions, including environmental science, economics, sociology, and
environmental policy. One of the seminal definitions was proposed by Daily (1997), who described
ecosystem services as “the conditions and processes through which natural ecosystems sustain and
fulfill human life.” Similarly, Costanza et al. (1997) defined them as “the benefits humans derive from
ecosystem functions,” while De Groot et al. (2002) emphasized both the direct and indirect advantages
provided by ecological structures and processes.
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A major milestone in the systematization of the concept was the publication of the Millennium
Ecosystem Assessment (MEA) The MEA offered a structured classification of ecosystem services into
four main categories:

1. Provisioning Services — e.g., food, freshwater, raw materials;

2. Regulating Services — e.g., climate regulation, water purification, air quality;
3. Supporting Services — e.g., photosynthesis, soil formation, nutrient cycling;
4

Cultural Services — e.g., aesthetic appreciation, spiritual fulfillment, recreation, education, and
cultural heritage.

Among these, CES stand out due to their non-material nature. While they do not produce physical
goods, CES significantly influence how people perceive and interact with the natural world (MEA,
2005). These services include aesthetic, ethical, spiritual, educational, historical, and social dimensions
of human—nature relationships.

While the categorization of CES varies slightly across the literature, the most commonly cited
components include (MEA, 2005; Albayrak, 2012):

e Recreation and Ecotourism: Activities such as hiking, swimming, camping, and picnicking;
e Aesthetic Values: Visual quality and inspirational value of natural landscapes;

e Spiritual and Ethical Values: Sacred natural sites and spiritual bonds with nature;

e Cultural Heritage and Diversity: Historic sites, traditional land uses, and cultural symbols;

e Education and Knowledge Systems: Nature-based learning, environmental education, and
scientific research;

e Social Cohesion and Sense of Place: Community bonding, identity, and place attachment;
e Inspiration and Creativity: Influence of nature on art, literature, music, and innovation.

The multidimensional nature of CES plays a key role not only in individual experiences but also in
shaping collective cultural identities. People's perception and valuation of nature are shaped by factors
such as geography, culture, and socio-economic background (Daniel et al., 2012). Therefore,
assessments of CES should incorporate both objective indicators and subjective, context-specific
factors.

A deeper understanding of CES contributes significantly to fields such as conservation policy,
environmental education, and sustainable tourism. In this regard, CES function as a critical link
between ecological systems and human well-being, promoting a holistic approach to sustainability
(MEA, 2005).

1.2. Visitor Management

Ensuring the sustainability of CES within protected areas requires the effective management of visitor
flow and behavior. Visitor management not only enhances the quality of the visitor experience but
also plays a critical role in preserving ecological integrity and promoting the sustainable use of natural
resources (Manning & Lime, 2000; Goktug & Kurkut, 2016).

Visitor management encompasses a set of planned interventions and guidance strategies designed to
safeguard both natural and cultural values. According to Manning and Lime (2000), these strategies
can be broadly categorized into four main approaches:

1. Supply Management: Involves distributing visitor presence across time and space—e.g., directing
visitors to less congested areas or off-peak periods—to reduce pressure on sensitive sites.

2. Demand Management: Focuses on regulating the number of visitors through mechanisms such as
reservation systems, visitor quotas, and variable pricing schemes, thus avoiding surpassing the
area’s carrying capacity.

66



Journal of Protected Areas Research, 2025, 4 (1), 64-72.

3. Resource Management: Aims to minimize ecological degradation through infrastructural
improvements, regular maintenance, and ecologically sensitive regulations.

4. Visitor Impact Management: Involves influencing visitor behavior via information dissemination,
environmental education, signage, guided tours, and—when necessary—direct enforcement.

Peterson and Lime (1979) further categorized these strategies into direct and indirect methods. Direct
methods impose specific restrictions on visitor behavior (e.g., access limitations), while indirect
methods aim to shape behavior through education, awareness campaigns, and interpretive programs
that encourage voluntary compliance.

Therefore, visitor management is a key component in preserving the integrity of cultural ecosystem &
depends on carefully planned use of protected areas with respect to time, space, and infrastructure.
Equally important is guiding the nature-visitor interaction in a way that fosters respect and
understanding (Goktug & Kurkut, 2016).

Intheir study on national parks, Goktug and Kurkut (2016) proposed a set of tools for sustainable visitor
management that includes:

e Group size limitations,

e Zoning of activity areas,

e Seasonal access restrictions,

e Reservation and lottery systems,

e Establishment of visitor centers and environmental education programs,
e Use of digital navigation tools,

e Certification schemes, and

e Guided interpretation services.

The integration of technological tools such as social media monitoring, spatial analysis, and digital
guidance platforms has also enhanced the ability to track visitor movements and behaviors in real time,
leading to more adaptive and responsive management strategies (Goktug & Kurkut, 2016).

In this context, effective visitor management serves not only ecological objectives but also facilitates
social outcomes, including the preservation of cultural landscapes, community participation, and the
advancement of environmental education and ecotourism. Thus, visitor management is essential for
preserving both the ecological integrity and cultural functionality of protected areas.

