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Afetler, bir toplumun isleyisinde kendi kaynaklarini kullanarak basa
¢ikma kapasitesini agan ciddi aksamalardir. Afetler, dogal, insan yapimi1
ve teknolojik tehlikelerin yami sira bir toplulugun maruziyetini ve
savunmasizligint etkileyen ¢esitli faktorlerden kaynaklanabilir. Afet
risklerinin azaltilmasi, topluluklarin daha hazirlikli, direngli olmasi ve
verdigi zararlarin azaltilabilmesi i¢in etkin bir afet yonetimi ve lojistigi
gerekmektedir. Birgok konuda oldugu gibi afet yonetim lojistigi
stirecinin de g¢evreye ve topluma uyumlu olmasi ayni zamanda da
ekonomik boyutu dikkate almasi artik bir zorunluluktur. Bu nedenle
iilkelerin/organizasyonlarin etkin, verimli ve siirdiiriilebilir afet lojistigi
politikalarma sahip olmalar1 6nem arz etmektedir. Siirdiiriilebilir afet
yonetimi lojistigi konusunda son yillarda akademik ¢aligma sayilarinda
g6zle goriiliir bir artis gdzlemlenmistir. Bu artis ayn1 zamanda bu alanda
kapsamli bir literatiir taramasi ihtiyact dogurmustur. Bu g¢aligsmanin
amaci siirdiiriilebilir afet yoOnetimi iizerine yapilmis akademik
caligmalart hem igerik hem de bibliometrik agidan analiz etmek,
literatiirdeki bosluklar1 gostermek ve ileriye doniik arastirma potansiyeli
olan konulari irdelemektir.

Content and bibliometric analysis of publications in the field of sustainable

humanitarian logistics

Article Info

Abstract

Article History:

Received: 04.12.2022
Revised: 13.12.2022
Accepted: 19.12.2022

Keywords:

Disaster management logistics,
Sustainability,

Literature survey,

Bibliometric analysis.

Disasters are serious disruptions that transcend constraints by using their
own characteristics on a community scale. Disasters can be caused by a
variety of factors, including natural, man-made and technological
hazards, as well as a community and its general characteristics. Effective
disaster management and logistics are required to reduce disaster risks,
make communities more prepared and resilient, and reduce damage to
the environment. As in many other issues, it is now a necessity for the
disaster management logistics process to be compatible with the
environment and society, as well as to take into account the economic
dimension. For this reason, it is important for countries/organizations to
have effective, efficient and sustainable disaster logistics policies. A
significant increase has been observed in the number of academic studies
on sustainable disaster management logistics in recent years. This
increase also necessitated a comprehensive literature review in this field.
The aim of this study is to analyze academic studies on sustainable
disaster management both in terms of content and bibliometrics, to show
gaps in the literature and to examine topics with potential for future
research.
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1. Giris

Afetler insanlik tarihi boyunca yikici ve kalici zararlara neden olmuslardir. Afet 6ncesi hazirlik ve planlamanin
eksikligi ve kisitli imkanlar nedeniyle bugiine kadar dogal afetler tiim sehirleri yok etmeye kadar giden sonuglar
dogurmuslardir. Giiniimiizde ise insanligin hem bilgi ve hem de teknik imkanlar1 birgok sorunu ¢oziip, bircok
hastalig1 tedavi edebilmesine ragmen hala afetlerin agir yikimlarma yeterli ¢dziimleri bulabilmis degildir (Onsiiz
ve Atalay, 2015).

Afet, toplumlarin tamamini veya belli kesimlerini etkileyen, toplum agisindan ekonomik, fiziksel ve sosyal
kayiplara sebep olan, giinliik yasami ve insan faaliyetlerini kesintiye ugratan veya tamamen durduran, toplumun
kendi kaynaklarin1 kullanarak afetle bas etme kapasitesini asan, doga, teknoloji veya insan kaynakli aksamalar
olarak ifade edilir. Yapilan tanimlamadan goriildiigii gibi afet aslinda bir olayin kendisi olmayip dogurdugu
sonugtur (Celik vd. 2020).

Afetlerin farkli sekilde siniflandirilmasinin nedeni ise iilkelere, bolgelere ve afetler konusunda ¢alisan uzmanlara
gore degigsmekte oldugundandir. Ancak en genel haliyle afetler; olus hizina ve olugma sebebine gore
siniflandirilabilirler (Shaluf, 2007). Olus hizina gore yavas (6rn. kiiresel 1sinma) ve hizli (6rn. deprem) gelisen
afetler olarak alt dallara ayrilirken; olusma sebebine gore ise dogal (6rn. sel), beseri (6rn. salgin hastalik) ve
teknoloji kaynakli (6rn. biyolojik kaza) olmak {izere ii¢ alt dala ayrilmaktadir.

Son yillarda iilkemizde ve diinyada meydana gelen afetler, can ve mal kayiplarina, evlerin yikilmasina ve daha
bir¢ok ekonomik, sosyal ve psikolojik zararlara neden olmustur. Afetler; sebep olduklari 6liimler ve yaralanmalar
nedeniyle, bir iilkenin niifus kompozisyonunu énemli dl¢iide degistirme, yatirim ve iiretim kapasitesini diigiirme,
hava kirliligine ve iklim degisikligine neden olma ve bir ulusun kiiltiirel mirasinin pargasi olan altyapiy1, binalar1
ve diger dgeleri tahrip etme potansiyeline sahiptirler (Soydz ve Ozyériik, 2021). Afetleri durdurmak ve neden
olduklar1 zarar1 azaltmak i¢in etkin bir afet yonetim sistemi gereklidir. Bu nedenle, uluslarin afet yonetimi igin
yiiriirliikte olan politikalart olmasi ¢ok dnemlidir (Erturgut ve Yilmaz, 2020).

Afet yonetimi, temelde dort evreden olusmaktadir (Sekil 1). Bu evreler, afet oncesi i) 6nlem (zarar azaltma

caligsmalar), ii) afete hazirlik (planlama, egitim, tatbikat), iii) afet sonras1 miidahale (acil durum eylemi, ilk yardim)
ve iv) yeniden yapilandirma (normale donme, iyilestirme) olarak ele alinmaktadir (Le Cozannet vd. 2020).

35/

N
g RISK YONETIMI

AFET YONETIM
SISTEMI

KRIZ YONETIMI

Sekil 1. Afet yonetimi dongiisii (Le Cozannet vd. 2020)

Yukarida bahsedilen evrelerin her birinde de ihtiya¢ duyulan malzemenin, zamaninda ve dogru yerde bulunmasi
meydana geldigi yerde canlilarin ve toplumun ihtiya¢ duydugu esyalarin, saglik ve gida malzemelerinin, destek
ekiplerinin ve tiim faaliyetlerin bulundugu noktalardan ihtiyag¢ sahiplerine aktarilma siirecini kapsar. Bu siiregte
iyi bir planlama, uygulama ve kontrole gerek duyulur. Afetin yasandig1 ve afet lojistiginin gergeklesecegi ortam
birgok belirsizlik ve degiskenlerle doludur. Bu faktorler nedeniyle, afete hazirlikli olmanin yani sira esneklik ¢ok
onemlidir. Afetler nedeniyle risk altinda ve korunmasiz olanlarin gereksinimlerini karsilamaya yonelik mal ve

(Sen ve Esmer, 2017).
Afet lojistiginde ilk 72 saat cok énemlidir. Thtiyag duyulan malzemeler ile ilgili degerlendirme, afet sonrasi ilk 24

saat icinde gergeklesir ve insani yardim kuruluslarindan profesyoneller afet bolgelerine konuslandirilir ve
bolgedeki tedarik gereksinimlerini tahmin eder. Felaketten sonraki ilk 36 saat i¢inde insani yardim kuruluglarina,
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hiikiimetlere ve uluslararast sivil toplum kuruluslarina ¢agrilar yapilir. Itirazlar, yardim malzemelerinin tiirii ve
miktarina goére tamimlanir. Ayni bagislarin Onceliklendirilmesi, siralanmasi, sayilmasi ve mevcut taleple
karsilastirilmas1 gerekmektedir. Nakdi bagislar, afet yerine teslimati geciktiren, ancak ayni bagis yiikii olmayan
satin alma faaliyetlerine yol agmaktadir. Tedarik operasyonlari, tedarik¢ilerin 6nceden konumlandirilmig veya
kullanilabilir stoklarinin afet yardim operasyonu igin yeterli olmayabileceginden, afet yardim operasyonlart i¢in
hayati 6nem tagimaktadir. [k 72 saat hayati 6nem tasir ve malzemeler ne pahasina olursa olsun afet bolgesine
tasinir (Sekil 2). Ilk acil dénemden sonra, tedarikgiler cogunlukla yerellestirilir ve ii¢ aylik bir siire boyunca daha
istikrarli bir tedarik akisi saglanir (Ertem vd. 2010).

Yerel
Tdm malzemeler tedarikgiler ile
tedarikgilerden ¢alisilir, daha
Acil ihtiyaglar ~ Malzeme temin edilir ve stabil bir
belirlenir ve tarleri ve ihtiya¢ noktasina tedarik
gereksinimler  miktarlari tasinir. Maliyet sistemi
tahmin edilir. belirlenir. onemsizdir. kurulur.
Afet ani
0 24 saat 36 saat 72 saat 3ay

(Tanyas vd. 2013): Afet oncesi hazirlik asamasi: Krizin heniiz olusmadig1 bu asama, siire¢ yonetimi a¢isindan ¢ok
onemlidir. Farkindalig1 artirmaya ve fark yaratmaya calisan bu asamada planlama, tedarik ve depolama islemleri
gerceklestirilir. Afet durumunda ihtiya¢ duyulan ekipmanlara hizli bir sekilde ulasilabilmesi i¢in en iyi depolama
yerleri secilir. Afet sonrasi olusabilecek belirsizlik ortaminin 6nlenmesi 6ncelikli amag¢ oldugundan, olasi bir afet
durumunda, uygun kaynaklarin uygun kisilere, uygun zaman ve yerde, uygun alternatiflerle saglanmasi i¢in planlar
yapilir. Bu asamada bu yollarin alternatif planlar1 ve ihtiyaca cevap verebilecek yollar da gozden gegirilir. Mevcut
Ol¢timlerin yapilmasi, stratejik se¢imlerin giincellenmesi ve potansiyel olarak gerekli tim ekipmanlarin rutin
olarak denetlenmesi bu amag i¢in ¢ok dnemlidir. Devlet ve sivil toplum kuruluslari, afet dncesi donemde, olasi
afet senaryolarina karsi iiretilen istatistiksel veriler 1518inda malzeme stoklanmasindan, afet durumunda ulusal
koordinasyonu saglayacak yazilim altyapilarinin kurulmasina kadar ¢esitli iglerde isbirligi yapmaktadir. Afet
siirecinde miidahale asamast: Onceliklendirme ve durum degerlendirmesi yapilarak bélgesel ihtiyaglar belirlenir.
Uzmanlar tarafindan belirlenen ihtiyaglara gore afet bolgelerindeki ihtiyag¢ sahiplerine teslimatlar yapilmakta ve
hazirlik asamasinda tedarik edilmektedir. Ozellikle afet bolgesindeki limanlarin, havaalanlarmin, kopriilerin,
trenlerin ve otoyollarin zarar goriip gormedigi ve afet bolgesine erzaklarin en hizli ve giivenli sekilde gonderilip
icerir. Etkili isbirligi ve iletisim ¢ok &nemlidir. Afet sonrast yapilan ¢alismalar: Oncelikle toplama, bakim ve
degerlendirme siireglerini kapsar. Bakim ve degerlendirme ekipleri, afete miidahale siirecinde miidahale eden
ekiplerin yerini almaktadir. Mevcut durumun degerlendirilmesi ve ardindan yapilacak raporlamalar, sonraki zaman
dilimlerinin planlanmasi agisindan biiyiik 6nem tagimaktadir. Muhtemel afetlere hazirlik amaciyla degerlendirme
ve raporlama yoluyla elde edilen bilgiler kullanilmaktadir.

Overstreet vd. (2011)’e gore insani yardim lojistiginin unsurlari, kurulusun personeli, ekipmani/altyapisi, ulagim,
bilgi teknolojisi/iletisim, planlama/politikalar/prosediirler ve envanter yonetimidir. Bu unsurlar, lojistik
literatiiriiniin dikkatli bir sekilde gézden gecirilmesi ve tartigilmasindan sonra olusturulmustur. Sekil 3'te, insani
yardim lojistiginin sistem sinir1, insani lojistik bilesenlerini ¢evrelerinden ayiran kesikli ¢izginin i¢inde kalan
alandir. Sinir, lojistik¢inin kontrol alanini temsil eder ve ¢evrenin lojistik {izerinde sahip olabilecegi etkiyi ve
lojistik¢ilerin gevreleri iizerinde sahip olabilecegi olasi etkiyi belirtmek i¢in kesikli bir ¢izgi ile temsil edilir.
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Sekil 3. Insani yardim lojistigi kapsami (Overstreet vd. 2011)

Sekil 4’te ise insani yardim tedarik zinciri ve lojistigi arasindaki iliski resmedilmektedir. Tedarik, ulasim
(malzemeler ve ihtiya¢ sahibi kisiler ve insani yardim ¢alisanlart), varlik yonetimi, bilisim teknolojileri, depo
operasyonlari, giivenlik, dagitim ag1 ve filo yonetimi gibi farkli lojistik islevleri insani yardim kuruluslarmin
kapsamina dahil edilebilir. Kaynaklardan ve lojistik faaliyetlerden sorumlu bir insani yardim kurulusundaki
merkezi yonetim, uluslararasi ve yerel insani yardim kuruluglart arasindaki iligkiler aginin tedarikgiler, hizmet
saglayicilar, bagiscilar ve hiikiimetle entegrasyonunu yoneten tedarik zinciri yapisina evrilmistir.

insani Yardim Tedarik Zinciri

insani Yardim Lojistigi

/T

.,\

Program  Satin Alma 7~ 4
hisani Tedarlkgl E]/
? Spesifik progra
/9 ¢
Aktarma Dep s .
Dondr E@ Dagitim “\\Yerel organizasyon

Ana Depo

Onceden konumlandiriimig stok Yararlamula:)

IzZleme ve

E degerlendirme
Araglar v\

ooag -

Varllk Yonetimi Filo Yonetimi

k/

Program Caligani

Sekil 4. Insani yardim tedarik zinciri ve lojistigi etkilesimi (Bhushan, 2017)

Insani yardim lojistigi iizerine akademik ¢alismalar son yillarda hizli bir sekilde artis gdstermistir. Bu galismada
stirdiirtilebilir insani yardim lojistigi konusuna odaklanildigi i¢in geleneksel insani yardim lojistigine iligkin sadece
mevcut literatiir taramasi ¢aligmalarina yer verilmistir. Bu alanda yapilan ilk literatiir ¢aligmalar1 Kovacs ve Spens
(2007) ve Natarajarathinam vd. (2009) tarafindan yapilmis olsa da, ilk kapsamli ¢aligma Leiras vd. (2014)
tarafindan literatlire kazandirilmstir. Leiras vd. (2014) baslangi¢ yili belirlemeden 2012 yilina kadar olan 228
calismay1 detayli bir sekilde incelemislerdir. Bu ¢alismalari yazar 6zelliklerine, afet tipine, afet yonetimi evresine,
¢Ozlim yaklagimina ve tedarik zinciri yonetimi karar seviyelerine gore siniflandirmislardir. Daha sonraki kapsamli
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bir ¢alisma Banomyong vd. (2019)’a ait olup, yazarlar 2005-2016 yillar1 arasindaki 52 ¢aligmay1 incelemislerdir.
Taramalarini yaparken “Humanitarian”, “Humanitarian Operations” veya “Logistics” veya “Supply Chain” veya
“Performance Measurement” anahtar kelimelerini kullanmuslardir. Incelendikleri ¢aligmalar1 hem bibliyometrik
olarak analiz etmisler, hem de afet yonetiminin dort fazina gore ¢alismalart gruplandirmislardir. Ayni y1l yapilan
baska bir literatiir taramasi ¢alismasinda (Chiappetta Jabbour et al. 2019) yil aralig1 verilmeden “Humanitarian
Supply Chain” veya “Humanitarian Logistics” anahtar kelimeleri ile yapilan sorgulamada 87 caligma
incelenmistir. Incelenen calismalar afet tipine, kullamlan metodolojiye, insani yardim organizasyonu tipine,
yazarlarin kurumlarina ve afetin bolgesine gore siniflandirilmigtir. 2021 yilinda yapilan bir yiiksek lisans tezinde
(Oztiirkel, 2021) Tiirkiye’de tamamlanan ve afet yonetimi ve insani yardim lojistigi iizerine yazilmis tezler
incelenmistir. Ulusal Tez Merkezi internet sitesinde “afet yonetimi”, “afet lojistigi” ve “insani yardim lojistigi”
tek tek yazilmis, tezin tiirli ve izin durumu hakkinda herhangi bir se¢im yapilmamistir. Bunun sonusunda
erisilebilen 332 tez c¢alisma kapsaminda incelenmistir. Buna gére yontem olarak en fazla anket yolu tercih
edilmisken, ¢alisilan alt konu olarak ise afet yonetim siirecleri 6n siralarda yer almistir. Bu alanda yapilan son
literatiir ¢aligmast ise Anjomshoae vd. (2022)’e ait olup, calismada insani yardim lojistiginin performans
gostergeleri  lizerine yogunlagilmigtir. 2007-2021 yillar1 arasindaki toplam 83 c¢alisma incelenmistir.
“Humanitarian Supply Chain” veya “Humanitarian Logistics” veya “Disaster Relief Operations” anahtar
kelimeleri {izerinden sorgulama yapilmistir. En sik kullanilan performans analiz yaklagimlarinin SCOR modeli ve
Balanced Scorecard yaklagimi oldugu tespit edilmistir.

Yukaridaki ¢alismalarin hepsi insani yardim lojistigini geleneksel bakis agisi ile ele almistir. Ancak bu g¢alismanin
basinda da belirtildigi gibi afetlerin hem ekonomik, hem sosyal hem de ¢evresel sonuclar1 bulunmaktadir. Ornegin,
28 Eyliil 2018'de Endonezya'nin Palu bdlgesinin kiyisinda 7,5 biiyiikliigiinde bir deprem tsunamiyi tetikledi. 1.500
insanin hayatini ald1 ve 70.000'den fazla insani evsiz birakarak biiyiik bir sosyal problem ortaya ¢ikardi. Diger
taraftan yine ayn1 y1l Endonezya’da Soputan Volkani patladiginda havaya 4.000m ytikseklige kadar volkanik kiil
salind1 ve bu da ciddi bir ¢evresel probleme yol acti. Bu iki felaketin ekonomik etkisi ise yaklagik 1,2 milyar
dolard1 (Bag vd. 2020). Bu ve benzeri durumlar insani yardim kuruluslarina siirdiiriilebilir yeterliligin mevcut afet
miidahale mekanizmalarina 6zellikle de lojistik ve tedarik zinciri yonetimi faaliyetlerine dahil edildiginden emin
olmalarint hatirlatti. Afet yoOnetiminin miidahele asamasinda kararlar ¢ok hizli alindigt icin genellikle
stirdiiriilebilir ¢ergevede degerlendirme yapilmasi oldukga giictiir. Ancak diger {i¢ safhada da (risk azaltma,
hazirlik ve iyilestirme) insani yardim lojistiginin ekonomik, ¢evresel ve sosyal g¢erceveden ele alinmasi daha
olasidir (Formaneck, 2019).

Yukaridaki bilgilere gore siirdiiriilebilir insani yardim lojistigi, belirli niifuslarin acil ihtiyaglarii karsilayarak ve
onlari dayaniklilik olusturmada ve miimkiin olan minimum ekonomik ve ¢evresel kaynaklarla uzun vadeli refah
beklentileri yaratmada destekleyerek savunmasizliklarini azaltan insani yardim operasyonlar1 olarak
tanimlayabiliriz (Van Wassenhove, 2006). Dolayisiyla buradaki esas amag¢ geleneksel siirdiirtilebilir
organizasyonlara nazaran tiim sistemin net siirdiiriilebilir degerini maksimize etmektir (Sekil 5).

Net
Siirdiiriilebilir

Net Gelir Deger
Ekonomik
Maliyet
Net Gelir Gelir
Maliyet Net Gelir
Maliyet ) Cevresel
Maliyet i
Maliyet Maliyet
Maliyet
Net Net Net Net Net
. . Ekonomik evresel Pt
Ekonor.nlk + Gevresel + Sosyal = Toplam Sosyal Gelir — Maliyet = inaliyet = Siirdiriilebilir
Gelir Gelir Gelir Gelir Deger

2. Siirdiiriilebilir Insani Yardim Lojistiginin Onemi
Gerek dogal gerekse beseri felaketlerin her gecen yil artmasi insani yardim organizasyonlarinin is yiikiinii de ciddi

oranda artirmaktadir. Birlesmis Milletler Miilteciler Yiiksek Komiserligi’nin (The United Nations High
Commissioner for Refugees-UNHCR) raporuna gore, 2022'de diinyada zorla yerinden edilmis insan sayis1 2021°e
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gore %11,98 artarak yaklagik 100 milyona yiikselmistir (Sekil 6). Ayni raporda 2050 yilina kadar iklim
degisikliginin sonuglarina bagl nedenlerden dolay1 yaklagik 216 milyon insanin da kendi evlerini terkedip, go¢
etmek zorunda kalacagi 6ngoriilmektedir.

120

100
100

79,5
80 70,8
59,2
60 51,2
42,7

40 +

20 A

o -

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Sekil 6. Yillara gore evinden edilen insan sayis1 (UNHCR, 2022)

Milyoninsan

1960 yilindan itibaren diinyada gergeklesen dogal afet sayisi da katlanarak artmaktadir (Sekil 7). Asagidaki
grafikte yer almasa da 2021 yilinda gergeklesen afet sayisinin 432 oldugu agiklanmis bu da bu zamana kadarki en
biiyiik say1 olarak kayitlara gegmistir. 2021 yilindaki afetlerin toplam ekonomik kaybi ise 252 milyar dolar
olmustur (CRED, 2021). Son 20 yilda ger¢eklesen dogal afetler, ekonomik etki, yol actig1 insan kaybi sayis1 ve
etkiledigi niifusa gore Sekil 8’de belirtilmektedir.

400

300

200

100

0 T T T T
1900 1920 1940 1960 1980 2000 2019

Sekil 7. Yillara gore gergeklesen dogal afet sayist (EMDAT, 2020)
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Sekil 8. Son 20 yilda gerceklesen dogal afetlerin etkileri (CRED, 2021)

Diger taraftan Birlesmis Milletler insani Yardim Koordinasyon Ofisi’nin (OCHA) raporuna gore 2022'de 274
milyon kisinin insani yardima ve korumaya ihtiyact olacaktir. 2021°de bu say1 235 milyon kisi olup, sadece
%70’ine yardim gétiiriilmiistir (OCHA, 2022). iklim icin énemli devrilme noktalarma ulasilmis veya gecilmis
olabilir; insani eylem uyum saglamalidir. iklimle ilgili afet olaylar1 daha sik ve degiskendir. iklim degisikliginin
etkileri nedeniyle 2050 yilina kadar 216 milyona kadar insan kendi iilkeleri i¢inde taginmak zorunda kalabilir.

Yukarida belirtilen gostergeler hem afet sayisinin giderek artacagini, hem yardima muhtag niifusun yiikselecegini
hem de yardimlarin artis oraninin diislis trendinde olacagini sdylemektedir. Bu durumda insani yardim
organizasyonlarimin bagsta lojistik olmak iizere tiim faaliyetlerinde siirdiiriilebilirlik ilkesi dogrultusunda hareket
etmesi son derece dnemlidir.

Siirdiiriilebilir insani yardim lojistigi iizerine pratik hayattan en iyi orneklerden biri Logistics Cluster isimli
organizasyona ait olabilir. Bu organizasyon, Danish Refugee Council (DRC), the International Federation of Red
Cross and Red Crescent Societies (IFRC), Save the Children International and the World Food Programme of the
United Nations ortakligiyla 2022’nin basinda WREC (Waste management and measuring, Reverse logistics,
Environmentally sustainable procurement and transport, and circular economy) projesini hayata geg¢irmistir. Bu
projenin iki temel amaci bulunmaktadir (WREC, 2022). Bunlar:
] Insani lojistik organizasyonlarmnin, sektériin gevresel etkisinin farkinda olmasii ve bu etkiyi 6lgmek ve
azaltmak i¢in koordineli, 6l¢eklenebilir ve siirdiiriilebilir bir yaklagim benimsemesi saglamak.
] Insani yardim lojistigi uygulayicilarina, yalnizca operasyonlart devam ederken degil, baslamadan dnce
ve sona erdikten sonra da atik ve nakliyeden kaynaklanan ¢evresel etkilerini azaltmalari i¢in desteklemek.

Yukarida bahsedilen pratik hayattaki 6rnek de gostermektedir ki stirdiirtilebilirlik, insani yardim organizasyonlar1
icin elzem bir durumdur. Siirdiiriilebilir insani yardim lojistigi kapsaminda yapilabilecek eylemler asagida
ozetlenmeye calisilmistir:
[J  Geri doniigtiiriilmiis palet ve kutu kullanima,
{1 Insani yardim kuruluslarinin tedarikgilere kogluk yapmak icin kullandig: ekonomik, sosyal ve cevresel
degerlendirmeler,
Insani yardim operasyonlarinda ambalajin ve kagit kullaniminin azaltilmasi,
Insani yardim kuruluslari icin yesil satin alma,
Insani yardim operasyonlari i¢in lojistigine yonelik paket tasarlanmasi,
Insani yardim siireglerinde yerel kaynaklarin kullanilmast,
Insani lojistik faaliyetler igin teknolojinin etkinlestirilmesi,
Kazalar1 azaltmak ve yakit tiikketimini iyilestirmek igin siirticiilerin egitilmesi,
Ortak kaynak kullanim modellerinin olusturulmas,
Yakat tiikketiminin izlenmesi,
Arag kullaniminin hem yiik hem de bos ¢aligsma agisindan izlenmesi,
Arag ve ekipmanlar i¢in dnleyici bakim programlarinin takip edilmesi,
Kullanilms lastik kovanlarimin uygun sekilde imha edilmesi,
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[J Diisiik emisyonlu araglar gibi alternatif ulagim modlarini1 géz 6nitinde bulundurarak filoyu, paketleme
uygulamalarini ve nakliye rotalarinin haritalanmasi ve optimize edilmesi,

[1  Sizintilar1 kontrol ederek ve suyu verimli kullanan cihazlar ve basit su geri doniisiim ydntemleri
kullanarak suyun israf edilmemesi,

[1  Tehlikeli kimyasallar1 daha giivenli veya daha az toksik alternatiflerle degistirme seceneklerinin
kesfedilmesi,

[1  Yol, depolama ve ugak pisti ingaat1 i¢in siirdiiriilebilir kaynaklarin bulunmasi,

[l Ofis ve depo faaliyetlerinin yesillendirilmesi (eski bilgisayarlarin ve verimsiz klimalarin veya
aydinlatmanin degistirilmesi, yenilenebilir enerjilerin kurulmasi ve atiklarin geri dontstiiriilmesi).

3. Bibliometrik ve icerik Analizi
Bu calisma kapsaminda siirdiiriilebilir insani yardim lojistigi iizerine bibliometrik ve igerik analizi temelli bir

literatiir taramas1 yapilmistir. Bunun i¢in Scopus veritabanindan yararlanilmistir. Scopus veritabaninda Sekil 9°da
gosterilen anahtar kelimeler ve sorgu yapist kullanilarak ilgili caligmalar tespit edilmeye ¢aligilmistir.

Search within Search documents *

Article title, Abstract, Keywords sustainable OR sustainability
AND v

Search within Search documents

v . .

Article title, Abstract, Keywords humanitarian
AND v

Search within Search documents

Article title, Abstract, Keywords e logistics OR “supply chain"

Sekil 9. Scopus veritabani sorgu yapist

Agustos 2022 tarihinde yapilan sorgu sonucunda toplam 157 ¢alisma elde edilmistir. Bu 157 ¢alismanin dokuz
tanesi ingilizce olmamasindan, editére mektup formatinda olmasindan ve igerik uyusmazligindan dolay1 elenmis,
sonug olarak 148 calisma (makale ve kongre caligmasi) detayli incelemeye alinmistir. 148 calismanin yillara gore
dagilim1 Sekil 10°da verilmistir. Sekil 10°dan da goriilecegi lizere 2015 ve sonrasinda ciddi bir artis olup, 6zellikle
son yillarda siirdiiriilebilir insani yardim lojistigi lizerine yapilan ¢aligmalarin sayica fazla oldugunu soyleyebiliriz.

30

25

20

15

10

2006 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Sekil 10. 148 ¢alismanin yillara gére dagilimi
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Incelenen 148 calismanin 15 tanesi kitap/kitap boliimii, 23 tanesi kongre, kalan 110 tanesi ise makale
formatindadir. Bu dagilim yiizde olarak Sekil 11°de verilmistir.

e

B Makale
m Kongre

= Kitap

Sekil 11. 148 ¢alismanin yayin tipine gore dagilim

110 makale, 73 farkli dergide yaymnlanmis olup, bu dergilerin yayin siklig1 Sekil 12’de sunulmustur. Gortilecegi
iizere tiim yayinlarin %25°1 sirasiyla  “Journal of Humanitarian Logistics and Supply Chain Management”,
“Sustainability (Switzerland)” ve “Annals of Operations Research” dergilerinde yaymlanmistir.
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Sekil 12. 110 makalenin dergi dagilimu

Dergilere ek olarak tercih edilen kongreler de incelenmistir. 23 kongre ¢aligmasi 20 farkli kongrede sunulmustur
(Sekil 13). Dolayisiyla belirli bir kongre 6n plana ¢ikmamustir.
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Sekil 13. 23 kongre ¢alismasinin dagilimi

Literatiir taramasinin bundan sonraki kisminda bibliyometrik analiz yapilmistir. Bibliyometrik verileri siralamak
ve gorsellestirmek igin VOSviewer yaziliminin 1.6.18 versiyonu (siirimii) kullamilmistir. VOSviewer, ag
gorsellestirme, katman gorsellestirme ve yogunluk gorsellestirme olarak adlandirilan {i¢ tlir gorsellestirme
saglamaktadir. Bibliyometrik aragtirmalarda yaygin olarak kullanilan iki tiir harita vardir. Bunlar mesafe tabanl
haritalar ve grafik tabanli haritalardir. VOSviewer programinda mesafe tabanli haritalar olusturulabilir. Bu
haritalar, iki 6ge arasindaki mesafenin 6geler arasindaki iliskinin giiciinii yansittig1 haritalardir. Daha kiigiik bir
mesafe genellikle daha giiclii bir iliskiyi gosterir (Kurbanova ve Cavlak, 2021).

148 galismada 1009 farkli anahtar kelime kullanilmistir. En sik kullanilan ilk 20 kelime kullanim sikligina goére
Tablo 1°de verilmistir. Literatiir taramasi, strdiiriilebilir insani yardim lojistigi lizerine yapildig: i¢in en sik
kullanilan ilk ii¢ kelimenin “humanitarian logistics”, “sustainability”, ve “sustainable development” ¢ikmasi
beklenen bir durumdur. Bu sonu¢ yapilan sorgulamanin uygunlugunu da gostermesi agisindan olumlu
karsilanmustir.

Tablo 1. En sik kullanilan 20 anahtar kelime

Sira Anahtar Kelime Frekans # Frekans %
1 humanitarian logistics 38 2,55%
2 sustainability 38 2,55%
3 sustainable development 24 1,61%
4 supply chain 23 1,54%
5 humanitarian supply chain 21 1,41%
6 supply chain management 19 1,28%
7 covid-19 11 0,74%
8 disaster management 11 0,74%
9 humanitarian aid 11 0,74%
10  human 9 0,60%
11 disaster prevention 8 0,54%
12 humanitarian operations 8 0,54%
13 humans 8 0,54%
14 developing countries 7 0,47%
15  disasters 7 0,47%
16  logistics 7 0,47%
17  disaster relief 6 0,40%
18  resilience 6 0,40%
19  decision making 5 0,34%
20 environmental sustainability 5 0,34%
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En sik kullanilan anahtar kelimelerin birlikte kullanim sikliklarina VOSviewer yardimiyla bakilmistir. Elde edilen
iliski ag1 Sekil 14’te sunulmustur. Buna gore ¢alismalarin ¢ogunlugunun siirdiiriilebilirlik, insani yardim lojistigi
ve afet yonetimi konularinda kiimelendigi sdylenebilir.
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Sekil 14. Anahtar kelimelerin birlikte olusum ag1
148 calismanin yazar adreslerine bakildigi zaman en fazla ¢alisma yayinlayan ilk ii¢ lilkenin Amerika Birlesik
Devletleri, Birlesik Krallik ve Almanya oldugu tespit edilmistir. Cogunluk bat iilkelerinden olsa da, Hindistan,
Pakistan, Cin Halk Cumhuriyeti, Tayland ve Urdiin’iin de bu konuda ¢alismalar yaptig1 Sekil 15’ten goriilebilir.

Sekil 15°te, dort ve {izeri yayini olan iilkeler gosterilmistir.

NETHERLANDS, 9 AUSTRALIA, 8 AUSTRIA, 7

UNITED KINGDOM, 20
FINLAND, 7

SOUTH
CHINA, 5 HUNGARY,5 | AFRICA, 5

FRANCE, 14

BRAZIL, 6

4

UNITED STATES, 40 GERMANY, 18 PAKISTAN, 6 SWITZERLAND, 5 | JORDAN, 4

Sekil 15. Yazarlarin kurum adreslerine ait iilke dagilim1

THAILAND, | cANADA,
5

148 galismada 434 farkl1 yazar bulunmaktadir. Ug ve daha fazla yayini bulunan ilk 13 yazar Tablo 2°de verilmistir.
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Tablo 2. Ug ve daha fazla yayma sahip yazarlar

Sira Yazar Cahsma Sayis1 Universite Ulke

1 Lauras M. 5 Universite de Toulouse-Mines Albi Fransa

2 Klumpp M. 4 University of Gottingen Almanya

3 Gunasekaran A. 3 Penn State Harrisburg A.B.D.

4 Zarei M.H. 3 Coventry University Birlesik Krallik
5 Kovécs G. 3 Hanken School of Economics Finlandiya

6 Comes T. 3 University of Agder Norveg

7 Bag S. 3 University of Johannesburg Giliney Afrika
8 De Leeuw S. 3 Wageningen University & Research Hollanda

9 Van Wassenhove L.N. 3 INSEAD Fransa

10 Shafig M. 3 The Islamia University of Bahawalpur Tayland

11 Soratana K. 3 Naresuan University Tayland

12 Rejeb A. 3 Széchenyi Istvan University Macaristan

13 Rejeb K. 3 Higher Institute Of Computer Science Ariana Tunus

148 caligmanin aldig1 toplam atif sayis1 2086 olarak tespit edilmistir. Bu atif sayilari i¢inde en fazla pay %11 ile
Queiroz vd. (2020), %8 ile Soosay ve Hyland (2015) ve %7 ile Dubey ve Gunasekaran (2016) ¢aligmalarina aittir.
148 calismaya ait atif ag1 Sekil 16°da gosterilmektedir.

kovécs g. (2017)
gebre b. (2018) klumpp m. (2021)

jilani a.(2018b) zaitseva a.y. (2018)

vicente-oliva s. (2021) pérache a:h. (2020)

rehr m. (2018) oberhofer p. (2015)

h 2020 hirsch p. (2017)
IEETRART e (2020) behl 2.(2019) asgary'r. (2020)
nappi m.m.l. (2017)

cookson s.t. (2015) soneye . (2014) lecadet.c. (2020)

boer j.d. (2020)
abidi h.(2015b)

kaminsky j.a. (2018) malmirb. (2021) maccarthy.m.f. (2018)
kretschmer a. (2014)
hebi ali. (2022)
soosay c.a. (2015) khan m. (20202) Slel g 2020) nic. @2015)

- a?cuc ie. (2021) mcdonald 1. (2021) berasforcha: (2021)

li ci2019) P#Y Lv' clark L. (2015)
toyasaki f. (2017) van barnwd k..(2020) patoe b (2021 cesari g. (2022)

bag §20200C L QLIRI O Z 2020 wang201)

P m:m (2020)
‘haavisto 1. (2015) |
om m. (2016)
shafiq mf(2020) dubey r. (2016)
regattieria. (2016) sperlingll. (2020)

cozzolinoa. (2021)
johnstone p.w. (2019)

rejeba. (2020)
liuj.l.(2011) larson p.d. (2021)

van wassenhove |.n. (2019) grest m. (2019)
i hatzellkb.(2012)  Patels.(2011)
cabicarova m. (2016) .
nedjalkov a. (2019)
atasu a. (2017)

(@\ VOSviewer besiou m. (2021)

harpringr. (2021) ( férnandoy. (2018)

hossain m.k. (2021) eggersdorfer m. (2016)

Sekil 16. 148 ¢alismanin aldig1 atif sayilarina iliskin ag yapisi

148 calismanin aldig1 atiflara ek olarak bu galismalarin atifta bulundugu calismalara da bakilmistir. Scopus
verilerine gore 148 calisma toplamda 8141 adet farkli ¢alismaya atifta bulunmustur. 148 ¢alismanin en fazla
referans olarak kullandig: ilk 10 ¢alisma Tablo 3’te verilmistir. Tiim g¢aligmalar ise Sekil 17°de atif ag1 olarak
resmedilmisgtir.
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Tablo 3. 148 calismanin en fazla atifta bulundugu ilk 10 ¢aligma

Sira Kaynak Bashk Dergi
1 Balcik vd. (2010) Coordination in humamt‘arlan relief chains: practices, Intematlgnal Journal of Production
challenges and opportunities Economics

2 Van Wassenhove Humanitarian aid logistics: supply chain management in ~ Journal of the Operational Research
(2006) high gear Society

3 Kovacs ve Spens Humanitarian logistics in disaster relief operations International Journal of Physical
(2007) g P Distribution & Logistics Management
Beamon ve Balcik . - . . International Journal of Public Sector

4 Performance measurement in humanitarian relief chains
(2008) Management
Dubey ve . o . .o . L

The sustainable humanitarian supply chain design: International Journal of Logistics

5 Ggunasekaran o - . L
(2016) agility, adaptability and alignment Research and Applications

6 Kunz ve Reiner A meta-analysis of humanitarian logistics research Journal of Humanitarian Logistics and
(2012) ¥ & Supply Chain Management

7 Haavisto ve Perspectives on sustainability in humanitarian supply Disaster Prevention and Management:
Kovacs (2014) chains An International Journal

8 Balcik vd. (2008) Last mile distribution in humanitarian relief ;(;};E:ris()f Intelligent Transportation
Altay ve Green . . European Journal of Operational

9 (2006) OR/MS research in disaster operations management Rescarch

10 Day vd. (2012) Humanitarian and disaster relief supply chains: a matter Journal of Supply Chain Management

of life and death

(1997) high performance system

(2015) the sierra leone nation begley,'s., get smarter: a gro

(2016) care of nen-communicabl (2010), “greening the humanita

abo-hamad, w,, arisha, a., sim (2014) fifth assessment report

(2000) handboak for emergencie

bealt, j., fernandez barrera,

van wassenhove, I.n., humanita la londe, b.j,, "supply chain

(2016), https:(www.flirtey.co (1967) nationalist newspaper,

deif, a.m., a system model for
(2008) supplyichain analytics

singh, a.k., sushil, modelin
& &J J (2011), catholi¢ health associ

dasaklis, t.k., pappis,.c.p.,
ey, F8lis 5., identif

Y kabra, g., ra
balcik, b., b yb.m., krej

anaya-arenas, a.n., renaudij
(1991) general assembll resol!
dubey, r., altay, n., blome, c

abeyratne, s.a,, monfared, r.p

0., analyzi (2009) treatment of tuberculos

(2021) revisiting pandemic res

van wassenhove, umanita
balcik, b., .m., faci

T~

(2002) transfer of learning -

(2016) 2010 geographic terms a

A
dugan, s., gutierrez, m.a., ke agyepong, L.a B systems view
ahmed, z,, disaster risks and e
. xu, |., beamon, b.mgsupply c . .
ghorbani, m., ramezanian, r.,

(2019) cred crupch 54 - disast
tomasini, r.m., van wassenhove
achanga, p., shehab, e., roy,

van wassenhove, |.n., humanita

(1996) rome declaration on wor
(2012) fao statistical yearboo

(2013) resource conservative m .
(2010), www.icrc.org/eng/asset

(2009) afrique de I'ouest : In
saifee, ., franco-paredes, c.

afridi, a., minallah, n., sami

(1990) the human right to adeq

(2002) les entreprises de vida van wassenhove, I.n., humanita

5‘%3 VOSviewer
(2016) 2017 humanitarian respo

Sekil 17. 148 ¢alismanin yaptig1 atiflara iliskin ag yapisi

Yukarida sunulan bibliyometrik analiz sonuglarina ek olarak 148 caligma Ozet igeriklerine gore de
gruplandirilmistir. Eliglizel vd. (2020) c¢aligmasinda onerilen hazir k-means siniflandirma Pyhton uzantisi
kullanilarak 148 caligma 6zet iceriklerine gore bes gruba ayrilmis ve ¢aligmalar gruplara eslestirilmistir. Sekil
18’de bu kiimeler gosterilmektedir. Bes kiimenin merkez ¢alismalar1 sirasiyla 0 (Tasnim vd. 2022), 3 (Dubey vd.
2022), 29 (Baffoe ve Luo, 2021), 12 (Rejeb vd. 2021) ve 4 (Amorim vd. 2022) nolu calismalar olarak
belirlenmistir. Sekil 18’deki her bir numaraya karsilik gelen ¢alismalar Tablo 4’te 6zetlenmistir.
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Sekil 18. 148 calismanin 6zetlerine gore bes ayr1 kiime olarak gruplandirilmasi
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Tablo 4. Numaralara karsilik gelen kaynaklar
# Kaynak # Kaynak
0  Tasnim vd. (2022) 74  Shafiq ve Soratana (2019)
1 Novoszel ve Wakolbinger (2022) 75  Behl ve Pal (2019)
2 Balavd. (2022) 76  Gebre vd. (2018)
3 Dubey vd. (2022) 77  Miro vd. (2018)
4 Amorim vd. (2022) 78  Schon vd. (2018)
5  Ali ve Kannan (2022) 79  Fernando ve Chukai (2018)
6  Cesari vd. (2022) 80  Rehrvd. (2018)
7 Kumar vd. (2022) 81  MacCartthy vd. (2018)
8  Karl ve Scholz Karl (2022) 82  Wesana vd. (2018)
9  Mangla ve Luthra (2022) 83  Pullman vd. (2018)
10 Lipman ve Maier (2022) 84  Kaminsky (2018)
11 Besiou vd. (2022) 85  lJilani vd. (2018)
12 Rejeb vd. (2021) 86  Zaitseva vd. (2018)
13 Coombes ve Nicholson (2021) 87  Salvado vd. (2018)
14 Beresford ve Pettit (2021) 88  Srinivas Sucharitha ve Lee (2018)
15 Larson (2021) 89  lJilani vd. (2018)
16  Zakir Hossain (2021) 90  Wiens vd. (2018)
17 Patil vd. (2021) 91  Ade Bilau vd. (2018)
18 Karuppiah vd. (2021) 92  Singh vd. (2018)
19  Pascucci (2021) 93 van Kempen vd. (2017)
20 Tachaudomdach vd. (2021) 94 Kovacs vd. (2017)
21 Cazzolino (2021) 95  Nappi ve Souza (2017)
22 Farooq vd. (2021) 96  Toyasaki vd. (2017)
23 Klumpp ve Loske (2021) 97  Atasu vd. (2017)
24 Hossain ve Thakur (2021) 98  Kunz ve Gold (2017)
25  Vicente-Oliva ve Martinez-Sanchez (2021) 99  Hirsch (2017)
26 Ramos ve Pereira (2021) 100  Salvado vd. (2017)
27  Adeiza vd. (2021) 101  Hirschinger vd. (2016)
28  Patil vd. (2021) 102 Yadav ve Barve (2016)
29 Baffoe ve Luo (2021) 103 Asgari vd. (2016)
30 Rejeb vd. (2021) 104 Lom vd. (2016)
31 Abbas vd. (2022) 105 Regattieri vd. (2016)
32  McDonald vd. (2021) 106  Connelly vd. (2016)
33  Das vd. (2021) 107 Dubey ve Gunasekaran (2016)
34 Harpring vd. (2021) 108 Hirschinger ve Moser (2016)
35 Malmir ve Zobel (2021) 109  Parisi vd. (2016)
36 Boostani vd. (2021) 110  Wang vd. (2016)
37 Cherkesly ve Maizi (2020) 111  Cabicarova ve Ullrich (2016)
38 Medel vd. (2020) 112 Meduri ve Ali Ahmed (2016)
39 Khan vd. (2020) 113 Battini vd. (2016)
40 Ittmann (2020) 114 Eggersdorfer ve Bird (2016)
41 Asgary vd. (2020) 115 Haavisto ve Goentzel (2015)
42 Amini vd. (2020) 116  Soosay ve Hyland (2015)
43 Sahebi vd. (2020) 117  Peretti vd. (2015)
44 Perache vd. (2020) 118 Cookson vd. (2015)
45 Chen vd. (2020) 119  Abidi vd. (2015)
46  Sperling (2020) 120 Klumpp (2015)
47 Bagvd. (2020) 121 Klumpp vd. (2015)
48 van Barneveld vd. (2020) 122 Remida (2015)
49  Boer vd. (2020) 123 Wei vd. (2015)
50 Shafiq ve Soratana (2020) 124 Nivd. (2015)
51 Wood ve Fraizer (2020) 125  Oberhofer vd. (2015)
52 Lecadet (2020) 126  Abidi ve Scholten (2015)
53 Kwapong Baffoe ve Luo (2020) 127 Harke ve de Leeecuw (2015)
54 Bagvd. (2020) 128  Chingono ve Mbohwa (2015)
55 Rejeb ve Rejeb (2020) 129  Oloruntoba (2015)
56  Queiroz vd. (2020) 130  Mora-Vargas vd. (2015)
57  Grest vd. (2020) 131  Clark ve Hobbs (2015)
58 Khan vd. (2020) 132 Baba vd. (2015)
59 Sabri vd. (2019) 133 Savino vd. (2015)
60 Van Wassenhove (2019) 134  Haavisto ve Kovacs (2014)
61 Laguna-Salvado vd. (2019) 135 Soneye (2014)
62 Chiappetta Jabbour vd. (2019) 136 Matopoulos vd. (2014)
63 Zarei vd. (2019) 137 Kretschmer vd. (2014)
64  Grest vd. (2019) 138  Green vd. (2013)
65 Zarei vd. (2019) 139 Sienou ve Karduck (2012)
66 Nedjalkov vd. (2019) 140 Hatzell vd. (2012)
67 Yadav ve Barve (2019) 141  Witherspoon ve Harris (2011)
68 Liv vd. (2019) 142 Patel ve Mehta (2011)
69 Jermsittiparset ve Kampoomprasert (2019) 143 Liu (2011)
70 Johnstone vd. (2019) 144  Moysey (2010)
71  Cesari vd. (2019) 145 Hartranft (2009)
72 Bag ve Arnesh (2019) 146  Idigbe vd. (2006)
73 Shafiq ve Soratana (2019) 147 Garner ve Harrison (2006)

Sekil 18°de belirtilen her bir grup igerik olarak birbirlerine yakin olan galismalari kapsamaktadir. Iki diigiim
arasindaki uzaklik ise aralarindaki benzerlik seviyesi ile ters orantilidir. Yani birbirine uzak olan iki ¢aligmanin
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benzerlikleri diistiktiir. Buna gore birinci grup — yani merkezinde Tasnim vd. (2022) ¢aligmasinin oldugu grup —
diger gruplara gore siirdiiriilebilir insani yardim lojistigi konusuna daha fazla odaklanmaktadir. Diger taraftan
besinci gruptaki ¢aligmalar insani yardim lojistiginin sosyal ve organizasyonel boyutu ile daha ¢ok ilgilenmektedir.
Dérdiincii gruptaki ¢alismalar da daha ¢ok insani tedarik zinciri yonetimi, teknolojileri ve bilgi sistemleri iizerine
odalanmaktadir.

Yukarida sunulan bibliyometrik tarama ve detayli inceleme sonrasinda siirdiiriilebilir insani yardim lojistigi
alaninda tespit edilen literatiirdeki bosluklar asagida maddelenmistir.
] Birlesmis Milletler insani Miidahale Depolarinin (UNHRD) siirdiiriilebirlik agisindan degerlendirilmesi
ve kiyaslanmasi,
[ Sirdiirtilebilir insani yardim lojistigi olgunluk modelinin gelistirilmesi ve Tiirkiye’de ki insani yardim
organizasyonlarinin siirdiiriilebirlik agisindan analiz edilmesi,
[ Sirdiirtilebilir insani yardim deposu i¢in yer se¢imi,
[ Sirdiirtilebilir insani yardim tedarik zinciri yonetiminin Birlesmis Milletlerin 17 Siirdiiriilebilir Kalkinma
Amaci ile iliskilendirilmesi ve analizi,
] Insani yardim tedarik zinciri yonetimi i¢in dongiisel ekonomi modeli gelistirilmesi,
[ Sirdiirtilebilir insani yardim lojistigi ve tedarik zinciri igin anahtar performans gostergelerinin (sosyal,
ekonomik ve ¢evresel) belirlenmesi ve olugturulmast,
[ Sirdiirtilebilir insani yardim lojistigi ve tedarik zinciri yonetimi Oniindeki engellerin belirlenmesi ve
¢0zlim Onerilerinin sunulmasi,
[J  Sirdiirtilebilir insani yardim lojistigi i¢in bir SCOR ¢er¢evesinin olusturulmast.

4. Sonug¢

Lojistik ¢ogunlukla ticari tedarik zincirlerinde kullanilsa da, afet yardim operasyonlarinda da 6nemli bir aragtir.
Insani yardim lojistigi, dogal afetler veya karmasik acil durumlarda etkilenen bdlgeye ve insanlara malzeme
teslimat1 ve depolama konusunda uzmanlasmis bir lojistik daldir. Insani lojistik, insanlarin acilarini hafifletmek
amaciyla kaynak noktasindan tiiketim noktasina kadar mal ve malzemelerin verimli, uygun maliyetli akisinin ve
depolanmasinin yani sira ilgili bilgilerin planlanmasi, uygulanmasi ve kontrol edilmesi siirecidir. Bu siireg,
hazirlik, planlama, satin alma, nakliye, depolama, izleme ve giimriikleme gibi bir dizi faaliyeti kapsar.

Insani yardim lojistigi, krizden etkilenen insanlara temel yardim saglarken ve daha uzun vadeli kalkinma
kazanimlar i¢in firsatlar sunarken, diger taraftan her siire¢ gibi siirdiiriilebilir olmaktan baska caresi yoktur. Ana
amaci ne olursa olsun lojistik ve tasgimacilik kaynakli c¢evresel ve toplumsal etkilerin minimize edilmesi
stirdiirtilebilir insani yardim lojistiginin Onceliklerinden biri olmak zorundadir. Bu konularda sivil toplum
kuruluslari ve organizasyonlar kendilerini yavas yavas hazirlarken, diger taraftan akademide de bu konular iizerine
yayinlar gozle goriiliir bir sekilde artig gostermistir.

Bu caligmanin amac siirdiirelebilir insani yardim lojistiginin literatiirdeki mevcut durumunu analiz etmek,
bosluklart tespit etmek ve ileriye yonelik ¢alisma konularii gostermektir. Bu dogrultuda Scopus veritabaninda
uygun anahtar kelimeler ile sorgu yapilmig ve 148 adet ¢calisma incelemeye alinmistir. Bahsi gegen ¢aligmalar hem

iceriklerine gore gruplandirilmis hem de bibliometrik acgidan analiz edilmistir. Tespitler ve Oneriler bir énceki
boliimde de detayli bir sekilde agiklanmaya ¢aligilmustir.

Arastirmacilarin katkisi

Bu arastirmada; Ayca OZCEYLAN, arastirmanin tasarlanmasi, verilerin toplanmasi, analizlerin yapilmasi,
bulgularin degerlendirilmesi ve makalenin hazirlanmasi; Mehmet TANYAS arastirma siirecinin tasarlanmast,
izlenmesi, kontrolii, degerlendirilmesi ve makalenin hazirlanmasi kisimlarina katki saglamistir.

Cikar catismasi

Yazarlar tarafindan herhangi bir ¢ikar ¢atigsmasi beyan edilmemistir.
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Toplama listesi biiytikliigi,
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Optimal rotalama,
Optimal is birligi stratejisi,

Optimal kolaboratif robot hiz1

Siparis toplama operasyonlar1 depolarda en fazla maliyet ve is yiikil olugturan aktivitelerden
birisidir. Son yillarda, siparis toplayicilarin is yiikiiniin azaltilmasi ve performanslarinin
artirilmasi i¢in depolarda kolaboratif siparis toplama sistemleri daha fazla kullanilmaya
baslanmistir. Kolaboratif bir siparis toplama sisteminde, kolaboratif robot bir siparis
toplayic tarafindan siiriilebilmekte veya siparis toplama noktalar1 arasinda yiiriiyen siparis
toplayicinin yani1 sira otonom olarak hareket edebilmektedir. Kolaboratif sistemin
yayginlasmast ile kolaboratif robot hizinin siparis toplama operasyonlarmin ¢ikti
performansina etkisi ne kadardir? ve bu etki farkli toplama liste biiyiikliikleri i¢in nasil
degismektedir? gibi arastirma sorulart ortaya ¢ikmaktadir. Dolayisiyla, bu caligma
kolaboratif robot kullanilan bir siparis toplama deposunda robot hizinin ¢ikt1 performansina
etkisini aragtirmak amactyla bir tamsayili programlama modeli olusturmay1 ve gesitli siparis
listesi Dbiiyiikliikleri igin gelistirilen modeli ¢dzmeyi hedeflemektedir. Optimizasyon
modelinin amac1 bir toplama listesindeki tiim lokasyonlar1 kapsayan tur siiresini minimize
etmektir. Ayrica, siparis lokasyonlar: arasindaki mesafeye bagl olarak siparis toplayicinin
kolaboratif robotun yaninda yiiriimesi veya kolaboratif robotu siirmesi i¢in optimal strateji
belirlenmistir. Dahasi, hiz artisinin kazalara yol actifi dikkate alinarak optimizasyon
modeline hiz artis1 i¢in bir zaman cezasi eklenmistir. Son olarak, rastgele toplama listeleri
olusturmak i¢in Monte Carlo simiilasyonu kullanilmis ve Dinamik Programlama kullanilarak
optimizasyon modeli ¢ozlilmiistiir. Caligsmanin sonucunda, toplama listesi biiyiikliigiine baglh
olarak robot hizinin optimize edilmesiyle ¢iktt performansinin  %60,7'ye kadar
artirilabilecegi gosterilmistir.

The impact of collaborative robot speed on the throughput performance in
an order-picking warehouse

Abstract

Article Info

Article History:
Received: 01.03.2023
Revised: 05.08.2023
Accepted: 09.08.2023
Keywords:

Pick-list size,

Collaborative robot,
Optimal routing,

Optimal collaboration
strategy,

Optimal collaborative robot
speed.

Order-picking operations are one of the most costly and labor-intensive activities in
warehouses. In recent years, collaborative order-picking systems have been used increasingly
in warehouses to reduce order pickers’ workloads and increase their performances. In a
collaborative order-picking system, the collaborative robot can be ridden by an order picker
or move autonomously alongside the order picker walking between pick locations. The
widespread use of collaborative systems raises research questions, such as how much the
collaborative robot speed affects the throughput performance of order-picking operations and
how this effect changes for different pick-list sizes. Therefore, this study aims to develop an
integer programming model to investigate the impact of the robot speed on the throughput
capacity in an order-picking warehouse using collaborative robots and to solve the model
developed for various pick-list sizes. The objective of the optimization model is to minimize
the total tour time covering all locations in a pick-list. Moreover, the optimal strategy to walk
along or ride the cobot for the order-picker is determined, depending on the distance between
the pick locations. Considering the speed increase leads to accidents, a time penalty for the
speed increase is added to the optimization model. Eventually, Monte Carlo simulation is
used to generate pick-lists randomly, and the optimization model is solved by using Dynamic
Programming. As a result of the study, it is shown that the throughput performance can be
increased up to 60.7 by optimizing the robot speed depending on the pick-list size.
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1. Giris

Son yillarda diinya genelinde yasanan sosyolojik, ekonomik ve teknolojik gelismeler insanlarin aligkanliklarini
ciddi bir sekilde degistirmektedir. Ozellikle, teknolojik gelismeler neticesinde internet kullanim oraninin artmasi
ile bireyler ¢evrimdisi ortamlar yerine ¢evrimigi ortamlarda daha fazla vakit gegirmektedirler. Nihayetinde, yapay
zekaya sahip sanal asistanlarin ve sohbet robotlarinin kullanimiyla tiiketiciler online aligverise daha fazla yonelmis
ve pandeminin etkisiyle bu yonelimde ciddi bir artis olmustur. Ticaret Bakanlig1 tarafindan yayinlanan e-ticaret
verilerine gore 2019 yilinda %9,80 olan e-ticaretin genel ticaret i¢erisindeki pay1 2020 yilinda % 15,70’e ¢ikmis
ve 2021 yilinin ilk alt1 aymda % 17,60’a yilikselmistir (E-ticaret bilgi platformu, 2021). Bireylerin online aligverise
yonelimleri birgok alanda oldugu gibi tedarik zinciri ve lojistik sistemlerinde de ciddi degisimlere sebep olmustur.
Ozellikle, insanlarin galigma kapasitesinin kisitli kalmasi ve son yillarda sensér ile bilgi teknolojilerindeki hizli
gelismeler neticesinde daha fazla otomatik, otonom veya robotik sistemler kullanilmaya baslanmistir. Ne var ki,
otomatik, otonom veya robotik sistem tasarimlarinin insanlar kadar esnek olmamasi sebebiyle (her farkli bir gérev
icin farkli materyal veya bilgi gerekebilir) bu tiir sistemlerin her iste kullanilmasi fikrinin siirdiirtilebilir olmadig
anlagilmig; bdylece, sikict ve siirekli tekrar eden islerde galisan insanlara yardimeci olabilecek kolaboratif
(isbirlik¢i) sistemler daha fazla tercih edilmeye baglanmistir.

Tedarik zinciri ve lojistik sistemlerinde siirekli tekrar eden en dnemli islemlerden birisi depolarda gergeklestirilen
siparis toplama operasyonlaridir. Siparis toplama operasyonlarinda siparis toplayicilar giin boyunca miisterilerin
siparislerini igceren toplama listelerinde bulunan {iriinleri depolardan toplamaktadirlar. Depolarda gergeklestirilen
faaliyetler i¢in harcanan zamanin %55’ini olusturan siparis toplama operasyonlari, toplam faaliyetler icerisindeki
oranin %20 ile %50 arasinda degistigi (Tompkins vd., 2010) ve toplam is giicii maliyetlerinin %40-60"1n1
olusturdugu tahmin edilmektedir (Miller, 2004). Dahas1, depo tasariminin veya operasyonlarin optimize edilmesi
ile bu maliyetlerin %10 ile %30 arasinda azaltilabilecegi belirlenmistir (Bartholdi ve Hackman, 2019). Son yillarda
siparis verilen iiriin boyutlarindaki azalmanin yani sira iiriin sayisindaki ciddi artig goz 6niine alindiginda siparis
toplama operasyonlarimin depolama faaliyetleri icerisindeki 6neminin daha da arttig1 goriilmektedir.

2000’11 yillara kadar siklikla kullanilan Manuel Siparis Toplama (MST) sistemlerinde genellikle siparis toplayici
toplama listelerindeki siparisleri toplamak i¢in glin boyunca bir siparis toplama aracini iterek veya ¢ekerek depo
icerisinde dolagmaktadir (bakiniz Sekil 1.a). Bu hem siparis toplayicinin toplama kapasitesini ciddi bir sekilde
kisitlamakta hem de giin boyunca gezmek zorunda kalan siparis toplayicilar i¢in ciddi ergonomik riskler
barmdirmaktadir. Diger taraftan, son yillarda siparis toplayicilarin kapasitesini artirmak i¢in binilebilir trans palet
iceren Aragla Siparis Toplama (AST) sistemleri yaygin bir sekilde kullanilmaya baslanmistir (bakiniz Sekil 1.5).
Boylece, siparigler arasindaki mesafelerin ytirlinmesi yerine aracin kullanilmasi ile siparis toplama operasyonlari
daha hizli bir hale gelmis ve giin igerisinde toplanan siparis sayist artirilmistir. Ne var ki, AST sistemleri uzun
mesafelerde siparis toplayicinin fazladan yiirlimesini engellese dahi siirekli araca inip binmek zorunda olan siparis
toplayicinin dizlerine ek yiik getirmistir. Nihayetinde, giinde 1200 kere araca inip binmek (Crown Equipment
Corporation, 2013) zorunda kalan siparis toplayicilarin kapasitesi artsa dahi dizlerinde olusan baski daha da
artmustir.

)

Sekil 1. Siparis toplama sistemleri a) MST sistemi (UNEX Manufacturing, 2023) ve b) AST sistemi (Carolina
Handling, 2023)

MST sistemindeki kapasite kisiti ve AST sistemindeki ergonomik problemlerin farkinda olan robotik sistem
iireticileri son birkag¢ yil igerisinde daha da yayginlasan insan-robot is birligi diisiincesi temelinde Kolaboratif
Siparis Toplama (KST) sistemi 6nerisinde bulunmusglardir. KST sisteminde eger iki toplama noktasi arasindaki
mesafe uzunsa siparis toplayici araca binmekte ve bir sonraki toplama lokasyonuna kadar araci kullanmaktadir
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(bakiniz Sekil 2.a). Diger taraftan, eger iki toplama noktas1 arasindaki mesafe kisaysa siparis toplayici bu mesafeyi
ylirlimekte ve otonom olarak hareket edebilen arag¢ bir sonraki toplama lokasyonuna kendi basina ulasmaktadir
(bakiniz Sekil 2.0).

Sekil 2. Kolaboratif Siparis Toplama sisteminde a) siiriis ve b) ylirliyiis durumlar1 (Crown Equipment
Corporation, 2013)

MST ve AST sistemlerinin performanslarini optimize etmek igin literatiirde onlarca ¢aligma yapilmis ve gesitli
toplama ve rotalama stratejileri onerilmistir (De Koster vd., 2007; Jaghbeer vd., 2020; Masae vd., 2020; Tuna ve
Tungel, 2012; Van Gils vd., 2018; Yener ve Yazgan, 2019). MST ve AST sistemleri i¢in ¢oziilen klasik siparis
toplama problemlerinden farkli olarak KST sisteminde toplama noktalar1 arasindaki stratejinin belirlenmesi
gerekmektedir. Diger taraftan, klasik siparis toplama problemlerinin ¢ogunda siparis toplayicilarin hizlarinin sabit
oldugu varsayilmakta ve siparis toplayicimin hizinin sistem performans: iizerindeki etkisi ¢ok fazla
irdelenmemektedir. Onceki ¢calismalardan farkl1 olarak bu makalede KST sisteminde kolaboratif robot hizinin ¢ikt:
performansi lizerindeki etkisi arastirilmaktadir.

KST sisteminde toplama listesi bilyiikliigi hem rotanin hem de toplama noktalar1 arasindaki stratejinin
belirlenmesinde énem arz etmektedir. Ornegin, toplama listesinin kiigiik olmasi durumunda, her bir toplama
koridorunda toplanmasi gereken siparis say1s1 az oldugundan tiim koridorlar dolagilmayacak ve toplama noktalar1
arasindaki mesafe uzun olacag: i¢in siparis toplayicinin kolaboratif robotu siirmesi tercih edilecektir. Diger
taraftan, toplama listesinin biiylik olmasi durumunda, her bir toplama koridorunda toplanmasi gereken siparis
say1s1 fazla oldugundan toplama noktalar1 arasindaki mesafe kisa olacak ve siparis toplayicinin kolaboratif robotu
stirmesi yerine toplama noktalar1 arasinda yiiriimesi tercih edilecektir.

KST sisteminin ¢ikti performansi toplama listesinde bulunan tiim sipariglerin toplanmast igin gerekli siire
temelinde degerlendirilmektedir. Bu degerlendirmenin yapilabilmesi i¢in optimal rota ve toplama noktalari
arasindaki optimal stratejiyi belirleyen bir optimizasyon modeli gelistirilmistir. Dahasi, sistem ¢ikt1 performansini
artirmasina ragmen kolaboratif robot hizindaki artisin is kazalarini artiracagi diisiincesi temelinde kolaboratif robot
hiz1 modele yansitilmistir. Olusturulan optimizasyon modeli, farkli toplama listesi biiytikliikleri i¢in Monte Carlo
simiilasyonu temelinde tiiretilen data setleri i¢in ¢ozlilmiistiir. Boylece, kolaboratif robot hizinin sistem ¢ikti
performansina ne kadar etki ettigi gosterilmistir.

Makalenin bundan sonraki boliimiinde siparis toplama operasyonlari iizerine yapilan 6nceki ¢aligmalar verilmis
ve yapilan calismanin literatiire katkisi belirtilmistir. Uciincii béliimde optimizasyon modelinde kullanilan
notasyon ve model detaylar1 agiklanmustir. Pratikte kullanilan parametre degerleri temelinde ¢6ziilen optimizasyon
modeli sonuglar1 dordiincii boliimde paylagilmaktadir. Yapilan ¢alisma ve sonuglart son boliimde 6zetlenerek,
gelecekte yapilabilecek ¢aligma dnerilerinde bulunulmustur.

2. Bilimsel Yazin Taramasi

Siparis toplama ile alakali farkli problem tanim ve ¢dziim Onerileri igin literatiirde onlarca ¢alisma bulunmasina
ragmen, bu makale kolaboratif robot hizinin KST sisteminin ¢ikt1 performansi tizerindeki etkisine odaklandig igin
siparig toplayict hizini temel alan ¢alismalar temelinde literatiir sinirlandirtlmistir.

Petersen (1999) MST ve AST sistemlerinin performanslarini farkli depolama politikalari ile ¢esitli rotalama
stratejileri igin degerlendirmistir. Dahasi, siparis toplayicinin hizinin ve toplama listesi biiyiikliigiiniin depolama
politikalar1 ve rotalama stratejileri iizerindeki etkisini gostermistir. Motmans (2012) on dakika boyunca forklift
stiren bes siparis toplayicinin maruz kaldig: viicut titresimini 6l¢gmiistiir. Dahasi, siiriis yiizeyinin, siiriis hizinin ve
koltuk siispansiyonunun viicut titresimine etkisini aragtirmistir. Viicut titresiminin siiriis yiizeyinin iyilestirilmesi
ile %39, siirlis hizinin azaltilmasi ile %26 ve koltuk siispansiyonunun iyilestirilmesi ile %22 azaltilabilecegi
hesaplanmistir.
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Hong vd. (2013) genis veya dar bir koridordaki bir toplama lokasyonundan birden fazla siparisin alinmasi gerektigi
durumda siparis toplayicilarin birbirlerini engellemesini degerlendirmek i¢in analitik modeller gelistirmislerdir.
Markov zinciri temelinde siirlayict iki farkli yiirtiylis hizint (birim yiiriiylis zaman1 ve ani ylirlylis zamani)
diistiniilmiis ve bir toplama lokasyonundaki maksimum alinmasi gereken farkl: siparis sayilari i¢in siparis toplama
yogunlugunun nasil toplayicilarin birbirini engellemesini etkiledigi deneysel sonuglar temelinde gosterilmistir.
Hong (2014) bir m hiziyla yiiriiyen iki ig¢inin birbirini gegmesine miisaade etmeyen dairesel bir sistem i¢in kapali
formda modeller gelistirmis ve gelistirilen modeller simiilasyon modelleri ile dogrulanmustir. Iscilerin birbirini
engellemesinin yiiriiylis hiziyla, toplanan siparisin agirligiyla ve toplama lokasyonu sayisiyla iliskili oldugunu
belirlemislerdir. Hong vd. (2015) bir yiikleme ve bir bosaltma istasyonu bulunan lineer bir siparig toplama
sisteminde (bucket brigade vdorder picking system) siparis toplayicilarin hizini toplama yogunluguna gore
degerlendirmislerdir. Iscilerin hizlarina bagl olarak sistemde siralandirilmalarinin birbirlerini engellemelerini
azaltacag1 gosterilmistir.

Celik ve Siiral (2016) siparig toplama aract kullanilan depolarda araglarin koridor degistirirken yavaslamalari
sebebiyle siparis toplama performansini negatif bir sekilde etkiledigini belirtmislerdir. Sadece seyahat siiresinin
minimize edilmesinin amaglandig1 optimizasyon modellerinden farkli olarak seyahat siiresine ilaveten koridorlar
aras1 gegis siliresinin minimize edildigi ¢cok amagli bir optimizasyon modeli onermislerdir. Gelistirdikleri
algoritmalarla Pareto analizini kolayca yapabildiklerini gostermisler ve algoritmalarin pratikte kullanilan sezgisele
kiyasla daha iyi performans gosterdigini belirlemislerdir.

Hong (2019) iki siparis toplayici bulunan bir lineer siparis toplama sisteminde akis ve siireg i¢i ¢aligma siireleri ile
sistem ¢iktis1 olmak tizere ii¢ farkli performans gostergesini degerlendirmis ve bu performans gostergelerinin
sinirlayici 6zelliklerini analiz etmistir. Rojanapitoon ve Teeravaraprug (2020) siparis toplayicilarin koridorlarda
aragla seyahat ederken koridorlardaki trafige bagl olarak hizlarin1 ayarladiklarini belirtmigsler ve deponun trafik
haritasini kullanarak optimal rotanin olusturulmasi icin ¢ok amaglh bir matematiksel model nermislerdir. Onceki
caligmalara kiyasla sikigik rotalardan %50 oraninda sakinarak zamanda %44’¢ ve enerjide %17’ye kadar
iyilestirme saglanabilecegini gostermislerdir. Zhang vd. (2021) hiz ile kalite arasindaki miibadelenin 6nemli
oldugunu ve bu iki performans metriginin dengelenmesi i¢in stratejilerin olusturulmasi gerektigini belirtmislerdir.
Gergek data temelinde yaptiklart ¢alismanin sonucunda, yoneticilerin siparis toplayicilardan aldiklar1 geri
bildirimleri kullanarak hem hizli hem de hatasiz bir siparis toplama stratejisi olusturabileceklerini belirtmislerdir.
Macedo vd. (2021) siparis toplama arag sayisi ve hizlar1 temelinde siparis toplama operasyonlarini analiz edecek
simiilasyon tabanli bir karar destek sistemi onermislerdir.

Al-Araidah vd. (2021) vuciit kitlesi ve yiiriiylis hizinin bayan siparis toplayicilarin siparis toplama performanslari
ve metabolik enerji tliketimleri iizerine aragtirmalarii yapmislardir. Monte Carlo simiilasyonu temelinde
yaptiklar1 ¢alisma neticesinde 6zellikle normalin tizerinde bulunan vuciit kitlesinin ve yiiriiylis hizinin siparis
toplama performansinda ve metabolik enerji tiiketiminde 6nemli oldugunu gostermislerdir. Goeke ve Schneider
(2021) siparig toplayici ve toplama aracinin eslestirilmesiyle siparis toplayicinin hiz ve kapasitesine bagli olarak
maliyette ciddi tasarruf saglanabilecegi belirtmislerdir. Boz ve Aras (2022) gergek bir depo tasarimi temelinde dort
farkli rotalama stratejisini karsilastirmislardir. Yaptiklar1 analiz sonucunda pratikte siklikla uygulanan rotalama
stratejisinin en kotli sonuglar ortaya ¢ikardigi sonucuna varmislardir. Chen vd. (2022) siparis toplama probleminin
optimum ¢izelgelemesi iizerine aragtirma yapmislardir. Bolgesel toplama (zone picking) yapilan siparis toplama
operasyonlarinda bolgeler arasi tagima, hazirlik siiresi ve farkli arag hizlarin1 degerlendirmislerdir. Siparis toplama
operasyon maliyetleri ve ge¢ kalma siirelerinin minimize etmek i¢in gelistirdikleri karma-tamsayili optimizasyon
modelinin ¢dziimii i¢in iki-agamal1 bir yinelenen arama algoritmasi gelistirmislerdir. Son olarak, Tutam (2024)
KST sistemi kullanilan depolarin optimal tasarimlarini bulmak i¢in iki seviyeli bir programlama modeli 6nermistir.
Yapilan analiz sonucunda optimal depo tasariminin siparis toplama listesi biiytlikligiine bagli oldugu gosterilmistir.

3. Optimizasyon modeli

Bu boliimde kolaboratif robot hizinin KST sisteminin ¢ikt1 performansi {izerindeki etkisini dlgmek igin gergek
sistem gozlemlerine uygun olarak agagida verilen varsayimlar temelinde optimizasyon modeli olusturulmustur.

»  Siparislerin toplanmasina deponun en sol toplama koridorunun karsisinda bulunan Kabul/Teslim (K/T)
noktasindan baglanmakta ve siparisler toplandiktan sonra yine bu noktada teslim edilmektedir (bakiniz
Sekil 3 ve 4). K/T noktasinin baska bir lokasyonda olmasi durumunda optimizasyon modeli kolayca
adapte edilebilir.

* Tiim koridorlar iki kolaboratif robotun yan yana gegisini saglayabilecek kadar genis oldugundan es
zamanli olarak her iki yonde harekete izin verilmekte ve kolaboratif robotlarin bir birbirini engellemedigi
varsayllmaktadir. Dahasi, koridorlar igerisinde gerekli hallerde kolaboratif robotun yonii
degistirilebilmektedir.
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Siparis toplayici toplama koridorlarini kullanarak toplama lokasyonlarina ulagsmakta ve ¢apraz koridoru
kullanilarak toplama koridorlar1 arasinda gegis saglamaktadir. Siparis toplayicinin gegis koridorlarinda
yiiriimesi izin verilmemekte, eger iki toplama noktasi farkl: iki koridorda ise siparis toplayici kolaboratif
robotu siirmektedir.

Siparis toplayici toplama lokasyonlarina teker teker ugramakta, eger bir toplama noktasindan birden fazla
siparis alinmasi gerekiyorsa tek bir seferde siparislerin alindig1 varsayilmaktadir.

Siparis toplama aracinin toplama listesinin biiyiikliigiine bakilmaksizin tiim toplanacak siparisleri alacak
kapasiteye sahip oldugu varsayilmaktadir.

Siparisleri raftan alma veya araca birakma zamanlari tur siiresini degistirmeyecegi i¢in goz ard1 edilmistir.
Siparis toplayicinin yiiriiylis ve kolaboratif robotun siiriis hizlarindaki ivmelenme/yavaglama gibi
degisimler goz ard1 edilmektedir.

Siparis toplayici aracr siiriiyorsa uzaklik rektilineer olarak hesaplanmakta, yiiriimesi durumunda aracin
durdugu lokasyondan toplama lokasyonuna direk gittigi varsayimiyla 6klid uzaklik hesaplanmaktadir.
Siparis toplayicinin yiiriimesi durumunda kolaboratif robot dogrudan rektilineer uzaklik temelinde bir
sonraki toplama noktasina hareket etmektedir.

Belirtilen varsayimlar temelinde, toplam tur uzunlugunu minimize etmek i¢in olusturulan optimizasyon modeli
kullanilan kiime, indis, parametre ve karar degigkenleriyle birlikte asagida verilmektedir.

Kiime ve Indisler :

1 = bir siparis toplama listesindeki toplama noktalar1 kiimesi (K/T noktas1 0 degeri ile
gosterilmektedir)
i,j = toplama noktasi indisleri (i, j € /)
Parametreler
ho = kolaboratif robot {ireticisi tarafindan belirtilen ortalama siiriis hiz1 (m/s)
hx = kolaboratif robotun ortalama hiz1 (m/s)
Tij = i € I toplama noktasindan sonra siparis toplayicinin kolaboratif robotu siirerek j € /

toplama noktasindaki siparisi almasi ve robota birakilmasi i¢in gerekli zaman (s)
0ij = i € I toplama noktasindan sonra siparis toplayicinin yiiriiyerek j € / toplama

noktasindaki siparisi almasi ve robota birakilmasi i¢in gerekli zaman (s)

Karar Degiskenleri
Xij = 1, eger kolaboratif robot i, j € I toplama noktalar arasinda stiriiliirse;
0, aksi taktirde
Vi = 1, eger siparis toplayici i, j € I toplama noktalar1 arasinda yliriirse;
0, aksi taktirde
ui = bir siparis listesi i¢in olusturulan turda i € / toplama noktasinin ziyaret edilme sirast
Amag Fonksiyonu :
minimum Zi;ej,zeI Zjel [ri,jxi,j + 0¥ + (ho/hk)z] (1)
Kisitlar:
Dijiel (xi,j + yi,]-) =1 JEI ()
Zj:ati,jel (xi,j + yi_j) =1 i€l (3)
ui—uj+|1|(xi,j+yi].)s|I|—1 i+jveijel\ {0} 4
1<y <|Il-1 iell {0} (5)
u;, €7 iell {0} (6)
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XY, € {0,1} iLjel (7

Yukarida verilen optimizasyon modeli Gezgin Satici Problemi’nin (GSP) bir varyasyonu olarak olusturulmustur.
GSP’den farkli olarak siparis toplayici yilirimeyi veya kolaboratif robotu siirmeyi segebildiginden iki farkli karar
degiskeni tanimlanmigtir. Ayrica, hiz artisinin kazalara yol actig1 dikkate alinarak optimizasyon modeline hiz artisi
icin bir zaman cezasi (bagil hiz degisiminin karesi ile kaza sayis1 degisecektir) eklenmistir (Nilsson, 2004).
Boylece, bir toplama listesindeki tiim lokasyonlar1 kapsayacak ve toplam tur uzunlugunu minimize edecek sekilde
optimal rotanin ve stratejinin belirlenmesi hedeflenmektedir. Dolayistyla, Formiil (1) kolaboratif robotun hizina
ceza verilerek toplam tur uzunlugunun optimal toplama rotas1 ve optimal is birligi stratejisi ile minimize edilmesini
saglamaktadir. GSP’de oldugu gibi siparis toplayicinin bir toplama listesindeki tiim lokasyonlara sadece bir kez
ugramasi gerekmektedir. Bu yiizden, Formiil (2) kisit1 optimizasyon modeline eklenerek her bir durak noktasina
sadece bir durak noktasindan ya kolaboratif robotu siirerek ya da yiiriiyerek varilmasi garanti edilmektedir. Benzer
sekilde, Formiil (3) modele ilave edilerek her bir durak noktasindan sadece bir diger durak noktasina ya kolaboratif
robotu siirerek ya da yiiriiyerek varilmasi saglanmaktadir. Formiil (2) ve (3) optimizasyon modelinin ¢aligmasini
saglarken, ¢oziimde birden fazla alt turun olusmasina izin vermektedir. Bu da sadece bir turda tiim siparig toplama
lokasyonlarina ugranmasi gerekliligini ihlal ettiginden, Miller vd. (1960) tarafindan gelistirilen alt tur eleme
kisitlart modele ilave edilmistir. Formiiller (4-6) kullanilarak her bir toplama listesi igin olusturulan rotada alt
turlarin olugsmas: engellenmistir. Son olarak, Formiil (7) ile karar degiskenlerinin O ve 1 degerlerini almasi
saglanmaktadir.

4. Bulgular

Bir onceki boliimde verilen optimizasyon modeli depolarda kullanilan gergek parametre degerleri temelinde
¢ozllmiistiir. Depoda siparislerin bulundugu toplama koridorlarinin ve toplama koridorlar1 arasinda gegisin
saglandig1 capraz koridorlarin genisliklerinin 2,7 m oldugu varsayilmistir. Ayrica, her bir raf derinliginin 1,3 m
oldugu diisiiniilerek iki toplama koridoru merkezleri arasindaki uzaklik 5,3 olarak hesaplanmistir. Resim 3°te
gosterildigi lizere depoda toplamda 10 veya 20 toplama koridorunun bulundugu ve uzunluklarinin 50 m oldugu
diistiniilmiistiir. Dolay1siyla, iki farkli depolama alani i¢in hesaplamalar yapilmis ve alanlar (5,3*10) * (50 +2*2,7)
=2936,2 m? veya (5,3*20) * (50 + 2*2,7) = 5872,4 m? olarak hesaplanmistir. Toplama listesinin biiyiikliigiiniin
optimal rota ve is birligi stratejilerini degistirecegi diistiniilerek 5, 10, 20, 40, 80 ve 160 siparis bulundugu durumlar
incelenmistir. Kolaboratif robotun ilk hizinin 2,3 m/s ve siparis toplayicinin yiiriime hizinin 0,7 m/s oldugu kabul
edilmistir. Robot hizinin ¢ikti performansi iizerindeki etkisini gostermek amaciyla hiz degeri 0,7 m/s’den
baslatilmis ve 0,14 m/s artirilarak 25 farkli hiz degeri i¢in hesaplamalar tekrar edilmistir.

Sekil 3. Depo tasarimlari

Olusturulan optimizasyon modeli GSP’nin bir varyasyonu oldugundan NP-Zor bir problemdir. Model Matlab
programinda kodlanmis ve Gurobi programi ¢agrilarak problem ¢ozdiiriilmiistiir. Ne var ki, modelin biiyiik siparig-
toplama listeleri (80 ve 160 siparis) i¢in makul bir zaman dilimi (120 dakika) igerisinde ¢oziilemedigi
gbzlemlenmistir. Bu yiizden, sonuglarin elde edilmesi i¢in Dinamik Programlama (DP) yontemi kullanilmistir. DP
birbirini izleyen ve etkilesimli kararlardan olusan biitiinlesik kararlarin alt karar modellerine doniistiiriilerek
¢oziilmesinde siklikla kullanilan bir ydntemdir (Eren Senaras ve Inang, 2018). Depolardaki rotalama problemi
biitiinlesik bir karar olarak tanimlansa dahi depolarin 6zel yapisi sebebiyle bu biitlinlesik kararin koridorlara bagl
alt kararlara nasil donistiirtilebilecegi Ratliff ve Rosenthal (1983) tarafindan gosterilmistir. Dahasi, bilyiik siparis
toplama listeleri igin ¢ozlim siiresinin koridor sayisina bagl olarak lineer bir sekilde arttigini géstermisler ve 50
koridora sahip bir depoda bile ¢6ziim siiresinin sadece bir dakika oldugunu belirtmislerdir.

DP uygulanirken durum, agsama ve agamalar arasi gecisler tanimlanmalidir. Durum her bir koridorda alinacak
kararlar belirtmektedir ve her bir koridorda agagida belirtilen kararlar alinabilir (Ratliff ve Rosenthal, 1983).
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=  Eger siparis yoksa koridora girme (bakiniz Sekil 4 — Koridor 5).

=  Eger bir veya daha fazla siparis varsa koridorun bir ucundan gir ve diger bir ucundan ¢ik (bakimiz Sekil
4 —Koridor 1 ve 4).

=  Eger bir veya daha fazla siparis varsa koridorun bir ucundan diger bir ucuna git ve geri don (bakiniz Sekil
4 — Koridor 6).

=  Eger bir veya daha fazla siparis varsa koridorun alt ucundan gir ve siparisleri topladiktan sonra tekrar
koridorun alt ucundan ¢ik (bakiniz Sekil 4 — Koridor 3).

=  Eger bir veya daha fazla siparis varsa koridorun iist ucundan gir ve siparisleri topladiktan sonra tekrar
koridorun iist ucundan ¢ik (bakiniz Sekil 4 — Koridor 7).

= Eger iki veya daha fazla siparis varsa siparis noktalar1 arasindaki en biiyiik uzaklik bulunarak turdan
¢ikararak koridorun alt ve {ist uglarindan girip geri don (bakiniz Sekil 4 — Koridor 2).
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Sekil 4. Dinamik Programlama ile 6rnek bir rotanin olusturulmasi (her bir koridorda alinabilecek kararlarin
tamamini rota iizerinde gostermek amactyla optimal rota verilmemistir)

DP ile en kisa rotanin belirlenmesi i¢in 6ncelikle her bir koridorda aliabilecek kararlarin (durumlarin) maliyetleri
(zaman) hesaplanir (hesaplama yapilirken toplayicinin yiiridiigii ve kolaboratif robotu siirdiigii durumlar goz
oniinde bulundurulmaktadir). Koridorlar arasi1 gegisler DP’de asamalar arast gegisleri olusturdugundan her bir
koridor kendisinden sonraki koridora baglanirken tiim uygun durumlar igin hesaplamalar yaplir. {1k koridordan
baslanarak en son koridora kadar asamalar aras1 gegislerin maliyetleri ilave edilerek her bir agamadaki durumlarin
maliyeti giincellenir. En son koridora ulasildiginda en diisiik maliyetli durum segilir ve geriye dogru hesaplamalara
bakilarak en kisa rota belirlenir. Yukarida agiklanan DP modeli Delphi 10.4 Topluluk Siiriimii kullanilarak
kodlanmis ve kiigiik problemlerin (5, 10 ve 20 siparis) sonuglar1 Matlab programinin sonuglariyla karsilagtirilarak
dogrulanmigtir.

Sonuglar Monte Carlo simiilasyonu temelinde her bir arag hiz1 ve siparis toplama listesi biiyiikliigii i¢in 1.000 kez
tekrar edilerek olusturulmus ve ortalama degerleri verilmistir. Ayrica, her bir siparis biiyiikliigliniin veya hizin
replikasyonlarint dogru bir sekilde karsilastirmak igin ortak bir tohum (seed) degeri kullanilmigtir. Dolayistyla
toplamda 2 x 25 x 6 x1.000 = 300.000 problem ¢dziilerek sonuglar hazirlanmistir. Problemlerin ¢dziimiinde 64-bit
Windows 10 isletim sistemine sahip, 8 GB RAM bulunan, 4 ¢ekirdekli ve Intel 17-4790 3.60 GHz islemcili bir
bilgisayar kullanilarak elde edilmistir. Herhangi bir siparis biiyiikliigli veya hiz degeri i¢in yapilan 1.000 tekrar
i¢in algoritma galisma siiresi maksimum 60 saniyedir.

Sekil 5’te 10 toplama koridoruna sahip bir depo tasarimi i¢in toplama listesi ve hiz deger biiyiikliiklerine gore
optimal hizin ortalama tur zamanindaki iyilestirme ytlizdeleri sunulmaktadir (detayli ortalama tur siireleri ve
iyilestirme oranlar1 ek kisimdaki tablolarda verilmistir). Toplama listesine bagli olarak, kolaboratif robot igin
optimal hiz degeri 2,10 ile 2,94 arasinda degigmektedir. Siparis toplama listesi biiyiikliigi arttikca optimal hiz
azalmaktadir. Bunun sebebi siparis toplama noktasinin fazla olmasi sebebiyle kolaboratif robot daha fazla durak
noktasinda durmakta ve boylece robotun ortalama hizinda azalma gozlemlenmektedir. Hiz degerleri ayni olsa dahi
siparig listesi boyutundaki artis iyilestirmeyi azaltmaktadir. Ornegin, hiz degerinin 0,7 m/s oldugu durum goz
onilinde bulunduruldugunda, 5 siparis i¢in optimal hiz degeri ile %60,73 iyilestirme saglanabilirken, 10 siparis i¢in
iyilestirme oraninin %59,76’ya ve 20 siparis i¢in %57,86’ya dustiigli goriilmektedir. Optimal hizin azaldig1 daha
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biiyiik listeler (40, 80 ve 160) i¢in iyilestirme orani daha da azalmaktadir. Tiim liste biiyiikliikleri i¢in, optimal hiz
degerindeki 0,28 m/s degisimin ortalama tur zamaninda maksimum %]1,13 artiga sebep oldugu goriilmektedir.
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Sekil 5. 10 koridorlu bir depo tasarimi igin toplama listesi ve hiz deger biiyiikliiklerine gore optimal hiz ile ortalama
tur zamanindaki iyilestirme yiizdeleri

Benzer sekilde, 20 toplama koridorunun bulundugu bir depo tasarimi igin toplama listesi ve hiz deger
biiyiikliiklerine gore optimal hizin ortalama tur zamanindaki iyilestirme yiizdeleri Sekil 6’da sunulmaktadir
(detayl1 ortalama tur siireleri ve iyilestirme oranlari ek kisimdaki tablolarda verilmistir). Toplama listesi ve hiz
deger biiyiikliiklerine optimal kolaboratif robot hiz degeri 2,52 ile 2,94 arasinda degismektedir. 10 koridorlu
tasarima kiyasla kii¢iik liste biiytikliikleri i¢in optimal hiz degerinin arttig1 goriilmektedir. Siparis toplama listesi
bliylikligii arttikca optimal kolaboratif robot hiz1 6nce artmakta daha sonra azalmaktadir. Bunun sebebi koridor
sayisinin fazla olmasi sebebiyle siparis sayisindaki 40°a kadar hiz artisi ile siire¢ hizlandirilmakta, 40’tan fazla
siparis biiyiikliiklerinde siklikla duraklarda durulmasi gerektigi igin optimal hizin zamanla azalmasi ile
sonuglanmaktadir. 10 koridorlu tasarima benzer sekilde, hiz degerleri ayn1 olsa dahi siparis listesi boyutundaki
artis iyilestirmeyi azaltmaktadir. Ayrica, optimal hiz degerindeki 0,28 m/s degisimin tiim liste biiytikliikleri i¢in
ortalama tur zamaninda maksimum %1,14 artisa sebep oldugu goriilmektedir.
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Sekil 6. 20 koridorlu bir depo tasarimi i¢in toplama listesi ve hiz deger biiyiikliiklerine gore optimal hiz ile ortalama
tur zamanindaki iyilestirme yiizdeleri

5. Sonug ve degerlendirme

Son yillarda diinya genelinde yaganan gelismeler neticesinde insanlarin aligveris aligkanliklarinda ciddi degisimler
meydana gelmis ve online ortamlarda daha fazla vakit geciren bireyler e-ticarete daha fazla yonelmislerdir. Dahast,
teknolojik gelismeler ve tiim diinyayi etkisi altina alan pandemik hastaliklarin etkisiyle online aligverisin toplam
perakende sektdrii icerisindeki pay1 ciddi bir sekilde artmistir. Boylece, bir taraftan e-ticaret sektoriinde faaliyet
gosteren firma sayisin1 hizla artirirken, diger taraftan her gecen giin firmalar arasindaki rekabetin artmasi ile
sonuglanmaktadir. Giiniin sonunda, miisterilere iiriinlerini daha hizli ulagtirarak memnuniyetlerini artirmay1 ve
bdylece rakiplerinin oniine gegmeyi planlayan lojistik firmalar daha fazla teknolojik sistemlere yonelmis ve daha
fazla otomatik, otonom veya robotik sistemler kullanmaya baslamislardir. Diger taraftan, otomatik, otonom veya
robotik sistemlerin insanlar kadar esnek olmamasi sebebiyle, firmalar insanlarla ayn1 is ortaminda ¢aligabilecek ve
onlara yardimc1 olacak kolaboratif sistemlere yonelmislerdir.

Bu makalede son yillarda depolardaki siparis toplama operasyonlarinda siklikla kullanilmaya baslanan bir
kolaboratif robotun hiz1 incelenmis ve robot hizinin sistem ¢ikt1 performansi tizerindeki etkisi degerlendirilmistir.
Bu amagla, siparis toplayicinin kolaboratif robotun yaninda yiiriimesi veya kolaboratif robotu stirmesi durumlar1
g0z Oniinde bulundurularak optimal strateji temelinde bir tamsayili programlama modeli kurulmustur. Ayrica,
robot hiz artisinin daha fazla kazaya sebep olacag: diisiincesi temelinde optimizasyon modeline hiz artis1 i¢in bir
zaman cezasl eklenmistir. Monte Carlo simiilasyonu temelinde olusturulan siparis toplama listeleri Dinamik
Programlama kullanilarak ¢6ziilmiistiir.

Toplama listesine bagli olarak, kolaboratif robot i¢in optimal hiz degerinin 10 koridorlu depolarda 2,10 ile 2,94 ve
20 koridorlu depolarda 2,52 ile 2,94 arasinda degistigi gozlemlenmistir. Kiigiik siparis biiyiikliikleri i¢cin depodaki
koridor sayisi arttikga optimal hiz degeri artmaktadir. Diger taraftan, siparis toplama listesi biiytikliigii arttikca
genellikle optimal hiz azalmaktadir (koridor sayisinin fazla oldugu durumlarda once artmakta daha sonra
azalmaktadir). Ayni hiz degerleri igin siparis listesi boyutunun artmasi optimal hiz degerinin ortalama tur
stiresindeki iyilestirmeyi azalttig1 gézlemlenmistir. Ttim liste biiyiikliikleri i¢in, optimal hiz degerindeki 0,28 m/s
degisimin ortalama tur zamaninda maksimum 10 koridorlu depolarda %1,13 ve 20 koridorlu depolarda %1,14
artisa sebep oldugu goriilmektedir.

Bu ¢aligsma rastgele depolama stratejisi temelinde yapilmistir. Gelecek ¢aligma olarak, farkli depolama stratejileri
(smif bazli veya devir bazli) incelenebilir. Ayrica, bu ¢alisma kapsaminda siparis toplama siirecinde her bir durak
lokasyonundan tek bir {iriin tipi alindig1 varsayilmaktadir. Bazi durak lokasyonlarinin atlanarak, birden fazla
iiriiniin toplandig1 duraklar i¢in ayrica bu ¢aligma genisletilebilir.
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Ekler

Tablo 1. 10 koridor i¢in toplama listesi ve hiz deger biiyiikliiklerine gore ortalama tur zamanlari (s)

Toplama Listesi Bilyiikliigii

Hiz 5 10 20 40 80 160
0,70 354,18 512,94 72991 966,52 1179,33 1433,60
0,84 299,77 43579 623,62 834,09 1036,16 1291,83
0,98 261,41 38136 54859 740,77 935,95 1194,24
1,12 233,00 341,17 49322 672,07 862,76 1124,13
1,26 211,60 310,64 451,13 620,00 807,81 1072,64
1,40 19487 286,86 41836 579,64 765,87 1034,89
1,54 181,63 268,04 39245 547,93 733,51 1006,96
1,68 171,17 253,12 371,90 523,00 708,93 987,92
1,82 162,81 241,19 35547 503,23 690,00 974,38
1,96 156,12 231,61 34228 487,61 675,81 966,21
2,10 150,92 224,12 33196 475,62 665,98 963,34
2,24 146,73 218,09 323,71 466,29 659,09 963,43
2,38 143,76 213,72 317,68 459,80 655,65 967,81
2,52 141,44 21031 313,01 455,06 654,16 974,12
2,66 140,03 208,14 310,02 452,47 655,38 984,06
2,80 139,16 206,75 308,16 451,38 658,42 996,15
2,94 139,07 20639 307,62 451,92 663,41 1010,55
3,08 139,31 206,60 307,98 453,77 670,17 1027,44
3,22 140,27 207,71 30948 457,03 678,60 1046,34
3,36 141,47 20922 311,59 461,11 687,95 1065,78
3,50 1432 21141 314,53 465,99 697,33 1082,10
3,64 14529 214,10 318,18 471,82 707,95 1100,06
3,78 147,72 21728 32249 478,53 719,68 1119,32
3,92 150,65 221,09 327,63 486,27 732,66 1140,00
4,06 153,72 225,13 333,06 494,18 745,01 1157,48

Tablo 2. 10 koridor igin Toplama listesi ve hiz deger biiyiikliiklerine gore optimal hiz degeri i¢in iyilestirme

Toplama Listesi Bilyiikliigii

Hiz 5 10 20 40 80 160
0,70 60,73% 59,76% 57,86% 53,30% 44,53% 32,80%
0,84 53,61% 52,64% 50,67% 45,88% 36,87% 25,43%
0,98 46,80% 45,88% 43,93% 39,07% 30,11% 19,33%
1,12 40,34% 39,51% 37,63% 32,84% 24,18% 14,30%
1,26 34,28% 33,56% 31,81% 27,20% 19,02% 10,19%
1,40 28,63% 28,05% 26,47% 22,13% 14,59% 6,91%
1,54 23,43% 23,00% 21,62% 17,62% 10,82% 4,33%
1,68 18,75% 18,46% 17,28% 13,69% 7,73% 2,49%
1,82 14,58% 14,43% 13,46% 10,30% 5,19% 1,13%
1,96 10,92% 10,89% 10,13% 7,43% 3,20% 0,30%
2,10 7,85% 7,91% 7,33% 5,10% 1,77% 0,00%
2,24 5,22% 5,36% 4,97% 3,20% 0,75% 0,01%
2,38 3,26% 3,43% 3,17% 1,83% 0,23% 0,46%
2,52 1,68% 1,86% 1,72% 0,81% 0,00% 1,11%
2,66 0,69% 0,84% 0,77% 0,24% 0,19% 2,11%
2,80 0,06% 0,17% 0,18% 0,00% 0,65% 3,29%
2,94 0,00% 0,00% 0,00% 0,12% 1,39% 4,67%
3,08 0,17% 0,10% 0,12% 0,53% 2,39% 6,24%
3,22 0,86% 0,64% 0,60% 1,24% 3,60% 7,93%
3,36 1,70% 1,35% 1,27% 2,11% 4,91% 9,61%
3,50 2,88% 2,37% 2,20% 3,14% 6,19% 10,97%
3,64 4,28% 3,60% 3,32% 4,33% 7,60% 12,43%
3,78 5,86% 5,01% 4,61% 5,67% 9,10% 13,94%
3,92 7,69% 6,65% 6,11% 7,18% 10,71% 15,50%
4,06 9,53% 8,32% 7,64% 8,66% 12,19% 16,77%
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Tablo 3. 20 koridor i¢in toplama listesi ve hiz deger biiyiikliiklerine gore ortalama tur zamanlari (s)

Toplama Listesi Bilyiikliigii

Hiz 5 10 20 40 80 160
0,70 496,60 699,70 1015,07 1455,88 1937,32 2368,08
0,84 419,43 592,56 862,68 1244,06 1671,83 2080,22
0,98 365,18 517,13 755,24 1094,6 1484,75 1878,77
1,12 325,25 461,54 675,96 984,32 1347,07 1731,67
1,26 295,11 419,46 615,81 900,56 1242,74 1621,23
1,40 271,76 386,79 568,99 835,36 1161,90 1536,98
1,54 253,39 361,03 532,02 783,88 1098,41 1471,97
1,68 239,08 340,82 502,80 743,11 1048,54 1422,62
1,82 227,80 324,78 479,50 710,56 1009,04 1384,66
1,96 218,91 312,05 460,86 684,51 977,84 1356,21
2,10 212,25 302,33 446,40 664,19 953,98 1336,54
2,24 206,97 294,59 434,84 647,99 935,43 1322,79
2,38 203,63 289,36 426,63 636,28 922,60 1315,99
2,52 201,13 285,37 420,28 627,28 913,28 1313,12
2,66 200,07 283,26 416,45 621,65 908,31 1315,72
2,80 199,74 282,20 414,17 618,28 906,34 1321,95
2,94 200,72 282,78 413,98 617,57 907,69 1332,14
3,08 202,04 283,99 414,90 618,66 911,66 1345,87
3,22 204,61 286,71 417,69 622,08 918,46 1362,99
3,36 207,43 289,89 421,24 626,70 926,93 1381,94
3,50 211,14 294,17 426,19 633,01 937,02 1400,98
3,64 215,38 299,19 432,17 640,74 949,01 142252
3,78 220,15 304,91 439,11 649,81 962,80 1446,31
3,92 225,76 311,68 447,37 660,56 978,67 1472,62
4,06 231,52 318,72 456,06 671,87 994,91 1497,67

Tablo 4. 20 koridor i¢in toplama listesi ve hiz deger biiyiikliiklerine gore optimal hiz degeri i¢in iyilestirme

Toplama Listesi Bilyiikliigii

Hiz 5 10 20 40 80 160
0,70 59,78% 59,67% 59,22% 57,58% 53,22% 44,55%
0,84 52,38% 52,38% 52,01% 50,36% 45,79% 36,88%
0,98 45,30% 45,43% 45,19% 43,58% 38,96% 30,11%
1,12 38,59% 38,86% 38,76% 37,26% 32,72% 24,17%
1,26 32,32% 32,72% 32,77% 31,42% 27,07% 19,00%
1,40 26,50% 27,04% 27,24% 26,07% 22,00% 14,56%
1,54 21,17% 21,83% 22,19% 21,22% 17,49% 10,79%
1,68 16,45% 17,20% 17,67% 16,89% 13,56% 7,70%
1,82 12,32% 13,11% 13,66% 13,09% 10,18% 5,17%
1,96 8,76% 9,57% 10,17% 9,78% 7,31% 3,18%
2,10 5,89% 6,66% 7,26% 7,02% 4,99% 1,75%
2,24 3,49% 4,21% 4,80% 4,69% 3,11% 0,73%
2,38 1,91% 2,47% 2,97% 2,94% 1,76% 0,22%
2,52 0,69% 1,11% 1,50% 1,55% 0,76% 0,00%
2,66 0,16% 0,37% 0,59% 0,66% 0,22% 0,20%
2,80 0,00% 0,00% 0,05% 0,11% 0,00% 0,67%
2,94 0,49% 0,21% 0,00% 0,00% 0,15% 1,43%
3,08 1,14% 0,63% 0,22% 0,18% 0,58% 2,43%
3,22 2,38% 1,57% 0,89% 0,72% 1,32% 3,66%
3,36 3,71% 2,65% 1,72% 1,46% 2,22% 4,98%
3,50 5,40% 4,07% 2,86% 2,44% 3,.27% 6,27%
3,64 7,26% 5,68% 4,21% 3,62% 4,50% 7,69%
3,78 9.27% 7,45% 5,72% 4,96% 5,86% 9.21%
3,92 11,53% 9,46% 7,46% 6,51% 7,39% 10,83%
4,06 13,73% 11,46% 9,23% 8,08% 8,90% 12,32%
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organization's board of directors are used throughout the study. The proposed
model provides a means for a time-efficient and more objective selection of
scholarship recipients.

1. Introduction

Today, many students attend higher education, both undergraduate and graduate. These students experience
problems in many ways. Financial difficulties are at the top of their problems. Students have nutrition,
transportation, shelter, course materials, and social needs. It is often not possible for students to finance all these
needs themselves. For this reason, undergraduate and graduate students apply for scholarships to various
institutions and organizations to continue their education.

Many public and private institutions provide financial support to students in various ways. Students show great
interest in these scholarships, which provide financial support for their student's academic life. These institutions,
which cannot offer scholarship opportunities to all students who apply, try to decide on the most suitable ones by
considering many criteria (Abali et al. 2012).

Decision-making is the process of determining and selecting alternatives that will create the most appropriate
solution in light of various factors and expectations of decision-makers. Decisions are typically made in an
environment that combines knowledge, values, alternatives, and preferences. The compelling situation when
deciding is the variety of criteria considered in evaluating alternatives. Multi-Criteria Decision Making (MCDM)
methods are thus used to overcome such difficulties in the decision-making process. In this way, it becomes easier
to solve complex decision-making problems (Ayta¢ & Giirsakal, 2015).

In this study, MCDM methods of Analytical Hierarchy Process (AHP), Simple Additive Weighting (SAW), and
Technique For Order Preference By Similarity To An Ideal Solution (TOPSIS) are used to select scholarship
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recipients among a pool of applicants pursuing undergraduate studies. The AHP method is chosen due to its ability
to weight criteria efficiently. SAW and TOPSIS are used in order to compare and rank the applicants, and to
identify the scholarship awardees. TOPSIS method is selected because it is thought to be a complex but better
performing method for complicated problems with high number of alternatives and criteria. On the other hand,
SAW is typically considered as a simple method and has generally not been measured against TOPSIS. Due to
that, and to generate a new perspective, this study compares SAW and TOPSIS methods with a case study.