1.3. Relationship between Cultural Ecosystem Services and Visitor Management in Protected Areas

Protected areas hold strategic importance for the sustainable preservation of natural resources and
their transfer to future generations. However, their significance extends beyond biodiversity
conservation, as they also serve as spaces for human—nature interaction across cultural, spiritual, and
emotional dimensions (GUl et al., 2006) . In this context, CES have become an increasingly integral
consideration in the management of protected areas (Palomo et al., 2014).

The expression of CES in protected areas manifests through various non-material benefits, including
nature-based recreation, educational experiences, cultural heritage preservation, spiritual fulfillment,
creative inspiration, social interaction, and environmental awareness. Activities such as hiking,
birdwatching, swimming, camping, and meditation enhance not only physical health but also mental
well-being and social cohesion (Willis, 2015; Zhang et al., 2023). These experiences often promote
conservation-minded behaviors by increasing emotional attachment to nature (Zhang et al., 2023).

Nevertheless, the realization of such benefits is contingent upon multiple interrelated factors,
including ecological carrying capacity, physical accessibility, the adequacy of supporting infrastructure,
and, critically, the effectiveness of visitor management. Visitor behavior within protected areas exerts
a direct influence on the quality, resilience, and long-term sustainability of CES. Unregulated or

67



Journal of Protected Areas Research, 2025, 4 (1), 64-72.

unconscious use (manifested through practices such as off-trail hiking, improper waste disposal,
disturbance of wildlife, and overcrowding in ecologically sensitive zones) can result in irreversible
environmental degradation and a significant decline in service provision (Newsome et al., 2012).

Accordingly, there is a pressing need for the formulation and implementation of strategic management
frameworks that are grounded in adaptive management principles, participatory planning processes,
and empirically informed decision-making. These frameworks should aim to integrate conservation
objectives with visitor engagement strategies, thereby ensuring the dual goals of ecological integrity
and meaningful human-nature interaction are met in a balanced and sustainable manner.

The literature frequently highlights a relationship between CES and visitor satisfaction; however, the
nature of this correlation often varies across studies. For instance, a multicenter quantitative study
across several European countries conducted by Smith and Ram (2017), using survey-based Likert scale
assessments, demonstrated a statistically significant positive correlation between landscape
experiences and visitors’ reported levels of spiritual, emotional, intellectual, and existential well-being.

Similarly, a case study by Arslan and Kaymaz (2020) in Turkiye’s Golcik Nature Park revealed a
misalignment between the recreational services perceived by visitors and the park’s long-term
management strategies. This discrepancy underscores the need to better integrate CES dimensions
into planning and policy frameworks to enhance both ecological and experiential outcomes.

Moreover, cultural ecosystem services can serve broader roles beyond conservation—such as
reinforcing the continuity of cultural landscapes, connecting protected areas with local communities,
and enhancing environmental education and sustainable tourism potential. In this regard, well-
designed visitor management strategies become essential tools for preserving not just biodiversity but
also the cultural and experiential dimensions of protected areas.

1.4. In-Depth Analysis with Selected Examples from National and International Studies

The assessment and integration of CES in protected areas are shaped by varying geographic, socio-
cultural, and managerial contexts. Numerous studies in both national and international settings offer
valuable insights into the methodologies, findings, and practical implications of CES-related research
and applications.

For instance, Willis (2015), in a study conducted along England’s Jurassic Coast, examined how tourism
contributes to individual psychological well-being through CES. Using a mixed-methods approach—
combining surveys, focus groups, and interviews—the study revealed that interaction with nature
facilitated spiritual relaxation, mental rejuvenation, and emotional satisfaction. These intangible
benefits were found to directly support both visitor satisfaction and long-term sustainability of the
site.

Similarly, Smith and Ram (2017), in a survey conducted across eight European countries, evaluated
cultural benefits through landscape experience. Their findings showed that visitors perceived profound
spiritual, emotional, intellectual, and existential benefits. The study underscored the necessity of
incorporating emotional and symbolic values into CES planning and policy development.

In the national context, Arslan and Kaymaz (2020) investigated visitor perceptions in Goélclik Nature
Park, Turkiye. Their research highlighted a discrepancy between the CES perceived by visitors and the
actual management plans.

This finding suggests that top-down planning approaches may overlook user needs and perceptions.
As a result, the long-term sustainability of CES in the area could be at risk.

Jamean and Abas (2023) conducted a study in Malaysia’s urban forests to assess visitor perceptions of
CES and their willingness to pay for conservation. Results indicated that both regulatory and cultural
services were highly valued, and visitors expressed strong support for voluntary financial contributions
toward service maintenance.

In another case, Crouzat et al. (2022) performed a spatial analysis in three European mountain
protected areas. Their study compared the potential supply and actual usage of CES and found a lack
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of spatial overlap. Various factors were identified as contributing to the issue.
Among these, accessibility, socio-cultural preferences, and land use patterns were particularly
significant.