Rest of the paper includes five sections. The next section is a literature review which examines the papers that
include AHP, TOPSIS, and SAW methods, and also the articles relevant to higher-educations scholarships. Next,
the third section explains the concept of scholarship in Turkey. The MCDM methods of AHP, TOPSIS, and SAW
are explained with their mathematical representations in the fourth section. The fifth section includes a case study
that applies these methods to a particular dataset, and the last section provides the conclusions.

2. Literature review

This paper contributes to the literature by applying AHP, TOPSIS, and SAW methods for scholarship selection
and explains the higher-education scholarships selection process in Turkey. Moreover, it compares the SAW and
TOPSIS methods using a real life case. The following subsections are used to detail the literature on the methods
used and on the problem studied separately.

2.1. Literature review for the suggested methods

This section provides related literature on the MCDM methods, including AHP and TOPSIS. To start with, Yeh
(2003) formulates the scholarship student selection process as a multiattribute decision-making problem and
presents suitable compensatory methods for solving the problem. A new empirical validity procedure is developed
to deal with the inconsistent ranking problem caused by different multi-attribute decision-making methods.
Ozkan (2007) used the AHP, ELECTRE, and TOPSIS methods to determine the most suitable candidate for the
job in "Investigation of Decision-Making Methods in Personnel Selection."

Ertugrul and Karakasoglu (2009) evaluated the performance of commercial banks by using multi-criteria decision-
making methods in their study. The criteria that are effective in performance evaluation are weighted with the
AHP method, and a ranking is made in terms of the performances of the banks examined by the VIKOR method.
Ersoz et al. (2011) discussed the subject of course selection in undergraduate and graduate education. The criteria
that were effective in the course selection process of the students were determined and weighted using the ANP
method, and the weighted courses were arranged in the most appropriate way for the student with the Topsis
method.

Kaya et al. (2011) evaluated the quality of life of the European Union and candidate countries for 2003, 2005, and
2007 with VIKOR, a multi-criteria decision-making method. Result of the study, our country, which is a candidate
country for the European Union, seems to be in the last place in terms of quality of life for the three years of
research.

In Christobal's (2011) study, the selection of investment projects for the Renewable Energy Plan to be implemented
in Spain was carried out with the VIKOR method. The criteria were weighted with the AHP method, and the most
suitable project was selected among the projects that were candidates for this plan with the VIKOR method.

Jati (2012) investigated webometrics rankings for world universities in his study. TOPSIS and VIKOR calculated
webometrics rankings for world universities using two quantitative techniques. These calculations were made
according to the website volume, visibility of the published information, rich content size, and information criteria.
As a result of the study, webometric rankings of 20 universitiecs worldwide were obtained using TOPSIS and
VIKOR methods.

Mancev (2013) aims to analyze the quality of NIS university library services. In his study, the criteria for the time
spent searching through the existing library databases and the size of the available library funds were evaluated to
compare the quality of services. Then, NIS University libraries were ranked according to their service quality with
the VIKOR method.

Omiirbek et al. (2014) used AHP, TOPSIS, and VIKOR methods to evaluate the performances of 10 ADIM
universities in Anatolia, which were established in 1993. In evaluating the performances of the selected ADIM
universities, 21 criteria were determined by taking the studies in the literature and expert opinion, and the weighting
of these criteria was made with the AHP method. The weighted criteria were solved by TOPSIS and VIKOR
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methods. The study of two different methods shows that the university with the highest performance among ADIM
universities is Stileyman Demirel University.

Kittur (2015) discussed SAW, WP, and PROMETHEE methods to evaluate the optimal electricity generation time
intervals from different local energy resources. The weight of each attribute is decided by using the AHP method.
According to SAW and WP, 5 a.m. is the optimal generation time, but it is 6 a.m. based on the PROMETHEE
method.

Urfalioglu (2015) used the ELECTRE, TOPSIS, and PROMETHEE methods to compare Turkey's performance
with the European Union member states. Pekkaya (2015) examined the parameters that affect the career choice of
students studying at Biilent Ecevit University. He reduced the criteria to 6 main criteria, and the students evaluated
the criteria in pairwise comparison with the help of a questionnaire. He weighted the criteria with AHP and
determined the degree of importance of the effective criteria at the end of the study.

Ameri et al. (2018) used morphometric parameter analysis on the sub-watershed of the Ghaemshahr Basin. Based
on the results, they implement SAW, VIKOR, TOPSIS, and CF methods to prioritize sub-watersheds. In another
study, Widianta et al. (2018) compared TOPSIS, SAW, AHP, and PROMETHEE methods for employee
placement. Writers assigned different weights to each method. They calculated the accuracy score of each method,
which ranged between %50 and %95. However, the results are almost identical for the first ten alternatives.

Ibrahim and Surya (2019) also used the SAW method to find the best school in Jambi. They conclude that the
SAW method is capable of selecting the best schools. In their paper, Al Amin et al. (2019) explained the strengths
and weaknesses of each MCDM process. Furthermore, they showed the steps of AHP and TOPSIS with a case
study.

2.2. Literature review for the methods for allocation of scholarship

Sulaiman and Mohamad (2006) developed a fuzzy logic model for students applying for the scholarship selection
process. The selection is based on specific criteria determined by the sponsor. An example is given at the end of
the paper to illustrate the model. The MATLAB fuzzy logic toolbox is used to calculate the output.

In his study, Hacikoylii (2006) used the AHP method, one of the multi-criteria decision-making methods, to select
students studying at Anadolu University who will receive scholarships and food aid. In selecting students who will
receive a scholarship and food aid, four main criteria were evaluated, and their weights were determined by the
AHP method, and at the end of the study, the students who would receive scholarships and aid were compared
according to the criteria weights.

Abal1 et al. (2012). In the study titled Scholar Selection with Multi-Criteria Decision-Making Methods:
Application in an Educational Institution, students who are eligible to receive scholarships with the AHP and
TOPSIS methods were determined for the supporting scholarship to be given to the students studying at the
Engineering Faculty of Kirirkkale University. The weight of the criteria to be evaluated in determining the students
who will receive support scholarships was determined by AHP, and the most suitable candidate was selected with
the TOPSIS method.

Wimatsari et al. (2013) use fuzzy Multi-Attribute Making Decision with Technique for Order Preference by
Similarity to Ideal Solution (TOPSIS) method for demonstrating the scholarship selection with cases in a
University, Indonesia. Selection of recommended students with the highest level of eligibility for the scholarship
based on the value preferences.

Penge et al. (2017) use AHP and TOPSIS methods to determine the students studying at a Turkish University
Faculty of Education and applying for a scholarship. Their study identifies the most suitable 27 candidates for the

the scholarship. On a similar problem, Marbun et al. (2018), consider only four criteria for scholarship selection
in Indonesia. They use SAW, WP, and TOPSIS methods on a case. applies them to a scholarship selection.

3. The concept of scholarship and scholarship applications in Turkey
3.1. The concept of scholarship
Scholarships are monthly payments made by government or private institutions for a certain period to support a

student's education financially or to increase his/her knowledge and culture. Higher education students should have
the financial means to meet their social, cultural, and physiological needs. Students obtain these financial
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opportunities by getting support from their families, by working in a job, or by getting financial aid from some
institutions and organizations that support students' education.

Most university students continue their education in different cities. Thus, higher education students typically face
accommodation, transportation, and nutrition expenses. For many students, it is impossible to meet these expenses
only with the contribution of their families. In addition to working part-time jobs, these students apply for financial
support from institutions and organizations that provide scholarships. Scholarships can be for undergraduate or
graduate students, reimbursed or non-refundable, and may be offered by public or private institutions either
domestically or internationally. Indeed, various institutions that provide scholarships significantly contribute to
students' living a more comfortable education life.

3.2. Higher-education Scholarships in Turkey

Many institutions, municipalities, universities, and organizations, including the Credit and Hostels Institution in
Turkey, provide financial aid to undergraduate and graduate students with low income and high success status
under scholarships.

Scholarships and aids given to university students in Turkey are generally described as follows.

1- Scholarships from the Higher Education Credit and Hostels Institution,

2- Ministry of National Education scholarships,

3- Scholarships that universities give,

4- Scholarships given by institutions such as municipalities and various associations and foundations,
5- Scholarships that individuals give.

The majority of students in Turkey seek financial support for their university education. A survey study conducted
in 2001 with 5154 higher education students studying at 52 universities highlighted this. Survey results revealed
that 54.4% of university students received education loans, 47.8% received contribution loans, 16.5% received
scholarships from public institutions, 6.6% received scholarships from various non-governmental organizations,
and individuals gave 3.3% of their scholarships. (Hacikdylii, 2006).

4. MCDM methods of AHP, TOPSIS and SAW

Decision-making includes identifying and selecting alternatives to achieve the best solution based on various
factors and decision-makers expectations. The multi-criteria decision-making process in this study includes AHP
and TOPSIS, which are explained in the following sections.

4.1. Analytical Hierarchy Process

The Analytical Hierarchy Process (AHP), developed by Thomas Saaty in the 1970s, is a Multi-Attribute Decision-
Making method that enables complex decision problems to be dealt with in a hierarchical structure. In AHP, the
decision maker can include his objective and subjective thoughts in the decision process. This will enable the
decision maker to recognize their decision-making mechanisms by considering the observations in different
psychological and sociological situations. This feature is an important feature that distinguishes AHP from other
multi-qualified decision-making methods. Another feature of the method that distinguishes it from other multi-
qualified decision-making methods is that it is the most widely used method in many areas, from political to
individual decisions.

The Analytical Hierarchy Process includes the major following steps.

1. Defining the problem and identifying the information needed,

2. Establishing a decision hierarchy with the primary goal at the top, the criteria in between, and the alternatives
at the bottom,

3. Creation of pairwise comparison matrices,

4. Determination of priorities for each level by using pairwise comparisons.

Step 1: With a detailed approach, the first step for finding criteria weights with AHP consists of creating an initial

pairwise comparison matrix by assigning each comparison criterion to a 1-9 scale. 1-9 scale assignments made
based on Table 1 and creating the initial pairwise comparison matrix formula shown in equation (1).

A= [all Qi P Qg amn] (1
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Table 1. Pairwise comparison values (Saaty, 1977)

1 3 5 7 9 2,4,6,8
Equally Moderately Strongly Very Strongly Absolutely Intermediate
Important Important Important Important Important Values

Where A represents the initial pairwise comparison matrix, a;; shows the importance of criteria i to criteria j.
Step 2: Initial pairwise comparison matrix normalized by following equation (2):
1

aij
N;; = where a; = — 2
13 Z‘)L‘LaU Ji aij ( )

N;j shows the normalized matrix, a;; shows the importance of criteria i to criteria j
Step 3: With using normalized decision matrix, criteria weights determined by using the following formula (3):

n P
Zj Nij

n

Wi = 3)

W, represents the criteria weight, N;; is normalized matrix value and n is number of criteria.

Step 4: To examine the consistency of the criteria weights, the Consistency Indicator (CI) and Consistency Ratio
(CR) was calculated according to formula (4) and (5).

Cl = (Amax - n) / (n - 1) (4)
“n” represents the number of criteria and “A,,4,” represents the principal eigenvalue

CR = CI/RI (5)

“CL” is the consistency indicator and “RI” is the Random Index that calculates the mean consistency indices of
specific numbers of random number pairwise comparison matrices. “RI” can be determined from Table 2.

Table 2. Random Index Table (Saaty, 1980)

Number of 3 4 5 6 7 8
elements
R.I. 0.52 0.89 1.11 1.25 1.35 1.40
4.2. TOPSIS

The TOPSIS method, developed by Hwang and Yoon (1981), is based on ranking the alternatives in a decision-
making problem according to specific criteria. The method relies on the chosen alternative being the closest to the
ideal solution and the farthest from the negative ideal solution.

The first step in the TOPSIS method is to create a decision matrix with m alternatives evaluated according to n
criteria. The alternatives are recorded from top to bottom, and the characteristics of that alternative according to
the relevant criteria are written in front of each alternative. The general representation of this matrix is shown
equation (6):

D= [xll X P Xpp ottt xmn] (6)

Here x;; represents the performance measure of alternative i according to criteria /.
Further steps of the method are listed as follows:

Step 1: Normalize the decision matrix by taking the square root of the sum of squares of the criteria values. This
process is structured as follows equation (7):

xij
ry - —— (7)
m xZ
k=1 k]
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1;; represents the normalized matrix and x;; is the criteria value.
Step 2: Build the weighted normalized matrix.
V =[wiiTi1 = WinTin 8% WiniTm *° WinnTinn | (®)

Where V represents the weighted normalized matrix, 7;,, represents the normalized matrix and w,,,, shows the
criteria weights.

Step 3: Identify the ideal and negative ideal solutions. The ideal solution is denoted as A*, the negative ideal
solution as A~, and the alternatives (solutions) are defined as follows:

A = {(maxvy; je]), (mingvyje]| )i = 1,23..m} = (7, V5, V5,... v}
A~ = {(minwy; jeI), (mingvgjef| )i = 1,23..m} = (W, V5, V5_,... ;)
J ={j = 1,23....nand j related to utility criteria}

J| = {j = 1,2,3...nand j related to cost (lost) criterion}

Step 4: Calculate the distance to the maximum ideal point (9).

Si= \/Z};l (W — v )% i =123, ....,m )

S; represents the distance to the maximum ideal point, v;; shows weighted alternatives and v *; is the maximum
ideal point.

Step 5: Calculate the distance to the minimum ideal point (10).

Si= \/er'l=1 (v _vj—)z; i =123 ....m (10)

Si is the distance to the minimum ideal point, v;; shows weighted alternatives and v;_is the minimum ideal point.
Step 6: Calculate the relative closeness to the ideal solution (11).

x _ Si—
G =55
S

;1 >C=0andi=123, .., m (11)

C; shows relative closeness to the ideal solution, S; and S;_ are distances to ideal maximum and minimum points,
respectively.
Step 7: Rank the alternatives according to the obtained Ci* values

4.3. SAW

Simple Additive Weighting is a commonly used method among the Multi-Criteria Decision Models. It is also
known as the weighted sum method. Let i and j be the alternatives and selection criteria index, respectively. i=1,
2,...,Mandj=1,2,...,N. Then the SAW method consists of three steps.

Step 1: Normalization of initial matrix based on the efficiency index R;; (12).

Xij
R = w2
Y et xij

(12)

R;; is the normalized value of the j th criterion, M is the number of the criteria, and X;; is the initial value. R;;
formula changes depending on the type of the criteria as follows:

If the criteria are classified as a benefit, R; j 1s maximized based on this formula (13):

X..
R = X_Mlix (13)
13}

If the criteria are classified as a cost, R;; is minimized based on this formula:
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Rij = —— (14)

Step 2: Calculate the normalized weights for each criteria (15).

w; = The weight obtained from AHP (15)

Note that w; is the weight of criteria j. Although different methods may be used to obtain weights, this paper uses
the previously calculated weights in the AHP method.

Step 3: Calculate the total preference value for each alternative and rank the alternatives (16).

Vi=X) Ry x w; (16)

V; is the final preference value of the ith alternative. Alternatives are then ranked based on their V; score and
sorted in descending order. The alternative that has the highest preference score is the best alternative.

5. Case Study

The discussed MCDM methods are applied in a public charity organization that awards scholarships to several
university students nationwide every year. Many students need this scholarship application to the regional branches
of the organization at the beginning of each year. In most cases, awards are entitled to receive the scholarship until
the year they graduate as long as they are academically successful. Scholarship recipients are typically selected by
the members of the administrative board of the branch, taking into account the applicants' information and
subjective scoring and evaluation of each student.

Currently, the evaluation is made by considering many criteria and alternatives. Therefore, there is a high
probability that the board of directors members makes mistakes in selecting the appropriate students when making
the assessment. In addition, evaluating and scoring each student one by one causes an excessive waste of time.

In this study, eligibility ranking was made by establishing a model using AHP, TOPSIS, and SAW methods to
identify the students most suitable for the scholarship. Application is carried out at a branch that wanted to select
23 scholarship students out of 335 applicants.

In the first stage of the study, through interviews with the members of the branch board of directors, the criteria
for selecting scholarship awardees were determined. In the second stage, the weights of the criteria were
determined by the AHP method. In the last stage, the TOPSIS and SAW methods were used to rank the applicants
according to their eligibility levels, and the ones entitled to receive the scholarship were determined.

N\

\
|
/|

4

Figure 1. Application steps
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5.1. Selection Criteria
While determining the criteria, a literature review was done for the important criteria in the scholarship process.
Moreover, the scholarship application forms of the scholarship institutions were examined. A criteria table was
created with the information obtained from the research. While examining the studies in the literature has been
focused on the criteria determined during the selection, especially in the scholarship selection studies. The
mentioned criteria are shown in Table 3.

Table 3. Selected studies

Authors Selection Criteria
Economic capacity of parents
GPA
Student's status
Proof for Bills and Payments
Number of dependent children in the family
Total monthly income of the family
Abali et al. (2012) Parent status
Total number of properties owned by the family
Student's working status
Academic Qualification
Sulaiman and Mohamad, (2006) Relevancy of area of study
Performance in Interview
Community services
Sports/Hobbies
Work expenerice
Energy
Communication skills
Attitude to business
Maturity
Leadership

Wimatsari et al. (2013)

Yeh, (2003)

The opinions of the association's board of directors were then consulted to finalize the list of criteria they want to
use awarding scholarships. The final criteria determined in line with their opinions are Grade point average (GPA),
Total monthly income of the family (MI), student's class (SC), The student's family (parent) status (SPS), Number
of people in the family (NPF), Number of students in the family (NSF), student's department (SD) and student's
monthly income (SMI). We note that SPS and SD are subjective, and the rest are objective criteria. SPS and SD
are subjective criteria because the status and social environment of the family and the quality of the department
the student studies can be evaluated differently from person to person in terms of whether it is good or bad. In the
evaluation phase of the alternatives, the students' data were used directly for the objective criteria, and the values
were assigned by the board of directors using the "1-9 scale" and "1-5 scale" for the subjective criteria.

The so-called expert board consists of 9 people and each member has more than 20 years of experience in the field.
The members of this board met 4 times in total, at the request and hosting of the institution that will provide the
scholarship, to determine the criteria and to give the necessary ideas. In determining the criteria and comparing
them with each other, each expert makes his/her own assessment. Finally, those assessments are combined by
averaging the experts' individual evaluation scores.

Among the objective criteria, GPA is necessary to examine a student's course success. Since the 1st year students
do not have a GPA yet, their high school graduation score was used instead. The student's GPA was converted to
a percentage (i.e., out of 100) and used as an objective criterion. MI shows the total monthly income of the people
working in the student's family, and SC shows the class the student is currently enrolled. NPF and NSF indicate
the number of people and the number of students living in the applicant's family household, respectively. SMI
shows the student's monthly income earned either by working in a job or getting a scholarship elsewhere.

SPS is a subjective criterion that shows the status of the student's parents. Its values are assigned by the board of
directors using a 1-9 scale as follows: 1 if the mother and father are together; 3 if the parents are divorced; 5 if the
mother is alive and the father is deceased; 6 if the mother is deceased and the father is alive; 9 if the mother and
father are deceased.

SD is also a subjective criterion that shows the major the student is studying. Since some of the benefactors who
donated scholarships to the association wanted to give scholarships to students studying in specific departments,
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the department the students studied was considered as a criterion. Its values are assigned as per major by the board
of directors using a 1-5 scale as follows: 5 for medicine; 4 for dentistry; 3 for engineering, architecture,
physiotherapy and rehabilitation, nursing, and education; 2 for the other 4-year majors; 1 for two-year courses.

In addition to the selection criteria described above, the organization's board members also conduct interviews
with applicants before finalizing the list of awardees. As those members judge the interview results according to
their experience and expectations, they are not included in this study.

5.2. Determining the Weights of the Criteria with AHP

While determining the criteria weights, the opinions of experts were consulted. The importance values of the
criteria were determined according to the board of directors' members using the survey method for the criteria
weights. By using these values, a pairwise comparison matrix was obtained. The criteria weights were reached
using the pairwise comparison matrix and the AHP method. The pairwise comparison matrix shows the
importance of the criteria relative to each other. Using this matrix, the processing steps of the AHP method were
started. The pairwise comparison matrix is shown in Table 4.

Table 4. Binary comparison matrix for criteria

Criteria | GPA MI SC SPS NPF NSF SD SMI

GPA 1.00 1.50 1.70 5.00 2.50 2.00 3.35 1.50

MI 0.67 1.00 1.15 3.50 1.75 1.50 2.30 1.00

SC 0.59 0.87 1.00 3.00 1.50 1.20 2.00 0.80

SPS 0.20 | 0.29 0.33 1.00 0.50 0.40 0.65 0.28

NPF 0.40 | 0.57 0.67 2.00 1.00 0.80 1.35 0.58

NSF 0.50 | 0.67 0.83 2.50 1.25 1.00 1.65 0.70

SD 030 | 043 0.50 1.54 0.74 0.61 1.00 0.40

SMI 0.67 1.00 1.25 3.57 1.72 1.43 2.50 1.00

TOTAL | 432 6.33 7.43 22.11 10.96 8.93 14.80 6.26

The normalized decision matrix is then created, and the priority vectors are found. All elements in the pairwise
comparison matrix is divided by the sum of the column they are in, and a normalized decision matrix is created
with the resulting values. Priority vectors are obtained by averaging the rows of this matrix (5).

Table 5. Normalized decision matrix of criteria

Criteria | GPA | MI SC SPS | NPF | NSF SD SMI | Priority Vector
GPA | 0.231 | 0.237 | 0.229 | 0.226 | 0.228 | 0.224 | 0.226 | 0.240 0.230
Ml 0.154 | 0.158 | 0.155 | 0.158 | 0.160 | 0.168 | 0.155 | 0.160 0.158
SC 0.136 | 0.137 | 0.135 | 0.136 | 0.137 | 0.134 | 0.135 | 0.128 0.135
SPS 0.046 | 0.045 | 0.045 | 0.045 | 0.046 | 0.045 | 0.044 | 0.045 0.045
NPF | 0.093 | 0.090 | 0.090 | 0.090 | 0.091 | 0.090 | 0.091 | 0.093 0.091
NSF 0.116 | 0.105 | 0.112 | 0.113 | 0.114 | 0.112 | 0.111 | 0.112 0.112
SD 0.069 | 0.069 | 0.067 | 0.070 | 0.068 | 0.068 | 0.068 | 0.064 0.068
SMI 0.154 | 0.158 | 0.168 | 0.162 | 0.157 | 0.160 | 0.169 | 0.160 0.161

The consistency of the pairwise comparison matrix created in line with the opinions of the board of directors is
examined. The following formulas are used to examine consistency (17) (18):

Indicator of Consistency (CL) = (Apgre—n) ~ (n—1) an
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Consistency Ratio (CR) = CL + RI (18)
“RI” represents the Randomness Indicator Value, and “n” is the number of benchmarks compared. The consistency
ratio is calculated for the pairwise comparison matrix. To reach the Amax value, first matrix multiplication is made
between the pairwise comparison matrix and the priority vector values. The Amax value is obtained by dividing
the elements of this matrix into the priority vector matrix elements in order and taking the average. The Amax value
obtained as a result of these processes is 8.00198. So, CL is calculated as (19):

CL = (Apax — 1) + (n—1) = 0.000283 (19)
The RI value for n equals 8, is obtained as 1.41 from the random indicators.CR was founded as (20)
Consistency Ratio (CR) = CL <+ RI = 0.000201 (20)

Since the Consistency Ratio is less than 0.10, the pairwise comparison matrix is consistent. When the weights of
the criteria are examined, it can be said that the most important criterion is the GPA criterion with a weight of
0.230, and the criterion with the lowest weight is the SPS criterion with a weight of 0.045.

5.3. Application of TOPSIS
This study used the actual data of 335 university students who applied for scholarships. The codes S1 - S335 were

used instead of the students' names. Using the application data of the students, the suitability-level ranking was
made with the help of the TOPSIS method. The decision matrix prepared based on the applications is given in

Table 6.

Table 6. Decision matrix for alternatives

Students Criteria
GPA MI SC | SPS | NPF | NSF | SD | SMI
S1 57.3 1530 1 1 3 1 1 500
S2 79.93 1200 1 1 4 2 2 0
S3 53.8 1800 4 1 4 2 3 0
S4 96 0 2 5 4 2 5 0
S5 68 4200 1 1 5 3 3 0
Sé6 68.73 3700 3 1 4 2 2 0
S7 91.6 0 2 1 4 2 4 0
S8 64.06 1500 4 1 4 2 2 500
S335 60.00 6700 1 1 4 | 3 0
The decision matrix is then normalized, and the results are given in Table 7.
Table 7. Normalized decision matrix for alternatives
Students Criteria
GPA MI SC SPS NPF NSF SD SMI
S1 0.0443 0.0299 0.0203 0.0287 0.0319 0.0208 0.0167 0.0773
S2 0.0618 0.0235 0.0203 0.0287 0.0426 0.0416 0.0334 0
S3 0.0416 0.0352 0.0812 0.0287 0.0426 0.0416 0.0501 0
S4 0.0742 0 0.0406 0.1433 0.0426 0.0416 0.0835 0
S5 0.0526 0.0822 0.0203 0.0287 0.0532 0.0624 0.0501 0
S6 0.0531 0.0724 0.0609 0.0287 0.0426 0.0416 0.0334 0
S7 0.0708 0 0.0406 0.0287 0.0426 0.0416 0.0668 0
S8 0.0495 0.0294 0.0812 0.0287 0.0426 0.0416 0.0334 0.0773
S335 0.05 0.1311 0.0203 0.0287 0.0426 0.0208 0.0501 0
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The weighted decision matrix is then obtained by multiplying the criteria weights obtained using the AHP method
and the normalized decision matrix elements. The weighted normalized decision matrix obtained is shown in Table
8.

Table 8. Weighted normalized decision matrix for alternatives

Student Criteria

s GPA MI SC SPS NPF NSF SD SMI
S1 0.0102 0.0047 0.0027 0.0013 0.0029 0.0023 0.0011 0.0124
S2 0.0142 0.0037 0.0027 0.0013 0.0039 0.0047 0.0023 0.0000
S3 0.0096 0.0056 0.0109 0.0013 0.0039 0.0047 0.0034 0.0000
S4 0.0171 0.0000 0.0055 0.0065 0.0039 0.0047 0.0057 0.0000
S5 0.0121 0.0130 0.0027 0.0013 0.0048 0.0070 0.0034 0.0000
Sé6 0.0122 0.0115 0.0082 0.0013 0.0039 0.0047 0.0023 0.0000
S7 0.0163 0.0000 0.0055 0.0013 0.0039 0.0047 0.0045 0.0000
S8 0.0114 0.0047 0.0109 0.0013 0.0039 0.0047 0.0023 0.0124

S3.35 0.0'107 0.0'208 0.0627 0.0613 0.0639 0.0623 0.0634 0

Ideal and negative ideal solutions are then identified. In Table 9, an explanation has been made about whether each
criterion is a benefit or a cost.
Table 9. Benefit — Cost criteria

Criteria Status Benefit - Cost Reasoning
GPA Benefit A high GPA score means a high level of success which is
desired by the organization.
MI Cost Higher monthly income of the students' family indicates lesser need for scholarship.
SC Cost Organization intends to give scholarships to selected students until they graduate and

hence aims for providing scholarships for a long time in order to contribute more to
their needs. As the class of the students increases, the duration of benefiting from the
scholarship will decrease.

SPS Benefit Applicants are scored by the board of directors considering their family status.
Students with high scores have an advantage in assessment
NPF Benefit Higher number of people in the student’s family cause lesser share of the family
income per individual, which increases the student's need for scholarship.
NSF Benefit A high number of students in the family causes the family’s income spared for
education to be shared more, thus increasing the student's need for scholarship.
SD Benefit The majors of students are scored by the administrative board. Students with high
scores have an advantage in assessment.
SMI Cost If the students earn income by working or by receiving a scholarship from another

institution shows that they need the organization’s scholarship less.

The A" and A” values obtained by using the weighted decision matrix are given in Table 10.

Table 10. A- and A" Values

GPA MI SC SPS NPF NSF SD SMI
IDEAL SOLUTION
(A 0.0175 | 0.0000 | 0.0027 | 0.0078 | 0.0136 | 0.0186 | 0.0057 | 0.0000
NEGATIVE IDEAL
SOLUTION (A") 0.0029 | 0.0589 | 0.0109 | 0.0013 | 0.0010 | 0.0023 | 0.0011 | 0.0627
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The distances of alternatives (students) to ideal and negative ideal solutions are then calculated for each alternative.
The distance to the ideal point (S;*) and the negative ideal point (Si) for the alternatives are shown in Table 11.
The relative closeness (Ci*) to the ideal solution are the calculated and depicted in Table 11.

Table 11. Si, Si* and Ci* values of alternatives

Students Sit Si (o
S1 0.0259241 0.07474 0.7425
S2 0.0191551 0.08479 0.8157
S3 0.0222993 0.08270 0.7876
S4 0.0172743 0.08772 0.8355
S5 0.0213852 0.07894 0.7868
S6 0.0230591 0.07932 0.7748
S7 0.0184663 0.08740 0.8256
S8 0.02496 0.07456 0.7492
S3.35 0.02.974 0.07.434 0.7'142

Ranking of the alternatives for awarding a scholarship is then made by ordering the Ci* values from highest to
lowest. The results are given in Table 11.

5.4. Application of SAW

Similar to the TOPSIS method, the decision matrix for alternatives (Table 6) and the cost-benefit criteria (Table
9) are also used for the SAW method. As the weights come from the AHP method, we next show the calculations
for the Rjj’s and Vi’s. To start with, the normalized matrix created based on the Rjj values of each alternative is
given in Table 12.

Table 12. Normalized Matrix base on Rj;

Students Criteria
GPA MI SC SPS | NPF | NSF | SD SMI

S1 0.58 0.00006 1 0.17 0.21 0.13 0.2 | 0.0002
S2 0.81 0.00008 1 0.17 0.29 0.25 0.6 1
S3 0.55 0.00005 | 0.25 0.17 0.29 0.25 0.6 1
S4 0.98 1 0.5 0.83 0.29 0.25 1 1
S5 0.69 0.00002 1 0.17 0.36 0.38 0.6 1
S6 0.7 0.00002 | 0.33 0.17 0.29 0.25 0.4 1
S7 0.93 1 0.5 0.17 0.29 0.25 0.8 1
S8 0.65 0.00006 | 0.25 0.17 0.29 0.25 0.4 | 0.0002

S335 0.61 0.00001 1 0.17 0.29 0.13 0.6 1

To obtain the weighted normalized decision matrix, the Rij’s are then multiplied by the criteria weights which
were obtained by the AHP method, and the results are given in Table 13.

Table 13. Weighted Normalized Decision Matrix

Criteria
MI | sC | sps | NPF | NSF | SD [ smi

GPA

Students |
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S1 0.134073 | 0.000010 | 0.134729 | 0.007511 | 0.019490 | 0.013992 | 0.013538 | 0.000032
S2 0.187023 | 0.000013 | 0.134729 | 0.007511 | 0.025987 | 0.027984 | 0.027075 | 0.160979
S3 0.125883 | 0.000009 | 0.033682 | 0.007511 | 0.025987 | 0.027984 | 0.040613 | 0.160979
S4 0.224625 | 0.158498 | 0.067364 | 0.037556 | 0.025987 | 0.027984 | 0.067688 | 0.160979
SS 0.159109 | 0.000004 | 0.134729 | 0.007511 | 0.032484 | 0.041977 | 0.040613 | 0.160979
Sé 0.160817 | 0.000004 | 0.044910 | 0.007511 | 0.025987 | 0.027984 | 0.027075 | 0.160979

S7 0.214329 | 0.158498 | 0.067364 | 0.007511 | 0.025987 | 0.027984 | 0.054150 | 0.160979
S8 0.149890 | 0.00001 | 0.033682 | 0.007511 | 0.02587 | 0.027984 | 0.02707 | 0.0000320

S335 0.14390 | 0.00002 | 0.134729 | 0.007511 | 0.025987 | 0.013992 | 0.040613 | 0.1609790

Then sum all the values in the row is the Vi score for given alternative. Ranking of the alternatives are performed
based on the Vi values (from the highest to the lowest) as given in Table 13.

5.5. Ranking with TOPSIS and SAW

Ranking of the alternatives based on TOSIS and SAW are given in a single table for comparison purposes. Those
ranking are provided in Table 14.

Table 14. Rank of each alternative

Ranking with TOPSIS Ranking with SAW
Rank | Student# | TOPSIS Value | Student# | SAW Value
1 82 0.89528 4 0.77068
2 194 0.88406 320 0.75363
3 31 0.86657 277 0.73748
4 248 0.85742 298 0.73298
5 251 0.85662 7 0.71680
6 244 0.85441 82 0.70074
7 168 0.85076 100 0.69369
8 245 0.84646 329 0.66060
9 217 0.84528 306 0.66000
10 277 0.84357 264 0.65286
11 298 0.84084 16 0.65028
12 103 0.83965 257 0.65001
13 9 0.83775 106 0.63450
14 126 0.83727 301 0.63437
15 83 0.83710 299 0.62319
16 4 0.83548 163 0.61754
17 100 0.83461 155 0.60463
18 90 0.83416 208 0.60357
19 55 0.83415 103 0.60218
20 320 0.83394 249 0.60012
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21 87 0.83187 44 0.59934
22 16 0.83093 31 0.59333
23 82 0.89528 260 0.59060
335 215 0.44908 133 0.25829

When the ranking results are, TOPSIS finds that the most suitable student to receive the scholarship is student #
82 with a Ci* value of 0.89528, and the least suitable one is student # S215 with a Ci* value of 0.44908. As for
SAW, the best candidate is student # 4, with a Vi value of 0.77068, and the worst candidate on the list is student
# 133, with a Vi value of 0.25829.

Note that the ranking list purposely includes the first 23 as the maximum number of scholarships planned to be
granted. The first 23 candidates in SAW and TOPSIS rankings have 12 common candidates: students # 4, 16, 31,
82, 100, 103, 194, 208, 257, 277, 298, and 320. This makes a 52.17% commonality in the results of two different
methods when the first 23 candidates are considered.

6. Conclusions

This study used MCDM methods to select scholarship students for a public charity organization that provides
scholarships to higher education students for financial support and aims to reach eligible students. While the
organization's directors select the most suitable students among the applicants, they examine the application
information for each student individually. As a result of this examination, subjective evaluation by the board of
directors members determined that the students be awarded scholarships. This decision-making process includes
many objective and subjective parameters and poses a problem to which MCDM methods can be applied.

MCDM methods evaluate many criteria and parameters together. It enables sorting and selection by evaluating the
alternatives considered. This study proposed a model that included AHP, TOPSIS, and SAW methods to select the
most suitable students for scholarships among university students who apply for a scholarship.

The study started by determining the criteria to be considered in the granting process. Studies in the literature that
included scholarship criteria were examined. After taking the opinions of the board of directors, eight criteria were
determined. Firstly, the opinions of the board of directors were taken to determine the weights of the criteria. Then,
the weights of the criteria were calculated using the AHP method. From the results obtained, it was determined
that the most important criterion was the grade point average, with a weight of 0.230, and the least important
criterion was the status of the student's parents, with a weight of 0.047. After that, the TOPSIS and SAW methods
were applied separately using the data of 335 students, and the students were ranked according to their suitability.
These rankings identify the 23 students to whom the branch can grant scholarships.

Ten students in the first 23 students obtained in SAW and TOPSIS rankings are the same, which makes around a
43 % commonality in the two separate lists. Although not low, this percentage would naturally be preferred to be
higher. It is important to note that the calculation of the normalization matrix is different in SAW and TOPSIS.
Moreover, SAW does not consider the closeness to the ideal solution, whereas TOPSIS does. Hence, the intuition
suggests that TOPSIS is a preferred method over SAW. Nevertheless, it is better if the first 23 in both lists (i.e.,
36 students, as ten are common) are all invited for an interview.

The proposed models provide benefits and convenience to the organization's directors while choosing the
scholarship recipients. The high number of applications made to the organization and the evaluation process made
by the board of directors by examining the students is inefficient and open to mistakes. With the proposed model,
the time allocated by the branch directors for evaluation is expected to be considerably shortened. In addition,
since the proposed selection is made through a scientific method, it is anticipated that it will contribute significantly
to the transparency of the selection process.

Contribution of Researchers

Okan Arslantas carried out model calibrations and data analysis. Mehmet Giimiis and Emir Hiiseyin Ozder
reviewed the literature and contributed to the interpretation of model results.
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Diinya niifusunun artmasi ve teknolojik gelismeler hizli kentlesme ve sanayilesmeye yol
acmistir. Ancak artan sanayilesme nedeniyle ortaya ¢ikan ¢evre sorunlar: daha biiyiik
bir endige haline gelmistir. Gilinlimiizde bir¢ok {ilke, iiretime bagli ¢evre sorunlarimi
ortadan kaldirmak i¢in Dngiisel Ekonomi politikalariyla temiz ve siirdiiriilebilir tiretimi
desteklemektedir. Bu iilkeler, Dongiisel Ekonomi baglaminda gesitli endiistrilerde
Endiistriyel Simbiyoz (ES) uygulamalarini desteklemektedir. Orman iiriinleri endiistrisi,
Diinya’daki basarili ES uygulamalarinin odak noktasindaki sektdrlerden biridir. Bu
sektoriin dogal hammaddelere bagimlilig1, orman varliginin yiiksek oldugu iilkeler i¢in
bu sektorii daha kritik hale getirmistir. Bu ¢alismanin amaci Tiirkiye'deki orman iiriinleri
endiistrisinin  ES’nin uygulanabilirligini tartismaktir. ilk olarak orman iiriinleri
endiistrisine dayal1 Diinya'da yapilmis iyi ES uygulamalarini incelenmistir. Ardindan,
bu ES aglarindaki is birlikleri ve potansiyel malzeme, yan iiriin ve atik akiglarii
belirlenmistir. Bu degerlendirmenin 1s18inda, ES'nin Tiirk orman endiistrisi igin
uygulanabilirligine iliskin bir SWOT analizi sunulmustur. SWOT analizi sonuglari,
Tiirkiye orman {irlinleri sektoriine dayal: ES aglar1 kurmanm miimkiin oldugunu
gostermektedir. Ancak isletmeler, ES hakkinda farkindalik yaratarak bu aglara
katilmaya tesvik edilmelidir. Bu aglara katilimi artirmak i¢in vergi muafiyetleri, girdi
fiyatlarinda indirim gibi destekler tasarlanmalidir.

Evaluation of the Turkish forest products industry in the context of circular
economy and industrial symbiosis
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The increase in the world population and technological developments have led to rapid
urbanization and industrialization. However, environmental problems arising due to
increased industrialization have become a greater concern. Today, many countries
support clean and sustainable production with Circular Economy policies to eliminate
environmental problems related to production. These countries support Industrial
Symbiosis (ES) applications across various industries in the context of the Circular
Economy. The forest products industry is one of the sectors in the focus of successful ES
applications in the world. The dependency of this sector on natural raw materials has
made this sector more critical for countries with high forest existence. The aim of this
study is to discuss the applicability of ES in the forest products industry in Turkey. First,
good ES examples in the world based on the forest products industry are reviewed. Then,
collaborations and potential material, by-product and waste flows in these ES networks
are determined. In the light of this evaluation, a SWOT analysis on the applicability of
ES for the Turkish forest industry is presented. The SWOT analysis results show that it is
possible to establish ES networks based on the Turkish forest products sector. However,
businesses should be encouraged to participate in these networks by raising awareness
about ES. In order to increase participation in these networks, supports such as tax
exemptions and reductions in input prices should be designed.
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1. Giris

Son yillarda diinya niifusundaki artig ve teknolojik gelismeler hizli kentlesme ve sanayilesmeye yol agmistir. Bu
hizl1 degisimlere bagl olarak ortaya ¢ikan ¢evre sorunlar1 giiniimiizde giderek artan bir endiseyi de beraberinde
getirmektedir. Zira, biiyiik miktarlarda malzeme ve enerji tiiketmeye baslayan iilkelerin ortaya ¢ikardiklar: atik
miktar1 da dnemli Slglide artmustir (Satterthwaite, 2008; Grimm vd., 2008). Diinya Bankas1 verilerine gore,
Diinya’da 2040 yilina kadar fosil enerjinin %80'inin kullanilacagi (Shell, 2014) ve 2025 yilina kadar atik
iretiminin ikiye katlanacagi 6ngoriilmektedir (World Bank, 2012). Avrupa Komisyonu raporlarina (2016) gore
Avrupa Birligi iilkeleri her yil, potansiyel olarak geri doniistiiriilebilecek veya yeniden kullanilabilecek atiklari
bertaraf ederek yaklasik 600 milyon ton degerli malzemeyi kaybetmektedir. Avrupa Birligi Atik Veri Merkezi'ne
gore (2016) ise, ortaya ¢ikan bu atiklarin yaklasik %60’tan fazlasi geri doniistiiriilebilecek 6zelliktedir. Amerika
ve bircok Avrupa iilkesinin bu atiklar1 bertaraf etmek igin diizenli depolama alanlarini yogun bir sekilde
kullanmaktadirlar (EPA, 2014; EUROSTAT, 2014). Fakat bu depolama alanlart metan gazi emisyonlarindan,
hava, su, topraktaki kimyasal ve mikrobiyolojik kirleticilere kadar bircok ¢evresel sorunu ortaya ¢ikarmaktadir
(Kjeldsen vd., 2002). Dolayisiyla atiklar1 bertaraf i¢in kullanilan depolama alanlar1 da g¢evresel siirdiiriilebilirlik
sorunlarina ¢éziim olmamustir.

Atiklarin yeniden kullanimi, siirdiiriilebilirlik ve temiz iiretim bakimindan yetersiz kalan Dogrusal Ekonomi
modelindeki “al-yap-at” (take-make-dispose) diisiincesi Donglisel Ekonomide yerini “azalt-yeniden kullan-geri
doniistiir” (reduce- reuse-recycle) diisiincesine birakmistir (Kirchherr vd., 2017). Dongiisel ekonomi modelinin
merkezindeki bu yaklasim kaynak kullaniminda verimlilik, atiklarin azaltilmasi, yeniden kullanilmasi ve geri
doniisiim gibi yollarla siirdiiriilebilir kalkinmaya hizmet etmektedir (Polverini ve Miretti, 2019).

Avrupa Cevre Ajanst (EEA, 2016) kaynak-yogun endiistrilerde atik emisyonlarinin ve birincil kaynak
kullaniminin azaltilmasini, siirdiiriilebilir kalkinmay1 hizlandirmanin kritik yollarindan biri olarak dnermektedir.
Bu anlamda endiistriyel ekoloji (EE) ve endiistriyel simbiyoz (ES) dogrusal ekonomiden dongiisel ekonomiye
geciste israfin nasil azaltilacagina dair bir bakis agis1 sunmaktadir. Sekil 1°de dogrusal ve dongiisel sistemlerin
isleyisi ve potansiyel akis1 verilmistir.

Donglisel sistem
Dogrusal sistem (Fabrikalarigbirligi icinde)

(Fabrikalar ayn birbirinden) @
tgﬂmb ! N

emp =
e iy | L o

Sekil 1. Dogrusal ve dongiisel sistem (Kim vd., 2018)

Dongiisel Ekonomi modelindeki kaynak yonetimi ve siirdiirtilebilirlik ¢abalarinin temelinde EE kavrami vardir.
Ayres (1989) EE kavramuyla iligkili diger bir kavram olan endiistriyel metabolizma kavramini ortaya atmistir. Bu
kavram, endiistride kullanilan malzeme, enerji ve diger etmenlerin son iiriine ve atiga doniistiirilme siirecini dogal
organizmalarin yasam sekillerine benzetmektedir. Frosch ve Gallopoulos (1989) ise endiistriyel metabolizma
tanimindan yola ¢ikarak EE kavramini ortaya koymustur. Bu sayede isletmeler iiretim siireglerinde biyolojik
ekosisteme benzer sekilde hareket ederek dogal kaynaklarin yok olma tehdidine karsi konumlanabilirler.

EE, siirdiiriilebilir kalkinma ve kaynak kullanimini destekleyen ve endiistri-doga iliskilerinden esinlenen bir ¢evre
yonetim modelidir (Frosch ve Gallopoulos 1989; O’Rourke vd., 1996). EE kapsaminda ele alinabilecek ES
kavramu ise isletmeler arasi seviyede gergeklesir. Avrupa Komisyonu, ES'yi Dongiisel Ekonomiyi kolaylastirmak
icin potansiyel bir bilesen olarak tanimlamigtir. Aslinda Avrupa uyum politikalarinda ve yenilik programlarinda,
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ES’nin fosil yakit ve dogal kaynaklarin tiiketilmesiyle ilgili sorunlarin ¢dziimiinde kilit bir rol oynayacagi
vurgulanmistir (Iacondini vd., 2015).

ES kavrami dogadaki simbiyotik yasamin birbirinden bagimsiz hareket eden endiistriyel isletmelere uyarlanmasi
olarak tanimlanabilir. ES hammaddenin, enerjinin, suyun ve/veya yan tiriinlerin fiziksel olarak isletmeler arasi
degisimiyle meydana gelir (Chertow, 2000). ES aglari, kapali ve siirdiiriilebilir yasam dongiileri araciligiyla
kaynaklari, varliklar1 ve hizmetleri degis tokus eder (Cecelja vd., 2014). Birgok aragtirmaciya gore bu sistemin
temel taglari isletmelerin fiziksel yakinligi, isletmeler arast is birligi ve sinerjidir.

EE ve ES kavramlan klasik endiistriyel parklar1 daha siirdiiriilebilir ve gevreci parklara doniistiirmek igin de
yenilik¢i yollar sunmaktadir. Bu durumda Eko-Endiistriyel Park (EEP) kavrami ortaya ¢ikmistir. EEP’ler ES
fikrini uygulamanin en yaygin yoludur. Lowe, (1997)’a gore EEP, enerji, su ve malzemelerin degisimi yoluyla
gelismis gevresel ve ekonomik fayda arayan iiretim ve hizmet isletmelerinden olusan bir sanayi parki olarak ifade
edilir. EEP'leri gelistirmede amag; aga dahil olacak iiye isletmelerin ekonomik faydalarini arttirirken gevresel
faydalarini da en aza indirmektir. EEP’lerde ES ¢alismalarinin yiiriitiilebilmesi i¢in park altyapisinin ve tesislerinin
stratejik tasarimi yapilmali, cevresel zararlarin onlenmesini saglayacak destekler tasarlanmali, enerji tasarrufu
tesvik edilmeli ve katilimcilar arasi is birligi desteklenmeli ve kolaylastirilmalidir. Ancak bu sekilde bu parklarda
yer alan isletmeler toplulugu bir endiistriyel ekosistem haline gelebilir.

Bir EEP’de yer alan ilk ve en gelismis ES 6rnegi, 1961 yilinda Danimarka sahilinde kiiciik bir sanayi bolgesinde
kurulan Kalundborg EEP’sidir. 1989 yilina kadar Kalundborg ES boélgesi Diinya’da ¢ok fazla ilgi uyandirmamistir.
Ancak, bu tarihten sonra bdlgenin siirdiiriilebilirlik ve ¢evre yonetimi i¢in 6nemi anlagilmis ve bolgeye ¢esitli
iilkelerden ES’yi anlamak i¢in aragtirmacilar génderilmistir (Grann, 1997). Bu proje ile liye isletmeler arasinda
atik yonetimi sayesinde sanayi ortaklig1 baslatilmig, su kaynaklarini daha etkin kullanmanin yeni yollart aranmis
ve maliyet azaltma ¢abalar1 gelistirilmigtir (Dunn ve Steinemann, 1998). Sonug olarak bu parkta yaklasik 20 farkl
yan iiriin degisimi saglanmistir (Jacobsen, 2006).

ES’nin uygulandigt en énemli sektdrlerinden biri orman iiriinleri endiistrisidir. Sektdrdeki ana hammadde olan
odun dogal bir kaynak oldugundan iiretim siirecinde olusan atik ve yan iiriinler birgok sektorde enerji veya yan
iirtin olarak kullanilabilmektedir (Paixao vd., 2017). Son yillarda, sinirli orman kaynaklari ve gevresel faktorler
dikkate alindiginda odun yan iiriinlerinin veya atiklarinin verimli kullanimini zorunlu hale gelmistir (Pokharel vd.,
2017). Kiiresel pazarda, diigiik degerli odun atiklar1 biyoenerji veya katma degerli ahsap miihendislik levha
iretiminde kullanilabilmektedir (Jahan ve Roohnia 2010). Bu durum orman iiriinleri endiistrisinde ES sinerjilerini
ortaya ¢ikartmistir. Orman endiistrisindeki ilk ES 6rnegi, 1990'larin sonlarinda Avustralya'nin Styria bolgesindeki
bir sanayi parkidir. Orman endiistrisi temelli diger EEP’ler ise Finlandiya’daki Uimaharju ve Kymi ile Cin’de
Guitang parklaridir.

Ahsap malzemenin mobilya, kereste gibi orman iiriinleri endiistrilerinde islenmesi siirecinde yonga, atik odun,
odun tozu, kabuk gibi bir¢ok yan iiriin/atik malzeme ortaya ¢ikar. Bu yan iiriinler farkli veya benzer sektdrlerde
enerji kaynagi ya da hammaddeye alternatif bir iiriin olarak degerlendirilebilir. Ornegin, mobilya endiistrisinde 1
ton ahgabin islenmesi siirecinde, hammaddenin yaklasik yarist (0,5 ton) atik odun ortaya ¢ikmaktadir. (Kauppi,
vd., 2018). Bu yiiksek atik miktari ile siirdiiriilebilir orman yonetimini saglamak miimkiin degildir. Dolayistyla
orman endiistrisinde atik ve yan iiriinlerin kullanimini benimseyen ES uygulamalar1 6nem arz etmektedir.

Bu calismanin amaci; temiz {iretim ve siirdiiriilebilir kaynak yonetimini destekleyen ES uygulamalarmin
odagindaki orman triinleri endistrisinde yer almis olan uygulamalar1 incelemek ve sektoril analiz etmektedir. Bu
kapsamda ilk olarak orman iriinleri endiistrisini iceren ve genellikle bir EEP’de yer alan ES aglar1 incelenmis ve
bu aglardaki muhtemel yan iiriin, enerji, su vb. akislar belirlenmistir. Sonrasinda ise orman endiistrisindeki olasi
is birlikleri tartigilmigtir. Son olarak ise incelenen iyi ES uygulama 6rneklerinden hareketle Tiirkiye orman tiriinleri
endiistrisi i¢in yapilmis bir SWOT analizi sunulmustur.

2. Orman Uriinleri Endiistrisine Bakis

Orman Trilinleri endiistrisi tiretim siire¢lerinde odun hammaddesini gesitli mekanik (bigme, kesme, biikme,
yongalama, soyma, vb.) veya kimyasal (liflendirme, pisirme vb.) yollarla isleyen, son iirlin veya yari mamul iireten
entegre nitelikte bir iiretim endiistrisidir. BM Gida ve Tarim Orgiitii (FAO, 1982) orman iiriinleri endiistrisini temel
olarak su sekilde siniflandirmistir;
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[J  Yuvarlak odun (kereste, kaplama vb.),
[1  Ahsap esasl paneller (kontrplak, parke, yongalevha, liflevha vb.),
[1  Kagit ve karton (kagit hamuru, gazete, baski, yazi kagitlar1 vb.).

Ayrica bu siniflandirmaya mobilya endiistrisi ve biyoyakit endiistrisi de dahil edilebilir (D'Amours, vd., 2008).

Orman iiriinleri endiistrisinde yenilenebilir bir hammadde olan odununun kullaniliyor olmasi son yillarda sektore
yonelik kiiresel talebin artmasina ve ¢evresel kaygilara yol agmistir. Bu durum, orman iiriinleri endiistrisinde daha
stirdiiriilebilir ve ¢evre dostu bir iiretim anlayiginin benimsenmesini zorunlu kilmistir. Bu nedenle orman iiriinleri
endiistrisi, ES’nin en sik uygulandigi sektorlerden biri olmustur. Sektérde hem hammadde hem de yakit olarak
agirlikla yenilenebilir kaynaklar kullanilmaktadir (Murphy vd., 2015).

Ahsabin islenmesi sonucu ortaya ¢ikan atiklar (aga¢ kabugu, kiil, atik su, enerji vb.) ve yan iiriinler (yonga, talas,
odun tozu, vb.), orman iiriinleri endiistrisinin yani sira kimya, ¢imento, enerji ve tarim gibi diger endiistri dallarinda
da kullanilabilmektedir. Orman iriinleri endiistrisinde elde edilen atik ve yan {irinler diger enddstriler igin
hammadde veya yar1 mamul olarak kullanilabilmektedir. Bu nedenle orman tiriinleri endiistrisi kendi i¢inde veya
diger sektorlerle aligveris halindendir. Sekil 2’de orman endiistrinde olusan bazi atik ve yan {iriinlerin gorselleri
verilmistir. Odun hammaddesinin gesitli iiretim siireclerinde cesitli yan iiriin ve son iiriinler olusur. Ozellikle kagit
endiistrisinde yogun atik su, buhar ve 1s1 olusur.

Son Urin (ahsap levha)

Yan urtin (agag kabugu)

Odun
hammaddesi

Yan Uriin (testere tozu)

Yan Uriin (odun yongasi)

—__|

Kagit Uretimi

Sekil 2. Orman endiistrisinde olusan bazi atik ve yan iiriinler

Ahsabin ve yan iiriinlerinin etkin kullanimi, sinirlt dogal kaynaklar nedeniyle son yillarda artan bir ilgi gérmiistiir
(Pokharel vd., 2017). Ornegin, mobilya iiretiminde 1 m* ahsap islendikten sonra yaklasik 0,5 m® ahsap atik olarak
ortaya ¢ikar (Kauppi, vd., 2018). Kiiresel pazarda, genelde odun atiklar1 yakilarak degerlendirilir ve basit bir
sekilde biyoenerji elde edilir (Paixao vd., 2018). Fakat atiklarin bu sekilde degerlendirilmeleri orman {iriinleri
endiistrisinin gelisimine ve gevre koruma politikalarina uygun degildir (Wang vd. 2010). Ozellikle son yarim
asirda gelisen ahsap levha endiistrisi (yongalevha, liflevha, vb.) orman {irlinleri atiklarini odun hammaddesine
alternatif olarak kullanip katma degerli son iirtinler tiretmektedirler (Jahan-Latibari ve Roohnia, 2010).
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Orman endiistrisi atiklart katma degerli tiriinlere doniistiiriilebilmesine ragmen bu atiklarin geri doniisiimii ve
yeniden kullanimi i¢in modern entegre sistemler ¢ok fazla gelismemistir. Diinya’nin ciddi bir odun arz1 sikintisi
ile kars1 karsiya kaldigi son donemlerde (Pokharel, vd., 2017), sektor ig¢in ekonomik degeri olan atik ve yan
iriinlerin verimli bir sekilde degerlendirilmesini saglayan ES modelleri orman endiistrisi i¢in ¢ok onemli bir
uygulama alanidir.

3. Orman Uriinleri Endiistrisinde Endiistriyel Simbiyoz

“Orman Triinleri”, “orman enddistrisi”, “odun {iiriinleri”, “endiistriyel simbiyoz”, eko-endiistriyel park™ anahtar
kelimelerini kullanarak yapilan literatlir taramasinda, orman iriinlerinde ES alaninda yapilan 23 g¢aligmaya
rastlanmistir. Yayinlanan ¢alismalar ile ilgili detayl bilgiler ise Tablo 1'de sunulmustur.

[k olarak ES g¢alismalarmin yapildigi bélgeler incelendiginde, Kuzey Avrupa iilkeleri (Wernick vd., 1997;
Korhonen, 2000; Korhonen vd., 2001; Korhonen ve Niutanen, 2003; Mirata, 2004; Illsley vd., 2007; Wolf ve
Petersson, 2007; Karlsson ve Wolf, 2008; Sokka vd., 2011a; Pakarinen vd., 2010; Sokka vd., 2011b; Rosa ve
Beloborodko, 2015) yiiksek orman varlig1 ile 6n plana ¢ikmaktadir. Toplam yiiz6l¢iimiiniin %72’si (URL, 2019b)
ormanlarla kapli olan Finlandiya bdlgesinde orman endiistrisindeki ES uygulamalarinin yaklagik %30’u
yapilmistir (Korhonen, 2000; Korhonen vd., 2001; Korhonen ve Niutanen, 2003; Sokka vd., 2011a; Pakarinen vd.,
2010; Sokka vd., 2011b). Tiirkiye’de ise biinyesinde orman iiriinleri endiistrisinden igletmeleri barindiran bir ES
uygulamasi bulunmamaktadir.

ES’nin aglaria dahil olan isletmelerin sektorleri incelendiginde, ¢aligmalarin yaklasik yarisinda (Wernick vd.,
1997; Korhonen, 2000; Korhonen vd., 2001; Korhonen ve Niutanen, 2003; Jackson, 2005; Illsley vd., 2007; Wolf
ve Petersson, 2007; Karlsson ve Wolf, 2008; Rosa ve Beloborodko, 2015; Wahrlich ve Simioni, 2019; da Silva
vd., 2020) ES ag1 sadece orman {iriinleri endiistrisinde faaliyet gosteren isletmeler arasinda kurulmustur. Bu aglar
genel olarak kereste, kontrplak, mobilya ve ahsap panel gibi fabrikalarindan ¢ikan odun yongasi, kabuk vb. yan
iiriinlerin biyoyakit olarak kullanilmasi i¢in malzeme aligverisi amactyla kurulmustur.

Incelenen aglarda (Schwarz ve Steininger, 1997; Mirata, 2004; Zhu vd., 2007; Park vd., 2008; Sokka vd., 2011a;
Pakarinen vd., 2010; Sokka vd., 2011b; Yu vd., 2015b; Li, Pan vd., 2015; Hildebrandt vd., 2019) kimya, tarim,
giibre, ¢cimento, demir ve ¢elik gibi ¢esitli sektdrlerden igletmeler de mevcuttur. Birgok aragtirmaci atiklarin ve yan
griinlerin yiiksek degiskenligi nedeniyle siirdiiriilebilir bir ES agmnin olusturulma olasiliginin daha yiiksek
oldugunu savunmaktadir. Ornegin, kagit ve kagit hamuru tesisinden elde edilen buhar ve atik su, kimyasal tesisler
ve/veya ¢elik endiistrisi tarafindan kullanilmaktadir. Kagit tesisinden gelen kimyasal atiklar kimyasal tesislerde
yan iiriin olarak kullanilabilmekte, odun kabuklar1 ve odun yongalari tarimsal amaglarla veya ¢imento fabrikalar1
tarafindan kullaniimaktadir. incelenen ES aglarinda yan iiriin olarak genellikle odun kékenli olan odun tozu, odun
yongasi ve aga¢ kabugu aligverisi gézlenmistir. Bunun yaninda ¢amur, ciiruf, kiil gibi kimyasal atiklarin da
degisiminin oldugu goézlenmistir. Ayrica atik su, 1s1 ve buhar paylasan isletmeler arasinda enerji simbiyozu da
gerceklesmektedir.

ES aglarinda fiziksel yan {irlin veya enerji degisiminin yan sira, teknik bilgi (Mirata, 2004; Korhonen, 2000) ve
isgiici (Rosa ve Beloborodko, 2015; Jackson, 2005) degisimi de gozlenmistir. Bu fiziksel olmayan sinerjiler,
agdaki isletmeler arasinda Ar-Ge faaliyetlerini arttirdigindan ve is birligi kiiltiiriinii gelistirdiginden 6nemlidir.
Incelenen ES uygulamalarindaki ag yapilarindan sadece %39’u gergek bir EEP’de (9 makale) bulunmaktadir.
Orman endiistrisi temelli EEP’ler ise; Avusturalya’da Styria EEP’si, Finlandiya’da Uimaharju ve Kymi EEP’si,
Cin’de Guitang EEP’si, Kore’de Ulsan EEP’si, Tayvan’da REDA EEP’si ve Letonya’da Linhai EEP’sidir.
Yukarida sayilanlarin disindaki ¢aligmalarin hepsi isletmeler arasinda olusturulan ES aglaridir. Yani bir EEP
igerisinde degil farkli konumlarda bulunan isletmeler arasindaki is birligidir. Bu aglar hakkinda detayli bilgi
sonraki bolimde sunulmustur.

Tablo 1’de 6zetlenen ES ¢alismalariin genel olarak amaci; siirdiiriilebilir kaynak kullanimi ve is birligi yoluyla
cevresel etkiyi en aza indirmek, isletmelerin veya agdaki diger kuruluslarin ekonomik faydalarimi en st diizeye
cikarmaktir. Ote yandan literatiirdeki calismalar incelendiginde farkli amaglarla karsilasilnustir. Bu aglarin
birgogunda oncelikli ama¢ agdaki katilimcilara saglanan ekonomik faydalardir (Eko). Beklenen ekonomik
faydalar, hammadde kullanimindan tasarruf, atik yonetimi maliyetlerinin diisiisii ve yan {iriin ve enerji aligverisi
ile yeni gelirler elde etmek olarak sayilabilir. Diger ekonomik faydalar ise vergi maliyetlerinin diisiiriilmesi (Li
vd., 2015; Mirata, 2004; Yu vd., 2015a; Zhu vd., 2007) ekonomik tesvikler, vergi indirimleri, krediler ve mali
siibvansiyonlar gibi devlet tarafindan saglanan mali desteklerdir (Li vd., 2015; Mirata, 2005; Yu vd., 2015a).
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Ayrica gevresel beklentilerin ekonomik faydalara yol agtig1 fikri de literatiirde kabul gérmektedir (Jacobsen,
20006).

Bunun yani sira ¢alismalarda atik ve emisyon azaltimlari ile yakit ve enerji ekonomisi gibi ¢cevresel amaglara (Cev)
odaklanan ¢aligmalar da (Korhonen, 2000; Sokka vd., 2011b) mevcuttur. Bu amaglara ek olarak, yeni is
firsatlarinin yaratilmasi (Illsley vd., 2007; Jackson, 2005; Li vd., 2015; Mirata, 2004), isgiicii is birligi (Jackson,
2005; Rosa ve Beloborodko, 2015) ve ortak alt yapt kullanimi (Jackson, 2005; Mirata, 2004) gibi ES'nin
yaratabilecegi sosyal (Sos) firsatlar1 hedefleyen ¢alismalar da mevcuttur.

Tablo 1. Orman endiistrisinde ES uygulamalar1

Simbiyoz Sektorler EEP Ag Amaglar Method
Yazarlar Ulkeler T v Toorik
an - PR - sap . . . ‘eori
riin Enerji Isbirligi Kagit  Kereste levha Mobilya  Biyoyakit  Diger Gergek Teorik ES Eko Cev  Sos MM. YDA
Schwarz ve
Steininger Avusturalya CE X,z v v Styria v v
(1997)
Wernick vd., ;.
(1998) Ingiltere A X v v v v v v v v
Korhonen . .
(2000) Finlandiya A K v v v
Korhonen . .
vd., (2001) Finlandiya B,C,D.E XY v N v v v v
Korhonen ve
Niutanen Finlandiya B,C,D.E XY v N v v v v
(2003)
Mirata . .
(2004) Finlandiya AB,CE Y.Z v v v v v
Jackson .
(2005) Kolombiya L v v v v v
Korhonen ve
Snakin Finlandiya BCDE X, Y,T N v v N Uimaharju N N
(2005)
Tisley vd., L
007) Ingiltere X v v v v v
Wolf ve
Petersson isveg B,C,D X,Y.Z v v v N v v v
(2007)
Zhuvd,, .
(2007) Cin E v v Guitang VY
Karlsson ve i
Wolf, (2008) Isvee B.C.D Y v v v v v v
Park vd.,
(2008) Kore Y, T v v Ulsan v v
Sokka vd., . . .
(2010 Finlandiya E XY v v Kymi v v v
f;k"(‘z‘g?‘a) Finlandiya ~BCDE Y. v v v Kymi VAR,
Sokka vd., . . .
@o11) Finlandiya E XY v v Kymi v v
Yuvd.,
(2015b) Cin CE T.Z v v REDA v v
Lie vd., . .
@o15) Tayvan E X.Y,T N v Linhai v v N v
Rosa ve
Beloborodko,  Letonya B,C,.D L N v v v v v v
(2015)
Hildebrandt
vd., (2018) Almanya B:CE X v v v v v v v v
Wahrlich ve
Simioni Brezilya B,C,D.E X v N N v v v v v
(2019)
Da Silva, vd.,  Portekiz,
(2020) fspanya BCDE X v v v v /v
Yesilkaya L A,
vd. (2020) Tiirkiye B.CDE XY, T v v v v v v v v M v v M

* Diger (Kimya, Seker, Tekstil, Cimento, Enerji, Tarim, Gida, Demir-gelik, Giibre vb.), A: Atik Malzeme, B: Odun tozu C: Odun yongast,
D: Kabuk, E: Kimyasal atik (Camur, CO», Ciiruf, Kiil vb.) X: Is1, Y: Buhar, Z: Elektrik, T: Atik su, K: Know-How, Bilgi, L: Isgiicii

Tablo 1’den de goriilecegi iizere bahsi gecen aglar1 analiz etmek Matematiksel Modelleme (MM) ve Yasam
Dongiisii Analiz (YDA) kullanilmistir. Yontem olarak genellikle YDA kullanilmistir (Sokka vd., 2011b; Li, Pan,
vd., 2015; Rosa ve Beloborodko, 2015; Hildebrandt vd., 2019). Buna karsin MM kullanimi oldukga kisithidir.
Halbuki atik, yan iiriin, enerji ve bilgi alisverisinin, ES agma dahil olan isletmeler arasinda karmasik bir kapali
dongii tedarik zinciri olusturdugu bilinmektedir (Herczeg vd., 2018; Turken ve Geda, 2020). Bu nedenle, bu agin
iyi bir sekilde planlanmasi i¢in optimizasyon Tablo 1’den de goriilecegi iizere bahsi gegen aglar1 analiz etmek
Matematiksel Modelleme (MM) ve Yagsam Dongiisli Analiz (YDA) kullanilmigtir. Yontem olarak genellikle YDA
kullanilmigtir (Sokka vd., 2011b; Li, Pan, vd., 2015; Rosa ve Beloborodko, 2015; Hildebrandt vd., 2019). Buna
karsin MM kullanimi oldukga kisithdir. Halbuki atik, yan {iriin, enerji ve bilgi aligverisinin, ES agina dahil olan
isletmeler arasinda karmasik bir kapali dongii tedarik zinciri olusturdugu bilinmektedir (Herczeg vd., 2018; Turken
ve Geda, 2020). Bu nedenle, bu agin iyi bir sekilde planlanmasi igin optimizasyon tekniklerinin kullaniimasi
kacinilmazdir (Wolf ve Karlsson, 2008). Ayrica atiklarin azaltilmasi ve ¢evrenin korunmasi i¢in ortaya konan yesil
tedarik zinciri yapisinin (Lin, vd., 2015; Zarali, 2021; Calik 2021) ES aglarimin kurulmasina katki saglayabilecegi
bilinmektedir.
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Tablo 1’den de goriilecegi iizere bahsi gecen aglar1 analiz etmek Matematiksel Modelleme (MM) ve Yasam
Dongiisii Analiz (YDA) kullanilmistir. Yontem olarak genellikle YDA kullanilmistir (Sokka vd., 2011b; Li, Pan,
vd., 2015; Rosa ve Beloborodko, 2015; Hildebrandt vd., 2019). Buna karsin MM kullanimi oldukga kisithidir.
Halbuki atik, yan iiriin, enerji ve bilgi alisverisinin, ES agma dahil olan isletmeler arasinda karmasik bir kapali
dongii tedarik zinciri olusturdugu bilinmektedir (Herczeg vd., 2018; Turken ve Geda, 2020). Bu nedenle, bu agin
iyi bir sekilde planlanmasi igin optimizasyon tekniklerinin kullanilmasi kaginilmazdir (Wolf ve Karlsson, 2008).
Ayrica atiklarin azaltilmasi ve ¢evrenin korunmasi i¢in ortaya konan yesil tedarik zinciri yapisinin (Lin, vd., 2015;
Zarali, 2021; Calik 2021) ES aglarinin kurulmasina katki saglayabilecegi bilinmektedir.

tekniklerinin kullanilmas: kaginilmazdir (Wolf ve Karlsson, 2008). Ayrica atiklarin azaltilmasi ve g¢evrenin
korunmast i¢in ortaya konan yesil tedarik zinciri yapisinin (Lin, vd., 2015; Zarali, 2021; Calik 2021) ES aglarinin
kurulmasina katki saglayabilecegi bilinmektedir.

Karlsson ve Wolf (2008), orman endiistrisi isletmeleri igeren bir ES aginda isletmelerin iiretim maliyetini en aza
indirmeyi amaglamistir. Calismada bir matematiksel modele yer verilmemis ama bir paket programi kullanilarak
¢ozililen matematiksel modelin sonuglar1 paylasiimistir. Yesilkaya vd. (2020) ise orman iiriinleri endiistrisine dayali
bir ES aginin isletmelere ve ¢evreye potansiyel faydalarini ve katkilarini analiz etmek i¢in ¢ok amacli ok donemli
bir model 6nermistir. Onerilen model ile elde edilecek kazanimlari degerlendirmek igin teorik bir EEP
tasarlanmistir. Tasarlanan bu EEP’deki isletmelerin potansiyel yan iiriinlerini ve atiklarii degerlendirmek igin
YDA kullanmistir. Sonrasinda ise bu isletmeleri kapsayan bir ES ag1 kurulmus ve bu agda olmanin gevreye ve
isletmelere olan etkisi incelenmistir. Elde edilen sonuglara gore elde edilecek ¢evresel faydalarin sadece karbon
emisyonlarindaki azalma ile sinirli olmadig1 agda isletmeler arasinda 6nemli miktarda su, atik ve yan tiriin degisimi
olabilecegi ifade edilmektedir. Kurulan bu agda yaklasik 400 bin ton yan {irlin degisimi, yaklasik 60 bin ton
akaryakit tasarrufu ve 220 bin tondan fazla temiz su tasarrufu saglandigi goriilmistiir. Ortaya ¢ikan kiil ve lif
camuru gibi atiklar bertaraf edilmek yerine organik giibre tiretimi i¢in kullanilmistr.

Olusturulan bu ES ag1 Das vd. (2021) tarafindan iki seviyeli bir programlama modeli kullanarak da analiz
edilmistir. Bu modelin amaci iist seviye karar verici olan park yoneticisi ile alt seviye karar vericileri konumundaki
orman iriinleri isletmeleridir. Sekil 3’de modeldeki yan {irlin akislar1 verilmistir. Park yoneticisi, agda yan tiriin
kullanimini tesvik etmek igin toplam hammadde kullanimini en aza indirmek hedeflemektedir. Ote yandan, takipgi
konumundaki isletmeler karlarin1 maksimize etmeyi amaglamaktadir. Agda karbon salinimi azalmasinin yani sira
500 bin ton iizerinde odun kokenli yan iiriin degisimi gézlenmistir. Sonugta dnerilen iki seviyeli model kullanarak
isletmelerin hem karli olabilecegi hem de agdaki hammadde kullanimimin azaltilabilecegi bir iretim seviyesi
belirlenmistir.
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Sekil 3. Orman endiistrisi temelli ES ag1 (Das vd., 2021)

3.1. Orman Uriinleri Endiistrisinde ES Akislar1

Bu boliimde orman endiistrisinde faaliyet gosteren isletmelerin bulundugu EEP’ler ve ES uygulama ¢alismalari
incelenmistir. Caligma kapsaminda orman endiistrisinden igletmeleri igeren ES aglarindaki isletmeler arasindaki
akislar da detayli olarak sunulmustur. Sekillerdeki dikdortgenler farkli tesis ve fabrikalar1 gosterirken oklar yan
iiriin, enerji, su, hammadde gibi ES akiglarin1 géstermektedir. Bilindigi gibi ES diislincesinin temelini bu akislar
olusturmaktadir.

Schwarz ve Steininger (1997)’in galismasi bilindigi kadarryla orman {iiriinleri endiistrisinin de temelinde oldugu
ilk gercek ES uygulamasidir. Avusturya'nin Styria Bolgesi'ndeki EEP’de gelistirilen bu ES aginda kagit, kereste,
tas, seramik, enerji, ¢cimento, maden, atik su aritimi, petrol, kimya ve geri doniisiim gibi alanlarda faaliyet gosteren
50'den fazla isletme bulunmaktadir. ES agindaki sektorler arasindaki akislar Sekil 4’de sunulmustur. Atik bertaraf
maliyetlerinden tasarruf saglamak ve yan {irlinlerden/atiklardan gelir etmek isteyen isletmeler bu ES agina dahil
olmustur. Styria ES aginin kurulmasinda sonra yillik (1993-1994 yil); 159 bin ton aga¢ kabugu kiilii ve agac
kabugu ¢imento tesislerinde kullanilirken, 11 bin ton ham kiil ise maden tesisinde kullanilmigtir. 437 bin ton atik
kagit, kagit tesisinde geri doniistiiriilerek ve 447 bin ton atik odun ¢esitli endiistrilerde tekrar kullanilmistir. Ayrica
¢amur, demir atig1, petrol atig1 gibi yaklasik 1,5 milyon ton atik/yan iiriin geri kazanilarak agdaki isletmelerce
kullanilmastur.

Lif gamuru i
. L »  Tas ve seramik
Kagit endustrisi L
endustrisi
Atik odun
A
Kabuk, Bolgesel ist
Atik kagit <+——  Glg tesisi Atik odun
v
Kagit endstrisi Kereste fabrikasi
Kal
Kl
Kal lKabuk
A4 A\ 4
Cimento fabrikasi Maden tesisi

Sekil 4. Avusturalya’daki Styria ES agindaki akislar (Schwarz ve Steininger, 1997).
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Sekil 4’de verilen ES agina benzer bir ag Korhonen vd (2001), Finlandiya’da orman endiistrisi isletmeleri i¢in
Onermistir. Agdaki kereste fabrikasi atiklari, kagit hamuru (seliiloz) iiretiminde (11,4 milyon m®) ve enerji
iiretiminde (1,6 milyon m?) kullanilmaktadir. Kagit fabrikasindan ¢ikan siyah likor ise giig tesisinde yakit olarak
(11 milyon ton), atik kagitlar tekrar kagit tesisinde (0,6 milyon ton) kullanilmak iizere geri doniistiiriilmektedir.
Korhonen ve Ville Niutanen (2003) ise Korhonen vd (2001)’den 6nerilen model genisletilerek malzeme, enerji ve
karbon i¢in ES ag1 verilmistir. Bu ¢aligmalarda incelenen ag Sekil 5’de goriilmektedir.

co2
O Orman ekosistemi
Yuvarlak| Yuvarlak
odun v odun v
. Aukodun|  Kagit hamuru
Kereste fabrikasi »> E1th
Sivah likor fabrikasi
kabuk
. [o!
Atik odun, kabuk. man
odun tozu atiklari Is
v v Vv Atik 151
Ist Glig tesisi Ist
(1s1) Kagit fabrikasi
D
Atk
02 Kiil Kagit
emisyonu y l Kagit
Atk -~
Atik depolama | yag Atik kagit
sahasi _ miirekkep
Camur giderme tesisi

Sekil 5. Finlandiya’daki orman endiistrisi temelli bir agdaki akislar (Korhonen ve Niutanen, 2003)

Diger bir galisma ise, Korhonen ve Snékin, (2005) tarafindan Finlandiya’nin batisinda yer alan orman firlinleri
endiistrisi temelli Uimaharju EEP’sini analiz etmistir. Sekil 6’da da goriildiigii lizere bu agda kagit ve kagit
hamuru, kereste, kontrplak fabrikalari, su aritma tesisi, gaz tesisi, kiil aritma tesisi, enerji ve 1st santralleri
bulunmaktadir. Bu agdaki katilimcilar arasinda atik kiil, atik su, atik buhar ve 1s1, odun yongasi, kabuk ve
kimyasallarin degisimi ile saglanmistir. Bu parktaki ES’nin malzeme ve enerji degisimini artirdigi ve CO2
emisyonlarini azalttig1 bildirilmistir.

Yerel Atk Gol
. su z
Orman Aritilmis Belediye » Su aritma ez
| . . kil - ‘o &
ekosistemi - Kiil aritma tesisi
. . Kail A
ot ik tesisi N
atl ati
Atk Atik su
depolama |
sahasi Gaz tesisi Endstriyel Isi,
&» Kaglt Ve Kaglt Buhar Camur
»|  hamuru fabrikasi
Yuvarlak odun
Siyah likor,
‘*—\Kabuk Buha v
> Kereste 7 Gigtesisi [~
Yuvarlak od i
uvarlak odun fabrikas1 Kabuk

Sekil 6. Finlandiya Uimaharju parkindaki ES ag1 (Korhonen ve Snékin, 2005)

Wolf ve Peterson (2007) ise Isve¢ orman endiistrisindeki malzeme ve enerji aligverislerinin bir degerlendirmesini
yapmistir. Caligsma igin 63 kereste fabrikasi, 13 seliiloz fabrikasi, 21 kagit tesisi, 25 entegre seliiloz ve kagit tesisi
ve 26 biyoyakit iireticisi ile goriisiilmiis ve mevcut akislar belirlenmistir. Sonuglar, isletmelerin {igte birinden
fazlasinin birbirine yakin igletmelerle malzeme veya enerji aligverisi yaptigini isaret etmektedir. Ayrica ¢caligmada
Sundsvall-Timré ve Monsteras sehirleri i¢in ES 6nerisinde bulunulmustur. S6dra grup sirketi biinyesinde bulunan
isletmeler arasinda Monsteras i¢in onerilen ES’deki akiglar Sekil 7°de verilmistir. Agda, kagit, kereste ve biyoyakit
(pelet) iiretim tesisleri ile yerel bir belediye arasinda simbiyoz gerceklestirilmistir. Kagit ve kereste fabrikalarindan
¢ikan odun yongasi ile aga¢ kabugu gibi yan tiriinler biyoyakit tesisine gonderilmistir. Biyoyakit tesisi ise bu yan
griinleri kullanarak elde ettigi 1s1y1 bu tesislere geri gondermistir. Bunlara ek olarak tesis binasi ve personel
paylasimi da gergeklesmistir. Kagit tesisinden gelen buhar ve atik 1s1 ise kereste fabrikast ve yerel belediye
tarafindan kullanilmistir.
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Sekil 7. Isvec’teki ES aginda yan iiriin degisimi (Wolf ve Peterson, 2007)

Zhu vd. (2007) ise Cin'in en biiyiik seker iireticilerinden biri olan Guitang Grubu i¢in tasarlanan ve Sekil 8’de
goriilen ES agini incelemistir. Cin hiikiimeti tarafindan desteklenmekte olan bu EEP’de simbiyoz bir sirket
bilinyesindeki farkli fabrikalar arasinda ger¢eklesmektedir. Ana faaliyet konusu seker {iretimi olan sirket, {iretim
esnasinda olusan yan {iriin olan seker surubundan alkol {iretimi ve diger bir yan iiriin olan seker kamisi posasindan
kagit tiretimi tiretmek i¢in yatirim yapmustir. Ayrica sirket biinyesinde ES olanaklarini arttirmak i¢in enerji, giibre,
¢imento ve geri doniigiim tesisleri de kurulmustur. Bu sayede seker kamigi posasinin %80°1 tekrar kullanilmustir.
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ekim alani Seker Giibre fabrikas: [«
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- Geri
Alkali Siyah Beyaz doniistiirilmis
v likor likdr lif ve su
Seker
kamust . . .
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Sekil 8. Cin’deki Guitang ES ag1 akislari (Zhu vd., 2007)

Karlsson ve Wolf (2008) ise Isvec’te bir kagit iiretim tesisi, bir kereste fabrikasi, bir biyoyakit tesisi ve bélgesel
1s1tma tesisini iceren bir ES ag1 tasarlamustir. Isletmeler arasindaki yan iiriin, atik ve enerji akislar1 Sekil 9°da
goriilmektedir. Bu isletmeler arasindaki akislar karma tamsayili bir matematiksel model ile degerlendirilmis ve
MIND adli paket programi ile ¢oziilmiistiir. Bu ¢alismanin sonuglart bagimsiz ¢alisan isletmelerin ES agina dahil
olmasiyla igletmeler i¢in ekonomik kazanimlarin miimkiin oldugunu gostermistir.
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Kabuk Kabuk

Buhar Ki 5 ) Y

. .. myasal kagit onga, Kereste
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yoy ( pa) hamuru tesisi —0dun tozu fabrikas1

Buhar g Buhar

(0.4 Mpa) I Buhar (0.4 Mpa)
S1 (0.4 Mpa)
v v

Bolgesel 1sitma
tesisi

Sekil 9. Isvec’te bulunan bir ES agindaki akislar (Karlsson ve Wolf, 2008)

Simdiye kadar sunulan ES aglar1 genelde odun, odun yan iriinleri, su ve enerji simbiyozuna odaklanmustir.
Pakarinen vd. (2010) ise Finlandiya'da Kymi sirketi biinyesinde bulunan kagit ve kagit hamuru tesisi etrafinda
olusan ¢ogunlukla kimyasal yan {iriinlerin simbiyozunu incelemistir. Sekil 10’da da goriilecegi lizere agda odun
atiklarinin  yaninda, CaCOz, CICO2, H20: gibi kimyasallarin simbiyozu séz konusudur. Bu agda karbon
emisyonunun azalmasini tesvik eden simbiyoz aginin kurulmasi degil hiikiimetin ¢evre mevzuati diizenlemeleri
olmustur. Bu simbiyoz agmin kurulmasmin temel amaci ise agdaki igletmelerin ekonomik kazanimlarini
arttirmaktir. Buna ragmen kurulan ag sayesinde dolayli olarak ¢evresel kazanimlar da saglanmistir.

. . Orman
Hidroelektrik Orman atiklart -
tesis ekosistemi > ) . s Enerji
Giig tesisi "l dagiticr
Enerji c
nerji Odun Kabuk _ 4 20
v NaOHT Eﬂerﬁ¢
Kalsiyum | Hamur -
o N - Kagit | Su aritma
—> karbonat =5 Kagit < ..
- aCoZ - Eneri | hAmuru H2(Q tesisi
tesisi <«— | fabrikasi |fBued .
co2 N fabrikasi
H20 Atik
A A 1
Enetji |1 €102 |01 H202 Gamp v
L Atik su
Hidrojen Ak—p .
o o su aritma tesisi
Klor dioksit peroksit -
tesisi Atik tesisi cammT Enerji
4 ci2 Y Atik Belediye
Atk atk | Atik depolama Kal st atk su |«
Atik SU H20 sahasi Atik aritma tesisi
| A v v st

Sekil 10. Finlandiya'da bulunan Kymi parkindaki akislar (Pakarinen vd. 2010)

Sekil 10 Kymi sirketinin biinyesinde 2010 yilindaki akislar1 gosterirken; Sekil 11, 2011 yilindaki akislar
gostermektedir. Bu iki yap1 arasindaki temel fark Sokka vd., (2011a; 2011b)’e gore Sekil 11°de goriildiigii gibi
odun ve atiklarinin artik agda paylasilmamasidir. Bu agda Finlandiya’daki Kymi EEP’de entegre kagit ve kagit
hamuru tesisi ile, bu tesisle igbirligi icinde ¢alisan ve tamamen kimyasal iiriin tireten ii¢c kimya tesisi bulunmaktadir.
Ayrica enerji iiretim tesisi, su aritma tesisi ve atik depolama alan1 gibi tesisler de bulunmaktadir. Isletmelerin bu
ES agmna dahil olmasiyla enerji ve malzeme verimliliginin arttigi buna ek olarak emisyonlarin azaldigi
gOriilmiistiir.
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C Atiksu 1 Atk Su O Atiksu U Buhar, elektrik, 1s1
D Kanalizasyon ¢amuru J Su P Klor dioksit (ClO2) V Buhar .
E Atiksu K Kalsiyum karbonat (CaC0O3) Q Su X Buhar ve elektrik
F Kiil L Muhtelif atik R Sodyum hidroksit (NaOH) Y Elektrik
Z Atk

Sekil 11. Finlandiya Kymi parkindaki akiglarin son hali (Sokka vd., 2011a)

Yu vd. (2015a, 2015b) ise Cin’de kurulan REDA parkin1 incelemistir. Sekil 12°de akist verilen REDA parki Sekil
10 ve 11°de verilen Kymi parkina benzer sekilde kagit fabrikasi etrafindaki tesislerin arasinda kurulan bir ES
agidir. Bu agda tahil yagi ve gida, makine, kagit hamuru ve kagit, tekstil iceren 31 isletme arasinda kurulan
simbiyoz ag1 sayesinde bu aga hazir giyim, sarap rafinasyonu ve biyokimyasal endiistriler de katilmistir. Devlet
destekli bu ES aginda isletmelere saglanan ekonomik tegvikler (vergi, malzeme fiyati indirimleri, vb.), isletmelerin
ES agina katilmalarinda itici bir gii¢ olmustur.

> .
e ik Sitrikasit | Kuspe | Yem fabrikasi
Giibre fabrikasi . (atik)
fabrikas1
Y Beyar Yap1 malzemeleri -
Camur gamur Yesil fabrikas1
Ahsap levhal sy
H ik - < 4 -
Ahsap 1$1§me atkdan Kagit ve kagit hamuru Komiir K.,"mg‘
(levha) fabrikas1 fabrikasi ciirufu e
Temizlenmi Beyaz Kiil
§ su camur v Kiil Giig tesisi
Rizhao Limani
Sicak atk Cimento
su .
v fabrikas1 Kiil
Odun .
talas1 Termo elektrik
Tarmsal tesis v tesisi Atik s
Odun komiirii Yogunlastrilms T Temizlenmi
fabrikas u —
Bly01°J1]_< ) Kat1 ve siv1 yag Kanalizasyon
aritma tesisi Camur Kil yags fabrikas1 aritma tesisi
r

Sekil 12. Cin REDA parkindaki ES ag1 (Yu vd., 2015a)

Diger bir ¢alismada ise Hildebrandt vd., (2018) Alman hiikiimeti tarafindan biyoekonomi bolgeleri i¢in saglanan
stratejik finansal desteklerle kurulan pilot bir ES agin1 incelemistir. Sekil 13’de goriilebilen bu agda sadece odun
ve atiklarinin simbiyozunun yapildig1 goriilmektedir. Bu ag1 degerlendirmek i¢in YDA kullanilmistir. Sonuglar,
dogal kaynak kullanan endiistrilerin bulundugu bu agdaki isletmelerin fosil kaynak kullanan igletmelere oranla
daha iyi performans gosterdigini ve ¢evresel etkilerin %130’a kadar azalttigin1 gostermistir.
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«— .. e
maizemest ot %1]Q' tesisit Enerji tesisi
egine
(Yapstirict)

Sekil 13. Almanya’daki ahsap malzeme temelli ES ag1 (Hildebrandt vd., 2018)

Sekil 14°de ise sadece orman endiistri fabrikalar1 ve tesisleri kurulan diger bir ag goriilmektedir. Ag Brezilya'nin
giineyindeki Lages bolgesinde kurulmustur. Simdiye kadar inceledigimiz aglardan farkli olarak bir mobilya
fabrikas1 da bu aga dahil edilmistir. Bu ag Wahrlich ve Simioni (2019) tarafindan incelemistir. Caligmanin amact
orman Uriinleri sektoriinde ES seviyesini belirleyerek (diisiik veya yiiksek), katilimeilar i¢in ES’nin faydalarini
belirlemek ve bu agin nasil ekosisteme doniisecegini tartigmaktir.

fgecek iiretim

Diger fabrikalar

tesisi
Atk v A
Ahsap [Odun talag onga
palet |tozu
Yonga
Kereste fabrikasi
Yonga
Kl Kagit ve kagit  |*
hamuru fabrikasi Odun tod Kaba odun| ~El yapimi1 ahsap
Yonga auklan sanat eserleri
A . . .
Atik Kiil | Yonga 3 dun tozu iiretimi
ah Yonga
sahasi S
Odun tozu Ener_|1 tesisi Atik
Yonga talasg
Odun .
Ahgap panel wom | Absap }s}eme o
fibrikasi o tesist i
Geri donilisim <}
tesisi =
Kiil Kabuk =N
Odun ) g
Kompost (organik tozu Mo!mlya Auk | B
giibre) tesisi fabrikast tala

Sekil 14. Brezilya’da bulunan Lages bdlgesindeki ag (Wahrlich ve Simioni, 2019)

Da Silva vd. (2020) ise Sekil 14’de Wabhrlich ve Simioni (2019) tarafindan 6nerilen orman {iriinleri temelli ES
agin1 genisletmis ve orman endiistrisinde hammadde kullanimimi ve atik olusumunu azaltmayi tesvik eden bir
Dongiisel Ekonomi modeli dnermistir. Sekil 15°te bu ag goriilmektedir. Ahsap isleme fabrikasi, kagit tesisi, enerji
tesisi ve geri doniigiim tesisi bulunan bu agda hammadde kullanimi %83, enerjiye doniisimii %91 oraninda
olmustur. Parkta tiiketilen enerjinin %831 ise atiklardan elde edilmistir.
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Sekil 15. Brezilya’da bulunan Lages orman endiistrisi temelli ag (da Silva vd., 2020)

Yesilkaya vd. (2020) ise orman iiriinleri temelli teorik bir ES ag1 tasarlamistir. Bir EEP’de yer alan isletmeleri
bilinyesinde bulunduracak bu agdaki akislar Sekil 16’da verilmistir. Bu park tasarlanirken agdaki isletmeler
arasindaki yan {riin, atik, enerji vb. akiglarin belirlenmesi i¢in YDA analizi kullanilmis sonrasinda ise tesislerin
parktaki konumlarinin belirlenmesi i¢in ALDEP algoritmasi kullanilmistir. Tasarlanan agda kereste, kontrplak,
yonga levha, lif levha, kagit ve pelet tesisleri gibi isletmelerin yani sira su aritma tesisi ve organik giibre tesisleri
de bulunmaktadir. Bu ag1 analiz etmek i¢in ¢gok amacli ve ¢ok periyotlu bir matematiksel model kullanilmistir.
Sonug olarak agda yaklasik 400 bin ton yan iiriin degisimi, yaklasik 60 bin ton akaryakit tasarrufu ve 220 bin
tondan fazla temiz su tasarrufu saglanabilecegi goriilmustiir. Ayrica kiil ve lif camuru gibi atiklar bertaraf edilmek
yerine organik giibre {iretimi i¢in kullanilmistir.
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Yonga Yonga
Kagit & Kagit L § L & "
hamuru Tesisi < Kereste Fabrikast A Organik Gbre Kontrplak Fabrika A ik su
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odun, (dun tozu
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Atik 4
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Sekil 16. Orman endiistrisi temelli EEP (Yesilkaya vd., 2020)

Literatiirde orman endiistrisi 6zelinde yapilmis ES ve EEP ¢alismalari bir biitiin olarak incelendiginde agda; ahsap
isleyen, kimyasal lireten veya tiiketen, enerji iireten ve atik depolayan veya doniistiiren tesisler oldugu goriilmiistiir.
Dolayisiyla, ES aglari olusturulurken veya tasarlanirken bu tesisler arasindaki etkilesimden faydalanilabilir. Bu

tesisler;

L

II.

Ahsap isleyen tiretim tesisleri

a. Kereste Fabrikasi

b. Ahsap levha (Yonga levha, Lif levha, diger miihendislik levhalar) tesisi

c. Kontrplak Fabrikas1

a.
b. Kalsiyum karbonat tesisi

Kimyasal iireten veya kimyasal hammadde kullanan tesisler
Kagit ve kagit hamuru tesisi
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c. Klor dioksit tesisi
d. Ure ve Fenol Formaldehit Tesisi
e. Kimyasal geri doniisiim tesisi
f.  Cimento fabrikas1
1. Enerji iireten tesisler
a. Pelet tesisi
b. Biyoyakit tesisi
c. Enerji Santrali
d. Bolgesel (Konut vb.) enerji
Iv. Atik depolayan veya geri doniistiiren tesisler
a. Atik depolama Sahasi
b. Atik su aritma tesisi
c. Organik giibre tesisi

Literatiirdeki bu ¢ikarimlar dikkate alinarak kereste, kontrplak, yonga levha, lif levha, kagit ve kagit hamuru, gibi
birkag tesislerin yer aldig1 sanayi bolgelerinde ES aglari tasarlanabilir. Bu aglarda iiretim siirecinde ortaya ¢ikan,
atik su, enerji, odun yongasi, atik odun ve kabuk farkli tesislerde tekrar kullanilabilir.

4. ES Uygulamalar icin Tiirkiye Orman Uriinleri Sektérii SWOT Analizi

SWOT analizi teorisi yaklasik yarim asir dnce Learned, vd., (1969) tarafindan 6ne siirtilmiistiir. Stratejik analiz
igin etkin bir ara¢ olarak kullanilan SWOT analizi ile ele alinan bir yap1 veya durumun gii¢lii yanlari (strengths)
ve zaylf yanlar1 (weaknesses) ile firsatlar (opportunities) ve tehditler (threats) belirlenebilir. Bu boliimde
yukaridaki tartismalar 1s181nda Tiirk orman iiriinleri sektoriinde ES uygulamalarinin yapilabilirligini analiz etmek
icin yapilan SWOT analizi sunulmustur.

FAO, (2020)’e gore Diinya’daki orman iiriinleri endiistrisi yaklagik 600 milyar $ ekonomik biiyiikliige sahip
oldugu vurgulanmistir. Ayrica sektordeki istihdam dogrudan veya dolayli olarak yaklasik 1,2 milyar
civarlarindadir. Gegtigimiz yil kiiresel orman endiistrisi yatirimlari ise 15 milyar $ civarinda olurken sektoriin
ihracati toplam 130 milyar $ seviyesindedir. Sektorde ilk sirada yer alan iilkeler ise; Cin, Kanada, Almanya,
Rusya, ABD ve Avusturya gibi gelismis iilkelerdir (ITC, 2020). Diinya genelinde orman varlig1 yiiksek bu
iilkelerin orman {iriinleri endiistrisinde de ilk siralarda yer almalari bir tesadiif degildir.

Tiirkiye’de ise orman endiistrisinin bilyiikliigii yaklasik 27 milyar dolar degerindedir ve sektdrde yaklasik 1 milyon
kisiye istihdam imkani saglanmaktadir (OGM, 2020). Tiirkiye’nin yillik odun iiretimi 26 milyon m?, tiiketimi ise
33 milyon m*’den fazla olup, tiiketilen odunun yaklasik %75’i endiistriyel odun, geri kalani ise yakacak odun
niteligindedir (OGM, 2020). Tiirkiye’de endiistriyel odun tiiketiminde ilk sirada liflevha ve yongalevha endiistrisi
gelmektedir. Bu alt sektorlerin disinda diger ahsap levha iiretimi, kereste endiistrisi ve mobilya endiistrileri de
endiistriyel odun tiilketmektedir.

Tiirkiye’de orman tiriinleri endiistrisinde faaliyet gdsteren isletmelerden en biiylik 500 sanayi kurulusu igerisinde
yer alan 10 isletme bulunmasi Tiirkiye’deki orman iirtinleri endistrisinin ekonomik 6nemini gostermektedir (ISO,
2020). Bu isletmelerin birgogu Diinya standartlarinda iiretim yapan biiyiik lgekli ahsap levha fireticileridir.
Tiirkiye Ahsap Levha Ureticileri Dernegi (2020) verilerine gore, Tiirkiye ahsap levha iiretiminin sektor bityiikliigii
10 milyar $’dir. Sektordeki yillik ihracati 3 milyar $ seviyesindedir. Yilda yaklagik 500 bin kisiye istihdam
saglayan sektor iilke ekonomisine de 6nemli katkilar saglamaktadir. Tiirkiye toplam ahsap levha iiretiminde
yaklasik 14 milyon m? ile Diinya’da 6nemli iilkelerden biridir (FAO, 2020). Ayrica liflevha iiretiminde 4,8 milyon
m? ile Avrupa’da ilk sirada, Diinya’da ise Cin ve Brezilya’dan sonra {igiincii sirada bulunmaktadir. Yongalevha
iiretiminde ise 4,4 milyon m® ile Avrupa’da 4. Diinya’da ise 5. sirada bulunmaktadir (FAO, 2020).

Tiirkiye kagit ve seliiloz iiretimine Cumhuriyetin ilk yillarinda SEKA (Tiirkiye Seliiloz ve Kagit Fabrikalar1 A.S.)
ile baglamustir. Fakat SEKA’lar 6zellestirilmis ve daha sonraki yillarda bu fabrikalarin faaliyetlerine son vermistir.
Su an sadece eski bir SEKA tesisi olan Zonguldak/ Caycuma kagit fabrikasinda odundan seliiloz iretimi
gergeklestirilmektedir. Ancak sektorde yeterli seliiloz tiretim tesisinin olmamasi sektorii disa bagimli kilmistir.
Son 5 yildaki seliiloz ithalati her y1l yaklagik 1 milyar $ civarmdadir. Son 5 yildaki kagit ve kagt {iriinleri ithalat:
ise her yil yaklagik 2,5 milyar $ civarindadir (ITC, 2021). Tiirkiye’de karton ve oluklu mukavva iiretimi de
yapilmakta ve bu sektoriin ana hammaddesinin yaklasik %45°1 atik kagitlarin geri doniisii ile kargilanmaktadir.
Tiirkiye’de lif ve yonga levha tesislerinin kapasitelerinin yiiksek olmasi orman endiistrisinde dengesiz bir
hammadde kullanimina yol agmistir. Bu kapsamda endiistriyel odunun biiyiik bir kism1 ahsap levha endiistrisi i¢in
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kullanildigindan seliiloz iiretimi igin yeterli yerli hammadde mevcut degildir. Seliiloz tiretimindeki diger bir sorun
ise seliilloz iiretim siirecinin ¢ok maliyetli olmasidir. Seliiloz iiretiminde disa bagimliligin azaltilmasi igin
endiistriyel ormancilik faaliyetlerinin yapilmasi gerekmektedir. Bu kapsamda seliiloz elde etme siirecinin
etkinliginin arttirilmasi i¢in hem sektdre uygun ileri teknolojilerin gelistirilmesi desteklenmeli hem de siirecte
kimyasal kullaniminin azaltilmasini saglayacak Ar-Ge ¢aligmalarina hiz verilmelidir.

Sinirlt orman kaynaklarint verimli bir sekilde kullanmak ve geri doniistimii iyilestirmek toplumun genel ¢ikarinadir
(Long vd., 2018). Katma degeri yiiksek tiriinlerin iiretilebildigi bu sektor, Yesil Doniisiim ve Dongiisel Ekonomi
dinamiklerinin tam merkezinde konumlanmaktadir. AB tarafindan yayinlanan Dongiisel Ekonomi Eylem Planinda
da orman endiistrisinin dncelikli sektorler arasinda yer aldig1 goriilmiistiir (Ticaret Bakanligi, 2021).

Tiirkiye’deki ilk ES projesi, 2010 yilinda baslatilan iskenderun Kérfezi ES Projesi’dir. Bu kapsamda isletmeler
aras1 bir ES ag1 gelistirilmigtir. 28 sektorden ve ¢ogunlukla Adana, Mersin, Osmaniye ve Hatay’da faaliyet
gosteren 32 isletme sisteme dahil edilmistir. Proje sonunda yilda 330 bin ton kat1 atik kazanimi, 34 milyon kWh
enerji iiretimi / tasarrufu ve buna bagl 37 bin ton CO: azaltimi ve 6.500 m® su tasarrufu saglanmistir. Buna ek
olarak 21 kisilik yeni istthdam, 10 adet yeni iiriin ve 6 adet yeni girisim ile sosyal faydalar da saglanmistir. Bu
sayede projeye katilan igletmelere toplam 6,4 milyon $ ekonomik fayda saglayacagi ortaya konulmustur (Alkaya
vd., 2012).

Iskenderun ES projesinin yiiriitiilmesini saglayan TTGV ve bélgesel Kalkinma Ajanslar1 Gaziantep, Antalya,
Trakya Bolgesi (Edirne, Tekirdag, Kirklareli) ve Bursa, Eskisehir ve Bilecik illerinde ES projeleri baslatilmis ve
fizibilite ¢aligmalar1 yapilmustir. Trakya Bolgesinde ise ES olanaklar1 ve sektor bazli atik miktarlart belirlenmistir.
Bu ulusal c¢aligmalara ek olarak, Tiirkiye Avrupa Komisyonu destekli Karadeniz Havzasi i¢in ES Projesi
(SYMNET, 2019) ve Avrupa Birligi destekli siirdiiriilebilir yapilar i¢in ES projesine (FISSAC, 2019) dahil
olmustur.

Bu noktadan hareketle, Tiirkiye orman iirtinleri sektorii giincel gelismeler ve kiiresel egilimler 15181inda incelenmis
ve sektoriin bir SWOT analizi gergeklestirilmistir. Zaman igerisinde degisen piyasa kosullarindan ve teknolojik
gelismelerden etkilenen bu sektorde, Yesil Doniistim ve Dongiisel Ekonomi kapsaminda nelerin yapilabilecegini,
tehditlerin nasil bertaraf edilebilecegi ve firsatlarin neler oldugu iizerine yapilan bu ¢aligmay: politika yapicilarin
kullanimina sunmak amag¢lanmistir.

Giiclii Yonleri

1) Odun hammaddesi katma degerli iiriine doniistiiriilmesi siirecinde iki bin kat deger kazanabilmektedir.

2) Odun hammaddesi ve islenmesinden elde edilen yan iiriinlerin (odun yongasi, testere tozu vb.) 6000°den fazla
kullanim alan1 vardir (URL, 2019).

3) Orman iiriinleri sektorii Yesil Doniigiim ve Dongiisel Ekonomi ¢aligmalarinin merkezinde konumlanmaistir.

4) Orman iriinleri endiistrisi biinyesindeki lif-yonga levha iiretiminde Tiirkiye, Diinya’da séz sahibi
konumundadir (TOBB, 2015).

5) Tiirkiye’de orman iiriinleri endiistrisinde faaliyet gdsteren isletmelerden 10’u en biiyiik 500 sanayi kurulusu
icerisinde yer almaktadir (ISO, 500). Bu durum orman iiriinleri endiistrisinin iilke ekonomisine katkisinin
biiylikligiinii gostermektedir.

6) Yakin cografyadaki iilkelere kiyasla sektordeki iiretim teknolojisi iyi durumdadr.

7) Yiiksekogretimde Ormancilik egitimi koklii bir gegmise sahiptir. Dolayisiyla sektoriin ihtiyaci olan nitelikli
insan giicii ihtiyaci karsilanabilmektedir.

8) Kisa vadede hammadde arzinda bir problem beklenmemektedir (Kalkinma Bakanligi, 2018). Ciinkii Rusya
gibi 6nemli bir hammadde tedarikgisine yakin olmak 6nemli bir avantajdir.

Zayf Yonleri

1) Mobilya sektorii cogunlukla atolye tipi kiigiik isletmelerden olugmakta, ileri teknoloji ve standardizasyondan
uzak iiretim gerceklestirmektedir. Olcek ekonomisinden faydalanmayan bu isletmelerin EEP’lerde yer
almalar1 ve simbiyotik iligkiler kurmalart miimkiin goézikmemektedir. Genelde ES gibi ¢evre yonetim
modellerini daha ¢ok kurumsal isletmeler uygulamaya gegirmektedir.

2) Kagidin hammaddesi olan ve dogrudan odun hammaddesinden elde edilen selillozun (kagit hamuru)
Tiirkiye’de tek bir iiretim tesisi vardir. Dolayisiyla seliilozda neredeyse tamamen, kagitta ise bilyilik oranda
ithalata dayal1 bir tiretim sektoriin zayif yonlerindendir. Ayrica Diinya’daki ES uygulamalarinda simbiyoz
agma dahil olan seliiloz fabrikalarmin yok denecek kadar az olmasi Tiirkiye’de orman tiriinleri endiistrisi
temelli simbiyoz aglarinin olusturulmasini gliglestirmektedir.
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3)

4)

5)

6)

Sektdriin ihtiyacina uygun hammadde arzini saglayacak endiistriyel orman plantasyonlarinin yeterli seviyede
olmamasi ve bununla birlikte odun hammaddesi iiretiminde az da olsa arz acig1 bulunmasi sektoriin zayif
yonlerindendir.