These factors underscore the importance of adopting management approaches that are both context-
specific and participatory in nature.

Zhang et al. (2023) emphasized the influence of nature connection, spatial attachment, and
participation in environmental events on pro-environmental behaviors. Their findings suggest that
CES-based activities should be central to visitor engagement strategies.

Vasiljevi¢ et al. (2023) analyzed urban park use and determined that visitor motivations significantly
varied by age, indicating the importance of considering sociodemographic variables in CES planning.

Pinheiro et al. (2021), in a study on marine protected areas in Brazil, explored how aesthetic values
and social bonds shaped visitor preferences. Their findings called for the alignment of management
strategies with user expectations regarding landscape beauty and social experience.

Clements and Cumming (2017) highlighted that safari- and nature-history-themed experiences in
South African private protected areas were crucial for area sustainability, stressing that CES should be
a core component of strategic conservation planning.

Palomo et al. (2014), in a Spanish context, questioned the effectiveness of rigid service-based zoning
approaches and recommended flexible and adaptive management models that better accommodate
CES.

Benetti and Langemeyer (2021), in their study in Italy’s Circeo National Park, brought attention to
inequities in CES access and associated spatial justice issues, indicating that marginalized groups often
face barriers in benefitting from protected landscapes.

In a remote context, Li et al. (2020) studied the Qinghai-Tibet Plateau and concluded that biodiversity
conservation and CES preservation must be pursued concurrently, especially in fragile ecosystems.

Pisani et al. (2021) examined how the economic valuation of CES can support protected area financing,
providing a framework based on the case of Gargano National Park in Italy.

Inthe Po River Delta, Gaglio et al., (2023) demonstrated that integrating CES into governance processes
enhances stakeholder engagement and participatory decision-making.

Finally, Martinez-Harms et al. (2018) revealed the effects of socioeconomic inequality on CES
accessibility in Chile’s biodiversity hotspots, while Niz et al. (2023) showed that CES, biodiversity, and
habitat data can be combined using spatial tools to inform marine conservation decisions in Brazil.

These examples collectively demonstrate that integrating user-centered planning, spatial analysis, and
social equity is not only beneficial but essential for developing effective and sustainable CES
management strategies in protected areas.

2. Conclusion and Suggestions

This study aimed to holistically examine the role of CES in protected areas and their relationship with
visitor management. CES represent the aesthetic, spiritual, educational, and recreational connections
that individuals establish with nature. These non-material benefits not only support conservation
objectives but also significantly enhance human well-being.

Rooted in ecological thought of the 1970s, the concept of ecosystem services gained greater structure
and policy relevance with the Millennium Ecosystem Assessment (MEA, 2005), which formally
recognized cultural services as one of the four main service categories. Since then, CES have been
increasingly integrated into interdisciplinary frameworks concerned with sustainability, tourism,
education, and public health.

Empirical studies conducted in protected areas worldwide consistently demonstrate that CES foster
psychological well-being, emotional resilience, and pro-environmental behavior among visitors (Willis,
2015; Zhang et al., 2023). Recreational activities such as hiking, camping, and picnicking not only
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improve physical health but also promote place attachment, environmental awareness, and
sustainable behaviors—bridging the gap between conservation goals and societal benefits.

However, challenges remain in translating the value of CES into effective administrative and planning
processes. For instance, Arslan and Kaymaz (2020) highlighted a mismatch between perceived services
and long-term park management plans, while (Crouzat et al., 2022) noted a spatial disconnect between
the potential supply and actual use of CES. These findings point to the limitations of top-down,
biophysical-centered planning, and emphasize the need for more user-oriented, context-sensitive, and
adaptive strategies.

Moreover, national and international case studies reveal that CES are shaped by local geographies,
cultures, and socioeconomic structures. Aesthetic values, sense of place, and social experiences vary
across regions, suggesting that CES-related policies should be developed using participatory, place-
based, and flexible methodologies (Pinheiro et al., 2021; Clements & Cumming, 2017).

Although the current literature provides substantial insights into the value and functions of CES, there
is still a relative scarcity of studies that explicitly address the nexus between CES and visitor
management. Furthermore, methodological gaps exist in the measurement, spatial mapping, and user-
based evaluation of CES. Therefore, future research should focus on developing multidisciplinary
frameworks that incorporate stakeholder views, spatial-social datasets, and advanced tools for service
monitoring and governance.

In conclusion, the effective management of CES not only ensures the protection of ecological resources
but also enhances visitor satisfaction, environmental stewardship, and social sustainability. Integrating
CES into decision-making processes systematically can lead to the multifunctional use of protected
areas and a deeper harmony between human and ecological systems.

Future studies are encouraged to:

e Adopt multidisciplinary perspectives combining ecology, psychology, sociology, and planning;
e Utilize spatially explicit and participatory methods to evaluate CES distributions;

e Assess visitor perceptions and motivations in diverse contexts;

e Promote policy frameworks that integrate CES into the core of protected area governance;

e Address inequities in access to CES through inclusive and just planning approaches.
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