Tiirkiye’de iiretilen odun hammaddesinin %58,2’si lif-yonga levha {iretimi igin gerekli olan siiftadir (URL,
2019). Endiistriyel bakimdan en diisiik degerdeki bu hammadde mobilya ve masif ahsap sektorlerinin kaliteli
ve uygun fiyatl kereste ihtiyacini karsilayamamaktadir. Bu faktor her ne kadar Dongiisel Ekonomi diislincesi
icin Onemsiz gibi goziikse de kereste gibi yart mamul ithalatini artirdigi i¢in dolayli olarak etkilemektedir.
Sektdrde olusan atik, yan iiriin, atik enerji gibi ES i¢in sinerji olusturacak iirtinlerin siniflandirilmasinin net
olarak yapilamamas1 Dongiisel Ekonomiye iligkin faaliyetlerin katkisinin belirlenmesini gliglestirmektedir.
Tiirkiye’de sanayi kuruluslarinin ES konusundaki ¢aligmalari neredeyse yok denecek kadar azdir. Farkindalik
olmasina ragmen birgok isletmenin bu aglara katilim konusundaki ¢abalar1 yeterli seviyede degildir.

Firsatlan

1)

2)

3)

4)

5)

6)

7)

Orman Endiistrisinin, hammadde olarak yenilenebilir ve organik kaynaklari tiiketmesinden &tiiri ve bunun
yaninda Ormanciligin, 6831 sayili Orman Kanunu ile amenajman kurallarina gore yiiriitiilmesinin -yani
stirdiirtilebilir olmasinin- yasalarla garanti altina alinmis olmasi nedeniyle bu sektor Dongiisel Ekonomi’den
diger sektorlere oranla daha fazla yer bulabilir.

Tiirkiye ile ticaret hacminin 2020°de 140 Milyar § seviyesine eristigi Avrupa Birliginin, 11 Mart 2020’de
yayinladig1 Dongiisel Ekonomi Eylem Planinda Orman Uriinleri sektoriiniin ambalaj ve yap1 malzemeleri
iiretimi ile oncelikli sektorler arasinda yer almasi bu sektorii Tiirkiye igin de oncelikli bir sektdr konumuna
getirmektedir (Ticaret Bakanligi, 2021).

Pandemi sonrasi Yesil Doniisiim ve verimlilige olan kiiresel 6lgekteki egilim ve giderek bu konuda artan
farkindalik iilkelerin Donglisel Dkonomiye gegme gabalarini hizlandirmistir. Bu kapsamda Orman endiistrisi
gibi dogal kaynaklar tiiketen sektorlerin ES uygulamalarini destekleyecek mekanizmalarin olusturulmasi
gerekmektedir.

Tiirkiye’nin Paris Anlagmasi’ni onaylamasindan sonra yesil ekonomiyi destekleyecek g¢aligsmalarin hiz
kazanmas1 beklenmektedir. Bu anlamda Yesil OSB Sertifikasyon sistemi mevzuatinin 2022’nin son
ceyreginde sekillenecek olmasi da isletmelerin bu konudaki farkindaliklarini ve isteklerini artirmak igin
onemli bir firsattir.

Tiirkiye’nin girisimleri ile iklim degisikligi ile miicadele ve siirdiiriilebilir kalkinma planlar1 i¢in “sifir atik”
karar1 Birlesmis Milletler Genel Kurulu’nda onay almistir. Bu karar isletmelerin Dongiisel Ekonomiye gecis
diisiincesi ve yeni ES projeleri i¢in 6nemli rol oynayacagi agiktir.

Sektordeki atik ve yan dirlinlerinin kullanilarak fosil yakitlara alternatif olacak ahsap bazli yakit
olusturulabilmesi durumunda (Yesil Altin), hem katma degeri yiiksek hem de enerji arzi sorununa destek
olacak bir tirlin elde edilecektir.

Enerji maliyetlerinin yiliksekligiyle ilgili olarak, orman iiriinleri sektoriiniin de dahil oldugu ES aglarinda yer
alan igletmeler arasinda atik enerji ve su buharimin yeniden kullanimi yiiksek enerji maliyetlerini 6nleyebilir.
Bu durumun ES aglarina olan ilgiyi artiracag: diistiniilmektedir.

Tehditleri

1)

2)

3)

4)

5)

Dongiisel Ekonomi kapsaminda, ES’nin miimkiin olacag: yesil parklar ya da EEP’lerin hayata gecirilmesinde
somut politikalar olusturulamamistir dolayisiyla konuyla ilgili mevzuat ve yonetmelikler bulunmamaktadir
(NISP, 2019). Bu durum simbiyozun igletmeler arasinda uygulanabilirligini olumsuz etkilemektedir.

Yeterli odun hammaddesi arzina karsin ithalatin artmasinda, yiiksek fiyat ve diisiik kalite gibi faktorleri etkili
olmaktadir. Bu nedenle birgok yerli yatirnmer Balkan iilkelerinde odun hammaddesi yatirimi ve tretimi
yapmaya yonelmistir (TOBB, 2015). Bu durum hem sektdrde kiigiilmeye neden olmakta hem de sektdrden
elde edilen yan {irlin ve atiklari ES kapsaminda kullanimini gii¢lestirmektedir.

Tiirkiye’de seliiloz iiretiminin stratejik bir konu olarak ele alinmasi durumunda, ayni cins ve kalitede odun
hammaddesi tiiketen lif-yonga levha sektoriiyle tedarik rekabetinin dogmasina neden olacaktir. Sektdriin bu
konuda bir plani veya stratejisi bulunmamaktadir.

Tiirkiye ormanlarinin ¢gogunlugu birinci ve ikinci derece yangina hassas ormanlardan olusmakta ki bu durum
yaz aylarinda orman yangnlari riskini arttirmaktadir. Bu durum sektoriin hammadde arzini olumsuz
etkilemektedir.

D1s ticaretimizin bulundugu énemli komsu tilkelerin birtakim siyasi karisiklik ve belirsizlik i¢erisinde olmasi
sektordeki firmalart iktisadi bakimdan olumsuz etkileyebilmektedir (ASO, 2017).

Yukaridaki tartismadan da goriilebilecegi gibi Tiirk orman iiriinleri sektoriiniin giicli ve zayif yonleri ile
baridirdig firsatlar ve karsilasabilecegi tehditler nispeten dengelidir. Sektorel sorun ve riskler birer firsat olarak
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algilanarak uzun vadeli planlamalarla bu riskler yonetilmelidir. Dongiisel Ekonomi kapsaminda elde edilecek
faydalar biitiinciil bir sekilde ele alinip, basta orman firlinleri endiistrisi gibi dogal kaynaklar tiiketen sektorler
olmak iizere iilke ekonomisini olumlu yonde destekleyecek sanayi politikalari gelistirilmelidir. Bu destekler sadece
ekonomik kazanimlar saglanmasina degil Dongiisel Ekonomi ile saglanacak ¢evresel ve sosyal faydalara da
odaklanmalidir. Bu kapsamda siirece destek olacak c¢evresel mevzuat ve istihdama yonelik tegvik
mekanizmalarinin da olusturulmasi gerekmektedir.

5. Sonuclar

Diinya’daki ES uygulamalarin gelismesinde etkili olan faktorlerin en basinda iilkelerin ¢evreci politikalart ve
ekonomik tesvik ve destekleri gelmektedir. Birgok iilkede ES’yi destekleyen EEP’lerde faaliyet gosteren
isletmelere atik paylasiminda vergi muafiyeti, girdi ve enerji fiyatlarinda indirim gibi tesvikler saglanmaktadir.
Ornegin, atik su kullanan igletmelere temiz su indirimli satilmaktadir. Karhliginin azalmayacagmi veya ES
aglarina katilinca farkli tesviklerden yararlanacagini bilmenin isletmeleri bu aglara katilim konusunda isteginin
artacag asikardir. Ote yandan, bu aglar sadece cevresel ve ekonomik kazanimlar degil sosyal faydalar da
saglamaktadirlar.

2021 yilinda g¢evrenin korunmasi ve iklim degisikligi ile miicadele i¢in Paris Anlagmasi Tiirkiye’de yiiriirlige
girmistir. Ayrica, Tlrkiye’nin stirdiiriilebilir kalkinma hedefleri igin “sifir atik” karar1 Aralik 2022 tarihinde
Birlesmis Milletler Genel Kurulu'nda kabul edilmistir. Hem sifir atik karart hem de Paris Anlagmast Dongiisel
Ekonomiye doniis i¢in yeni ¢evreci projeleri tesvik edecegi agiktir. Yasal diizenlemeler yoluyla sektorel veya
sektorler-arast ES uygulamalarina isletmelerin tesvik edilmesinde ve isletmeler arasindaki koordinasyonun
saglanmasinda devletlerin rolii asikardir.

Tiirkiye orman endiistrisi Dongiisel Ekonomi ve ES anlaminda genel olarak degerlendirildiginde, sektdrde biiytiik
capl entegre iiretim tesisleri olmasima ragmen bahsedilen simbiyotik aglar yok denecek kadar azdir. Halbuki
orman endiistrisindeki sanayi tesislerinde bu simbiyotik ag1 kuracak bir¢ok atik ve yan iiriin ve sinerji mevcuttur.
Yasal diizenlenmeler ve tesvikler Dongiisel Ekonomiye doniis i¢in en dnemli adimlarin basinda gelmektedir.
Diinya’da uygulanmakta olan veya uygulanmis ES projesinin kamu destekli tesviklerle ortaya ¢iktig1
bilinmektedir. Ancak, bu kapsamda gelistirilen hangi politikalarin iyi sonu¢ verdigi net olarak ortaya
konulmamustir. Bu anlamda daha kapsamli ¢aligmalara ihtiya¢ duyulmaktadir. Tiirkiye orman endiistrisi 6zelinde,
Cevre ve Sanayi Bakanliklar1 gibi ilgili devlet kurumlarinin somut tesvigi ve destegi ile biiyiik ¢apli entegre liretim
yapan ahsap levha isletmeleri ile liretimin cevresel etkilerini azaltacak projelerin baslatilmasi miimkiin
goriinmektedir. Bu tip projeler sadece bir sektorii degil, Boliim 3’deki 6rneklerde de goriildiigii iizere Tarim,
Kimya, Cimento, Enerji tiretimi gibi birgok sektorii dogrudan etkilemektedir.

Sonug olarak, Tiirkiye’de ES kapsaminda bazi ¢alismalar yapilmis olmasina ragmen 6zellikle Avrupa iilkelerine
kiyasla ¢ok az uygulama mevcuttur. Bu kapsamda isletmeler Dongilisel Ekonomi ve faydalari konusunda
bilinglendirilmelidirler. Isletmeler bu siirecte somut destekler ve diizenlemelerle ES aglarma 6zendirilmeli bu
konuda ihtiyag duyulan yasal mevzuat ve yonetmelikler hazirlanmalidir. Son yillarda uluslararas: diizeyde
imzalanan gevre anlasmalari ise iilkemizin Dongiisel Ekonomiye gecis siireci adina umut vericidir.

Arastirmacilarin Katkisi

Arastirmanin yazarlari arastirmanin tiim siireglerine esit derecede katki saglamistir.

Cikar Catismasi

Yazar tarafindan herhangi bir ¢ikar ¢atismasi beyan edilmemistir.
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Ozet

Oyun ve robotik endiistrilerinde, akilli ve etkilesimli karakterlerin tasarimu,
yapay zekadaki ilerlemelerle biiylik Olciide zenginlestirilmistir. Yapay-zeka
tabanli bu yaklasimlara, o6zellikle, geleneksel algoritmalarin Onceden
programlanmis kural-tabanli olmasi nedeniyle ihtiya¢c duyulmaktadir. Makine
ogrenmesi ile oyun karakterleri karmasik oyunlarda bile 6zgiin ve bagimsiz
davraniglara sahip olacak sekilde egitilmektedir. Bu ¢alisma, heniiz yeterince
iizerinde ¢alisilmamis olan tenis oyununda pekistirmeli 6grenme kullanarak zeki
oyuncularin (ajanlarin) basarili bir sekilde egitilebilecegini gostermektedir.
Egitim agsamasinda ajanlara temel tenis kurallar1 ve sonug (kazanma/kaybetme)
hakkinda bilgi verilmektedir. Ayrica, oyun igindeki performanslarina gore
ajanlar 6diil ya da ceza da almaktadir. Buna gore, ajanlar kendi bulunduklari
duruma gore en iyi davranist bulmaya calisir. Ajanlar, Unity'de uygulanan
gorsel, fiziksel ve bilissel olarak zengin bir ¢evrede egitilmektedir. Sunulan
calismanin deneysel degerlendirmesi, genel olarak modelin etkililigini ve
basarisim1  gostermektedir. Gergeklestirilen uygulama agik-kaynaktir ve
uygulamaya su adresten erigilebilir: https://bakhtiyar-
ospanov.github.io/MLAT/index.html
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Abstract

In the gaming and robotics industries, advances in artificial intelligence have
significantly improved the design of intelligent and interactive characters.
These Al-based approaches are particularly essential due to the rule-based
nature of traditional algorithms. Through machine learning, game characters
can be trained to exhibit unique and independent behaviors, even in complex
games. This study illustrates that intelligent players (agents) can be effectively
trained using reinforcement learning in the game of tennis, an area that hasn't
received sufficient research attention. Agents are provided with a basic
understanding of tennis rules and the game's outcome (win/lose). Additionally,
agents are rewarded or penalized based on their in-game performance.
Consequently, agents strive to determine the best behavior depending on their
current circumstances. These agents are trained in an environment that is
visually, physically, and cognitively rich, implemented in Unity. The empirical
evaluation of this study demonstrates the overall effectiveness and success of
the model. The implemented application is open-source and can be accessed at
the following address:
https://bakhtiyar-ospanov.github.io/MLAT/index.html
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1. Giris ve Ilgili Calismalar

Makine Ogrenmesi (MO) algoritmalari, son yillarda farkli sektorlerde basari ile kullanilmustir. Gergek diinyanin
simiilasyonu, MO algoritmalarindan faydalanabilecek alanlardan biridir. Simiilasyon ortami tasariminin genel
zorluklar1 bilinmekle birlikte, gergekei olarak nesneler arasinda mantiksal etkilesimler ve anlamli davraniglara
dayanarak bir simiilasyon elde etmenin daha da zor oldugu arastirmacilar tarafindan kabul edilmektedir.
Simiilasyonlar, baglamla ilgili sabit olarak belirlenmis kurallardan ziyade deneyime dayali olarak MO ile
yapildiginda daha gergekgi olmaktadir. Ornek olarak, robotik arastirmalarinda Rubik kiipiinii ¢6zmek igin robotik
bir elin egitilmesi (Akkaya ve vd. (2019)) ve eglence endiistrisinde Doom oyununda ortalama bir insandan daha
iyi performans gosterilmesi (Lample ve vd. (2017)) bu sekilde bir simiilasyon yapilmasi sonrasinda elde edilmistir.
Akilli, 6zgiin ve baglama duyarl: bir rakibe kars1 oynamak, oyunlar1 daha eglenceli ve ilgi ¢ekici hale getirecektir.
Sunulan galismanin amact, bir tenis oyununda kendi kendine oynayan zeki ajanlarin MO algoritmalari ile etkin bir
sekilde egitilmesidir.

Gergeklestirilen uygulamada, fiziksel diinyanin etkin bir simiilasyonunu saglayan ve uygun MO araglari sunan
Unity Gergek Zamanli Gelistirme Platformu kullamilmistir. Ek olarak, ajanlar, pekistirmeli 6grenme (PO)
kapsaminda egitilmis olup ¢alisma Python API ile programlanmistir. Oyunda, ayni ¢alisma mantigini kullanan iki
PO-Ajan, tenis kurallarina gore filenin kars taraflarinda topa vurmak igin raketleri kontrol etmektedir. Oyuncular,
topa rakip oyuncunun karsilayamayacagi sekilde vurma amaci tasir. Boylece modelin ger¢ekei bir ortamda
egitilmesi hedeflenmistir. Uygun fiziksel 6zelliklere sahip bir tenis oyununun simiile edilmesi, genis bir alan
icindeki karmasik fiziksel etkilesimler nedeniyle titiz kurulum ve ayarlamalar gerektirmektetir. Bunun sonucu
olarak oyun endiistrisine bu sekilde bir yaklagimin tanitilmasi saglanmaktadir. Sunulan kapsamli simiilasyon
ortamui, fiziksel ve gorsel olarak zengin bir igerige sahiptir ve masa tenisi, badminton, pickleball vb. gibi benzer
spor oyunlart igin de kolayca uygulanabilecek bir yapidadir. Ayni zamanda, egitim diizeni, oyunlardaki gézlem
karmagsikligini, fiziksel parametrelerin etkisini, mantiksal etkilesimleri (strateji) ve sosyal etkilesimleri
(arkadasca/saldirgan oyun tarzi) arastirmak i¢in de kullanilabilir. Ortaya ¢ikan model, bir oyun uygulamasinda
kullanilmasinin yani sira, bu alanda yapilacak gelecekteki arastirmalar i¢in temel bir performans modelidir.

MO, genel olarak farkl tiirlerdeki verilerden bilgi ¢ikarmak icin kullanilan bir aractir. Ayrica, bir makinenin agik¢a
programlanmadan verilen verilere dayali bir sonucu tahmin edebildigi Yapay Zekanin (YZ) bir alt alan1 olarak da
tanimlanir (Alzubi ve vd. (2018)). Genel olarak, MO yaklasimlari {i¢ ana tipte simflandirilmaktadir: denetimli
O0grenme, denetimsiz Ogrenme ve pekistirmeli 6grenme (Ayodele (2010)). Birinci tip, ¢ok sayida dogru
etiketlenmis veri gerektirir ve siklikla simiflandirma ve regresyon igin kullanilir. Denetimsiz olan MO
algoritmalari, kiimeleme ve iligkilendirmeyi etiket kullanmadan ve 6nceden kategorize etmeden yapar. Sonuncusu
(PO) ise, bir ortam1 kesfeden ve onunla etkilesime giren deneme yanilma yaklagimini benimseyen ajanlar1 kullanr.

PO’de, bir ajan, dogru bir performans durumunda verilen bir ddiilii en iist diizeye ¢cikarmaya ve uygunsuz davranis
icin bir cezay1 en aza indirmeye ¢alisir. Bu sekilde ajanlar, 6diil sinyaline uyum saglayarak, bir ortam ve kurallari
hakkinda bilgisini gelistirir ve buna bagli olarak bir sonraki en iyi eylemlerini tahmin edebilir. Simiilasyon
diinyasinin karmagsikli§1 g6z 6niine alindiginda, PO dinamik davranisa sahip bir ajan olusturmak igin en uygun
MO sinifi olarak karsimiza ¢ikmaktadir. Satrang, shogi ve Go oynayan PO ajanlar1 (Silver vd. (2018)), video
oyunlari (Torrado ve vd. (2018)), 3B ¢ok oyunculu oyunlar (Jaderberg ve vd. (2019)), dagitim sebekesi (Yurtsever
ve vd. (2022)) ve oyun arastirmalar1 dahil olmak iizere YZ'nin ve MO niin oyun endiistrisini nasil degistirdigine
dair bilgilendirici 6rnekler vardir (Lanctot ve vd. (2019), Millington ve Funge (2009)) .

Genel olarak literatiire baktigimizda, bilgilendirici ve gercekgei etkilesim saglayan bir ortam elde edilmesi igin
PO’niin basarili performans saglayacak onemli bir potansiyele sahip oldugu goriilmektedir. PO, gevre tasarim,
gercek diinya kavramlarmin simiile edilmesi ve arastirmacilarin hipotezlerinin test edilmesi igin sezgisel ve son
derece Ozellestirilebilir bir ortam sunar. Ayrica, literatiirde tenis oyununun simiile edilmesi i¢in gerekli
calismalarin eksikligi de goriilmektedir. Bu nedenle sunulan ¢aligmada heniiz yeterince arastirilmamis olan tenis
oyununda kendi kendine oynayarak pekistirmeli 6grenen ajanlarin egitilmesi yapilmis ve bu sekilde literatiirdeki
bir agigin kapatilmasi i¢in dnemli bir adim atilmistir.

Tenis oyununa benzer kurallara sahip olan masa tenisinde literatiirde PO-temelli calismalar sunulmustur (Wang
ve vd. (2022)) (Muelling ve vd. (2014)) (Tebbe ve vd. (2021)) (Gao ve vd. (2020)). Tenis ve masa tenisinde bir
oyuncu, topa her seferinde ayni noktadan vurarak oyunu kazanamaz. Bu nedenle oyuncular, rakiplerini yenmek
icin etkili bir strateji gelistirmek zorundadir. Bu kapsamda PO ile 6diil islevini 6grenen calismalarin gegmiste
kullamldigmn goriiyoruz. Muelling ve vd. (2014) 6diil fonksiyonunun Markov karar problemine dayandigi, bir PO
¢tkarim modeli vermektedir. Basarili sonuglar alinmasina karsin mevcut modelde, rakibin zayifliklarini,
stratejisini, topun doniisiinii ve sensor bilgisinin kusurlu olabilme olasiligini hesaba katilmamistir. Tebbe ve vd.
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(2021) robotikte pekistirmeli 6grenme uygulamalarinin iki temel problemini (hiz ve saglamlik) ele alan masa tenisi
oynayan bir robot tasarlamigtir. Bu ¢alisma bir dnceki ¢aligmanin eksikliklerine benzer olarak topun hiz ve doniis
parametrelerini dikkat almamaktadir.

Masa tenisinin PO yaklagimu ile 3renen modellerin ge¢mis ¢alismalarda daha ilgi gérmesine karsin tenis oyunu
icin ayni seyi sdylemek soz konusu degildir. Buna karsin gegmis c¢alismalarda 6zel olarak tenis oyununu
hedeflemese de uygulama olarak diger oyunlarin yaninda tenis oyununu kullanan caligmalarin bulundugu
goriilmektedir, 6rnek (Kancharla ve Lee (2019)) (Cao ve vd. (2020)). Buna ek olarak, (Weeraman (2023)) 6nerilen
makalede bulunan kapsamda herhangi bir tartisma ve degerlendirme bulunmayan bir uygulama linki paylagmistir.
Bu uygulamanin sadece bir programlama hedefi ile yazilmis olmasindan dolay1, sunulan ¢alisma ile bu ¢aligma
karsilastirilmamastir.

Bu makalede sunulan modelin, teknik detaylar1 verilerek elde edilen sonuglar tartisiimistir. Ek olarak, PO
ajanlarinin birbirlerine kars1 oynadiklar1 oyunlarin degerlendirilmesi 45 farkli katilimer ile saglamistir. Elde edilen
sonuglar, oyunlarda ajan davraniglarinin, uzman bir kullanici davraniglarini basarili bir sekilde simiile ettigini
gostermektedir. Makalenin geri kalan kisminda sunulan model ayrintili olarak agiklanacak ve kullanilan hiper
parametreler belirtilecektir. Deneyler ve sonuglar boliimiinde, ¢esitli konfigiirasyonlara sahip ajanlarin egitim ve
karsilastirmali analizi sirasinda istatistiksel gozlemler anlatilacaktir. Elde edilen model, MO ajanimin
performansini 6lgmek ve kullanici deneyimi ile karsilastirmak igin bir test uygulamasinda kullanilmistir. Son
olarak, bu makalede c¢aligmanin sinirlamalart ve sunulan modellerin gelistirilmesine yonelik cesitli fikirler
tartigtlmistir.

Bu calisma, 2021 tarihinde birinci yazar tarafindan ikinci yazar damismanliginda Nazarbayev Universitesi
Bilgisayar Bilimleri Anabilim Dalinda Yapilan Yiiksek Lisans tezinden {iretilmistir. Calismanin her agamasinda
Arastirma ve Yaym Etigine uyulmustur.

Sekil 1. Tenis kortu goriiniimii. 1 - ajanlar, 2 - top, 3 - ag band (file), 4 - kort alani, 5 - sinirlar.
2. Metodoloji

Sunulan makalenin arastirma hedefine ulasmak ve PO tabanli zeki bir tenis oyuncusu (ajami) yetistirmek igin
zengin karmasikliga sahip bir ortamin nasil olusturuldugu bu boliimde anlatilacaktir. Bunu takiben, egitim ortami
ile birlikte mantiksal davraniglar ve etkilesimler, ve yapilan egitimin test uygulamasindaki pratik kullanimi da bu
boliimde anlatilmaktadir.

2.1. Ortam Tasarmmi

Ortam tasarimi kapsaminda ilk olarak uygulamada kullanilan fiziksel degerler ve 6grenme degerlerinin nasil
secildiginden bahsedilecektir. Daha sonra egitim konfiglirasyonu konusunda bilgi verilecektir. Son olarak
olusturulan test uygulamasi agiklanacaktir.
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2.1.1 Fiziksel Degerler

Bir ortamin, basarili bir sekilde ajanlar1 egitmesi i¢in hem fiziksel hem de gorsel 6zellikleri agisindan gergek
diinyaya yiiksek diizeyde benzerlik gostermesi gerekir. Daha once bahsedildigi gibi Unity, bu agidan farkli
platformlarda ¢alisan ideal oyun motorlarindan biridir. Yapilan ¢aligmada ilk olarak, tenis alaninin genel yapisi
Unity’de olusturularak top, raket, ag bandi (file) ve sahne tasarlanmustir (Sekil 1). Boylece, ajanlarin ve bunlarin
bagimli bilegenlerinin konumlandirilmasi ve izlenmesi elde edilmistir. Bu tasarim ile bu alanlarin 18 bagimsiz
kopyasi olusturulmus ve egitim siireci bu kopyalar ile birlikte baslatilmistir (Sekil 2). Burada birden fazla kopya
kullanilmasinin amaci asagidaki boliimde anlatilacak (Boliim 2.1.2) 6grenme degerlerinin daha hizli bir sekilde
elde edilmek istenmesidir.

Sekil 2. Egitim kurulumunda tenis i¢in 18 tane ayr1 6rnek galistirtlmistir.

Hazirlanan tenis kortlarin her birinde, grafiksel olarak raketler ile temsil edilen iki ajan vardir (bu makalede tenis
oyunculari, ajanlar ve raketler birbirinin yerine kullanilmaktadir). Carpistirict bileseni, top, ag bandi, zemin ve
oyun sinirlart arasindaki ¢arpigsmalari izlemek i¢in oyuna eklenmistir. Raket, top, ag, zemin ve oyun sinirini
belirlemede kullanilan duvarlar i¢in su fiziksel materyaller kullanilmigtir. Raketler i¢in kullanilan fiziksel materyal
0.45 birim dinamik siirtiinmeye, 0.5 birim statik siirtinmeye, 0.2 birim ziplama kapasitesine ve 350 gram agirliga
sahiptir. Bu degerler ortalama bir raketin ger¢ek diinyadaki degerleri baz alinarak deneysel olarak belirlenmistir.
Dolayistyla, bu parametreler ile raket ile topun carpismasi gergekei bir sekilde elde edilmistir. Agisal siiriikleme,
raket donerken karsilasilan hava direncinin etkisini temsil eder (sifir, direng olmadig1 anlamina gelir) ve 0,05'e
ayarlanmistir. Hizli hareket eden etkilesimler nedeniyle hassas hesaplamalar i¢in yogun hesaplamali siirekli
carpisma algilama algoritmalari kullanilmigtir. Bu algoritmalar ile her {i¢ boyutta da hiz kontrol ederek bir ajanin
gercekei hareketi simiile edilmistir. Hiz ve atalet kisitlamalar1 agisindan ve egitim konfigiirasyonunun 6zgiilligii
nedeniyle x ve y eksenleri doniis i¢in siirlandirilmistir. Raket oOlgiileri gercek raketlerin olgiileri géz Ontine
aliarak 1.37m uzunluk, 0.57m kafa genisligi, 0.021m kalinliga sahip olacak sekilde belirlenmistir.

Raketlere ek olarak, tenis oyununda topun gergekg¢i olarak simiile edilmesi de olduk¢a Snemlidir. Top igin
kullanilan materyal, 0.2 birim dinamik siirtinmeye, 0.1 birim statik siirtiinmeye, 0.8 birim ziplama kapasitesine ve
60 gram agirliga sahiptir. Topun yarigapi, ajanin arama uzayinin azaltilmasi i¢in ger¢cek boyutundan daha yiiksek
yapilarak 0,2m se¢ilmistir. Boliim 2.2°de bu konu iizerinde daha detayli agiklama yapilacaktir.

Zemin, tenis oyununda oyuncularin alacaklar1 puanlart belirleyen farkli bolgelerden olusur ve bu bolgeler elde
edilen ortamda belirlenmistir. Zemin igin 0,4 birim dinamik siirtinme, 0,4 birim statik siirtinme ve 0,1 birim
ziplama kapasitesi tanimlanmistir. Ayrica, zemin igin ortalama siirtinme ve ziplama kombinasyon modlar
tanimlanmustir. Kort 6lgiileri 23mx8m olarak kullanilmigtir. Kortun ortasindaki ag bandi, bir sahay1 iki 6zdes
pargaya ayirir ve topun bdlge degisimini kontrol etmek igin iistte bir ¢arpistirict igerir. Son olarak, gériinmeyen
duvarlar, raketlerin hareketini makul konum 6tesinde kisitlamak icin tiim oyun alani etrafinda tanimlanmistir.
Genel olarak, proje ayarlari, yer¢gekimi i¢in 9.834 m/s2, oyun sirasindaki zaman 6l¢egi s, egitim siireci i¢in ise
10s olarak belirlenmis olup fiziksel giincellemeler i¢in sabit delta siiresi 0.02s olarak belirlenmistir.
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Sekil 3. Sunulan pekistirmeli 6grenme modelinin genel sunumu. Ajan, ileri beslemeli yapay sinir ag ile ¢ikt
aksiyon tretir. Bu aksiyon ¢evreye (tenis oyununa) uygulandiktan sonra oyun kurallarina goére belirli bir 6diil
yada ceza iiretilir. Bu geri besleme tekrar ajana verilerek ajanin sonraki aksiyonu belirlenir.

2.1.2 Ogrenme Degerleri

Gozlem ve gikarimlarin toplanmasi tek bir sinif (Akademi sinifi) tarafindan yonetilmektedir. Hem egitim hem de
oyun sirasinda tiim ajanlarin kararlarini kontrol eden bir ajan vardir. Akademi simifi ayrica, gozlemlenen verileri
aktarmak ve yapay sinir agini egitmek i¢in Python API ile iletisim kurmaktan da sorumludur.

Simiilasyon siireci, ajanlarin puan kazanmaya g¢alistig1 boliimleri igerir. Bir boliim, sonlandirma kosullarindan biri
saglanana kadar devam eder. Sonlandirma senaryolarinda, ajanlardan biri bir puan kazanir veya oyun zaman
agimina ugrar (yani, oyunda maksimum adim sayisina ulasilir). Her boliim, ilgili metot ¢agrilarak ortam
kurulumunun bazi kisimlarinin yeniden baslatilmast ile ¢alismaya baslar. Burada, raketlerin pozisyonlari, rotasyon
degerleri ve hizlar sifirlanir. Ajanlarin iyi bir sekilde farkli kosullarda egitilmesi i¢in raketlerin ilk pozisyonu tenis
kortunun ylizeyinde baslangi¢ bolgesi iginde rastgele segilmektedir.

Simiilasyon tasarimindaki bir sonraki adim, potansiyel karar {izerinde etkisi olabilecek verileri toplayarak ¢evreyi
gozlemlemektir. Egitim siireci, sinir aginin iizerinde g¢alisabilmesi igin verilerin &znitelik vektdr formatinda
gonderilmesini gerektirir. Gozlem vektoriiniin uzay boyutu da davranig parametrelerinde agikga belirtilmektedir.
Oznitelik segimi, her potansiyel parametrenin dneminin analitik tahmini ile yapilmustir.

Model, gozlemlenen bilgilere dayanarak, her ajan igin bir sonraki eylemi {iretir. Ajanlar siirekli olarak sahada
hareket ettiginden, belirli bir kurulum i¢in 'Siirekli' eylem alan tiirii gereklidir. Karar verme siirecine, pekistirmeli
ogrenmede amaglandigt gibi yapilan eylemler icin ddiiller eslik eder. Bu ddiiller, yapay sinir ag1 tarafindan segilen
eylemlerin optimalligini belirlemek i¢in hem egitim hem de simiilasyon sirasinda kullanilir.

2.2 Egitim Konfigiirasyonu

Oyunda kullanilan tiim statik parametreler yukarida agiklanmigtir. Bu bolimde ise egitim sirasinda kullanilan
dinamik degiskenler belirtilecektir. Bir gozlem vektorii 14 deger igerir: Ajanin x,y,z pozisyonu, ajanin X,y,Z
yoniindeki hizi, ajanin rotasyonu, topun x,y,z pozisyonu, topun X,y,z yoniindeki hiz1 ve topun anlik parametrelerine
gore diismesi 6ngoriilen bolgenin numarasi.

Kullanilacak yapay sinir ag1 modelinde daha hizli yakinsamasina yardimci oldugu igin tiim degerler [-1,1]
araliginda normallestirilmistir. Karmasik bir tekrarlayan yapay sinir agi mimarisi sunmak yerine, mevcut
gozlemleri 6nceki adimlarin verileriyle iyilestirmek i¢in y1ginlama kullanilmistir. Bu genisletilmis gozlem, verileri
daha baglamsal hale getirmek i¢in kiiciik bir “hafizay1” taklit etmektedir.

Saglanan girdi bilgilerini kullanarak model, 4 boyutlu bir ¢ikt1 eylem vektorii (aksiyon) iiretir. Buradaki degerler
[-1,1] araligina normalize edilir ve bir raketin x,y,z yoniindeki hiz1 ile rotasyonunu kontrol etmek i¢in kullanilir.
Odiil dagitim sisteminde, oyun i¢inde bir puan kazanana 0,5 puan eklenir, kaybedenden ise 0.5 puan alinir. Bir
ajan1 makul davranisa daha hizli yonlendirmek igin, raket topa dokundugunda kiigiik bir 6diil (0,0005) verilir.
Ayrica, top fileyi (ag bandmi) asip rakip zemine carptiginda 0,001 puan &diil eklenir. Tenis kurallarinin
anlasilmasini ve ard arda daha fazla galibiyeti tesvik etmek i¢in, ajanlar bir oyunu kazandiginda 0,5 puan ek odiil
verilir, kaybettiginde ise ajanlardan 0,5 puan 6diil eksiltilir. Benzer olarak, teniste bir set kazanildiginda ajanlara
1,0 puan 6diil eklenir, kaybedildiginde ise ajanlarin toplam ddiillerinden 1,0 puan eksiltilir.

1728



IOspanov, Demirci JTOM(7)2, 1724-1735, 2023

Bu konfigiirasyon, egitimin Unity tarafini tamamlarken, asil egitim ML-Agent Toolkit python paketi araciligiyla
harici olarak yiiriitilmektedir. Bu paket, proje igin 27 hiper parametreli bir yapilandirma dosyasi kullanir. Segilen
egitim algoritmalarina dayali olarak, hiperparametre ayarlama, ajanlarin bir hedefi gerceklestirirken en uygun
secimi bulma becerisini bilyiik 6lgtide etkiler.

Sunulan ¢alismada kullanilan yapay sinir ag1 ileri beslemeli olup toplam 256 gizli néron ve normalizasyon
uygulanmus iki gizli katman igermektedir. Egitim i¢in, 6n deneylere dayali olarak asagidaki hiperparametreler
secilmistir: grup boyutu = 2048, tampon boyutu = 20480, 6grenme orani = 0.0002 (sabit), beta = .003, epsilon =
0.15, lambda = 0.93, dénem sayis1 = 4. QOdiil sinyali igin sadece digsal 6diil konfigiirasyonu gama 0,96 ve
dayaniklilik 1,0 ile tanimlanmistir. Bu gama, bir ajanin gelecekte alabilecegi ddiillerin dnemini kontrol eder. Bu
sekilde, ajanin i¢inde bulundugu anda iyi performans gostermesi ve gelecekte de daha fazla 6diil almasi i¢in daha
fazla cabalamasi saglanmaktadir. Sunulan modelin genel goriiniimii Sekil 3’te verilmistir.

Modelde, kendi kendine oynatma kurulumu igin tanitilan &zel ayarlamalar vardir. Ogrenen ekip, 100.000 adim
boyunca bir sanal egitici ile oynar. Bu sekilde ayni rakiple uzun siire oynanarak ajanin kazanma sansi artmaktadir.
Ayrica, bu adim sayisi ile belirli bir stratejiye uyum saglanip bu strateji ezberlenmez. 100.000 adim sonrasinda
ajanlar yeni bir sanal egitici ile egitimlerine devam edebilir. Bir ajanin en son oynadigi rakibine karsi tekrar
oynama olasilig1 %50'dir. Her bir iterasyonda, ajanlar stratejilerini revize eder.

Sekil 4. Tenis kortu etrafina konulan nesnelerin hareketini sinirlayan sanal duvarlar.

Uygun ajan davranisi, hedeflenen fiziksel parametrelerle dogrudan elde edilemez. Bir raketin ve bir topun gercek
hayattaki boyutlari, tenis kortu alanina gore ¢ok kiigiiktiir. Bu, bir ajan i¢in oldukga biiyiik bir alanda arama
yapmasi anlamina gelir. Bu nedenle 6diil sinyali ¢ogu zaman alinmaz. Daha agik olarak, kiiciik bir raketin ylizey
alanina sahip bir oyuncunun, en azindan biiylik bir kortta herhangi bir yerde bulunabilecek bir topa dokunmasi
beklenmektedir. Baslangicta rastgele bir strateji verildiginde, bunu basarmak olduk¢a zordur. Bunun yerine,
gorevin zorlugunu agsamalil olarak artirmak i¢in kademeli 6grenme yontemi uygulanmistir. Bu egitim, raketlerin
%25, top Olceginin %150 biiyiitiilmiis versiyonlari: ve z ekseni boyunca sabitlenmis hiz ile baslatilmistir. Daha
sonra her 200.000 adimda bu degerler orantisal olarak hedef degerlere ulasana kadar diisiiriilmiistiir. Boylece ajan,
verilen dlgek parametreleriyle uygun davranis sergileyebilmistir. 1 milyon adimdan sonra hiz, z ekseninin her iki
tarafindaki sinirlayict duvarlar olmak iizere tiim eksenlerde serbest birakilmistir (Sekil 4). Duvarlar arasindaki
mesafe (yani ajanin hareket edebilecegi bolge) kademeli 6greniminin bir parcasi olarak her 200.000 adimda bir
artmigtir. Bu baglamda, rakip topa vurdugunda, ajan topun kendi tarafina nereye diisecegini tahmin eder.
Hesaplanan pozisyonun kesin konumunu belirtmek yerine, tenis kortunun her bir tarafi 9x9'luk bdlgelere
ayrilmustir. Ornek bir tahmin, Sekil 5'de gosterilmektedir.

2.3. Test Uygulamasi

Egitilmis model, Unity'de yerlesik bir tenis oyununda kullanilmigtir. Yapay Sinir agi, hem CPU hem de GPU
iizerinde caligabilecek sekilde Unity Inference Engine tarafindan iglenir. Oyun, WebGL platformu i¢in insa
edilmistir, ancak ¢ok ¢esitli ortamlarda da ¢alistirilabilir. Gergeklestirilen uygulamaya su adresten erisilebilir:
https://bakhtiyar-ospanov.github.io/MLAT/index.html

Oyun modunda bir ajanin z ekseni boyunca hizi, kullanict rahatligi igin simirlandirilmistir. Bir kullanicinin ayni
anda {i¢ eksen boyunca kendi konumuna gore topun konumunu uzamsal olarak hesaplamasi zordur. Bu nedenle,
kamera konumu, topun en az bir eksen konumunun ve topun fileye olan mesafesinin dogru bir sekilde ongdriilmesi
icin ayarlanmigtir. Kullanicilarin, kontrol etmesi gereken yiikseklik araligi, kort Ol¢egine gore almasi zor
oldugundan raketler z ekseni boyunca dondiirebilir ve klavye girisi ile x ekseni boyunca hareket ettirebilir. Bir
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ajanin hareketini dogal yapmak i¢in kullanici tarafindan segilen yondeki hizi yavasg bir sekilde arttirilmistir. Sinirli
eylem alanina ek olarak, oyunda top hareketinin ydriinge ¢izgisi kullaniciya ipucu olarak goriintiilenir. Oyun, 5
setlik gercek tenis oyununu yansitacak sekilde tasarlannustir. Bir kullanici ayrica iki MO ajanmin oyununu
gbzlemleyebilir veya raketlerden birinin kontroliinii ele alabilir. Kullanicilara oyuna basladiktan ve MO ajanina
kars1 birka¢ oyun oynadiktan sonra, oyun hakkindaki goriislerini almak i¢in bir anket de verilmektedir.

Sekil 5. Topun nereye ineceginin tahmin edildigi kirmizi ile isaretlenmis bdlge.

3. Deney ve Sonuclar

Egitim siireci ve deneyler sirasindaki istatistikler MLAgents Toolkit ve TensorBoard ile kaydedilmistir.
TensorBoard, 6zel metrikleri gorsellestirmek ve gozlemlemek igin uygun araglar saglamaktadir. Yapilan
deneylerde, genellikle pekistirmeli 6grenmede kullanilan ve degerinin 1'e dogru yaklagsmasi beklenen bir 6l¢iim
olan kiimtilatif 6diil kullanilmistir. Sekil 6'da gosterildigi gibi, bir 6diil sinyali baslangicta sifirin biraz iizerindedir
ve egitim ilerledik¢e genlik artar.

0 ™ 2M 3M 4M

Sekil 6. Bir test siirecinde elde edilen 6rnek kiimiilatif 6diil.

Oyunda kullanilan stratejiler gelistikge, rakip havuzu daha giiclii stratejiler igerir ve bu da bir ajanin oyunlardaki
kazanma ve kaybetme istatistiklerinin her ikisini arttirir. Bu nedenle, kiimiilatif bir 6diil, boyle bir durum igin
anlamli bir 6l¢iim olmamaktadir. Dolayisiyla, oyunlarin belirli bir béliimiine kadar (Sekil 7), ajanlarin topa vurma
ve birbirlerine karsi oynama bagarimlari kullanilabilir. Bununla birlikte, daha uzun bir oyun uzunlugu, ajanlarin
daha iyi bir performans gdstermesi anlamina gelmez, aksine bu ajanlarin daha az kazanan atiglar yaptig1 daha az
agresif bir oyun sunar. Burada kullanilabilecek bir diger énemli 6lgiit, ajan kararlarinin rastgeleligini izleyen
entropidir (Sekil 8). Bu kararlar zamanla azalmaktadir ki bu da oyun i¢in uygun se¢ilmis hiper parametreler
anlamma gelir. Kayip fonksiyonlar ile ilgili olarak, model tarafindan iiretilen durumlar1 6lgmek i¢in deger
kayiplart (Sekil 9) izlenmektedir. Grafiklerde bir ajan uzay1 kesfedip 6grenirken bir artis, ardindanda alinan 6diil
sabitlendiginden agamal1 bir sekilde diisiis goriiliir.
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Sekil 7. Tenis oyunlarinin farkli béliimleri i¢inde ajanlarin topa vurma ve birbirlerine karsi oynama basarimlart.
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Sekil 8. Farkli konfigiirasyonlar i¢in ajanlarin oyunlardaki rastgeleligini 6lgen entropi degerleri. Bu degerler
zamanla azalmaktadir.
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Sekil 9. Farkli konfigiirasyonlar i¢in kayip degerleri.

Egitimin basarisin1 degerlendirmek igin kullanilabilecek birincil 6l¢iit, kendi kendine oynanan oyunlara 6zgii olan
ELO derecelendirme sistemidir (Albers ve de Vries (2001)). Bu yaklasim, sifir toplamli bir oyunda (yani kazanan
ve kaybeden oyuncularin puanlarinin toplamimin sifir oldugu bir oyunda) iki oyuncunun birbirine gdre seviyelerini
goreceli  olarak  degerlendirir.  Bu  degerlendirme, mevcut puanlara ve ma¢  sonucuna
(galibiyet/maglubiyet/beraberlik) gore hesaplanir. Gii¢lii oyuncu kazanirsa, zafer beklendigi i¢in bu oyuncuya
birka¢ puan verilir ve bu yenilgi i¢in zayif oyuncudan birka¢ puan diisiiliir. Buna karsilik, gii¢lii oyuncuya karsi
zafer kazanmasi durumunda, zayif oyuncuya yiiksek puan verilir. Bir oyun berabere biterse, gliclii oyuncuya
yiiksek ceza, zayif oyuncuya ise yiiksek odiil verilir.
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Sekil 10. Farkli konfigiirasyonlar i¢in ELO degerleri.

Baslangigta ELO derecelendirme puani 1200'diir. Sekil 10 ¢esitli konfigiirasyonlarla yapilan ¢aligma sonuglarinda
elde edilen ELO degerlerini gostermektedir. Turuncu ¢izgi, ilk kurulumu temsil eder. Bu konfigiirasyonda ajanin
x yoniindeki hizi, raketlerin ve topun bilyiitiilmiis versiyonu ve bir oyunu kazanmak/kaybetmek i¢in +1/-1 ile temel
odil sinyali bulunur. Bir ajan bu konfigiirasyonda iyi performans gosterdiginden dolayi, bu performans
karsilastirma igin temel (baz) performans almmistir. Mavi ¢izgi, 6diil sinyal performansini gosterir. Egitim
konfigiirasyonu boliimiinde agiklandigr gibi, topu karsilama, filenin karsi kismina (rakip boliime) basarili bir
sekilde top atma, tim mag1 kazanma vb. durumlar i¢in ek ddiiller verilmistir. ELO derecelendirmesinin bu sekilde
kullamlmasi sonrasinda egitim hizi agisindan gozle goriiliir bir performans artigt kaydedilmistir. Odiil sinyalinin
alinmasi stabilize edildikten sonra, fiziksel ozellikler daha once bahsedildigi gibi ger¢ek diinya boyutlartyla
iliskilendirilecek sekilde ayarlanmistir. Bu ayarlama sonrasinda, yani, raket ylizeyinin ve top boyutunun hizli bir
sekilde azalmasi ile daha genis bir arama alan1 olusturdugundan ajanlar kotii performans sergilemeye baglamistir.
Bu agsamada oyun kurallari ajanlara kural tabanli olarak verilmistir. Bunun sonunda elde edilen basarim ve bunun
temel durumla kargilagtirilmasi Sekil 11'de verilmigtir. ELO skoru agisindan dnemli bir artig saglanmasina karsin
bu siiregteki adim sayis1 artirtlmistir. Sonugta, ajanin hedeflenen senaryoda performans gosterme yetenegi, egitim
stiresine gore onceliklendirilmistir.

Bunu takiben, ajanlarin x yoniindeki hizlanmasi oniindeki engel kaldirilmis ve ajanlar ii¢ boyutta da serbestge
hareket edebilecek bir konuma getirilmistir. Bu, arama alanin1 6nemli 6l¢iide genigletilmis ve ajanlarin daha
karmasik etkilesimler iginde bulunmasini gerektirmistir. Ajanlar, Sekil 10°daki diiz yesil ¢izgiyle gosterildigi gibi,
nadiren bir topa dokunabilmis ve genel olarak dogru bir sekilde topa vuramamistir. Bu sorunun iistesinden gelmek
igin, 6gelerin biiyiitiilmiis bir versiyonu elde edilmis ve arama alanin kii¢iiltmek i¢in ajanlarin her iki tarafina z
ekseni boyunca sinirlayici duvarlar yerlestirmistir. Duvarlar arasindaki mesafe, egitimin bir pargasi olmus ve
zamanla arttirilmistir.

Acik mavi ¢izgi, bu konfigiirasyondaki performansi gosterir. Ajanlar, duvarlarin birbirinden ¢ok uzak olmadig1 bir
yere kadar iyi performans gostermis, ancak ardindan arama alani tekrar yonetilemez hale gelmistir. Ajanlart hedef
eyleme dogru daha etkin bir sekilde yonlendirmek igin, topun potansiyel ini§ pozisyonu, dolayli ipucu olarak
verilmigtir (bu egitim konfigiirasyonunda agiklanmistir). Kirmizi ¢izgi, bu yaklasimi kullanmanin yararini
gostermektedir. Ancak burada, oyundaki esyalarin biiyiitiilmiis versiyonlar1 ve tenis kortu kenarlarinda bulunan
sinirlayict duvarlarin kullanildigi unutulmamalidir.

Genel olarak, deneylerin ¢iktist olarak basariyla egitilmis iki model vardir. ilk model, giivenilir performans
gosteren gercekgi boyutta raketler ve ajanin x ydniinde degismeyen hizi ile egitilmistir. ikincisinde ise ajan gergek
diinyadaki hareket 6zgiirliigiine sahiptir ancak oyundaki temel nesnelerin boyutlari biiyiitiilmiistiir. ikinci modelde
ajanlarin kararsiz davranis sergiledigi gortildiigiinden dolay1, sunulan ¢aligmanin test uygulamasinda kullanicilarin
oynamasi ve ajanlarin performansinin degerlendirmesi i¢in ilk model kullanilmistir.
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Sekil 11. Oyun kurallarinin agik bir sekilde ajanlara kural-tabanli verilmesi sonrasi elde edilen ELO degerleri.

Test uygulamasi web platformunda barindirilmig ve sunulan ¢aligmanin degerlendirilmesi i¢in bu kapsamda bir
anket hazirlanmistir. Ankete katilanlardan oyun, etkilesim fizigi ve kurallar1 hakkinda bilgi sahibi olmalar igin
oyunu oynamalar1 istenmistir. Ankete katilan toplam kisi sayist 45'dir. Ankette katilimcilara her biri 1 dakikalik
iki 6rnek video klip izletilmistir. Bunlarm ilkinde uzman bir kullanicinin MO ajanina kars1 oyunu, digerinde ise
iki MO ajanin birbirine kars1 oynadigi oyun bulunmaktadir. Ankete katilanlardan iki videoyu ayirt etmesi ve bu
farkin nasil tespit ettigini bildirmesi istenmistir. Genel olarak, katilimcilarin sadece %33.5'1 iki video arasindaki
fark1 dogru bir sekilde bulabilmis ve %35.8'i ise MO ajanini uzman bir kullaniciyla karigtirmig ve bu soruyu yanhs
yamtlamustir. Yanit verenlerin %30,7'i iki oyun arasinda énemli bir fark gormemistir. Ozetle, MO ajanini uzman
bir kullanictyla karistiran ve MO ajani ile gergek kullanici arasindaki farki ayirt edemeyen katilimeilar, toplam
katilimeilarin %66.5’ini olusturmaktadir. Bu, katilimcilarin ¢ogunlugunun akilli bir ajanin, uzman kullanici
davranisini yiiksek dogrulukla simiile edebilecegine inandig1 anlamina gelmektedir.

Bu iddia, katilimeilarin anket kapsaminda bir sonraki soruya verdigi yanitlarla da desteklenmektedir. Bu
kapsamda, katilimcilardan iki oyun arasinda benzerligi 1 (benzer degil) - 5 (¢ok benzer) Olcegine gore
degerlendirmeleri istenmistir. Cogunluk, MO ajanmin tatmin edici performansin1 dogrulayacak bir sekilde 4
(%53,8) ve 3 (%38,5) puan vermistir (ortalama 3,46). Ek olarak, ankette Video 1'den uzman kullanicinin ve Video
2'den MO ajaninin performansinin ayri ayr1 degerlendirmeleri istenmistir. Uzman kullanici ortalamada 3,23 puan
alirken ve MO ajanina 3,39 puan verilmistir. Bu puanlar o kadar yiiksek olmasa da, birbirine yakin ¢ikmistir. Genel
olarak, bu anket, MO ajan davramigmnin, yanit verenlerin farki anlayamayacaklar1 veya tereddiitte kalacak dlgiide
uzman kullanicinin davranigini basarili bir sekilde simiile edebilecegini gostermistir. Bu sonuglara gore, kullanilan
model {izerinde PO-tabanli egitilen ajanlar tenis oyununu basarili bir sekilde simiile etmektedir.

3. Sonug

Bu ¢alisma, tenis oyununu pekistirmeli 6grenme kapsaminda akilli ajanlar ile oynamak i¢in zengin gorsel ve
fiziksel igerige sahip bir simiilasyon ortami sunmaktadir. Oyundaki ger¢ek diinya nesnelerinin (top, raket, ajan)
fiziksel etkilesimi, grafiksel temsili ve mantiksal davraniglart Unity Gergek Zamanli Gelistirme Platformu
kullamlarak yapilmistir. Iyi kurgulanmis ortam ile egitim sirasinda dogru ve gok yonlii gézlemlerin toplanmasi
saglanarak elde edilen veriler/bulgular ML-Agents Toolkit aracilig1 ile egitim sirasinda kullaniimustir.

Tenis oyununu, kort alani igindeki herhangi bir noktadan topa vurma dahil olmak iizere MO ajanindan karmasik
etkilesimler (ajanin her ii¢ eksen boyunca hareketi ve rotasyonu) gerektirir. Arama uzayinin biiyiikliigii nedeniyle
model sinirlandirilmig parametreler ile egitilmigtir. Taklit eden bir 6grenme metodolojisinin egitim siirecine
eklenmesi ile modelin potansiyel iyilestirmesi saglanabilir. Bu sekilde ajan, uzman bir kullanicinin oyunda nasil
davrandigini taklit edebilir. Bu kapsamda, uzman kullanicilar ve bu kullanicilarin oyunlar1 sinirlt sayida ise,
Uretken Celigkili Taklit Ogreniminin (Ho ve Ermon (2016)) adapte edilmesi s6z konusu olabilir, aksi takdirde
Davranigsal Klonlama (Torabi ve vd. (2018)) yaklagimi ajanlarin egitimi i¢in kullanilabilir. Seyrek odiillerin
oldugu bu tiir karmasik ortamlarda, Merak 6diil sinyali (Pathak ve vd. (2017)) ve Rastgele Ag Damitma (Burda ve
vd. (2018)) gibi i¢sel ddiillerin tanitilmasi da literatiirde dnerilmektedir. Sunulan ¢alismanin gelistirilmesi i¢in tim
bu yaklasimlar ayr1 ayr1 ya da ayni anda birlikte de kullanilabilir.

Genel olarak, bu c¢alismada ajanlarin pekistirmeli 6grenme ile egitilebilecegi tenis oyunu igin gergek¢i bir
simiilasyon platformu olusturulabilecegi gosterilmistir. Calisma, tatmin edici davranis sergileyen, test
uygulamasinda akilli tenis ajanlariin gelistirilmesi ile sonuglanmigtir. Yapilan deneyler, biiyiik oranda yapay
ajanlar ile uzman kullanicilarin benzer davranis sergiledigini gostermektedir.
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In the 21st century, concerns about environmental warnings has increased
the importance of protecting the environment in different societies and
organizations. A review of the literature in this regard states that
appropriate environmental management in companies requires the support
of human resource management. This research aims to investigate the
effect of green human resource management on the green supply chain
management through the role of recruitment and selection, training,
performance evaluation and reward on the green supply chain
management. In this research, data were collected through a researcher-
made questionnaire and distributed electronically between 70 managers
and experts from 40 manufacturing companies of various industries in Iran
of which 59 questionnaires were received. The response rate of the
questionnaires was 0.843. All of the 59 questionnaires were used. The
reliability of the questionnaire was tested by Cronbach test. Cronbach's
alpha in the questionnaire was 0.70 which is a very acceptable value. Data
in this research are analyzed through SEM, which was introduced in the
late 1960s. It provided a tool for researchers to study the relationships
between several variables in a model. Finally, data was analysed using
the LISREL software. The results affirmed the variable of recruitment and
selection with the loading factor of 4.38, training with the loading factor
of 4.37, performance evaluation with the loading factor of 4.91, and
reward with the loading factor of 4.92. The level of significance in all
variables is less than 5%, which indicates confirmation of the relevant
hypotheses. The results affirmed that the factors of the green human
resources management were very influential on the green supply chain
management. Additionally, the results illustrated that recruiting educable
staff with competencies, skills and knowledge, their training and
development, their performance evaluation and sharing facilities with
them, all have significant impacts on green supply chain management.

1. Introduction

The world today is facing hazardous problems such as global warming, increasing amounts of greenhouse gases,
various types of pollution, etc. Therefore, environmental protection and related strategies soon became a priority
in organizational innovation and strategy. The organizations had to focus on profitability and competitive
advantage on one hand, and eliminate or minimize waste (energy, greenhouse gas, chemical / hazardous waste) on
the other hand. The history of green supply chain management dates back to the early 1990s, when it was first
introduced at Michigan State University. From the perspective of product life cycle, Green SCM includes all stages
of raw materials, product design and manufacturing, sales and transportation, the use and recycling. By using SCM
and green technology, the companies can decrease the environmental damages and benefit from resources and
energy optimally. The issues of environmental sustainability and green organizations are growing in management
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programs, creating a green revolution in traditional principles such as human resources and operations
management. In the HR field, the topic of "Green Human Resource Management" (GHRM) has been emerged and
introduced as a new research line. Sustainability in operations management has attracted considerable attention
and is moving into a new competitive subject. Topics such as Green Supply Chain Management (GSCM) are
trending in the scientific community. Thus, GHRM and GSCM influence the programs of scientists and
professionals in HRM and operations management, respectively. Supply chain greening is the process of
considering environmental criteria or considerations throughout the supply chain. With the advent of
environmental management, biocompatible production strategies and the literature on green supply chain
management grew. The emergence of the green supply chain has been one of the most significant advances in the
last decade, providing opportunities for companies to tailor their supply chains to environmental goals. The set of
internal and external actions of each firm across the supply chain that helps prevent pollution and improve the
environment is called a green supply chain. Greening the supply chain provides a great opportunity for those
concerned with sustainable consumption issues and environmental business practices. (Shekari, 2013). The main
idea of the green supply chain is to reduce waste. In recent years, green SCM has become a preventive approach
to improve environmental performance and plays an important role in traditional SCM. Unlike traditional
environmental management, the concept of green SCM assumes full responsibility of a company for its products,
from the stage of extraction and preparation of raw materials to the final product and waste (Safaei, 2013).
Extending government regulations to meet environmental standards and growing consumer demand for supply of
green products to the supply chain, which enforces all activities related to the flow of goods from the raw material
stage to the delivery of goods to final consumers, as well as information flow throughout the chain, leads the
emergence of the new concept of "Green Supply Chain Management", which includes the stages of the product
life cycle from design to recycling. Adopting an investment strategy to improve the environmental performance
of the supply chain brings many benefits, such as saving energy resources, reducing pollutants, eliminating or
reducing waste, creating value for customers, and improving productivity for companies and organizations (Imani
and Ahmadi, 2010). In the 21% century, growing concerns about environmental warnings have enhanced the
importance of environmental protection in various communities and organizations (Rajabpour, 2017). A review
of the specialized literature in this regard indicates that proper environmental management in companies needs the
support of HRM. Human resource is a key factor for excellent operations management, including aspects of SCM
that can have a positive effect on reducing barriers to the success of SCM. If human resource is important for
SCM, it will be important for green SCM too. Consequently, it reduces barriers to adopt green SCM techniques.
In the content of greener organizations, HR converts more to green SCM and green SCM as a more advanced and
more active approach to environmental management in organizations, affects the behavioral and human aspects
and becomes important for green HRM (Chiappetta Jabbour and Sousa Jabbour, 2016-1). Given that environmental
management is an emerging organizational goal, human resource functions will be very helpful in this regard.
Therefore, the general objective of this study is to investigate the impact of green HRM on the green SCM in
manufacturing companies. For this purpose, four outstanding aspects of human resource management are selected
as the independent variables to survey their effects on supply chain management. On the other hand, the five
aspects of internal environmental management, green purchasing, eco-design, investment recovery and reverse
logistics are the under-study dimensions of green supply chain management.

Four hypotheses based on four aspects of GHRM are defined to study as the particular objectives of this research.
They are: the effect of selection and recruitment on GSCM, the effect of training on GSCM, the effect of
performance evaluation on GSCM and finally the effect of reward on GSCM.

The structure of this paper is as follows: in Section 2, the literature of GSCM and GHRM is reviewed, section 3
presents the problem statement. Section 4 demonstrates the research hypotheses and method. Section 5 presents
data analysis and finally, the conclusion and suggestions is included in Section 6.

2. Literature Review

The history of green SCM dates back to the early 1990s, when it was first introduced at Michigan State University.
With the advent of environmental management, biocompatible production strategies and the literature on green
SCM grew. The emergence of the green supply chain has been one of the most significant advances in the last
decade, providing opportunities for companies to tailor their supply chains to environmental goals. The set of
internal and external actions of each firm across the supply chain that helps prevent pollution and improve the
environment is called a green supply chain. Greening the supply chain creates a great opportunity for those
concerned with sustainable consumption issues and environmental business practices. (Shekari, 2013).
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The components of green supply chain are green design, green materials, green production, green marketing and
green consumption (Seyed Javadin et al., 2016):

[1  The green design of the company should consider an overall description of the environment, health
and safety in the process of raw materials, production and distribution; its purpose is to prevent
pollution at the source.

[J  Green materials consume less resources and energy and make less noise, they are non-toxic and do not
destroy the environment. Green productivity is much greater than total management productivity.

[J  Green production is also known as clean production. At different levels of development or in different
countries, the names of green production are not exactly the same. But the main meaning is the same.

[1  The purpose of green marketing is to create coordination between the goals of social, environmental
and economic development and promote the perception of overall sustainable development.

[ Green consumption is in fact the attempt to select and use an environmental friendly product or service
and prevent a waste product that may harm the environment.

In the 1990s, the researches on greening became popular in organizations. It was mainly due to development of
environmental management systems and the beginning of ISO 14001, the largest environmental management
system in the world. As the number of studies on organizational greening increased, it was found that organizations
needed support for human resource techniques such as training, performance evaluation and reward for greening.
The most important study at that time was related to human resources and environmental management system.
This study was conducted by Wehrmeyer (1996) in his book (Greening People). The need for human resource
management support for green issues was reinforced by studies that more broadly discussed the positive effects of
human resources on corporate performance. Since then, a number of studies have been conducted on this subject
that emphasize the following:

* HR techniques are important for the implementation of environmental management systems and their
maintenance;

* Human aspects are important for adopting more advanced environmental techniques;

* Manufacturing the products with lower environmental harm, requires human resource support;

* Environmental education is one of the main methods for human resources to help support the environmental
management (Renwick et al., 2008).

By 2008, integrating the human resource and the environmental management remained unknown. A study
conducted by Renwick et al. (2008) has been named after this emerging field, and with its introduction, it became
more systematically on the research agenda of HRM researchers. As a result, human resource scientists were
encouraged to focus more on environmental issues in their studies (Jackson et al., 2014). Beard and Rees (2000)
argued that in order to achieve better environmental outcomes in moving toward green SCM, organizations should
adopt participatory management structures and processes to use employees' ideas, innovations, and creativity.
Today, many experts recommend the use of green teams. The steps of hiring a green team are: reviewing the
environment, establishing an environmental plan, establishing an environmental unit, establishing working groups
for environmental activities, setting the organization's environmental goals, combining environmental issues with
the organization's monitoring framework, and reviewing environmental program achievements. Hiba and Ayham
(2016) in a study of 110 manufacturing companies in Palestine, analyzed the management of green human
resources in quantitative and qualitative dimensions. They examined green recruitment and selection, green
education and development, green operations management and evaluation, green reward and service
compensation, enhancing green employee capacity, and green management organizational culture. Seyed Javadin
et al. (2016) in their research stated that the world is entering and experiencing a green economy, an economy in
which human capital, as a fundamental axis in economic growth, shows the superiority of the company share over
physical capital, and the need for survival will be considering the consumer demand and future job changes.
Environmental issues and sustainable development will be among the priorities of these changes. HRM with a
focus on human capital and environmental management programs and their integration in their activities introduces
green HRM and provides interesting facilities and conditions for all activists and investors to participate in these
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programs while improving the environmental performance of the organization and paying attention to sustainable
development policies to create a beneficial relationship. Green management is moving from industry-based
financial systems to a talent-based economy by optimizing resources and reducing energy waste.

A summary of studies conducted in this field are as follows:

- Beard and Rees (2000) believe that organizations should adopt participatory management structures and
use employees' ideas, innovations and creativity so that they can move towards green SCM. Many experts
recommend the use of green teams. The steps of organizing a green team are: reviewing the environment,
establishing an environmental plan, establishing an environmental unit, establishing working groups for
environmental activities, setting the organization's environmental goals, combining environmental issues
with the organization's monitoring framework and reviewing environmental program achievements.

- According to Yu (2001), consumers are aware that their purchases affect the environment and are
encouraged to consider not only the quality of the goods, but also to the production conditions. Green
consumption first began in Europe and peaked in the 1980s, and was even more pronounced in Germany.
Consumers have advocated for producers considering environment. As a result, green consumerism has
made environmental awareness as a competitive advantage for producers. Green Consumerism emphasizes
that producers must ensure that their products conform to environmental standards.

- Shang et al. (2010), by studying an electronics company, extract 22 indicators using factor analysis to
measure the green supply chain in the field of electronics industry.

- Ren et al. (2010) present the multi-objective model of economic optimization of energy distribution
systems. Their model reduces CO2 and fossil fuels, which has negative consequences for the environment.

- Ipetal (2011) provide a comprehensive approach to modeling and evaluating supply chain performance.
For this purpose, they consider six criteria: product reliability, employee satisfaction, customer satisfaction,
timely delivery, profitability growth and efficiency. They identify 34 green supply chain indicators in the
field of retail and allocate them to eight categories of environmental management systems, energy use,
attention to inputs, product, packaging, transportation, consumption and waste.

- Zhuet al. (2012) believe that there are barriers and limitations for selecting suppliers from the perspective
of environmental concerns. Some of these limitations are: environmental government regulations, the
company's environmental purchasing mission, potential liability for hazardous materials disposal, and the
cost of disposing of hazardous materials. They believe that for producers, the production and supply of
green products to markets are not enough. They need consumers who want green products. In fact, green
firms need green markets.

- Bose and Paul (2012), regarding the impact of green SCM activities on costs, find that many large
companies with strong R&D sectors can see a significant reduction in their costs by implementing such
policies. They identify the indicators of green SCM and present the capabilities of green supply
management, green purchasing, environmental commitment, environmental assessment of suppliers and
cooperation with suppliers under five components.

- Huang (2014) discusses green purchasing, in which in the process of production and supply of products,
large quantities of raw materials, office supplies, etc. are needed. In order for companies to be able to
produce green products, they must use materials and products that comply with environmental standards.
Therefore, companies should consider the environmental issues when negotiating with their suppliers (in
order to maintain market share or sometimes only for survival). Some reasons for companies to turn to
green purchasing are responding to consumers' interest in environmental friendly products, distinguishing
between company products and competitors, and cost savings. Most companies consider principles to be
more environmental friendly, some of which are:

* Preparing the list of chemicals that should not be used;

* Preparing the list of accepted products,
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* Cooperation with suppliers to enhance environmental performance and take into account multiple
environmental features when making purchasing decisions.

- Geng et al. (2016) in the field of studying the impact of green supply chain on the performance of the
organization, survey 11127 manufacturing companies in Asian developing countries from 1996 to 2015.
The results of these studies affirm that the establishment of green SCM improves the performance of
organizations from four different perspectives: economic, environmental, operational and social
performance. This study also states that the type of industry, organization size, ISO certification and export
orientation of the organization, modulates many operational relationships of green SCM in the
organization.

- Hiba and Ayham (2016) in a study of 110 manufacturing companies in Palestine, analyze the green HRM
in quantitative and qualitative dimensions and examine green recruitment and selection, green training and
development, green operations management and evaluation, green rewards and service compensation,
enhanced green employee empowerment, and green management of organizational culture.

- Imani and Ahmadi (2010) express in their research that extending government regulations to meet
environmental standards and growing consumer demand for supply of green products to the supply chain,
enabling all flow-related activities from the raw material stage to the delivery of goods to final consumers,
as well as the flow of information throughout the chain, all lead to the emergence of the new concept of
"green supply chain management", which includes the stages of the product life cycle from design to
recycling. Adopting an investment strategy to improve the environmental performance of the supply chain
brings many benefits, such as saving energy resources, reducing pollutants, eliminating or reducing waste,
creating value for customers, and ultimately improving productivity for companies and organizations. Their
paper begins with stating the importance of GSCM for organizations and companies, then examines the
factors affecting companies or drivers of compliance and acceptance of GSCM. These drivers can be
categorized in market, government, industry, competitors and organizations.

- Rajabpour (2016) states in his article that in the 21st century, growing concerns about environmental
warnings have enhanced the importance of environmental protection in various communities and
organizations. A review of the specialized literature in this regard indicates that proper environmental
management in companies needs the support of HRM. Given that environmental management is an
emerging organizational goal, human resource functions will be very helpful in this regard. Therefore, the
purpose of this study is to investigate the impact of HRM on the adoption and implementation of
environmental management.

- Seyed Javadin et al. (2016) in their research state that the world is entering and experiencing a green
economy in which human capital, as a fundamental axis in economic growth, show the superiority of their
share over physical capital. In order to survive, it is necessary to pay attention to the demands of consumers
and future changes in jobs; environmental issues and sustainable development are among the priorities of
these changes. HRM with a focus on human capital and environmental management programs and their
integration in their activities introduces green HRM and provides interesting facilities and conditions for
all activists and investors to participate in these programs while improving the organization's environmental
performance and paying attention to sustainable development policies to create a beneficial relationship.
Green management is moving from industry-based financial systems to a talent-based economy by
optimizing resources and reducing energy waste.

- Nejati M. et al. (2017) investigate the link between GHRM and GSCM, considering the effect of
employees' resistance to change in 161 manufacturing industries in Iran. Their results affirm the positive
and significant impact of GHRM on GSCM and confirme the integration between HRM and green
management. They find that “Green Development and Training”, “Green Employee Empowerment”, and
“Green Pay and Reward” have the most positive influence on GSCM. They also find that “Resistance to
Change” have a moderating effect on the link between GHRM (particularly green recruitment and

selection) and GSCM, since it is the first step for building a sustainable corporate culture.

- Gupta H. (2018) identify the outstanding practices of GHRM and evaluated the manufacturing companies’
performance using GHRM practices.
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- Formaneck (2019) investigates the integration of Sustainable Facility Management (SFM) with Green
Supply Chain Management as well as the use of SFM in the innovation sustainable business environment
in the United Arab Emirates. The study examines the role of GSCM in adopting environmental friendly
approaches and states the role of Facility Management in Green Supply Chain Management.

- Polat (2019) investigates the main components of GSCM and GHRM application. This research also seeks
for the most effective applications of GSCM and GHRM in the ecological performance of the organization.
The conclusion illustrated significant differences between GSCM and GHRM relations between SC
managers and HRM managers.

- Ali et al. (2020) investigate different sectors of a developing economy and their ability to manage green
supply chain with respect to aspects of green procurement, green logistics, green products and process
designs and regulatory framework. Their study states that corporate social responsibility (CSR) as an
environmental friendly department, creates culture for implementation of CSR activities. They study the
differences made by CSR departments in the sample organizations in achieving emission control
objectives.

- LiuJ. et al. (2020) develop a moderated multiple mediation model to state the effect of green training in
Chinese manufacturing companies. They uncover the influence mechanism between green procurement
and top management support. They find that their relationship could be mediated by green training on
awareness and responsibility and on technical knowledge and skills.

- Al-Swidi et al (2021) investigate the outcomes of employees' green behavior and green organizational
culture in Qatar. The results confirm the effect of green leadership behavior, environmental concern and
GHRM on green organizational culture. Additionally, they state significant positive relationship between
green organizational culture, employees' green behavior and organizational environmental performance.

- Samad S. et al. (2021) investigate the associations of GSCM methods and manufacturing companies’
performance using the Natural Resource-Based View (NRBV) and Institutional Theory. In their study,
they find positive and significant effect of mimetic, normative, and coercive pressures on GSCM.
Additionally, the GSCM and the firms’ environmental, economic and operational performances have
positive and significant relevance. According to their moderation analysis, collaborative capabilities have
significant moderating effects on the association of GSCM and environmental and economic performance.

- DongZ. et al. (2021) identify the impact of GSCM on clean technology innovation (CTI) in Chinese firms
and compare the effects of forward and backward GSCM and the differences by industry and home
country. Their results affirm that CTI benefits from GSCM.

- Stekelorum R. et al. (2021) examine the extent to which different combinations of internal and external
GSCM practices affect third-party logistics providers' (TPLs) financial and operational performances
considering natural resource-based view and coordination theory. They prove that combined internal and
external GSCM practices improve both operational and financial performances.

- Lamba N. et al. (2021) study the barriers causing the slow implementation of GSCM. They present the
government policies and regulations as the most impacted barrier causing the slow implementation of
GSCM in the Indian context.

- Midya et al. (2021) present a multi-stage multi-objective fixed-charge solid transportation problem
(MMFSTP) with a green supply chain network system under an intuitionistic fuzzy environment.

- Feng Y. et al (2022) define green supply chain innovation GSCI as innovative works by manufacturers
that applied emergent digital technologies to integrate environmental issues into SCM activities to enhance
efficiency of environmental outcomes of GSCM activities, including internal environmental management,
green purchasing, customer cooperation, inventory recovery, and eco-design.

- Das et al. (2022) present a multi-objective optimization problem for designing a solid green logistics
modelling. The objectives of the presented problem are to minimize the total financial costs along with
carbon emissions cost, to maximize the customers’ satisfaction level simultaneously, and to maximize the
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sustainable effectiveness conveyances. The global criterion method is introduced in this paper to extract a
non-dominated solution to the proposed problem.

- Knouch et al. (2022) examine the relationship between GSCM, environmental collaboration (EC) and firm
sustainable performance (FSP). They also investigate the help of mediating role of environmental
collaboration in this transition. The results affirmed the positive effect of GSCM on FSP and EC as well
as the mediation effect of environmental collaboration in the relationship between GSCM and FSP.

Research and experimental tests affirm that the establishment of a GHRM system in the organization creates a
desire in employees to voluntarily consider the issue of environmental protection in all processes related to their
job.

3. Problem Statement

GHRM is human resource management with an environmental approach. This means that the organization is
committed to teaching environmental concepts, including those containing ISO14001, to all people at all levels of
the organization. In fact, GHRM is a new term that leads to improving the environmental results of organizations
by aligning their actions in line with the goals of environmental management.

GSCM, includes integrating supply chain management with environmental requirements in all phases of product
design, selection and supply of raw materials, production, distribution and transfer processes, delivery to the
customer and finally after consumption, recycling management and reuse in order to maximize the efficiency of
energy and resource consumption while improving the performance of the entire supply chain.

This study is conducted to investigate the role of GHRM in GSCM in 40 manufacturing companies in Iran. The
general objective of this study is to check whether the GHRM affects the GSCM or not. For this purpose, four
particular objectives are defined as the hypotheses of the study. This research investigates the effects of recruitment
and selection, training, performance evaluation and reward variables on Green Supply Chain Management. The
conceptual model of the research is designed as Figure (1):

Green Supply Chain Management:

Recruitment and

- Internal Environmental Selection
Management

- Green Purchasing Training

- Cooperation with customers Green Human //

- Bcodesign Resource

- Investment Recovery Management Performance

- Reverse Logistics Evaluation
Reward

Figure 1. Conceptual Model of Study According to Charbel et al. (2016)

4. Research Hypotheses and Method

The hypotheses of this study are defined as below:
H1: Selection and Recruitment have significant effect on green SCM.
H2: Training has significant effect on green SCM.

H3: Performance Evaluation has significant effect on green SCM.
H4: Reward has significant effect on green SCM.
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The research was conducted using census method. In this way, the questionnaires were distributed among 70
managers and experts of 40 manufacturing companies, of which 59 out of 70 questionnaires were returned. The
response rate was 0.843. This data was collected in 2019. The results obtained from the analysis of demographic
data based on descriptive statistics are as follows:

Age of respondents

The biggest category of respondents age belongs to 40 to 50 years category with a frequency of 24 (40.7%) and
the smallest for less than 30 years category with a frequency of 7 (11.9%). These results indicate that the managers
of the organizations under study are people with high age experience.

Education of respondents

Findings obtained from the questionnaire indicate that the highest frequency in terms of university degree level
are respondents with a master's degree with a frequency of 52 (88.1%). This result indicates the existence of higher
education managers in the organizations participated in this research.

Years of using the organization's services

Most managers with a history of 10 years or more in using the services of their organization, have a frequency of
35 (59.3%) and the rate of 3 frequencies (5.1%) have a history of less than a year. This result indicates that the
people who participated in completing the questionnaire of this research have a high history of using the services
of their organizations. It can be said that people with high work experience have participated in this questionnaire.

In order to investigate the reliability of the questionnaire, the Cronbach's alpha test is applied. Cronbach's alpha
coefficient, introduced by Cronbach on 1951 at Stanford University, is a widely used and common method to
determine the internal correlation of the items of a variable and represents the fit of a group of items that measure
a construct. The value of this coefficient is between 0-1. The more the coefficient is, the questionnaire has higher
reliability.

The Cronbach's alpha of the structures in the study is described in Table (1):

Table 1. Cronbach's alpha

Questions Target Cronbach's alpha
Green Supply Chain Management 0.777
Selection and Recruitment 0.626
Training 0.684
Performance Evaluation 0.708
Reward 0.627
Total Alpha 0.7

To evaluate the reliability of the questionnaire, the factor loadings of the variables were measured as illustrated in
Figure (2):
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Figure 2. Variables factor loadings

The factor loadings express the relationship of each variable to the underlying factor. Factor loading is basically
the correlation coefficient for the variable and factor and indicates the variance explained by the variable on that
particular factor. It is a number between 0-1 and is calculated by SPSS software. The factor loading less than 0.3
indicates the week relation and that factor should be removed. The factor loading between 0.3 and 0.6 is acceptable
and more than 0.6 is very favorable.

As indicated in Figure 2, the amount of factor loading in the effect of the “selection” variable on the green supply
chain is equal to 0.74; the effect of “training” on the green supply chain is equal to 0.64; the effect of the
“performance evaluation” variable on the green supply chain is equal to 0.79 and the effect of “reward” variable
on green supply chain is equal to 0.84 which is the highest value. As it is observed, all factor loadings are higher
than 0.6 which are very favorable factor loadings. It indicates that all independent variables have very favorable
effect on dependent variable in this study.

After calculating the factor loading, a significance test should be performed. The T-statistic value test is performed
to affirm the significance of the relations. The T-value more than 1.96 confirms the significance of the relationship
between the variables. The value of T statistic is 4.38 in the selection variable, 4.37 in the training variable, 4.91
in the performance evaluation variable and 4.92 in the reward variable. All variables are higher than 1.96; so, it
can be concluded that the effect of all variables under study on the green supply chain is significant.
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Figure 3. T-values in variables

To determine the fit of the model, a number of goodness of fit indices have been used, as presented in Table 2.
Since the RMSEA index is less than 0.1, the model has a good fit. Other goodness of fit indices are in the accepted
range.

Table 2. Goodness of fit indices

Fitindex ~ SRMR  RMSEA GF| AGFI NFI NNFI IFI

Acceptable <0.1 <0.1 >0.9 >0.9 >0.9 >0.9 0-1
Values

Caéc‘ﬂated 0.036 0.070 0.93 0.97 0.93 0.95 0.95
alues

5. Data Analysis

Data in this research are analyzed through Structural Equations Modeling. SEM, introduced in the late 1960s,
provided a tool for researchers to study the relationships between several variables in a model. The power of this
technique in the development of theories has led to its widespread application in various sciences such as
marketing, HR management, strategic management and information systems. One of the most important reasons
why researchers use SEM so much is the ability to test theories in the form of equations between variables. Another
reason is taking into account the measurement error by this method that allows the researcher to report the analysis
of data by calculating the measurement error. Conventional models in structural equation modeling (SEM) actually
consist of two parts: a measurement model that examines how hidden variables are explained by explicit variables
(questions) and a structural model that states how hidden variables are linked to each other. (Davari and Rezazadeh,
2013).

Covariance-Based approach (CBSEM)

In covariance-based approach, more attention is paid to estimate a set of model parameters; and the goal is to bring
the theoretical covariance matrix closer to the covariance matrix observed in the estimation sample. This approach
estimates the path coefficients and factor loadings using the minimization of the difference between the sample-
based covariance matrix and the model-based covariance matrix. The most common and famous software in this
field is LISREL software.

Given the compatibility problem in large samples, one can question the appropriateness of Partial Least Squares
and ask why this technique cannot guarantee one of the key features of a statistical model (estimator stability). The
answer is that this approach enters different situations with its own principles. The purpose of covariance-based
structural equations modeling is to determine the parameter matrix of model @ that the covariance matrix predicted
by the theoretical model X (®) is very close to the covariance matrix of sample S. For this purpose, the function F
(S, ) must be defined. When S = X, this function has a value of zero. When the value of the function is positive,
the difference between X and S increases. Since the sample covariance matrix is measured based on the index
probability, the function that is widely used in this regard is the function of maximizing theoretical normal.
Kolmogorov-Smironov test is used to check the normality of the data. In the Kolmogorov-Smirnov test, the null
hypothesis in which the data distribution is normal is tested at the error level of 0.05. Therefore, if the significance
level is greater than and equal to 0.05, then there will be no reason to reject the null hypothesis. In other words,
the distribution of data will be normal. The statistical hypotheses for this test are set as follows:

HO: Data Distribution of the variable is normal
H1: Data Distribution of the variable is not normal

The summary of Kolmogorov-Smironov test is presented in table 3.

Table 3. The summary of Kolmogorov-Smironov test
Variable Kolmogorov-Smironov
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Test statistics Significance level
Selection and Recruitment 0.112 0.081
Training 0.141 0.112
Performance Evaluation 0.215 0.218
Reward 0.164 0.110
Green Supply Chain 0.168 0.317

Based on the information in Table. 2 (Kolmogorov-Smirnov test results), the significance level in all research
variables is greater than 0.05. In other words, the results of the table affirm that due to the fact that the significance
level of all variables are greater than 0.05, it can be stated at the 95% confidence level that the null hypothesis that
the distribution of research data is normal, is confirmed. Therefore, due to the normality of the data, LISREL
software is used.

Finally, the results of statistical analysis analyzed with LISREL software are summarized in Table 4.

Table 4. The data analysis results

Hypothesis t-value p-value Result

Selection and Recruitment have significant effect on green .
supply chain management 4.38 0.0000 Hypothesis
pply g . : ) accepted
Training has significant effect on green supply chain .
management. 4.37 0.0000 Hypothesis
accepted

Performance evaluation has significant effect on green supply .
chain management. 491 0.0000 Hypothesis
accepted

Reward has significant effect on green supply chain .
management. 4.92 0.0000 Hypothesis
accepted

Hypothesis 1. Selection and Recruitment have significant effect on green SCM.

Statistical analysis: The variable of Selection and Recruitment with a factor loading of 0.74 affects the green
supply chain. The value of significance level is significant with significance level of 0.000> 0.50. The t-statistic
with a value of 4.38 is higher than 1.96. Therefore, it can be concluded that Hypothesis HO is rejected, and
Hypothesis H1, which is the main hypothesis of the research, is confirmed.

Hypothesis 2. Training has significant effect on green SCM.

Statistical analysis: The Training variable with a factor loading of 0.64 affects the green supply chain. The value
of significance level is significant with significance level of 0.000> 0.50. The t-statistic with a value of 4.37 is
higher than 1.96. Therefore, it can be concluded that Hypothesis HO is rejected, and Hypothesis H1, which is the
main hypothesis of the research, is confirmed.

Hypothesis 3. Performance Evaluation has significant effect on green SCM.

Statistical analysis: Performance Evaluation variable with a factor loading of 0.79 affects the green supply chain.
The value of significance level is significant with significance level of 0.000> 0.50. The t-statistic with a value of
4.91 is higher than 1.96. Therefore, it can be concluded that Hypothesis HO is rejected, and Hypothesis H1, which
is the main hypothesis of the research, is confirmed.

Hypothesis 4. Reward has significant effect on green SCM.
Statistical analysis: The Reward variable with a factor loading of 0.84 affects the green supply chain. The value
of significance level is significant with significance level of 0.000> 0.50. The t-statistic with a value of 4.92 is

higher than 1.96. Therefore, it can be concluded that Hypothesis HO is rejected, and Hypothesis H1, which is the
main hypothesis of the research, is confirmed.
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6. Conclusion and Suggestion

In this study, four outstanding aspects of human resource management were selected as the independent variables
to survey their effects on supply chain management. On the other hand, the five aspects of internal environmental
management, green purchasing, eco-design, investment recovery and reverse logistics are the under-study
dimensions of green supply chain management. Four hypotheses based on four aspects of GHRM were defined to
study as the particular objectives of this research. They were: the effect of selection and recruitment on GSCM,
the effect of training on GSCM, the effect of performance evaluation on GSCM and finally the effect of reward
on GSCM.

Since according to human capital theory, human resource is considered as one of the most important and valuable
resources of the organization, it is necessary to pay more attention to this irreplaceable capital in the organization.
Therefore, human resource is one of the most important factors in environmental management and must be
involved in strategic decisions. The companies will enhance their productivity by creating the job satisfaction in
the employees. In GHRM, the employees have better feelings on their job when they are trained to be green. They
learn the social dimensions of being green and extend the “green thinking” into all dimensions of their life. The
good feedbacks of this thinking, will bring them the job satisfaction. Consequently, the productivity of the
company as well as the organizational culture will be improved.

6.1. Managerial Implications

Taking into account the results of this research, the HR managers are suggested to pay strong attention to the
process of select and recruitment in terms of selecting the applicants with the ability of learning green issues. They
are supposed to select those job applicants who are not only interested in environment, but also saving the earth is
one of their concerns.

The managers are recommended to hold training courses with the aim of acquiring knowledge and skills in the
way of thinking and attitude for managers and employees so that the companies will promote the organizational
culture to successfully implement an environmental management system. Environmental training should be of
such a good quality and quantity that each employee could gain the necessary knowledge of social, cultural and
environmental conditions and be aware of their duties and observe environmental considerations while working.
According to the research results, it can be stated that the more the companies are efficient and effective in terms
of human resource management functions, the more successful in implementing and adopting environmental
management systems. Therefore, the managers are strongly recommended to consider the performance evaluation
of the employers so that they will assure the output of the work force would be in line with green supply chain
management.

The results of this study affirmed the positive and significant effect of reward on green supply chain management.
Consequently, by considering this factor and implementing the suitable reward system, managers can improve the
company achievements in terms of green supply chain management.

Applying above suggestions can bring valuable achievements for companies and help them to gain the competitive
advantages in the market because the green issues are getting more and more important for customers and end
users.

6.2. Limitations and Suggestions

Like other researches, this study has some limitations. This study was conducted in Iran and within manufacturing
companies. The statistical population can be extended to a larger population. The same research can be made in
two or more populations simultaneously and the results can be compared. This study did not cover all human
resource management factors. Considering the limitations, the study on more factors and variables of GSCM and
GHRM can be selected and examined in future. Additionally, extending the study of non-manufacturing companies
or investigating the industries in other countries is suggested to the scholars who aim to have researches in this
field of study.

All researchers and scholars interested in this field are suggested to study more about these concepts and to evaluate
the readiness of organizations in terms of human resource management to adopt environmental management.
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Zoning plans express the process of arrangement and taxonomy in areas where
people live together as a community. They occur in a region on a different scale
from general to specific. Master and implementation zoning plans are plans made
especially in this sense. In these plans, areas such as housing, and commercial and
social equipment needed by the people living in the relevant region are created.
These are the zoning plans that show the general lines of the plans before the
implementation in the 5000 plans called development. From this point of view, we
can evaluate the question of how the zoning plan will be formed with different
approaches. One of these approaches is pass theory. Pass theory refers to the
brain's process of perceiving different functional elements. In other words, it
emerges in the form of attention, knowledge, simultaneous and sequential
cognitive processes, planning and results while planning. In our study, a city-
based study was carried out on a scale of 5000 in Turkey. In the revised zoning
plan of the city of Elazig, the formation of areas open to development and the
planning process that can meet the needs of the increasing population was
examined with the pass theory.
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1. Introduction

Zoning plans are generally the arrangements that enable the functional use of certain land, make evaluations in terms
of population, and help to take steps for regular and healthy urbanization in the future. Although the zoning plans are
made specifically for a certain land a model is drawn from the land for the whole city to be healthy and prosperous
(Aslan, 2019; Yayla, 1975). The basis of the zoning activities carried out within the framework of the Zoning Law is
the preparation of the zoning plan and the implementation of this plan within a specific program. Regular urbanization
of a region, benefiting from infrastructure and superstructure services healthily, bringing it to livable standards by
contemporary needs, first of all, make it necessary to prepare, put into effect, and implement a zoning plan and
program for the region (Kulakli, 2014). In settlement areas, the behavior of the people living there, and the relations of
people with these areas should be regulated and controlled. It is like a man settling in a place and owning an
immovable one in that place. The issues mentioned here are also human rights. The right to life comes first among the
rights related to settling in a place (Terzioglu, 2015). In addition to the right to live, in the inhabited area of the person;
use and move freely, acquire, make changes and save (Kalabalik, 2002; Terzioglu, 2015). The implementation of the
zoning plan is the whole of the methods that ensure that the property texture, for which new usage decisions are made
with the zoning plan, is adapted to the zoning plan and all kinds of urbanization activities are carried out. However,
zoning practices are the basic implementation tools in terms of ensuring the formation of modern and livable healthy
cities, and they are processes that are carried out based on the methods whose boundaries are specified by the laws and
regulations (Terzioglu, 2015).

Urban Transformation is conceptually defined as the demolition of unlicensed buildings that do not comply with the
city's zoning plan, and the creation of collective settlement areas by the plans (Kogak, 2014; Terzioglu, 2015). It has
been defined as all the actions taken to create housing, trade, culture, tourism, and social reinforcement areas, to take
precautions against natural disaster risks, to renew and preserve the historical and cultural texture of the city, and to
use it by keeping it alive (Erzene, 2013; Terzioglu, 2015). Zoning regulations have been established for the
development of constructed buildings within the framework of certain legal rules and plans. The zoning regulations
and the hierarchy of plans related to it have directly or indirectly affected the zoning movements (Tanrivermis et al.,
2016; Yavuz, 2017). Although the concept of planning can be evaluated with different approaches, its general meaning
is; It refers to a goal to be reached at the last stage and the process to be followed for this purpose (Yavuz, 2017).
Investment concerns in the construction and real estate sectors, which are in direct interaction with the economic
structure of the country, are directly related to the spatial plans and the rent areas revealed by these plans. While
determining investment areas in business development processes, each investor tries to develop land with some
concerns such as how feasible the investment will be and how suitable the market is for this investment (Sar1, 2003;
Yavuz, 2017). Plan revision and change both apply to plan types at all scales. Many planning works that should be
handled within the scope of plan revision are implemented as plan changes (Babacan Tekinbag, 2008; Tatli, 2017).
According to the planning hierarchy, revisions and changes may come to the fore for the spatial strategy plan,
environmental plan, master zoning plan, and implementation zoning plans. The most frequent plan changes are on the
implementation of zoning plans. While the area measurement and proportions of the 5000 plan were created from the
table in the findings section, planned areas were tried to be determined in line with the planned areas type zoning
regulation, which entered into force as the latest form on October 1, 2017. In addition, since the Ministry of
Environment, Urbanization and Climate Change create the master development plans within the ministry, the
directions of the zoning and adjacent areas were determined with the regulation on unplanned areas. With the
transition between the old planned type and the changed regulation, new ratios were created in the existing areas in the
zoned areas. In the table, it has been determined that there are no big differences between the two regulations.
However, it is noteworthy that the phrase "obligatory by the public interest" in the definitions section of the zoning
plan change in the Regulation on the Principles of Plan Making has been changed to the phrase "for public benefit" in
the Spatial Plans Construction Regulation. It can be said that this change of expression will cause an increase in the
number of changes in the zoning plan (Tatli, 2017).

When plan-making regulations and plan-making techniques are examined, the techniques, display languages, levels of
detail, etc. used within the framework of comprehensive planning understanding while preparing the upper-scale plans
and lower-scale plans prepared in our country. It is seen that they are made as physical plan documents that are
identical to their features (Ercan, 2007; Kayahan, 2019). Pedestrianization applications have been made in
metropolitan centers. With the construction activities in the city centers, historical and cultural values were destroyed
and as a result of the increase in density, green and social infrastructures were also insufficient. Buildings in housing
areas have started to be built by cooperatives and have been realized. Social housing policies were developed, but the
problems in fund transfers were not sufficient to meet the continuity and demand. As a solution, mass housing
production has been included in development plans (Bilgin, 2002; Karadeniz, 2020). Despite the participation of the
state (initiative), mass housing practices were generally carried out by the private sector and local governments
(Karadeniz, 2020; Tekeli, 2013). Zoning plans are the most important tools that organize urbanization. The functions
determined by the zoning plans are to ensure that the citizens of the city have a more organized living space and to
control the future growth and development of the city with a certain mechanism. According to the planning hierarchy,
1/100,000 scaled Environmental Plan, 1/5000 scale master plan, and 1/1000 scale implementation development plans
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are made and decisions are made on how and for what purpose the lands will be used, and areas such as housing,
commerce, industry, agriculture, and forest are determined. The legal and constitutional basis of zoning plans is the
concept of superior public interest. They are documents that balance individual interests with the general interests of
the people, hence individual interests. It is a social consensus document that balances short-term common benefits and
long-term goals, prevents injustices, foresees the problems that may arise, puts physical, geographical, cultural, and
economic orientations, and prohibitions, and determines possibilities (Ebevi, 2021). Urban planning, on the other
hand, is a public service that prioritizes the benefit of society to provide a safe and sustainable living space to the
society it hosts, takes a role in the physical development of cities by considering all needs, is interested in directing the
formation of the city, and seeks solutions to problems (Hogiik, 2021).

While creating zoning plans with a scale of 5000 or 1000, a series of embroideries should be created by considering all
the elements of the area where the living population is located. In our study, the equipment that can meet the needs of
approximately 600 thousand people in a certain area from housing, education, health, and social needs, taking into
account both the conditions of the day and the average increase in population density, for 30-40 years, without the
need for constant changes afterward. It has been to follow a way about which methods can be done.

2. Theoretical Framework and Scope

Planning, with a general definition, includes producing the land use decisions made to determine the usage patterns,
capacities, and location choices of the functions in the space. Here, planning is defined as the preparation of systematic
programs for the future to achieve the desired goals (Kiper, 2013; Topal, 2019). These are the applications made to
ensure that the immovable properties of the immovable owners are made by the zoning plan without waiting for the
actions to be taken by the relevant administrations if the implementing administrations are late in making the lands of
the immovable owners comply with the usage decisions specified in the zoning plan. However, in case of different
usage decisions with the new zoning plan in the previous subdivision plans, or in cases where the immovables in the
subdivision plan need to be divided into smaller pieces and the parcels in small pieces should be combined,
applications are made upon the request of the immovable owners (Terzioglu, 2015). border correction; In case there is
a border between two parcels that affects the use of the parcel, it is the correction process carried out with the consent
of the parcel owners, provided that the parcel areas do not change. For example, in cases such as the presence of a
parcel boundary that makes it difficult to place a building on a parcel with an unfavorable border, or the building
appearing as encroaching on the application sketch, the parcel boundaries can be resolved by mutual agreement of the
immovable owners. In parcels that need border correction, the parcel areas mustn't change after the correction process
(Kagizmanli, 2009; Terzioglu, 2015). The allotment process, after the real estate is registered on a separate page of the
land registry, is divided into two or more parts, upon the request of the relevant person, by Articles 15 and 16 of the
Zoning Law No. recording it on a separate log page under a separate parcel number (Celik, 2006; Terzioglu, 2015).

Expropriation is one of the tools used in the implementation of zoning plans (Terzioglu, 2015; Yasar, 2008). Road,
park, playground, school, hospital, etc. shown in the zoning plan. The ownership of the lands on which the public use
or facilities to serve the public will be built may be in the hands of private individuals. To perform public services in
these places, the ownership of these places must first be transferred to the relevant public institutions. The process of
transferring the right of use of the property to the public without seeking the consent of the owners is called
expropriation (Terzioglu, 2015; Tiides, 1997). During the preparation of the plans, some ordinary or extraordinary
factors such as unpredictable population movements, socioeconomic changes, and increasing social needs may require
changing the zoning plans (Sen, 2000; Yavuz, 2017). The definition of the master zoning plan, the general principles
of the regional plans, if any, and the environmental plans, if any, on the existing maps, again with the cadastral status
of the plots, if any; It is a plan that is a whole with the plan provisions and the report, which is prepared to show the
general usage patterns, the development, direction and size of the settlement areas, population densities and thresholds,
transportation systems and to prepare the application development plans (Aslan, 2019). However, each city has its own
economic and political history, in which it forms unique administrative arrangements among its political forces. It is an
important mechanism of change in the city in the local governments involved in the implementation process, as well as
the planning policies followed (Palamutoglu, 2019; Reichl, 1997). Apart from the elements we mentioned while
making master or implementation zoning plans, problems arise based on planning during the formation. This causes an
increase in time and costs in terms of planning as a process in the formation of master plans. On the islands located in
the old settlement area, it used to be an open development road but turned into a closed road, when the zoning islands
get smaller or larger based on area, abandonment of the road, and the formation of the road, the city centers on the
relevant zoning island during the transition from the adjacent building order to the split or block building order. The
planning process should be carried out by taking into account factors such as keeping the living population in the
middle, questioning whether it is possible for infrastructure and superstructure systems by making all kinds of
feasibility at the points to be designated as new settlement areas, ensuring the green area ratio based on parcels within
the island. . In the zoning plans, it should be created in a way to answer the questions about how many floors the island
and the parcel on the island will be built, how the precedent distribution will be made when it is commercial and
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residential, and how the road route lines can be in a systematic residential or commercial zone (Kaya, 2020). In the
mentioned short time, daily interventions such as holistic and repetitive plans or partial plan amendments and local
precedent changes could not solve the structural problems in both master and application zoning planning systems in
general spatial planning. In this process, both the number of upper-scale plans and their relations were redefined.
However, the interaction structure required by strategic approach, coordination, continuity, and planning has not yet
been established in planning practice at the current stage. (Onur, 2020). The preparation and creation of real project
data in distribution and parcellation problems in zoning applications is a very complex process that takes a very long
time. It is very difficult to prepare the actual project data as the creation of cadastral islands, parcels, and zoning
islands, obtaining the location and area data of all the islands and parcels, and generating the land owner data are
performed manually by an expert. Because all these data must be fully compatible in terms of area, location, and
owner. In addition, in a real project area, irregularly shaped islands and parcels can often be found, and cadastral and
zoning islands can be in very different regions. In other words, cadastral and zoning areas generally do not overlap. In
addition, the areas of the owners can often be very different from each other. While one owner can have a very small
area, the other can have a very large area (Kog, 2020). In urban renewal practices, unlike urban renewal, the
participation of the public in the changes to be made in the city and the transformation of the urban space is
considered, and it is planned to restructure the region by the lifestyle of the users living in the renewal region
(Demirkiran, 2008; Yildiz, 2021). In the project-based system, plans are developed as a political but fair and non-
binding public strategy. Plans determine some framework rules in public and private project implementations to
realize public and private projects that will contribute to government strategies (Booth, 2003; Kiling, 2021). The
hierarchy principle, which is the basis of the regulatory planning system, is overcome by the horizontal and vertical
appropriateness principle in the project-based system (Kiling, 2021; Rivolin, 2017).

In summary, within the scope of the theoretical framework, while creating all the equipment that will make an
unzoned area be opened for a new development zone, when it is desired to transform a zoned area from one that
cannot meet the needs to one that can meet the needs, in the creation of the most suitable zoning plans for the
transformation of these areas before disasters such as earthquakes, floods, and landslides. Transition theory can be
used according to the correlation of all elements in urbanism and planning, which can respond to all kinds of needs in
the long term, such as the formation of a local zoning plan, in the creation of zoning plans in the region announced in
the zoned areas that have completed the building stock life.

In terms of urbanization, the purpose of arranging and making zoning plans is to create cities based entirely on
information systems. Thus, it ensures that all social and human reinforcement areas are formed in a city model that is
compatible with each other. When the zoning plans are viewed in CAD environments, it instantly transfers the data
from the field to the computer environment.

3. Material and Method

Pass Theory is a theory that consists of cognitive processes that form the basis of planning, attention, and simultaneous
and successive information and is based on Luria's neuropsychological research (Das et al., 1994; Giirbiiz, 2018;
Naglieri and Kaufman, 2001). Planning, on the other hand, is the mental process in which the individual chooses and
applies solutions to his problems and evaluates the results (Naglieri & Das, 1997; Giirbiiz, 2018). The PASS theory put
forward a view that conceptualizes intelligence as cognitive operations. According to this theory, human cognitive
activities consist of 4 parts: planning, attention, and successive and simultaneous cognitive processes (Giirbiiz, 2018;
Naglieri & Das, 1997).
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Figure 1. Scheme of Planning, Attention, Simultaneous and Successive Cognitive Processing Model (Giirbiiz, 2018;
Naglieri, 1989).

The planning process interacts with the other cognitive processes that make up the PASS model, attention,
simultaneous and successive processes. The planning process and other cognitive processes cannot be considered
separate processes and all processes are based on information. Only two points can be characterized as separate and
selectable from the planning process. The first is the deterioration of planned behavior in case of damage to the
anterior parts of the brain, and the second is the role of planning in high-level cognitive activities such as problem-
solving (Das, Naglieri, & Kirby, 1994; Giirbiiz, 2018). The planning process is very important when deciding how to
solve a complex problem. Representing future events in memory, making sense of an event, and organizing actions to
provide possible results are related to the planning function (Giirbiiz, 2018; Korkmaz, 2000).
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It is a zoning plan to determine a certain border according to the density of people living in a certain area on the basis
of urbanism, and to create equipment that will meet the needs of people within that border. Residential, commercial
and all other areas are rebuilt or rebuilt depending on the area capacity and human growth rate of the region for at least
thirty or forty years.

Zx + Zy + ZZ = Z'(x+y+z) (1)

Ax =L = [ag,E] | 1| = [9a,] @)

Parcels with all zoning island characteristics and the relationship of these parcels with each other are placed within the
borders by making v=Ax-L corrections on the basis of correlation.

h
l
l

Stage 3

5000 Master
plan lines

Lots islands
(Zoning)

Stage 2
Lots roads /
(Zoning)

Stage 1
/ Lots parcels \/

(Zoning)

Figure 3. The main parameters that make up a zoning plan (Bender, 2011)

The simultaneous cognitive processing, which is a mental process in which the plan brings together the separate
stimuli as a whole or by grouping them, affects the performance of the formation of the plan. Making inferences from
the field, establishing relationships between events, bringing together correlations, creating holism, and designing and
visualizing the islands are related to simultaneous cognitive processing (Yillar, 2021). Cognitive assessment, which
was developed according to the PASS theory, was analyzed through themes created based on cognitive functions
measured by planning and synchronicity subtests. A content analysis strategy was adopted in the analysis of the data.
In this direction, to reach the concepts and relationships that can explain the collected data, the themes explaining the
data were determined and the facts about cognitive functions were organized and made understandable thanks to these
themes (Turku, 2021; Yildinm & Simsek, 2016). According to PASS theory, students' performance differences in
planning, attention, simultaneous and successive cognitive processing areas; As their academic self-perceptions and
behavioral characteristics in the learning environment, affect their academic performance and accordingly their
success. Performance differences in cognitive processing areas are called uncoordination (Goriinmek, 2021).

Pass theory, when viewed as a cross-section from a different area mentioned above, is the job of determining the
content in the best way based on urbanism and planning and ensuring that all elements are synchronized with each
other in terms of order and relationship. In the upper scale to lower scale planning step, first of all, the country
development plan, environmental order, region, master, and implementation development plans should be the way to
show intricate transitivity with each other in the light of basic parameters such as living population and topography.

4. Findings and Discussion

Elaz1g Province is located in the Upper Euphrates Section, in the southwest of the Eastern Anatolia Region. The
province area, which has a total area of 9153 km? and covers 0.12% of Turkey's land with this area, lies between 40°
21" and 38° 30' east longitudes, 38° 17" and 39° 11' north latitudes.

It stays in the working area of the 8th Regional Directorate affiliated with the General Directorate of Highways in
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Elaz1g. The region includes all of the provinces of Elaz1g, Malatya, Adiyaman, Bingdl, and Tunceli, as well as some of
the provinces of Diyarbakir and Mus.

According to the Address Based Population Registration System made by the Turkish Statistical Institute in 2020, the
population of Turkey is 83,614,362 people. The 2018 population of the Middle East Anatolia region, where Elazig is
located, is 3,951,294 people. The population of Elaz1g in 2020 is 587,960.

The total population of Elazig Central district, Elazig province, is 440,513 according to the Address Based Population
Registration System for the year 2020. It is stated that the population of the planning area is 361,416 people.
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Figure 4. 1/5000 Scale Layout Index (Url 1, 2022)

Due to the problems and deadlocks that arose due to the implementation zoning plan during the period until April
2020, it was decided by the relevant administration, which is the plan implementer, to carry out some updating and
rehabilitation processes on the plan, mostly in the plan notes, without changing the main scenario of the plan.

The justification for the zoning plan change was stated in the Zoning Plan Change disclosure report, which was
approved in 2020, the need for regulation as a result of the experience and consultations gained during the 4 year
implementation period, without changing the scenario and general setup of the revision zoning plan made in 2016, and
the consequences of the earthquake that took place in Elazig on January 24, 2020. As a result of the evaluation, the
necessary arrangements in the zoning plan and plan notes; updating the zoning plan, explanation report, and plan notes
within the scope of the revised zoning plan.
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Figure 5. Elaz1g City Central Revision Zoning Plan (Url 1, 2022).

* Development Trends of Elazig City

* Institutional Opinions Received

* Geological Studies

« Site Selection Requests for Urban Functions

* Tendency to Avoid Inconsistencies in Zoning Plans from a Technical Perspective

In this respect, before the 1/5000 Scale Master Zoning Plan was prepared, the existing zoning plan was examined and
the applied/non-applied areas of this plan and the existing structures were determined.

While the 1/5000 Scale Master Development Plan was being prepared, planning studies were carried out in line with
the opinions of the institution, and the urban functions in the study area were arranged by considering the needs of the
city.

Planning decisions were examined under the following sub-headings and the results were evaluated under these
headings.

* Housing Settlement Areas and Population
» Urban Workspaces

* Protected Areas

* Open and Green Spaces

¢ Urban Social Infrastructure Areas

¢ Urban Technical Infrastructure

Table 1. 1/5000 master development plan usage area (Former

ELAZIG (Center) 1/5000 Scale Master Zoning Plan Land Use (Former)

Domain Name Area (m?) Area (Ha) Ratio (%)
Residential Areas
Available Residential Area (Gross Density 1876840.45 208.32 1.84
High By 301-600 People/Ha)
Available Residential Area (Gross Density 1443405.12 144.03 1.15
Medium 151-300 People/Ha)
Existing Residential Area (Low By Gross Density 150-51 5462342.44 686.93 5.41
People/Ha)
Existing Housing Area (Rare 50 People/Ha By Gross Density)  580916.85 58.75 0.93
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Development Housing Area (401 People/Ha Too High For 1685356.08 114.53 1.03
Gross Density)
Development Housing Area (Gross Density 1987254.11 198.69 1.48
High By 251-400 People/Ha)
Development Housing Area (Gross Density 10214564.82 1050.70 7.19
Medium 121-250 People/Ha)
Development Housing Area (Low By Gross Density 51-120 3482412.53 219.23 2.42
People/Ha)
Development Housing Area (Rare 50 People/Ha By Gross 5424515.73 423.89 4.08
Density)
Urban Work Areas
Trading Area 1214789.54 141.75 1.30
Commerce-Housing Area (Tick) 4213597.45 514.73 4.83
Trade-Tourism Area (Tict) 14826.55 1.45 0.42
Municipal Service Area 405653.87 48.33 0.85
Public Service Area 2528577.32 252.81 2.25
Storage Area 425255.84 4.62 0.17
Military Area 2780381.87 255.56 2.52
Marketplace 112438.77 18.43 0.08
Industrial Area 248398.68 25.67 0.23
Small Industrial Area 237647.56 24.65 0.20
Logistics Facility Area 575783.44 67.87 0.46
Fuel Delivery Service Station Area 147350.52 14.44 0.65
Areas To Be Protected By Continuing Today’s Land Use
Agricultural Area 3116252.97 231.53 2.87
Forest Area 2301851.91 240.54 1.88
Areas To Be Protected
Ist Grade Archaeological Site 31154.33 3.12 0.03
Health Protection Tape 35882.87 3.59 0.03
Tourism Areas
Tourism Facility Area 7829.81 1.84 0.85
Education Facilities Area
Training Facility Area 2059355.55 454.91 3.29
Field Of Higher Education 8840863.07 884.09 7.84
Health Facilities Area
Health Facility Area 1754837.68 162.58 1.07
Worship Area
Worship Area 756646.36 77.53 0.54
Social and Cultural Facility Area
Social-Cultural Facility Area 1035703.08 103.68 0.93
Sports Facility Area 513585.68 83.56 0.82
Open and Green Areas
Garden 8418332.82 953.82 6.87
Passive Green Area 2877.58 0.41 0.014
Kids Garden and Playground 7152.55 0.62 0.18
Property Place 203842.65 25.10 0.18
Area To Be Aforered 4512597.07 461.37 4.01
Recreation Area 802803.14 75.83 0.53
Fair, Fair and Festival Area 63214.15 5.01 0.04
Cemetery Area 811023.51 78.60 0.52
National Garden 215804.8 15.63 0.08
Square 44001.38 4.20 0.11
Disaster Dangerous Areas
Building Prohibited Area 2246.65 0.18 0.001
Water, Waste Water and Waste Plants
Water Surface 447631.67 44.75 0.39
Wastewater Facility Area 72859.21 8.23 0.08
Technical Infrastructure Area 122426.41 12.27 0.11
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Transportation
General Parking Area 7736.67 0.72 0.001
Terminal (Master Gar) 177145.73 16.83 0.16
Intermediate Station 576373.55 51.75 0.42
Roads 18719676.83 1758.97 14.64
Total 107186457.82 10021.58 100.00

Table 1 is the area that will meet the needs of Elazig City when its population is between 200 thousand and 350
thousand, considering the area and the ratio of the area per person. It has been predicted as a result of the correlation of
the components of a future planning pass method for 30-40 years depending on the average population increase of 400
thousand to 1 million in all reinforcement areas opened to new settlements or in the city center because they cannot

meet the needs with the increasing population.

Table 2. 1/5000 master development plan usage area (Current)

ELAZIG (Center) 1/5000 Scale Master Zoning Plan Land Use (Current)

Domain Name Area (m?) Area (Ha) Ratio (%)
HOUSING AREAS
Available Residential Area (Gross Density 2996830.34 299.68 2.66
High By 301-600 People/Ha)
Available Residential Area (Gross Density 1896609.35 189.66 1.68
Medium 151-300 People/Ha)
Existing Residential Area (Low By Gross Density 150-51 7178351.21 717.84 6.36
People/Ha)
Existing Housing Area (Rare 50 People/Ha By Gross Density) ~ 630720.65 63.07 0.56
Development Housing Area (401 People/Ha Too High For 1238260.06 123.83 1.10
Gross Density
Development Housing Area (Gross Density 2008953.87 200.89 1.78
High By 251-400 People/Ha)
Development Housing Area (Gross Density 10819351.74 1081.94 9.59
Medium 121-250 People/Ha)
Development Housing Area (Low By Gross Density 51-120 3290446.81 329.04 2.92
People/Ha)
Development Housing Area (Rare 50 PEOPLE/HA By Gross ~ 6834915.43 683.49 6.06
Density)
Urban Work Areas
Trading Area 1919489.89 191.95 1.70
Commerce-Housing Area (Tick) 6213887.55 621.39 5.51
Trade-Tourism Area (Tict) 13524.05 1.35 0.01
Municipal Service Area 502853.72 50.29 0.45
Public Service Area 3026074.12 302.61 2.68
Storage Area 55245.74 5.52 0.05
Military Area 2950371.27 295.04 2.62
Marketplace 122337.73 12.23 0.11
Industrial Area 347354.57 34.74 0.31
Small Industrial Area 337529.85 33.75 0.30
Logistics Facility Area 775743.94 77.57 0.69
Fuel Delivery Service Station Area 168360.52 16.84 0.15
Areas To Be Protected By Continuing Today’s Land Use
Agricultural Area 2115252.97 211.53 1.87
Forest Area 1901351.21 190.14 1.69
Areas To Be Protected
1st Grade Archaeological Site 31154.33 3.12 0.03
Health Protection Tape 35882.87 3.59 0.03
Tourism Areas
Tourism Facility Area 8419.01 0.84 0.01

Education Facilities Area
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Training Facility Area 4049065.15 404.91 3.59
Field Of Higher Education 8840863.07 884.09 7.84
Health Facilities Area
Health Facility Area 2024937.48 202.49 1.79
Worship Area
Worship Area 876247.62 87.62 0.78
Social and Cultural Facility Area
Social-Cultural Facility Area 1135793.06 113.58 1.01
Sports Facility Area 613375.58 61.34 0.54
Open and Green Areas
Garden 10417382.92 1,041.74 9.23
Passive Green Area 2567.44 0.26 0.002
Kids Garden and Playground 8052.62 0.81 0.01
Property Place 309833.72 30.98 0.27
Area To Be Aforered 4812687.87 481.27 4.27
Recreation Area 877813.51 87.78 0.78
Fair, Fair and Festival Area 62916.74 6.29 0.06
Cemetery Area 814973.9 81.50 0.72
National Garden 217824.8 21.78 0.19
Square 46011.38 4.60 0.04
Disaster Dangerous Areas
Building Prohibited Area 2646.45 0.26 0.002
Water, Waste Water and Waste Plants
Water Surface 547531.27 54.75 0.49
Wastewater Facility Area 82869.2 8.29 0.07
Technical Infrastructure Area 132726.41 13.27 0.12
Transportation
General Parking Area 8036.57 0.80 0.01
Terminal (Master Gar) 187117.73 18.71 0.17
Intermediate Station 554973.75 55.50 0.49
Roads 18771676.29 1877.17 16.64
Total 112817197.33 11281.72 100.00

In the field of planning; There are residential areas of different heights and precedents, ranging from 2-story residential
areas to 10-story residential areas.

In Existing Housing Areas; Sparse Density Residential Areas (50 - person/ha), Low-Density Residential Areas (150-51
Person/ha), Medium Density Residential Areas (151-300 Person/ha), and High-Density Residential Areas (301-600
Person/ha. ) in the Development Housing Areas; Sparse Density Residential Area (50 - person/ha), Low-Density
Residential Area (51-120 Person/ha), Medium Density Residential Area (121-250 Person/ha), High-Density
Residential Area (251-400 Person/ha. ) and Very High-Density Residential Area (401+ Person/ha) density decisions
are envisaged. Within the planning boundaries, there is a total of 12,702,511.55 m? of Existing Housing Area, and a
total of 24,191,927.91 m? of Development Housing Area.

Within the Urban Study Areas in the Planning Area; There are Public Service Areas, Trade Areas, Trade Housing
Areas, Trade Tourism Areas, Market Areas, Industrial Areas, Small Industry Areas, Storage Areas, Logistics Facility
Areas, Military Areas, and Municipal Service Areas.

Planning was made in line with the current development trends and the practices suggested in the previous plans. It has
a total area of 3,026,074.12 m? within the planning boundaries. Regional commercial activities, business centers,
banks, shopping centers, structures with daily commercial functions, etc. can take place in the Trade Areas.
Commercial areas are generally located in the city center, and different precedents and floor heights are planned in line
with the development trends of the city. There is a total commercial area of 1,919,489.89 m? within the planning
boundaries.

Commercial-Residential Areas are mixed-use areas where residential and commercial uses come together. The
housing ratio in the mixed-use area can be as much as specified in the plan notes. The area of social equipment and
technical infrastructure required by the rate of residential use has been calculated in the plan. There is a total of
6,213,887.55 m? Commercial-Housing areas within the planning boundaries. Trade-Tourism Areas are mixed-use
areas where tourism and commercial uses come together. There is a total of 13,524.05 m? Trade-Tourism area within
the planning boundaries. Market Areas have been determined in the areas needed by the city and in line with the
development trends. There is a total of 122,337.73 m? Market Area within the planning boundaries.

Industrial Areas are located in the southeast of the city, and there are also Specialized Organized Industrial Plant Areas
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Based on Animal Products and Agriculture in this area. There are 347,354.57 m? Industrial Areas in total. Small
Industrial Areas; These are the areas where the daily maintenance-repair, repair, and small-scale production needs can
be met, where there are structures such as workshops and workshops that do not contain explosive, flammable, and
flammable materials and do not pose a danger to environmental health.

There are 337,529.85 m? Small Industrial Areas in total within the planning boundaries. Storage Areas are the areas
planned in line with the needs of these facilities in the region where the Industrial Areas are located. There are
55,245.74 m? Storage Areas in total within the planning boundaries. The Logistics Facility Area is located in the south
of the city and is planned as the area where all storage, distribution, and support services for transportation activities
by land, rail, and air are carried out. There are a total of 775,743.94 m? Logistics Facility Areas within the boundaries
of the planning. These are the areas where the structures of the Land, Naval, or Air Force Commands that make up the
Turkish Armed Forces for defense, operations, borders, and national security, barracks, headquarters, military branch,
and other social facilities such as administrative, education, health, housing, army house for the needs of the Turkish
Armed Forces. . There are 2,950,371.27 m? Military Areas in total within the planning boundaries. Municipal Service
Areas; These are the areas where facilities are established to meet the local common needs such as fire brigade,
emergency aid and rescue, vehicle machinery park, maintenance supply station, warehouses, waste processing facility,
municipal police units, bread production facility, necessary for the delivery of services within the scope of the duties
and responsibilities of the municipalities. There is a total of 502,853.72 m? Municipal Service Area within the planning
boundaries. In the Fuel and Service Station Areas, provided that the legislation regarding the distance between stations
and other criteria is complied with; fuel and service stations, CNG autogas stations, hydrogen production, and filling
stations will be possible. In addition, these are the areas where the auto market, tea shop, toilet, prayer room, buffet,
auto electricity, tire shop, and washing functions can take place, which will meet the minimum needs. There are a total
of 168,360.52 m? of Fuel and Service Station areas within the planning boundaries.

Areas to be Continued to Use Today's Area; These are the areas defined as Forest Areas and Areas to be Protected
Agricultural Quality. These areas are not suitable for construction.

Forest Areas; Although they remain within the city limits, they are areas whose forest quality is protected.
Ecologically important areas and nature protection areas, special environmental protection zones, national parks,
nature protection areas, and wildlife protection areas are evaluated within the scope of this area. There is a total forest
area of 1,901,351.21 m? within the planning boundaries.

Areas to be Protected Agricultural Characteristics; According to Article 13 of the Soil Conservation and Utilization
Law No. 5403, Absolute agricultural lands include Special croplands, Dikili agricultural lands, and Irrigated
agricultural lands. Appropriate opinion of the Provincial Directorate will be sought for the changes in the zoning plan
for non-agricultural use in these areas. There is a total of 2,115,252.97 m? of Agricultural Quality Protected Area
within the planning boundaries.

Accommodation facilities such as Hotels, Motels, and Pensions can be built in areas defined as Tourism Areas. There
is a total of 8,419.01 m? Tourism Area within the planning boundaries. Training Facility Areas; Kindergarten, Primary
and Secondary Education, High School, Special Education Area, Public Education Area, Vocational and Technical
Education Center, and Higher Education (University) belonging to public or legal persons, education campus, school
and school related to general, vocational and educational functions. These are the areas reserved for facilities such as
dormitories, dining halls, and gyms. There is a total of 12,889,928.22 m? of Education Facilities Area within the
boundaries of the planning.

Health Facility Areas; These are the areas reserved for facilities such as Hospitals, Health Centers, Family Health
Centers, Maternity hospitals, Dispensaries and Polyclinic, Oral and Dental Health centers, and Physical Therapy and
Rehabilitation Centers. There is a total of 2,024,937.48 m? Health Facilities Area within the planning boundaries.
Social and Cultural Facility Areas; Facilities for the cultural needs of the society such as Cinema, Theatre, Museum,
Library, Congress Center, and Indoor Sports Facilities, and social needs of the society such as créches, courses,
dormitories, kindergartens, orphanages, nursing homes for the elderly and disabled, rehabilitation centers, community
centers, and homes of compassion. The facilities for the purpose are the areas reserved for indoor use. There is a total
of 1,749,168.64 m? Social and Cultural Facility Area within the boundaries of the planning.

Worship Areas; The facilities where it gathers to worship and benefit from religious services and the complex of these
facilities provided that they are compatible with the architecture of the religious facility, the accommodation, library,
soup kitchen, rest room, condolence place, dormitory and course structure, gasoline, fountain, and toilet, etc., or
underground parking areas. There are 197 Worship Areas with a total of §76,247.62 m? within the boundaries of the
planning. Open and Green Spaces; These are areas that define usage functions such as Parks, Children's Playgrounds,
Recreation Areas, squares, Recreation areas, Fair Areas, Areas to be Afforestation, Public Gardens, and Cemeteries.
There is a total of 17,570,064.90 m? Open and Green Areas within the planning boundaries.

Urban Technical Infrastructure areas; These are the areas where facilities built for the provision of services such as
Electricity, Petroleum, and Natural Gas transmission lines, Transformers, all kinds of energy, transportation, and
communication can be built. There is a total of 132,726.41 m? Urban Technical Infrastructure area within the planning
boundaries. Water, Waste Water, and Waste Facilities are areas where facilities such as potable and utility water and
all kinds of underground and surface treatment, sewage, and waste processing can be built. There is a total of
630,400.47 m* Water, Waste Water, and Waste Facility Area within the planning boundaries. Transportation Areas;
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These are areas of usage such as highways, railways, Main transportation axes, Urban carrier roads, Pedestrian roads,
Parking Lots, Bus stations, and Intermediate Stations. There is a total of 750,128.05 m? Transportation Area and
18,771,676.29 m? Road Area within the planning boundaries.

Above, the amount per capita planned to meet the population need between 400 thousand and 1 million is determined
by the master plans. After determining the form of the work with the master, these rates are determined by the
application development plan, such as the population more or less, residential or commercial, park or official
institution such as school, proximity, distance, timing, possibility to take the infrastructure, creation of a transportation
network, square, place of worship, police station, etc. The relationship between non-residential service areas and the
creation of industrial areas is associated with the transition method.

Table 3. Need Ratios of All Elements Related to Population/Area Ratio of Master Zoning Plan According to Current
and Former Plan

Master Plan Elements €c-€f Direction
Available Residential Area (Gross 2.66-1.84 +
Density
High By 301-600 People/Ha)
Available Residential Area (Gross 1.68-1.15 +
Density
Medium 151-300 People/Ha)
Existing Residential Area (Low 6.36-5.41 +
By Gross Density 150-51
People/Ha)
Existing Housing Area (Rare 50 0.56-0.93 -
People/Ha By Gross Density)
Development Housing Area (401 1.10-1.03 +
People/Ha Too High For Gross
Density)
Development Housing Area 1.78-1.48 +
(Gross Density
High By 251-400 People/Ha)
Development Housing Area 9.59-7.19 +
(Gross Density
Medium 121-250 People/Ha)
Development Housing Area (Low 2.92-2.42 +
By Gross Density 51-120
People/Ha)
Development Housing Area (Rare 6.06-4.08 +
50 People/Ha By Gross Density)
Trading Area 1.70-1.30 +
Commerce-Housing Area (Tick) 5.51-4.83
Trade-Tourism Area (Tict) 0.01-0.42 -
Municipal Service Area 0.45-0.85 -
Public Service Area 2.68-2.25 +
Storage Area 0.05-0.17 -
Military Area 2.62-2.52 +
Marketplace 0.11-0.08 +
Industrial Area 0.31-0.23 +
Small Industrial Area 0.30-0.20 +
Logistics Facility Area 0.69-0.46 +
Fuel Delivery Service Station 0.15-0.65 -
Area
Agricultural Area 1.87-2.87 -
Forest Area 1.69-1.88 -
1st Grade Archaeological Site 0.03-0.03 0
Health Protection Tape 0.03-0.03 0
Tourism Facility Area 0.01-0.85 -
Training Facility Area 3.59-3.29 +
Field Of Higher Education 7.84-7.84 0
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Health Facility Area 1.79-1.07 +
Worship Area 0.78-0.54 +
Social-Cultural Facility Area 1.01-0.93 +
Sports Facility Area 0.54-0.82 -
Garden 9.23-6.87 +
Passive Green Area 0.002-0.014 +
Kids Garden and Playground 0.01-0.18 -
Property Place 0.27-0.18 +
Area To Be Aforered 4.27-4.01 +
Recreation Area 0.78-0.53 +
Fair, Fair and Festival Area 0.06-0.04 +
Cemetery Area 0.72-0.52 +
National Garden 0.19-0.08 +
Square 0.04-0.11 -
Building Prohibited Area 0.002-0.001 +
Water Surface 0.49-0.39 +
Wastewater Facility Area 0.07-0.08 -
Technical Infrastructure Area 0.12-0.11 +
General Parking Area 0.01-0.001 +
Terminal (Master Gar) 0.17-0.16 +
Intermediate Station 0.49-0.42 +
Roads 16.64-14.64 +

In Table 3, the elements required while preparing a master development plan that will meet the needs of 400 thousand
to 1 million people and the proportions of the master plan elements made according to 200 thousand and 350 thousand
people will be revealed with the ratio given by the population and the amount of the determined area. From here, when
the difference between ratios is positive and negative, how will the need aspect of which of these parameters develop?
It is seen that the transition theory is based on two basic elements while creating the master development plan.
Population and the designated area is the main element of pass theory in planning.

5. Conclusion and Recommendation

Master zoning plans are the plans covering the next scale of additional, revised and local zoning plans, which are
implementation zoning plans, determined in 5000 and 2000 scales in Turkey. These are the plans that should be
arranged over a long period to meet all the human and social needs of the human population, which is administratively
divided into provinces, districts, and towns. What distinguishes master development plans from implementation is that
they do not go into too much detail. It determines the main axes of the plan to be created. It tries to determine the
density of urban regulation zoning blocks, such as housing, commerce, official institutions, schools, mosques, police
stations, parks, squares, and green areas, called the regulation partnership share. This determination can be made in
different ways. One of them is the pass theory. While using the pass theory in a sociological analysis of people, it can
be used in urbanization and planning as a demographic and social concept intertwined with the facts. It is to determine
the elements of the pass.
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This study aims to explore whether a machine learning algorithm can be used
to make improvements in assessing unit efficiencies via a data envelopment
analysis (DEA) model. In this study, a DEA model is used to calculate the
efficiency scores of Decision Making Units (DMUs). Subsequently, an ML
algorithm is trained with the aim of predicting a single output using inputs.
Ranking of input features based on relative feature importance values obtained
from the trained ML model is fed to the DEA model as weight restrictions. As
aresult, the two DEA models are compared with each other. ML-based insights
(feature importance ranking) improve the DEA model in the direction of fewer
zero weights. The additional weight restrictions are data dependent and hence
realistic. As a novel approach, this study proposes the use of machine learning-

Gradient Boosting Tree based feature importance values to overcome a limitation of a DEA model.

1. Introduction

Every organization, whether for-profit (such as bank, manufacturing or transportation company, etc.) or nonprofit
(such as university, hospital, NGO, etc.) conducts operations to achieve certain goals and objectives. To do so, the
organization converts inputs into outputs. It is imperative to measure this performance quantitatively to assess how
efficiently inputs are transformed into outputs (performance measurement). Additionally, this process can pinpoint
areas where an organization can enhance its operations, thereby guiding the organization towards increasing
productivity.

An important family of tools for efficiency analysis, especially in the context of multiple inputs and multiple
outputs, is Data Envelopment Analysis (DEA) (Ghiyasi et al., 2021). DEA is a nonparametric method based on
linear programming (LP) to measure the (relative) performance and assign an efficiency score (ES) to each
Decision-Making Unit (DMU) relying on a common set of input and output features. DEA was originally proposed
by Charnes et al. (1978, 1981) under the constant returns to scale (CRS) setting (CCR model) where it is assumed
that there exists proportionality between inputs and outputs. The CCR model was later extended by Banker et al.
(1984) which allows for variable returns to scale (VRS). DEA aims to construct Production Possibility Set (PPS)
instead of using functional forms that connect inputs to outputs. As the initial stage in the analysis, the PPS can be
defined as the minimum set enveloping assessed observed units along with all feasible input and output
combinations (Thanassoulis, 2001; Atici, 2012). PPS is used to calculate the relative efficiency of a DMU by
comparing its input and output combination to a set of all possible combinations. The nonparametric nature of
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DEA requires no functional relationship among input and output variables. In general, ES in a DEA model ranges
from 0 to 1, which refers to the relative position of DMUs off the efficient frontier which is characterized by the
DMUs with ES of 1 (and hence called efficient DMUs). A DMU with a smaller score is called to be inefficient
(Cooper et al., 2011).

Meanwhile, the rapid growth in the amount of data and the increased computing power for processing vast amounts
of data has recently made Machine Learning (ML) a widely used tool. ML aims to reveal patterns inside the data.
It is possible that the rather complex (nonlinear) relationship between multiple independent and dependent variable
might not be captured by rule-based solutions. In these situations, ML algorithms can help. Numerous studies aim
to integrate DEA and ML, as both methodologies assist decision-makers quantitatively by providing valuable
insights, especially when there are multiple variables and complex relationships among them (Emrouznejad &
Shale, 2009; Jomthanachai et al., 2021; Zhu et al., 2018, Appiahene et al., 2020; Farahmand et al., 2014; Salehi et
al., 2019; Koronakos & Sotiropoulos, 2020). However, this integration is not straightforward as there are some
differences between the two methodologies. When an ML model is trained on a dataset, it can be used for unseen
data. In DEA, however, the efficient frontier (and ES of DMUs) is calculated for given DMUs but an additional
DMU may require a recalculation. Moreover, such a shift in the efficient frontier alters the ES of almost all the
DMUs. This creates difficulty in replacing one method with the other blindly but does not prevent exploiting the
best of both worlds to develop “integrated” tools.

For instance, some studies try to find and calibrate the “best” ML algorithm to predict ES which can otherwise be
calculated by DEA (Jomthanachai et al., 2021; Koronakos & Sotiropoulos, 2020). To that end, a subset of DMUs
is chosen and their ESs are calculated then these are used to train an ML algorithm using DEA inputs and outputs
as the features of the ML model to predict the ES of DMUs. The trained ML model can predict the ES of a newly
added DMU without the need for any calculation (Tayal et al., 2020). Since ES is a continuous variable, the ML
model should be a regression algorithm. On the other hand, some studies use information from the DEA model to
classify whether DMU demonstrates efficiency or not; and develop and train an ML model (classification
algorithm) to predict the category to which the next DMU belongs (Singpai & Wu, 2020; Hoz et al. 2021).

Unsupervised ML algorithms, such as clustering and dimensionality reduction, are also used together with DEA
(Hoz et al. 2021; Tayal et al., 2020). In general, the aim of utilizing clustering algorithms is to group DMUs based
on their similarities for a given set of features. Since DEA requires a set of homogenous DMUs for ES calculation,
clustering is used to create homogenous subgroups within a given set of DMUs. Then (possibly different) DEA
models are employed for each subset of DMUSs. Therefore, the efficiencies for each subgroup are evaluated within
the subgroup.

Both ML and DEA broadly suffer from high dimensionality, which leads to poor performance (Chen et al., 2022;
Kumar et al., 2021). “The curse of dimensionality” in ML is due to the fact that as the number of features increases,
the observed data in the feature space is not distributed so that the feature space is represented ‘fairly’. In other
words, as the dimension increases, insufficient empirical evidence exist that explain the relationship between
features and the output confidently in almost everywhere in the feature space except for a certain region the
observed data is present. Dimensionality reduction techniques such as principal component analysis and t-
distributed Stochastic Neighbor Embedding (Tayal et al., 2020; Lin, 2021) address this problem. A similar problem
manifests itself in DEA as well. Due to the relative character of the DEA, with too many inputs and outputs, there
may exist virtually efficient DMUs whose efficiency are only due to some insignificant inputs and outputs.
Dimensionality reduction can be employed with DEA when the number of inputs and outputs is large.

Feature selection techniques are also used to tackle the problem of high dimensionality. Since datasets may consist
of irrelevant and noisy data, selecting appropriate features generally increase ML performance. It is also applicable
to DEA models. While calculating ES with DEA, using only ‘appropriate’ input and output features produces more
simple, interpretable, and reliable results (Chen et al., 2022; Kumar et al., 2021).

ML is also used to interpret the DEA results, rather than predicting the ES of DMUs. Employing decision tree-
based ML models, such as random forests and gradient boosting trees, can identify features that have more impact
on predicting the target variable (Adler & Painsky, 2022). In DEA, the target variable can either be the ES
(continuous) or the status of DMUs (discrete). In both cases, decision tree-based ML models can identify key
factors that affect the performance of DMUs. Identifying these factors can help decision-makers on setting
priorities and allocate resources for improving efficiency.

DEA methodology doesn't require predefined weights for input and output features to calculate ES. Due to its
weight flexibility feature, it can result in undesired situations where the weights are unreasonable and are not in
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line with expert views on the production process (Cooper et al., 2011). A DEA model may put too much weight
on a few inputs and outputs while ignoring most of them which is a limitation of the DEA methodology. It may
show a prevalence of zero weights leading to concerns about ES calculation (Forsund, 2013). Putting too much
weight on a few inputs and outputs may result in defining an inefficient DMU as a virtually efficient one.
Moreover, that DMU appears as a reference to other DMUs by being on the efficient frontier.

Applying weight restrictions may help to enhance discrimination and reduce weight dispersion. Price information,
expert opinions, value information, and managerial goals are sources for imposing weight restrictions in DEA
(Cooper et al., 2011). Rather than using subjective information, this study proposes to apply weight restrictions
for single output datasets by using information obtained from the data itself. ML algorithms have the capability to
recognize patterns and extract insightful information from complicated data. The motivation of this study is to
integrate ML and DEA methodologies in a manner whereby acquired information from the dataset via an ML
algorithm is used to overcome the limitation of traditional DEA models related to a substantial proportion of zero
weight assignment. This study will also aim to explore whether an ML algorithm can be used to make
improvements in a DEA model in the sense that certain inputs and outputs cannot be ignored, so that the virtually
efficient DMUs are avoided, and more precise and realistic efficiency assessments can be made.

Decision tree-based ML models such as random forests, and gradient boosting trees can identify features that have
more impact on predicting the target variable (Adler & Painsky, 2022). Previous studies apply feature importance
values to identify and explain key factors that have an impact on the efficiency of DMUs (Aydin & Yurdakul,
2020; Nandy & Singh, 2020a; 2020b; Thaker et al., 2021; Rebai et al., 2020; Xu et al., 2021). However, this study
proposes a novel approach to incorporating feature importance to DEA. The utilization of feature importance
ranking as an additional weight restriction is proposed to improve discrimination power and weight dispersion of
a DEA model.

The paper is organized as follows. Section 2 reviews the literature on studies integrating DEA and ML. The
methodology and the model design are explained in Section 3. Section 4 contains the results of the study and
Section 5 includes conclusions and recommendations.

2. Literature review

ML and DEA are two well-studied distinct areas of research and application. Recently, numerous studies have
been conducted with the aim of integrating ML and DEA. In supervised ML, the goal is to get a predictive model
which is trained on input features and an output (target) feature. The model learns the relationship between the
inputs and the output during the training process. Then, the trained model can predict the target variable from
given input features. DEA, on the other hand, relies on a mathematical model to calculate the relative efficiency
scores of DMUs where each ES comes from a distinct optimization problem, different for each DMU.

Both methodologies are used to analyze data quantitatively and try to get insights from the data to help the decision-
making process. They are used to assist decision-makers by providing useful outputs which cannot be obtained
from the data at first glance. However, an ML model can be used when new data comes in whereas a DEA model
must be rebuilt when new data is added to the dataset. An ML model is built to make predictions for unseen data.
On the other hand, a DEA model is only built to make calculations for the DMUs to which the dataset belongs.

In an effort to integrate ML and DEA, one approach has been training multiple ML (regression) models where the
features are the inputs and outputs of the DEA model and the target variable is the ES, and then predicting the ES
using trained models on the test data and comparing various ML algorithms based on their prediction capabilities.
The main motivation in this line of research is to replace the DEA methodology with an ML model so that
additional DMUs do not require a costly re-computation. Studies employ different datasets, such as schools,
hospitals, farms, etc., and tried to build a regression model to predict the ES of DMUs as close as possible to the
ES calculated by a DEA model (Emrouznejad & Shale, 2009; Jomthanachai et al., 2021; Zhu et al., 2018,
Appiahene et al., 2020; Farahmand et al., 2014; Salehi et al., 2019; Koronakos & Sotiropoulos, 2020).

A second approach involves training multiple ML (classification) models, where the target variable is whether a
member belongs to efficiency tier (ET) or not based on DEA results. Subsequently, the model predicts the ET
with trained models using test data, and finally, various ML algorithms are compared based on their prediction
capabilities. In other words, predicting ET, rather than ES of DMUs is also a widely studied subject (Singpai &
Wu, 2020; Hoz et al. 2021; Song & Zhang, 2009; Hong et al., 1999; Gupta et al., 2016; Mirmozaffari et al., 2020).
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A third approach involves clustering DMUs with an unsupervised ML model to form homogeneous sets of DMUs,
then, calculating ES separately for each cluster (subgroup) using DEA (Hoz et al. 2021; Ozsoy & Orkcii, 2021;
Aydin & Yurdakul, 2020; Mirmozaffari et al., 2020; Tayal et al., 2020). Ozsoy and Orkcii (2021) initially employs
an ML algorithm to cluster 43 Turkish airports into three groups: big-scale, middle-scale, and small-scale. Then
they employ DEA to measure the performance of each group. Mirmozaffari et al. (2020) combine the clustering
algorithm and DEA to study cement companies from developing countries. On the other hand, Aydin and Yurdakul
(2020) applied two clustering algorithms, k-means, and hierarchical clustering, to divide the countries into three
groups, then employ DEA models to measure the performance of 142 countries against COVID-19.

A fourth approach has been employing an ML algorithm for feature selection or dimensionality reduction, then
building a DEA model only with selected features or in reduced dimensions (Tayal et al., 2020; Chen et al., 2022;
Kumar et al., 2021; Zhang et al., 2015; Lin, 2021). In particular, Tayal et al. (2020) employ Principal Component
Analysis to a set of factors influencing facility layouts for dimensionality reduction before utilizing a DEA model.
Lin (2021) employs multiple DEA models by combining inputs and outputs in various combinations. Then the
data is analyzed using t-distributed stochastic neighbor embedding (t-SNE) which is a dimension reduction
technique to reveal the main characteristics of the data. Chen et al. (2022) employ Least Absolute Shrinkage and
Selection Operator (LASSO) algorithm for feature selection and then employs a DEA model using only selected
features. Kumar et al. (2021) also propose a feature selection methodology to select appropriate inputs and outputs
for the DEA model.

Another approach is building an ML algorithm to predict ES or ET, then analyzing input and output features based
on their feature importance (Aydin & Yurdakul, 2020; Nandy & Singh, 2020a; 2020b; Thaker et al., 2021; Rebai
et al., 2020; Xu et al., 2021). Nandy and Singh (2020a) employ a DEA model to measure paddy producers'
efficiency and then employ support vector machine and random forest algorithms to predict whether a DMU is
efficient or inefficient. They utilize the trained ML model to identify key factors influencing performance. Nandy
and Singh (2020b) employ random forest and logistic regression for predicting the ET of DMUs. In doing so, they
seek to determine significant environmental factors that affect farmers’ performance. Thaker et al. (2021) employ
DEA to measure Indian banks' performance. Thereafter, they use random forests to examine the factors such as
corporate governance, bank characteristics, etc. that have an impact on bank efficiency. Rebai et al. (2020)
similarly employ DEA to calculate efficiency scores of Tunisian secondary schools, then utilize regression tree
and random forest algorithms to find out key factors that influence academic achievement. Xu et al. (2021) also
apply DEA to measure U.S. states' COVID-19 response performance, then employ four different ML models
(classification and regression tree, random forest, boosted tree, and logistic regression) to predict whether a state
is efficient or inefficient, to find out influential factors on performance.

Kongar & Adebayo (2021) classify unstructured data (text) with an ML model to form input and output features
and then build a DEA model to calculate ES to assess the impact of social media marketing on business
performance.

There are also studies in the other direction, which use DEA results as feedback to ML models. To cite a few,
Kheirkhah et al. (2013) employ DEA to measure the performance of ANNs which have different number layers
and nodes, and Mousavi et al. (2019) employ DEA to calculate the ES of DMUs, then use ES as an input feature
to an ML algorithm.

In this study, on the other hand, a novel approach is proposed in incorporating feature importance to DEA. Rather
than using feature importance only for the identification of key factors that affect the performance of DMUs, using
feature importance ranking as an additional weight restriction to a DEA model is suggested. Due to the weight
flexibility feature of a DEA model, it can assign zero weights to most of the input and output features. It means
that the employed model ignores most of the inputs and outputs and put too much weight on a few. It can lead to
undesired ES and efficiency discrimination among DMUs. Additional weight restrictions prevent a DEA model
from assigning a large number of zero weights to the features and hence, avoid virtually efficient DMUs.

3. Model

As one of the weaknesses of the DEA approach is that the individual ES of DMUs requires a weight assignment
that is most favorable to the DMU itself. This yields unreasonable neglect of certain inputs (and outputs) via zero
weights. In this study, the aim is to develop a method (Figure 1) to assess and rank the relative weights of the
inputs in a DEA setting and use this additional information for a weight-restricted version of the same DEA model.
Python programming language (gurobi package for DEA and scikit-learn package for ML model) is used to
develop models.
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extract feature importance use feature importance
train an ML model ranking for the input ranking as weight
to predict the single output features from the trained restrictions for the DEA
ML model model
Step 1 Step 2 Step 3

Figure 1. Proposed Methodology

For comparison, this study consists of two phases. Firstly, the input-oriented CCR model (see Charnes et al., 1978)
is employed to calculate the ES of DMUs. The mathematical model in multiplier form for DMU r is given in
Equation 1 to Equation 4:

max Y; Ajyy; (1)
subject to

X wixy =1 2)
X AYsj < X WiXsi, VS 3)
A =20, Vjandy = 0, Vi 4

where the objective value is the efficiency score of DMU r, inputs, and outputs of DMU s are denoted by x;and
¥sj respectively, and input and output weights are denoted by p; and A;, respectively. The analysis is restricted to
have only one output.

In the next phase, the proposed approach is applied. Initially, feature importance ranking from an ML algorithm is
extracted where inputs are the features, and the output is the target variable. This information yields in which order
the inputs have a say on the output which cannot be neglected for an arbitrary DMU.

Then, the ES of each DMU is calculated with additional constraints that take into account the importance of the
inputs. More specifically, the same mathematical problem is solved with the following additional constraints
(Equation 5):

M =y ifr(uy) < r(uy), Vi, j ©

where r(1;) is the importance ranking of weight y; of input i. In other words, if an input has a higher importance
in determining the output, its weight should not be less than the weight of an input with less importance.

3.1. Dataset

The energy plant dataset used by Khezrimotlagh et al. (2019) is a good fit for the purpose of this study. The year
2020 data which contains 1644 energy plants (DMUSs) is used in this study. In addition to the 3 inputs (number of
generators, nameplate capacity, heat input), 5 of the 6 outputs are treated as undesired outputs since they are related
to gas emissions (NOx, SO2, CO2, CH4, and N20 emissions) and hence are used as desired inputs (Zhou & Liu,
2015). Finally, a DEA model is built with 8 inputs and 1 output. The single output in the dataset is net electricity
generated.

3.2. ML model

The objective of the ML model is to predict the single output using 8 inputs. As the target variable, net electricity
generated is a continuous variable, a supervised regression ML model should be used. Since it produces
competitive, highly robust, and interpretable results (Friedman, 2001), the gradient boosting tree regressor is
selected as the predictive ML model.
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The gradient boosting tree algorithm is a decision tree-based ML algorithm that can be used for both classification
and regression problems (Natekin & Knoll, 2013). It is a kind of boosting algorithm that trains multiple ML models
in a sequence. It tries to get more accurate predictions by combining them. It starts with a basic model and then
the next model pays more attention to the wrong predictions the previous model has made by giving them more
weights. This procedure is continued by the following models and at the end, they are combined to build a strong
model that can make more accurate predictions.

Gradient boosting tree algorithm also produces relative feature importance (Adler & Painsky, 2022) which is a
measure of how much it contributes to predicting the target variable. In other words, feature importance values
reveal which features are more important, and which are less. As features are used to split data in decision tree
algorithms, the closer the feature is to the root node, the higher relative importance the feature has. The features at
the top of a decision tree contribute more than the features at the bottom to make predictions.

A gradient boosting tree is developed to predict net electricity generated values using 8 input features. 5-fold cross-
validation is applied during the training process. Hyperparameters (subsample, minimum samples leaf, minimum
samples split, maximum depth, number of estimators, learning rate) are tuned throughout the cross-validation using
a grid search process. The hyperparameters that produce the least average root mean squared error (RMSE) at the
end of the 5-fold cross-validation process, are selected for the model.

One of the advantages of the gradient boosting tree algorithm is that it can produce relative feature importance,
which is used in this study, as well. Feature importance values are provided relatively, and it refers to a measure
that indicates how much it contributes to predicting the target variable (Adler & Painsky, 2022). It helps the model
developer to get insight from the dataset. Especially, when there is a large number of features, it is not easy to
understand how the fitted model makes predictions. Feature importance values reveal which features are more
important, and which are less. As features are used to split data in decision tree algorithms, the closer the feature
is to the root node, the higher relative importance the feature has (Kotsiantis, 2013). The features at the top of a
decision tree contribute more than the features at the bottom to make predictions.

A gradient boosting tree is developed to predict net electricity generated values using 8 input features, namely
number of generators, nameplate capacity, heat input, NOx, SO2, CO2, CH4, and N2O emissions. 5-fold cross-
validation is applied during the training process. Hyperparameters (subsample, minimum samples leaf, minimum
samples split, maximum depth, number of estimators, learning rate) are tuned throughout the cross-validation using
a grid search process. The hyperparameters that produce the least average root mean squared error (RMSE) at the
end of the 5-fold cross-validation process, are selected for the model.

4. Results and discussion

In this study, a real-world dataset is utilized. Initially, a DEA model (input-oriented CCR) is used to calculate the
ES of DMUs, which will be called DEA-01 afterward. Then, to obtain relative feature importance values of input
features, an ML algorithm (gradient boosting tree) is trained that aims to predict the single output (net electricity
generated) using input features. The trained model produces an average R2 of 98.51 and an average RMSE of
91.82 for the 5-fold cross-validation process. Feature importance values are given in Table 1. The feature
importance ranking of input features obtained from the trained ML model is used as weight restrictions to the
second DEA model (DEA-02). As a result, the two DEA models are compared with each other. Especially, zero
weight counts, efficient DMU counts, and ES values for each model are reported.

Table 1 reports the feature importance values as well as the count and percentage of zero weights for each input
(feature) where the inputs are sorted in ascending order with respect to the zero weight counts. In DEA-01, there
are 23 efficient plants (among 1644), where 61% of the input weights are found to be zero. The sparse character
of the weights is also evident from the observation that in DEA-01, for 6 out of 8 inputs, zero weight is assigned
for more than half of the DMUs. It is also important to observe that feature importance is not fully correlated with
zero counts (see Table 1) since otherwise there is no need to augment an ML model.
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Table 1. Count and Ratio of Zero Weights

Feature DEA-01 Model DEA-02 Model
Feature ]mpV‘; rlt;:ce Count Percentage Count Percentage

Annual N?0 emissions (Ibs) 0.9880 17 1.03 0 0
Annual NOx emissions (tons) 0.0008 720 43.80 89 541
Annual CO? emissions (tons) 0.0033 822 50.00 43 2.62
Annual SO? emissions (tons) 0.0005 1040 63.26 1190 72.38
Nameplate capacity (MW) 0.0006 1209 73.54 367 22.32
Total annual heat input (MMBtu) 0.0024 1231 74.88 97 5.90
Number of generators 0.0004 1404 85.40 1447 88.02
Annual CH* emissions (1bs) 0.0039 1589 96.65 316 19.22

Figure 2 plots the ES obtained from the two DEA models. As the constraint set of DEA-02 is the subset of the
constraint set of DEA-01, the ES in DEA-02 will obviously be smaller for almost all the DMUs. This is also
evident in the density plots of the ES of the DMUs (Figure 3) where the ES shifts to the left in DEA-02. To put
the change in ES in perspective, Figure 4 shows that the percentage decrease in ES increases as the ES increases.

Efficiency Score Comparison
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Figure 2. Comparison of ESs for the 2 DEA models
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Figure 3. Density plots for the ESs in the 2 DEA models
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Figure 4. Percentage decrease in ES

In DEA-02, there are only 6 efficient plants. The ratio of the zero input weights is dramatically reduced to 27%.
Moreover, for only 2 of the inputs, zero weight is assigned to more than 25% of the DMUs. Needless to say, these
two are the ones with the least importance. In other words, at least 6 inputs are taken into account in ES calculation
for almost all of the DMUs. Figure 5 plots the zero weight counts in each model where the size indicates the
number of DMUs. The most frequently observed change is having 5 zero weighted inputs in DEA-01, but only 2
zero weights in DEA-02. The most radical change is observed in DMUs with 7 zero weights in DEA-0O1 and none
in DEA-02. All in all, zero weight counts decrease for 1604 plants; remain the same for 32 plants, and increase for
only 8 plants.

The results indicate that the ML-based DEA improves on the zero weight counts and thus has more discriminatory
power against the virtually efficient DMUs. Hence the efficient frontier is more realistic.

Zero Weight Count per DMU Comparison
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Figure 5. Comparison of zero weight counts in each model
S. Conclusion
DEA and ML are two widely used methodologies that aim to gain insights from the data. Several studies integrate
two methodologies. These studies generally focus on predicting the ES or ET of newly added DMU, finding out

key factors that have an impact on the performance of DMUs, dimensionality reduction, and feature selection.
This study proposes a novel approach to the integration of the two methodologies.
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Since DEA methodology doesn't require predefined weights for input and output features to calculate ES, it may
put too much weight on a few inputs and outputs while ignoring most of them by assigning zero weights. Putting
too much weight on a few inputs and outputs may result in defining an inefficient DMU as a virtually efficient
one. Moreover, that DMU appears as a reference to other DMUSs by being on the efficient frontier. Applying weight
restrictions may help to overcome this limitation. Although price information, expert opinions, value information,
and managerial goals can be used for imposing weight restrictions in DEA (Cooper et al., 2011), this study
proposes to apply weight restrictions for single output datasets by using information obtained from the data itself.
ML algorithms have the capability to recognize patterns and extract insightful information from complicated data.
Gradient boosting trees, a decision tree-based ML model, can rank features with respect to their impact on
predicting the target variable. Rather than using this information only for the identification of key factors that
affect the performance of DMU, this study aims to use it as a weight restriction for a newly proposed DEA model
to make a more precise and realistic efficiency assessment.

In this study, a real-world dataset about energy plants is used. The dataset contains 8 inputs and a single output.
Initially, an input-oriented CCR model is developed to measure the ES of energy plants. Then, a gradient boosting
tree algorithm is trained that aims to predict the single output using inputs to obtain relative feature importance
values of input features. The implied ranking is later used as weight restrictions for a second DEA model. As a
result, the proposed DEA model which takes the input-output relations into account improves on the zero counts
and thus avoids virtually efficient DMUs as much as possible. It can be concluded that the proposed approach
leads to a DEA model that has more discriminatory power and less zero weights. The approach uses information
obtained from the data itself rather than relying on subjective judgments.

The proposed approach is examined on a dataset that contains only one output. Future research may be related to
a dataset where there is more than one single output. The study may focus on whether feature importance ranking
remains the same while predicting different outputs. Different ML algorithms can also be utilized to obtain feature
importance ranking which may lead to differences in terms of importance ranking. The proposed approach may
also be applied to datasets from different domains to observe its robustness and generalizability.
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1. Introduction

In a broad sense, the goal of a business is to maximize the profits of the owner and/or owners in the long run. In
other words, it is to increase the market value of the business. For this, businesses need to make a profit, grow and
be continuous. Profit, growth, and continuity are associated with the production of goods and services of a business.
The firm uses assets while performing its production function. Some of the assets used are continuous in terms of
the continuation of production and are directly related to the competitive power of the enterprise. Examples of
these are fixed assets with an economic life of more than one year, such as factory buildings, machinery, and
equipment where production takes place. On the other hand, buildings, machinery, and equipment, which are an
integral part of production, are used in production and are called tangible assets, wear out over time and lose their
production power. It has made it necessary for the continuity of the business to repay the fixed asset investments,
which are an important cost element for the business during its acquisition as an asset. In general, depreciation
contribute to the continuity of the business by preserving the capital, which is one of the basic assumptions of
accounting, by using certain methods and deducting from the profit for the period. Deducting depreciation
expenses from the profit for the period may mean paying less tax for the business in the short term. However, this
is the visible side of the process. On the invisible side of the process, depreciation expenses are a source of funds
that do not require cash outflows.

If all of the tangible and intangible assets, which are called fixed assets, are used in the business for more than one
year and lose value during this period due to physical, economic and technological reasons, these value losses
make the asset worthless over time. The cost of a fixed asset that is acquired for use in the business and that will
provide benefits in more than one period cannot be considered as expense in a single period. In such a case, writing
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the expenditure made for this asset as an expense in a single period even though it causes an increase in the
operating incomes during the usage period will eliminate the possibility of comparing the said expense with the
income of the relevant period. In this case, while there will be much more loss than it should be in the first period,
it will appear as a profitable business since the fixed asset cost value will not be calculated in the following periods.
For these reasons, the cost incurred by the enterprise for each period should be spread over the relevant periods.
In accordance with the periodicity principle of accounting, the life of the enterprise, which is unlimited, should be
divided into certain periods and the results of the activities of each period should be determined independently
from other periods. Depreciation is the financing of the account by making periodic expense during the depletion
life of the account to eliminate the negative effects of depreciation on the capital due to physical and economic
reasons in the economic values of the companies. Depreciation, which is expressed as the widespread and
systematic distribution of the value of an asset over its economic life, is derived from the French word 'Amortir".
Amortir means to kill slowly, to slow down, to reduce, to weaken in Latin. In the field of accounting and finance,
the concept of depreciation is the reduction of the recorded amount of some items in the balance sheet by spreading
over certain periods, and the elimination of the amount. Economic assets subject to depreciation in enterprises are
an important element that should not be ignored is important in terms of investment from the point of view of
enterprises and taxation from the point of view of the government. Depreciation is an important decision-making
element for investors in that it can be written as an expense and is an incentive element. Business owners consider
how much depreciation they will allocate at the establishment, operation and investment stage of the enterprises,
and they see this income source as a decision-making tool. In addition, the government also affects the decisions
of the enterprise by making changes in the depreciation rates in some cases. While depreciation is separated in
accordance with tax principles and seen in the cost of production, it returns to the enterprise in revenue and
constitutes an important auto financing source. The subject of depreciation is also of great importance in terms of
determining the profits of the enterprises. In particular, it is important to make a good decision on the selection of
the depreciation method in the long run in terms of the liquidity of the enterprises. Because the higher the amount
of depreciation expenses that can be written according to the method to be chosen, the lower the profits of the
enterprises. This, in turn, may cause the liquidity status of enterprises to be high by paying less taxes in the short
term. The application of depreciation means the accumulation of funds and the recovery of the investment
expenditure that is tied as capital, and the renewal of the economic asset with this income. In terms of business
science, it is the allocation of profit for the replacement of a tangible asset, adding the depreciated or declining
part of the tangible fixed assets to the cost of produced goods and deducting them from tax. From all these
perspectives, it becomes clearer how important depreciation is for the enterprise.

The book depreciation methods that will be handled in this study are straight-line method, declining balance, and
units-of-production method. The subjective opinions of the decision maker in the depreciation methods mentioned
above make them vague and ambiguous. To overcome the impreciseness in the decision makers personal
evaluations, fuzzy sets theory can be affectively applied in these methods. The concept of ordinary fuzzy set,
developed by Zadeh (1965) as an effective tool to handle vagueness and ambiguity. The concept of ordinary fuzzy
set has been developed based on the inadequacy of classical sets expressed with binary membership function in
real world problems, complex systems involving human judgments and thoughts. The membership degree, which
forms the basis of fuzzy sets, proposes to express the attributes with membership degree functions. The
membership degree, which takes the value of 0 or 1 in classical sets, can take all values in the range of [0,1] in
fuzzy sets. In the past few decades, the ordinary fuzzy set theory proposed by Zadeh has been expanded as different
approaches with different additions by researchers including intuitionistic fuzzy set (IFS) theory which was
developed by Atanassov (1986).

Zadeh's ordinary fuzzy set theory consists of the degree of membership in the range of [0,1], whereas in
Atanassov's IFS theory, the degree of non-membership is also defined in addition to the membership degree. In
ordinary fuzzy set theory, both membership and non-membership degrees take values between 0 and 1 and the
sum of membership degree and non-membership degree is limited by 1. However, in the IFS theory, the sum of
these two parameters does not have to be 1. Atanassov defined a third parameter called hesitancy degree to
complete this sum to 1.

The advantage of using IFS in this study is that it allows for handling the vagueness and ambiguity inherent in the
decision-making process related to depreciation methods. Traditional crisp sets and ordinary fuzzy sets may not
fully capture the subjective opinions and uncertainties involved in the evaluation of depreciation methods. By
applying IFS theory, the study can incorporate the degree of non-membership in addition to the membership
degree. This means that decision makers can express their evaluations and preferences not only in terms of
belonging or not belonging to a particular set but also by considering the degree of hesitancy or non-membership.
This allows for a more nuanced representation of decision makers' perspectives. The use of IFSs in this study
enables the modification of depreciation methods through fuzzy reasoning, considering cash flow uncertainty. It
provides investors with different depreciation alternatives and helps them make informed decisions in an
environment where future outcomes are uncertain. Furthermore, the study contributes to the literature by

1781



Elif Haktanir JTOM(7)2,1780-1789, 2023

developing original equations and considering depreciation methods under IFSs. This expands the understanding
of how fuzzy sets can be applied to the field of depreciation and provides a novel perspective on decision-making
in investment scenarios.

The original contribution of this study to the literature is for the first time to consider depreciation methods under
IFSs and to develop original equations in this field. In the study, amortization methods are modified through IFSs
to help investors make decisions in an environment of cash flow uncertainty. Options among different depreciation
alternatives are provided for the future investment decisions of an autonomous trolley problem through the revision
of the straight-line depreciation and declining balance depreciation methods.

The remaining sections of the paper are given as follows. Section 2 includes a literature review on crisp and fuzzy
depreciation methods. Section 3 presents the preliminaries of IFSs. Section 4 presents the proposed [F-depreciation
methods. Section 5 includes an illustrative application of the proposed approaches on an autonomous trolley
problem. Section 6 presents the conclusions and recommendations for future study.

2. Literature review

Although depreciation methods have been the subject of studies in the literature for many years, they also find
their place in current studies published in recent years. Bawono and Handika (2023) reported that activity ratio,
leverage, and depreciation method choice tend to be associated with firm profitability, based on the panel random
effect regression analysis. Mendoza et al. (2022) applied the fixed percentage annual depreciation method for cost
analysis in their study. Uemura (2022) analyzed the differing effects of the tax rate reduction and depreciation
method reform. Li and Ding (2022) studied the process of water supply investment and labor input in the urban
domestic water system with two depreciation methods: the straight-line depreciation method and the sum of years
digits method. Wan and Qiu (2022) examined how asset values by industry sectors are affected by different
depreciation methods. Conant and Chaille (2022) used Excel to model the effects of the straight line, declining
balance, and Modified Accelerated Cost Recovery System (MACRS) depreciation methods on the annual and
accumulated depreciation amounts of a company’s assets. Suskova and Buchtova (2021) defined the individual
types of depreciation and the methods for depreciation of tangible fixed assets in a metallurgical company. Bang
and Park (2021) analyzed the effect of a decrease in the nuclear capacity factor under the nuclear phase-out policy
on the depreciation cost per unit using the straight-line method and decelerated depreciation method and to provide
recommendations from a sustainable management perspective. Sampaio et al. (2021) evaluated the influence of
four depreciation methods on the cost of forest road transportation. Deng et al. (2020) studied the application of
depreciated replacement cost in asset valuation of non-toll roads and discussed the applicability and limitations of
key physical depreciation methods used worldwide. Mishin and Mishin (2020) prepared suggestions on the use of
capital depreciation methods as the key tool of industrial enterprise and organization financial soundness
improvement.

Although crisp depreciation methods have been frequently studied by researchers, only two fuzzy depreciation
studies have been found in the literature, to the best knowledge of the authors. Akan and Kiraci (2023) developed
anovel interval type-2 fuzzy depreciation approach and applied in maritime industry. Khalili et al. (2014) rewritten
some classic methods for calculating depreciation in fuzzy form by using extension principle and a-cut technique.
Kahraman and Kaya (2008) presented fuzzy depreciation, fuzzy tax rate, and fuzzy minimum attractive rate of
return methods with numerical examples. The fact that fuzzy depreciation studies have been so little studied in the
literature shows the openness of development in this area.

3. Preliminaries: intuitionistic fuzzy sets

Some basic definitions and equations on IFSs are presented in the following.

Definition 1. Let X # @ be a given set. An IFS in X is an object A given by

A= {(X, /JA(X), Vj(x))i XEX}, (1)
where p7: X — [0,1] and v4: X — [0,1] satisfy the condition
0<uz;(x)+vi(x) <1, 2

for every xeX. Hesitancy is equal to “1—(;1 i(x) + vz (x))”
Definition 2. An IF number 4 is defined as follows:

An IF subset of the real line
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Normal, i.e., there is any x, € R such that pz(x,) =1 (so vz(x,) = 0)

A convex set for the membership function pz(x), i.e.,

wi(dx; + (1= Dxy) 2 min(/,tg(xl),ug(xz)) Vx,,x, € R,A€[0,1] 3)
A concave set for the non-membership function vz (x),i.e.,

vz(Ax; + (1 — Dxy) < max(vz(x,), va(x,)) Vxy, x, € R,A € [0,1]. @)

Definition 3. Suppose X = (u,,v,) and ¥ = (4y,vy) be two IFSs. Some basic mathematical operations are
defined as follows (Atanassov, 1986).

X®V = (uy + 1y — petty, vvy) Q)
X®Y = (uny, vy + v, —v0) (6)
aX =(1-1-p)%vd) (7
Xo=(@g1-(1-v)9 ®)

Definition 4. Suppose X = (i,,v,) is an intuitionistic fuzzy number (IFN). Intuitionistic Fuzzy Weighted
Geometric Operator (IFWG) and Intuitionistic Fuzzy Weighted Arithmetic Operator (IFWA) with respect to, w; =
(W, Wy....... Jwy); w; € 10,1]; Y, w; =1, is defined as follows.

IFWG(X,,....... X)) = {nn i, 1— nn (1- vxi)wi} )
i=1 i=1
4 4 _ n wi n wi
IFWA(Xy,....... ,X,) = {1 - 1_[ (1-mny,) 1_[ vy, } (10)
i=1 i=1

Definition 5. To defuzzify IFNs, the following score function is given in Equation 11.

ujz«<+2u)~(—1+v)~(
4

SI = Score(X) = ))

4. IF depreciation methods

In this section the IF straight line method, IF declining balance method, and IF units of production method will
be presented.

4.1. IF straight line method

According to the straight-line (SL) depreciation method, an equal rate and amount of depreciation is set aside for
economic assets subject to depreciation every year. This method assumes that fixed assets wear out equally every
year. According to the SL depreciation method, the depreciation amount is obtained by multiplying the cost of the
fixed asset with the depreciation rate or dividing the cost of the fixed asset by its useful life. In case the depreciable
asset has a salvage value, the depreciation amount is calculated over the remaining value by deducting the salvage
value from the cost value (Hotelling, 1925) as in Eq. (12).

=~ -$
D, =—
n N

(12)
where

D,,= IF depreciation during year n,

I=TF cost of the asset

S=IF salvage value

N=TF useful life.

The book value of the asset at the end of n years:

Book value in a given year = Cost basis — total depreciation charges made to date or
B,=I-(D,+D,+-+D,) (13)

To apply Eq. (12), subtraction and division operations of IFS are needed. Eq. (14) presents the IF subtraction
operation, Eq. (15) presents the IF division operation, respectively (Atanassov, 2012).
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Hx—H Vx .
fof= {(1_—!4;,;) if gy = p, and v, < vy, and v, > 0 and v, < M,V (14)
(0,1) otherwise
- By Tl if u, < p, and v, = v, and u, > 0 and u, T, < MU
XQY ={\uy 1-vy x =y r="y y Xy = Ty (15)
(0,1) otherwise

4.2. IF declining balance method

The declining-balance (DB) method of calculating depreciation allocates a fixed fraction of the beginning book
balance each year (Kranz and Worrell, 2001). The fraction, a, is obtained as follows:

a= (%) (multiplier) (16)

The most used multipliers in the 1.5 and 2.0 (called double-declining balance). The book value at the end of n
years is calculated as in Eq. (17).

B,=I1-&" (17)
4.3. IF units of production method

It is based on the logic of calculating the depreciation expense of the fixed asset to be used in production over a
ratio based on the production output of that asset (Liapis and Kantianis, 2015). For each fixed asset, its service
life, which is measured in units, is determined according to the service it receives. For example, measures such as
mileage for a vehicle, the number of prints for a printing machine, the number of units to be produced for a
production machine can be used to determine the service life. The depreciation shares to be allocated for each
service unit is determined by dividing the net initial cost value, which is found by subtracting the estimated salvage
value from the initial cost of the fixed asset, by the service life unit specified above. Thus, at the end of each year
(and based on the months that make up the year), the number of service units performed by the fixed asset is
multiplied by the depreciation share per service unit to find the annual depreciation share required. When the total
number of service units by years reaches the number of service life units, depreciation is no longer calculated. Eq.
(18) shows the depreciation in any year with IF units of production method

= Servixe units consumed during year n /3 &
= gyearn () (18)

Total service units

5. Application on autonomous trolley investment problem

The proposed IF depreciation methods will be applied on an illustrative example in this section. Suppose that a
firm has bought an autonomous trolley for their warehouse where the corresponding IF data is presented in Table
1.

Table 1. Parameters and IF values of the autonomous trolley

Parameters IF Value
I ($10,000; 0.95, 0.05)
S ($2,000; 0.90, 0.10)
N (5;0.90, 0.10)

Economic life here is the expected period of time during the asset remains useful to for its owner. The economic
life of an asset can be different than its actual physical life. As it can be understood from its definition, the usage
period of an asset cannot be known with certainty at the beginning. This account is accompanied by many
variables. For example, reasons such as technological innovations, workplace accidents, usage errors, not operating
in a suitable temperature environment or operating more than originally planned may cause a machine's life to be
much shorter than originally anticipated. For this reason, this parameter, which is actually imprecise and contains
uncertainty, should be expressed with fuzzy numbers instead of crisp numbers. The initial investment cost may be
similarly affected by the exchange rate difference, price rise, inflation etc., and the amounts initially taken into
account for the calculation may soon become obsolete. Since the salvage value is also a forecast value for a future
date, assuming it is precise can lead to erroneous results. Therefore, in this study, these parameters are also
considered under intuitionistic fuzziness.
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The SL depreciation rate is

1
(5; 0.90,0.10)°

Therefore, the annual depreciation charge, which is the standard yearly rate

at which depreciation is charged to a fixed asset, becomes as follows by using Eq. (12).

Dy,

_ ((10,000; 0.95,0.05)—(2,000; 0.90,0.10)) __(8,000;0.50,0.50) __

(5; 0.90,0.10)

Then, the autonomous trolley has the book values during its useful life as in Table 2, where

(5; 0.90,0.10)

B,,_; is the book value of before the depreciation charge for year n.

(1,600; 0.56,0.44)

Table 2. Book values of the autonomous trolley with SL method

n

Bn—l

Dy,

B,

(1; 0.90, 0.10)

($10,000; 0.95, 0.05)

($1,600; 0.56, 0.44)

(88,4005 0.89, 0.11)

(2; 0.90, 0.10)

(88,4005 0.89, 0.11)

($1,600; 0.56, 0.44)

(56,8005 0.75, 0.25)

(3; 0.90, 0.10)

(56,8005 0.75, 0.25)

($1,600; 0.56, 0.44)

($5,200; 0.43, 0.57)

(4; 0.90, 0.10)

($5,200; 0.43, 0.57)

($1,600; 0.56, 0.44)

(83,6005 0.00, 1.00)

(5; 0.90, 0.10)

(83,6005 0.00, 1.00)

($1,600; 0.56, 0.44)

(52,0005 0.00, 1.00)

In the following, the same autonomous trolley problem will be handled with IF-DB method where the salvage
value is expected to be S = ($778; 0.24, 0.87) this time. Here, double declining balance (DDB) depreciation will
be used to calculate the annual depreciation and the book values.

The book value at the beginning of the first year is $10,000, and the DDB is
for the DDB in terms of the book value of time.

————— Then Table 3 is obtained
(5; 0.90,0.10)

Table 3. Book values of the autonomous trolley with DDB method

i B, . D, B,

(1;0.90,0.10)  ($10,000; 0.95, 0.05) ($4,000; 0.70, 0.30)  ($6,000; 0.83, 0.17)
(2;0.90,0.10)  ($6,000; 0.83,0.17) ($2,400; 0.51, 0.49) ($3,600; 0.66, 0.34)
(3;0.90,0.10)  ($3,600; 0.66, 0.34)  ($1,440; 0.35,0.65) ($2,160; 0.48, 0.52)
(4;0.90,0.10) ($2,160;0.48,0.52)  ($864;0.23,0.77)  ($1,296; 0.32, 0.68)
(5;0.90,0.10) ($1,296;0.32,0.68)  ($518;0.14,0.86)  ($778;0.21,0.79)

The depreciation deduction for the first year which shown bold in Table 3 is calculated by using Eq. (7) as follows.

$10,000x2 .
5 )

($4,000; 0.70,0.30) = ( 1—(1-0.70)%/5, 0.302/5)

The estimated salvage value ($778; 0.24, 0.87) and the final book value ($778; 0.21, 0.79) are defuzzified by using
Eq. (11). With these parameter values, the final crisp book value is found to be equal to the estimated crisp salvage
value of $130 which is generally never the situation in real cases. When B;; # S, some adjustments needed to be
done in the depreciation methods. In this case, there can be two options: either B; > S or B; < S.If B; > S, the
book value (BV) can be equal to the salvage value by switching form DB to SL depreciation. Then, Eq. (19) is
used to calculate the SL depreciation in any year n.

N BV at the beginning of year n-§
n

(19)

Now, suppose that all the parameters given are the same except the S. Here, the § will be considered as ($550;
0.35, 0.65). Then, it is needed to determine the optimal time to switch form DB to SL depreciation. Table 4 presents
the DDB depreciation of each year as before.

- Remaining useful life at the beginning of year n
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Table 4. DDB depreciation of each year

n D, B,
(1;0.90,0.10) ($4,000; 0.70, 0.30) ($6,000; 0.83, 0.17)
(2;0.90,0.10) ($2,400; 0.51,0.49) ($3,600; 0.66, 0.34)
(3;0.90,0.10) ($1,440;0.35,0.65) ($2,160; 0.48, 0.52)
(4;0.90,0.10)  (8864; 0.23,0.77)  ($1,296; 0.32, 0.68)
(5;0.90,0.10)  ($518;0.14,0.86)  ($778;0.21, 0.79)

By using Eq. (19) the SL depreciation of each year is calculated as in Table 5. Then, defuzzified SL and DDB
depreciation values are compared for each year, and it is switched from DDB to SL when the DB depreciation is
less than or equal to SL. The transition from DB to SL depreciation can occur at any point within the n-year period,
with the aim of determining the most advantageous year for the switch. The rule governing this transition is as
follows: If the depreciation amount under DB in any given year is lower than (or equal to) the corresponding
amount under SL, it is recommended to switch to the SL method and adhere to it for the entirety of the depreciable
lifespan of the project.

Table 5. Comparison of SL and DDB depreciation

! vattct}flet:o o Defuzzified IF DDB Defuzzified Switchin
S IF SL Depreciation SL o DDB ching
Beginning of D - Depreciation Depreciation Decision
Year epreciation
((36,000; 0.83, 0.17) - ,
(2;0.90,0.10)  ($550; 0.35, 0.65)) / $1,079 ($2,400; 0.51, $1,081 Do not
(4:0.90, 0.10) 0.49) switch
(($3,600; 0.66, 0.34) - , .
(3;0.90,0.10)  ($550; 0.35, 0.65)) / $475 ($1’%4gg)0'35’ $423 SWlstih to

(3; 0.90, 0.10)

The bold value ($1,079) in Table 5 is calculated by using Egs. (14-15) and Eq. (11), respectively as follows.

($6,000; 0.83,0.17)—($550; 0.35,0.65) _ ($5,450; 0.75,0.25) _ (1362.50; 0.83, 0.17) = $1,079
(4;0.90,0.10) (4;0.90,0.10)

Since it is found that the optimal time to switch from DB to SL is (3; 0.90, 0.10), the depreciation result is calculated
as in Table 6.

Table 6. Depreciation results
Year DDB with Switch to SL End of Year BV
(1; 0.90, 0.10) (54,0005 0.70, 0.30) (56,0005 0.83, 0.17) = $4,798
(2;0.90, 0.10) (52,4005 0.51, 0.49) (83,6005 0.66, 0.34) = $2,174
(3; 0.90, 0.10) ($1,017; 0.53, 0.47) ($2,583; 0.28, 0.72) = $586
(4; 0.90, 0.10) ($1,017; 0.53, 0.47) ($1,143; 0.00, 1.00) = $0
(5;0.90, 0.10) ($1,017; 0.53, 0.47) ($279; 0.00, 1.00) = $0
Total: ($9,450; 0.98, 0.02)

Although, end of year BV is finalized as $0, the total IF DDB depreciation value is not exactly equal to the
difference between IF initial cost and IF estimated salvage value. It is because that with the existing IF subtraction
and division operations, the difference and the quotient of two IFNs cannot be defined in some cases and therefore
have to be assigned to some specific values which means the developed operations are incomplete (Du, 2021).
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This is why many different IF subtraction and division operations are proposed in the literature but there is still no
consensus on which one should be preferred certainly.

In the second case, where B,, < S, the depreciating should stop when it gets down B,, = S. Here, suppose that § =
($2,000; 0.40, 0.60) = $680 this time. If the full deduction ($1,440; 0.35, 0.65) = $423 was taken, B3, .90,0.10)

would have been less than § = ($2,000; 0.40, 0.60). Thus, D3, 0.90,0.10) 18 adjusted to ($1,600; 0.43, 0.57) by

making B3, .90,0.10) €qual to ($2,000; 0.40, 0.60). Then, the final adjusted depreciation results are presented in
Table 7.

Table 7. Adjusted depreciation results
End of Year D, B,
(1;0.90, 0.10) (54,0005 0.70, 0.30) (56,0005 0.83, 0.17)
(25 0.90, 0.10) (52,4005 0.51, 0.49) (83,6005 0.66, 0.34)
(3; 0.90, 0.10) ($1,600; 0.43, 0.57) (52,0005 0.40, 0.60)
(4;0.90, 0.10) (%0; 0.00, 1.00) (52,0005 0.40, 0.60)
(5; 0.90, 0.10) (%0; 0.00, 1.00) (52,0005 0.40, 0.60)
Total: ($8,000; 0.92, 0.08)

In the following the same autonomous trolley problem will be handed with unit of production depreciation method.
Suppose that the trolley’s estimated net cost is ($10,000; 0.95, 0.05) and salvage value is ($2,000; 0.90, 0.10) same
as before. The trolley is expected to give service for 150,000 miles. Then, the allowed depreciation amount for the
trolley usage of 30,000 miles is computed by using Eq. (18).

30,000
250,000

(($10,000; 0.95,0.05) — ($2,000; 0.90,0.10))

__ 30,000 miles
™ 250,000 miles

= ($960; 0.08, 0.92) = $59

($8,000; 0.50,0.50)

6. Conclusion

Businesses need new investments in order to grow, increase their sustainability and competitiveness. In economic
terms, investment refers to the net additions made to capital goods in a certain period. The company pays attention
to many evaluation criteria such as payback period, internal productivity rate, net present value while making
investment decision.

As a result of these evaluations, the depreciation amount at the end of the period is also effective in the decision
of the enterprise. In the calculation of the depreciation amount, the selected depreciation method is effective. While
determining the method, besides the legal legislation, the fund-raising function of depreciation should not be
overlooked in terms of business to the extent permitted by the legislation. The same business and the same
transactions may cause the values in the financial statement to change with different methods chosen and may also
affect the tax amount that the business has to pay, as well as the financing need and cost.

The most used depreciation methods, straight-line method, declining balance method, and unit-of-production
method, are analyzed under IF environment in this study to represent the uncertainty in the parameters in a more
realistic way. All numbers were left fuzzy until the last possible stage and no defuzzification was made. In this
way, fuzzy data is preserved and taken into account until the last stage. Initial invest cost, salvage value, and useful
life parameters are evaluated as IF values.

This study makes a significant contribution to the literature by incorporating the use of IFS) in the analysis of
depreciation methods, providing a more comprehensive and nuanced approach to decision-making. By considering
both membership and non-membership degrees, the study addresses the inherent vagueness and ambiguity in
evaluating depreciation methods. It proposes the modification of traditional depreciation methods, such as the
straight-line method and declining balance method, through fuzzy reasoning based on IFSs, taking into account
cash flow uncertainty and offering investors different depreciation alternatives for informed decision-making. The
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development of original equations and a framework for considering depreciation under IFSs expands the
understanding of how fuzzy sets can be applied in the context of depreciation.

For the further research, it is recommended to perform a comparison analysis with other extensions of fuzzy sets
such as Pythagorean fuzzy sets, spherical fuzzy sets, or picture fuzzy sets. Also, the tax depreciation method like
MACRS depreciation can be analyzed under fuzzy environment to include the uncertainties in the parameters and
gain better and more realistic results.
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Ozet

Son yillarda fosil kaynaklardan elde edilen enerji fiyatlarinin artmasi, tedarik problemleri ve
¢evresel sorunlar gibi faktorler nedeniyle yenilenebilir enerji kaynaklar: giderek daha biiyiik bir
oneme sahip olmaktadir. Bu enerji kaynaklarina yonelik yapilan yatirimlarin etkili olmasi igin
dogru bir sekilde ekonomik olarak analiz edilmesi gerekmektedir. Son donemde artan karbon
fiyatlandirmas1 uygulamalar1 da bu analizlerde géz Oniinde bulundurulmasi gereken bir
faktordiir. Ozellikle riizgar gibi diisiik emisyonlu enerji kaynaklar1 igin, karbon fiyatlandirmasi
ek bir gelir kaynagi sunmaktadir. Bu ¢alismada, belirli bir bolgedeki gegmis riizgar hizi verileri
kullanilarak gelecek dénemler i¢in riizgar hizi tahminleri yapilmis ve bu tahminlere dayanarak
elektrik iiretim miktarlar1 hesaplanmistir. Daha sonra, farkli riizgar tiirbinlerinin ekonomik
olarak degerlendirilmesi i¢in birim maliyetler karsilastirilmistir. Tahmin yontemi olarak,
mevsimsel ARIMA modeli tercih edilmistir. Ayrica, ekonomik analizde Net Bugiinkii Deger
yaklagimi kullanilmistir. Boylelikle, yatirnmlarin maliyetleri, enerji iiretimi ve karbon
fiyatlamas1 gibi faktorler dikkate alinarak projenin ekonomik durumu degerlendirilmektedir.
Ozellikle karbon fiyatlamasimin dahil edilmesiyle birlikte, riizgar tiirbinlerinin biiyiikliigiine
bagli olarak birim maliyetlerde %9,4 ila %16 arasinda azalmalar gozlemlenmistir. Bu,
yatirimcilar ve enerji sirketleri i¢in yenilenebilir enerji projelerinin daha cazip hale gelmesini
saglamaktadir. Ayrica, cevresel etkilerin azaltilmas ve siirdiiriilebilir enerji {iretimi hedeflerine
ulagma agisindan da 6nemli bir adimdir.
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Abstract

In recent years, renewable energy sources have gained increasing importance due to the rising
prices of fossil fuels, supply problems, and, most importantly, the environmental issues they
create. To accurately analyse investments in these sources, all costs and revenues need to be
taken into account. The implementation of carbon pricing, which has seen a growing trend in
recent years, is also a crucial consideration. It offers an additional revenue opportunity for low-
emission energy sources like wind power. This study calculates the electricity generation
quantities based on the forecasted wind speeds for the future period by examining historical
wind speed data in the selected region. Furthermore, different wind turbines are economically
evaluated and compared in terms of unit energy costs. The seasonal ARIMA model is chosen
as the prediction method, and the Net Present Value approach is employed for the economic
analysis. The inclusion of carbon pricing results in unit cost reductions ranging from 9.4% to
16%, depending on the turbine size. This makes renewable energy projects more attractive to
investors and energy companies. It is also an important step in terms of reducing environmental
impacts and achieving sustainable energy production targets.
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1. Giris

Enerji talebindeki artig, ¢evresel sorunlar ve kaynaklarin azalmasi yenilenebilir enerji kaynaklarina olan ilgiyi
giderek arttirmaktadir. Siirdiiriilebilir kalkinma i¢in enerjide arz-talep dengesinin saglanmasi ve enerji iiretiminin
cevresel acidan en temiz sekilde yapilmasi gerekmektedir. Ayrica, ekonomik olarak herkes tarafindan erigilebilir
olmasi i¢in maliyetler de makul bir diizeyde olmalidir.

Avrupa Birligi (AB), sera gazi1 emisyonlarint 1990 seviyesine gore %40 diisirmeyi ve 2050 yilina kadar bu orani
%80-95 seviyelerine ¢ikarmay1 hedeflemektedir. Tiirkiye, sera gazi emisyonlarinin diisiiriilmesi amactyla 2023
yili enerji hedefleri dogrultusunda yenilenebilir enerji {iretiminin %30’un saglanmasini hedeflemektedir.
(Incekara, 2019). Bu amagla temiz ve ulasabilir enerjiyi tesvik etmek i¢in iilkeler, direkt ve dolayl olarak cesitli
uygulamalar ortaya koymaktadir. Temiz enerji kaynaklariin kullaniminda vergi avantajlari sunuldugu gibi ayrica
COz emisyon kotas1 ve fiyatlandirmasi uygulanarak dolayli olarak da firmalar yonlendirilmektedir. Ayrica, temiz
enerji iretimi yapan firmalar, karbon sertifikas1 alarak iiretimlerini daha rahat bir sekilde yapabilmektedir.
Geligmis tilkelerde emisyonu diigiirmenin maliyeti hem daha ytliksek hem de enerji verimliligi zaten yiiksek oldugu
i¢in emisyon azaltma potansiyeli de gok diisiiktiir. Ornegin, Japonya'da bir ton karbon emisyonu azaltmanin
maliyetinin 500 dolar oldugu tespit edilmistir. Fakat, buna karsin emisyon kredilerinin degeri bunun ¢ok altindadir.
Emisyon ile ilgili diizenlemeler diinyanin herhangi bir yerinde yapilan emisyon azaltimini iilke ig¢indeki ile bir
tutmaktadir. Bu nedenle gelismekte olan iilkeler, yenilenebilir enerji yatirimlari igin firmalari cezbetmektedir. Bu
iilkelerden de hem riizgar hem de giines enerjisinde biiyiik bir potansiyele sahip olan Tiirkiye, temiz enerji
yatirimlarina uyguladigi vergi indirimleri ve elektrik satin alma garantisi ile 6ne ¢ikmaktadir.

Riizgar enerjisinin, siirdiiriilebilir bir diinyada yenilenebilir enerji kaynagi olarak 6nemli bir yeri oldugu
goriilmektedir. Riizgar enerjisinin diger yenilenebilir enerji tiirleri gibi ilk yatirim maliyeti diger kaynaklar ile
karsilastirildiginda yiiksek olmasina karsin kullanim maliyetleri oldukga diistiktiir. Ayrica, ¢evresel agidan en
temiz enerji liretim teknolojilerinden birisidir. Fakat, riizgar hizina bagli olarak degisen iiretim potansiyeli, yatirim
acisindan bazi riskler dogurmaktadir. Bu da enerji iiretim potansiyelinin dogru degerlendirilerek etkili bir
performans maliyet analizinin yapilmasi ile ancak asilabilir. Bu ¢alismada, belirlenen bdlgelerdeki riizgar hizlarina
bagli olarak riizgar tiretim potansiyelinin tahminlemesi yapilarak buna gore ekonomik analiz yapilmaktadir.
Paranin zaman degerini de igeren Net Bugiinkii Deger (NBD) yaklasimi kullanilarak yapilan ekonomik analiz hem
dogru riizgér tlirbinin belirlenmesinde hem de birim elektrik iiretim maliyetinin hesaplanmasinda analitik bir
destek sunmaktadir. Ayrica, henliz Tirkiye’de uygulanmamasma ragmen gelecekte olast karbon
fiyatlandirmasinin riizgér tiirbininden tiretilen elektrik maliyetine etkisinin nasil olacagi da incelenmektedir.

Bu ¢aligma dort boliimden olugmaktadir. Boliim 2°de literatiir taramasi, Boliim 3’°de tahmin yontemi ve ekonomik
modelin matematiksel sunumu, Boliim 4’de deneysel sonuglar, son olarak Bolim 5°de sonug¢ ve oOneriler
sunulmustur.

2. Literatiir Taramasi

Bir bolgedeki riizgar enerji liretim potansiyeli o bdlgedeki riizgar hizina bagli olarak degismektedir. Bu nedenle
riizgar potansiyeli hesaplanirken bolgenin gegmis donem riizgar hiz1 verilerine dayanarak tahmin yapilmaktadir.
Literatiirde riizgar hiz1 ve riizgar enerjisinden elektrik {iretim tahminleri iizerine ¢aligmalar bulunmaktadir.

Mabel ve Fernandez, (2008), riizgar enerjisinden iiretilebilecek elektrik iiretiminin analizini ve tahminini
yapmuslardir. Caligmada Hindistan’daki yedi riizgar ¢iftliginden alman 2002 ile 2005 yillar1 arasindaki 3 yillik
veriler kullanilmigtir. Riizgér ¢iftliklerinin aylik gii¢ tiretiminin tahmini igin yapay sinir aglar1 kullanilmis ve
rlizgar enerjisi tahmin modelini gelistirmek icin MATLAB kullanilarak geri yayilim algoritmali bir ileri beslemeli
sinir ag1 uygulanmistir. Riahy ve Abedi (2008), yaptiklar1 ¢alismada dogrusal tahmin yontemini kullanarak riizgar
tiirbinleri i¢in kisa vadeli riizgar hizi tahmininde bulunmuslardir. Hong, Chang ve Chiu (2010), ¢ok katmanli bir
ileri beslemeli sinir ag1 kullanilan yeni bir rlizgar enerjisi ve hiz tahmin yontemi 6nermislerdir. Caligmada bir
riizgar ¢iftliginin 2003 ile 2004 yillar1 arasindaki saatlik dlgiilen riizgar hizi ve riizgar enerjisi iiretim verileri
kullamlmustir. Onerilen yontemle 30 dakikalik ileri riizgar giicii ve hiz1 tahmininde bulunularak yéntem test
edilmis ve ¢ok iyi dogruluk gosterdigi goriilmiistiir.

Kusiak ve Zhang (2010), yeni bir riizgar hiz1 ve giicii tahmin modeli olusturmuslardir. Biiyiik bir riizgar ¢iftliginde
10 saniyelik araliklarla toplanan riizgar tlirbini verilerini kullanarak tahminde bulunulmustur. Riizgar hizi tahmin
modellerinden biri gelecek 1 dakika i¢in tahmininin %90 dogrulukta oldugu tespit edilmistir. Riizgar giicii tahmin
modeli olusturulmak i¢in ise bes farkli veri madenciligi algoritmas: kullanilarak ii¢ model olusturulmustur. Bu
modellerin kapsamli performans analizi yapilmis ve {i¢ gii¢ tahmin modelinin de kisa zaman dilimlerinde tiretilen
giicli dogru bir sekilde tahmin etmistir.
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Liu, Shi ve Erdem (2010), riizgar hiz1 tahmini i¢in yeni bir zaman serisi tahmin yontemi 6nermislerdir. Caligmada
ABD’deki bir gdzlem alanindan gelen bir yillik saatlik riizgar hiz1 veriler kullanilmugtir. Onerilen yontem Taylor
Kriging modelinin riizgar hizi zaman serilerinin tahmini i¢in uygun sekilde degistirilmis halidir. Bu yontem
ARIMA yonteminden %18.60 ve %15.23 daha iyi performans gosterdigi tespit edilmistir. Bouzgou ve Benoudjit
(2011), riizgar hiz1 tahmini i¢in farkli tahmin algoritmalarindan olusan ¢oklu mimari sistemine dayali yeni bir
model 6nermislerdir. Onerilen model Cezayir’deki yedi gézlem noktasindan alinan 10 yillik veriler kullanarak test
edilmis ve deneysel sonuglar geleneksel tahmin yontemlerine kiyasla riizgar hizi tahmininin kesinligini arttirdig:
goriilmiistiir. Zhang, Wang, Zhao ve Tian (2013), radyal tabanli fonksiyon sinir ag1, mevsimsel diizeltme yontemi
ve melezleyen hibrit modele dalgacik doniisiimii teknigi uygulanarak riizgar hizi tahmin i¢in yeni bir model
onermislerdir. Onerilen model, Cin’de bulunan iki bélgenin bir ay i¢in 24 saatlik ortalama verileri kullanilarak test
edilmistir. Sonuglar onerilen modelin diger modellere gore en kiigiik hataya sahip oldugunu gostermektedir. Li,
Guan ve Wu (2015), riizgar ¢iftliklerinde enerji iiretimini tahmin etmek i¢in yeni bir yontem gelistirmislerdir.
Caligmada gelistirilen yontem ABD’de bulunan dokuz riizgér ¢iftliginden alinan 10 dakikalik araliklarla dlgiilen
1 yillik riizgar hiz1 ve giicii verileri kullanilarak test edilmistir. Test sonuglarina gore gelistirilen yontemle elde
edilen tahminlerin giivenilir oldugu tespit edilmistir. Dinger, Riistemli, Yilmaz ve Cing1 (2017), Kilis ili i¢in 10
metre yiikseklikteki riizgar hizi verilerini kullanarak farkl yiikseklikteki riizgar hizlarini tahmin etmislerdir.

Senol ve Musayev (2017), riizgar enerjisinden elektrik iiretimini yapay sinir aglart modeli olusturarak tahmin
etmiglerdir. Tahmin sonuglarina gore segilen bolgedeki riizgar enerjisi potansiyelinin oldukga iyi oldugunu ve
kaliteli riizgar tiirbinleri kullanarak yiiksek elektrik {iretiminin saglanabilecegi goriilmiistiir. Dikmen ve Orgen
(2018), Burdur Aglasun bolgesindeki 2 metre yiikseklikteki riizgar hiz1 verilerini kullanarak farkli yiikseklikteki
riizgdr hizlarmi tahmin etmislerdir. Riizgar hiz1 dikkate alinarak bolge icin en uygun tiirbin tespiti yapilarak
bolgeden riizgar enerjisi ile elde edilebilecek enerjiyi tespit etmislerdir. Naik, Satapathy ve Dash (2018), ¢ekirdek
sirt1 regresyonu ile ampirik mod ayristirmasina dayali kisa vadeli riizgar hizi ve giicli tahmini i¢in bir hibrit yontem
onermislerdir. ABD’de bulunan bir riizgar ¢iftliginden alinan 10 dakika, 30 dakika ve 1 saatlik riizgar hiz1 ve giicii
verileri kullanilarak onerilen yontem test edilmistir. Test sonuglarinda onerilen modelin en az hata metrikleri ve
en yliksek kolerasyon katsayisi ile istiin tahmin performansi sergiledigi goriilmiistiir.

Shabbir, AhmadiAhangar, Kiitt, Lgbal ve Rosin (2019), riizgar enerjisi liretiminin kisa vadeli tahmini igin destek
vektor makinasi tabanli regresyon algoritmasi dnermislerdir. Estonya’daki 1 aylik veriler kullanarak riizgar enerjisi
iretiminin 1 glin dncesinden tahmini yapilmistir. Calismada 6nerilen algoritma Estonya enerji diizenleme kurulusu
tahmin algoritmasinin sonuglartyla karsilastirmig ve onerilen algoritmanin %10 daha az ortalama kare hatasi
degerine sahip oldugu goriilmiistiir. Gorgel ve Kavlak (2020), izmir Urla bélgesindeki riizgar hiz1 verilerini
kullanarak riizgar enerjisinden iiretilebilecek elektrik tiretim miktarini tahmin etmiglerdir. Lee, Wang, Harrou ve
Sun (2020), kisa vadeli riizgar enerjisi tahmini i¢in ii¢ topluluk 6grenme dayali model 6nermislerdir. Tahmin
dogrulugunun degerlendirilmesi i¢in Tiirkiye ve Fransa’da bulunan riizgar tiirbinlerinden her 10 dakikada bir
alman dl¢iimleri kullanilmistir. Onerilen modellerin iyi bir tahmin sagladig tespit edilmistir.

Riizgar enerjisinin iiretim potansiyeli mevsim sartlarina bagli oldugu igin dogru bir planlama yapilmaksizin
kurulan tiirbinler ekonomik verimliligi saglamayabilir. Riizgar tiirbinleri kurulmadan 6nce kurulmasi planlanan
bolgedeki riizgar hizi, riizgar tiretim giicliniin dogru sekilde tespit edilmesi ve buna bagli olarak ekonomik
analizinin yapilmasi gereklidir. Kurulum maliyeti, isletme maliyeti ve bakim maliyeti gibi faktorler kurulmasi
planlanan bolgedeki riizgar tlirbininin amortisman siiresini ortaya koymaktadir. Literatiirde riizgar tlirbinlerinin
ekonomik analizleri {izerine ¢alismalar bulunmaktadir. Blanco (2009), riizgar enerjisinin ekonomisini ve
Avrupa’daki riizgar enerjisi projelerinin mevcut iiretim maliyetlerini aragtirmigtir. Arastirmada karadaki bir riizgar
ciftliginin liretim maliyeti 4,5 ile 8,7 €cent/kWh arasinda, agik denizlerde bulunan bir riizgér ¢iftliginin liretim
maliyetinin ise 6 ile 11.1 €cent/kWh arasinda oldugunu tespit etmistir.

Malik ve Al-Badi (2009), Umman’da bulunan bir riizgar tiirbininin ekonomisini aragtirmislardir. Calismada yillik
ortalama riizgar hizi 5,7 m/s olan bir bdlgede bulunan 50 kW giiciindeki bir tiirbinini ele almislardir. Aragtirma
sonucunda riizgar tiirbininin toplam 6zgiil maliyetinin 7,4 ile 8,45 €cent/kWh arasinda oldugunu ve tiirbinin basit
geri 6deme siiresinin 5.1 ile 5.4 y1l arasinda indirimli geri 6deme siiresinin ise 6.7 ile 8 y1l arasinda oldugunu tespit
etmislerdir. Vardar ve Cetin (2009), 22 farkli bolgedeki 1990 ile 2005 yillar1 arasindaki riizgdr hizinin saatlik
ortalama degerlerini kullanarak 2500, 1300 ve 600 kW’lik kapasitede olan {i¢ riizgar tiirbininin iirettigi elektrigin
bu bolgeler i¢in kWh bagina maliyetini hesaplamislardir. Arastirmada tiirbinlerden {iiretilecek elektrigin minimum
maliyeti sirastyla 0,023, 0,0316 ve 0,0478 €/kWh olarak Kumkoy bdlgesinde, maksimum maliyeti ise sirasiyla
0,3929, 0,5184 ve 0,806 €/kWh olarak Yalova bolgesinde olacagi tespit edilmistir.

Mohammadi ve Mostafaeipour (2013), iran’in Aligoodarz sehrinin 2005 ile 2009 yillar1 arasindaki 10 metre
yiikseklikte olgiilen riizgar hizi verilerini kullanarak giigleri 20 kW ve 150 kW arasinda degisen alt1 riizgar
tiirbininin ekonomik fizibilitesini degerlendirmislerdir. Farkli tiirbinler i¢in enerji maliyetleri 0,0470 ile 0,0720
$/kWh araliginda oldugu tespit edilmistir. Geri 6deme siiresi ve fayda maliyet orani analizi yapildiginda bir tiirbin
modeli disinda incelenen tiim riizgar tiirbinlerinin kurulumunun ekonomik olarak uygulanabilir oldugunu
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gostermistir. Katsigiannis ve Stavrakakis (2014), farkli riizgar tiirbini smniflar igin Avustralya’nin gesitli
bolgelerinde riizgar enerjisi iiretiminin tahminini yapmiglardir. Calismada farkli riizgér tiirbinlerinin ekonomik
analizi yapilmistir. Effiom, Nwankwojike ve Abam (2016), Nijerya’da bulunan 500 MW’lik bir a¢ik deniz riizgar
tiirbini ¢iftliklerinin gelistirilmesinin fizibilitesi iizerine ekonomik maliyet degerlendirmesi yapmislardir.

Bu caligma, riizgér enerjisi alaninda tahminleme ve ekonomik analizin birlestirilmesiyle riizgar enerjisi yatirimi
degerlendirme konusunda katki saglamaktadir. Sonuglar, secilen bdlge igin en uygun tiirbin modelinin se¢ilmesi
ve karbon fiyatlandirmasinin elektrik tiretim maliyetine etkisini belirlemek igin kullanilabilir. Ekonomik model
Vardar ve Cetin (2009)’nin gelistirdigi modele benzemesine karsin bu ¢aligmada riizgar hizinin tahmini yapilmasi
ve buna dayanan bir ekonomik analiz yapilmas1 ¢alismay1 farkli kilmaktadir. Ayrica ekonomik analizde karbon
fiyatlanmasinin dahil edilmesi de daha giincel ve ger¢ekei bir yaklagim olarak degerlendirilebilir. Bu ¢alismanin
sonuglari, siirdiiriilebilir enerji politikalarinin olusturulmasinda ve riizgar enerjisi yatirimlarinin ekonomik agidan
degerlendirilmesinde karar vericilere rehberlik edebilir.

3. Yontem

Bu c¢aligmada kullanilan yontem bu bdlimde detayli anlatilmistir. BOliim 3.1°de riizgar enerjisi
hesaplamalari, Boliim 3.2’de veri ve matematiksel yaklagim, Bolim 3.3’de tahmin ydntemi ve son olarak
Boliim 3.4’de ekonomik model sunulmustur.

3.1. Riizgar Enerjisi Hesaplamalari

Riizgar tiirbinleri, riizgar enerjisindeki kinetik enerjiyi rotor kanatlarini hareket ettirerek mekanik enerjiye ve
ardindan elektrik enerjisine doniistiiren sistemlerdir. Riizgar giiciinden iiretilebilecek enerji miktar1 Denklem
(1)’deki gibidir.

1
P, = cpEpAv3 €))

Denklem (1)’deki p,4,v,c, sirastyla hava yogunlugu, kanatlarin siipiirdiigi alan, riizgar hizi ve gii¢ katsayisi
olarak tanimlanmaktadir. Betz Kanunu’na gore higbir riizgar tiirbini, riizgardaki kinetik enerjinin %59’undan
fazlasm elektrik enerjisine doniistiremez. Bu nedenle ¢, degeri maksimum 0,59 olarak belirlenmis olmasina
karsin gergekte bu deger 0,30 ile 0,45 arasindadir. Hava yogunlugu 1,23 kg/m? olarak kabul edilmistir. Kanatlarin
stiplirdiigii alan ise tiirbinlerin kanat uzunluklaria goére degiskenlik gostermektedir.

Tipik bir riizgar tiirbinindeki gii¢ egrisi dort boliimden olusmaktadir. Tiirbinin {iretime basladig ilk riizgar hizina
devreye alinma hizi denir ve riizgarin bu hizin altinda olmast durumunda herhangi bir elektrik tretimi
gerceklesmez. Elektrik tiretimi belirli bir seviyeye kadar riizgar hiziyla birlikte artis gosterir. Anma hizi olarak
tanimlanan en yiiksek hiza ulastiktan sonra elektrik iiretimi riizgar hizindaki artistan bagimsiz olarak sabit kalmaya
baslar. Son olarak, riizgar hizi1 devre kesme hizinin iizerine ¢ikarsa tlirbin {iretimi durdurur. Gii¢ egrisinde
bahsedilen bu dort boliim Sekil 1°de sunulmustur.

A

Giic Cikti

Ruzgar Hizi

Sekil 1. Riizgar Tiirbini Gii¢ Egrisi
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3.2. Veri ve Matematiksel Yaklasim

Belirlenen problem dogrultusunda yapilacak olan analiz iki kisimdan olusmaktadir. Oncelikle elde edilen riizgar
hiz1 verilerine bagli olarak secili bolgenin riizgar hizi ile ilgili gelecek tahmini yapilmaktadir. Tiirkiye’deki riizgar
enerjisinden elektrik iiretim potansiyeli en yiiksek illerden birisi olan Konya bu analiz i¢in se¢ilmistir. Halihazirda
kurulu 263 MW riizgér iiretim kapasitesine sahip olan Konya bu alanda Tiirkiye’deki ilk 15 sehir igerisinde yer
almaktadir. Ayrica deniz istii kurulu riizgér tiirbinlerinde daha yiiksek riizgar hizlarina erisilebilirken toprak
iizerinde kurulu tiirbinlerde riizgér hizlar1 daha disiik olmaktadir. Bu da aslinda kara tiirbinleri i¢in yapilan bir
ekonomik analizin deniz Ustii tiirbinleri i¢in ¢ok daha ekonomik olacagi beklentisini dogurmaktadir. Konya
ilindeki 2010-2021 yillar1 arasindaki aylik riizgér hiz1 verileri Sekil 2'de gosterilmektedir (Weather Online, 2022).
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Sekil 2. 2010-2021 Konya ili Aylik Ortalama Riizgar Hizi Olgiimleri (mil/saat)

Sekil 2’deki grafik incelendigi zaman riizgar hizinda aylara gore degisen bir mevsimsellik oldugu agikca
goriilmektedir. Eldeki riizgar hiz1 verilerin ortalamasi alindiginda bunun 7,9 mil/s oldugu goriilmektedir. Ayrica
2010-2021 yillart arasinda riizgar hiz1 en diisiik 2,9 mil/s iken en yiiksek 11,1 mil/s olarak gerceklesmistir.

3.3. Tahmin Yontemi

Sekil 2°de sunulan gegmis riizgdr hiz1 verilerine bakildiginda farkli yillarin ayni aylarinda belirgin sekilde bir
mevsimsellik gozlemlenmektedir. Beklendigi gibi riizgar hiz1 ¢esitli aylarda yiiksek iken bazi aylarda daha diistik

seyirde ilerlemektedir. Bu nedenle mevsimselligi goz oniinde bulunduran zaman serileri ile tahminleme
yapilmustir.

ARIMA (Biitiinlesik Otoregresif Hareketli Ortalama), belirli bir zaman serisini kendi ge¢mis degerlerine, yani
kendi gecikmelerine ve gecikmeli tahmin hatalarina dayanarak agiklayan bir modeldir. Bu model, gelecekteki
degerleri tahmin etmek ig¢in kullanilabilir. Klasik bir ARIMA model ARIMA(p,d,q) ile gosterilir. ARIMA
modelleri tahmin edicilerin korelasyonsuz ve birbirinden bagimsiz oldugu durumlar en iyi sekilde ¢caligmaktadir.
Bu nedenle serinin duragan olmasi igin fark alinmasi yani degerlerin bir 6nceki degerden ¢ikarilarak farklarin
gosterilmesi gerekmektedir. d degeri ise seriyi duragan hale getirmek igin gereken minimum fark alma sayisidir.
Seri eger duragan ise d=0 olur. Fakat, baz1 karmagsik durumlarda bir den fazla kez fark alinmas1 da gerekebilir. p,
“Otomatik Gerileme (AR)” teriminin derecesidir. Tahmin edici olarak kullanilacak y gecikmelerinin sayisini ifade

eder. g ise “Hareketli Ortalama (MA)” teriminin derecesidir. ARIMA modeline girmesi gereken gecikmeli tahmin
hatalarinin sayisini ifade etmektedir.

Mevsimselligi goz oniinde bulunduran zaman serisi modellerinde ise normal modele ek olarak bir de mevsimsellik
kismi bulunmaktadir. Bu mevsimsel kisimda, tiim ARIMA parametrelerindeki faktorler gecikmenin yani bir
sezondaki donem sayisinin katlar1 boyunca ¢alisir. Mevsimsel bir ARIMA modeli, ARIMA(p,d,q)(P,D,Q)s olarak
gosterilir. Buradaki (p,d,g) normal ARIMA modeliyle ayni iken P, mevsimsel otoregresyon modelinin derecesini,
D, mevsimsel fark alma sayisini, O, mevsimsel hareketli ortalama modelinin derecesini ve s ise bir sezondaki
donem sayisini ifade etmektedir. Tiim bu parametreleri igeren model ise Denklem (2)’de gosterilmektedir.

(1 — @:B — @2B*—...— ¢,B”)(1 — &;B° — &,B* —...— ®,B*)(1 — B)Y(1 — B®y, = (1 +
0.8 + 0;B*+...+ 0,B°)(1 + 61B° + 0,B* +...+ 0,B™)¢, )
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Aylik periyotta mevsimseli hareketlerin yasandigini gordiiglimiiz gegmis donem riizgar hizi verilerine mevsimsel
ARIMA modelini R programi iizerinde uygulanmistir. Eldeki veriye en yakin sonuglara ulasan
ARIMA(1,0,1)(2,1,1)12 modeli oldugu goriilmiistiir. Bu modelin matematiksel gosterimi Denklem (3)’te ve bu
modele ait grafik ve sonuglar Sekil 3’te sunulmustur.

1 - ¢.B)(1 — ®:B™®)(1 — @,B)(1 — B)(1 — B®)y, = (1 + 6,B)(1 + 0,B™®)¢, 3)

Residuals from ARIMA(1,0,1)(2,1,1)[12]
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Sekil 3. ARIMA(1,0,1)(2,1,1)[12] Kalint1 Degerleri

Sekil 3’teki ACF grafigine baktigimizda neredeyse tiim degerlerin anlamlilik sinirlart igerisinde oldugunu ve
sadece bir tanesinde kiiglik bir asma oldugunu gorebiliriz. Bu nedenle elde ettigimiz kalintilarin beyaz giiriiltii
serisine olduk¢a yakin oldugu sdylenebilir. ARIMA modelleri igin kurulan varsayimin bdylelikle saglandig:
goriilmektedir.

Elde edilen model ile gelecek yil icin riizgar hizi verileri tahmini yapildiginda ise sonug Sekil 4’teki gibi
gergeklesmektedir. Goriildiigli gibi gegmis donem hareketlere benzer sekilde bir gelecek tahmini yapilmistir.
Tahmin ortalamasinin {izerinde koyu ve daha agik koyu alan ise %80 ve %95 giiven araliklarma gore tahminin
degisebilecegi seviyeleri gdstermektedir.

Forecasts from ARIMA(1,0,1)(2,1,1)[12]

12

10

Sekil 4. ARIMA(1,0,1)(2,1,1)[12] Gelecek Tahmini
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Tahminin performans degerleri ortalama mutlak hata ve ylizdesel ortalama mutlak hata degerleri iizerinden
degerlendirilmigtir. Buna gore ortalama mutlak hata degeri 0,695 iken yiizdesel deger 9,9 olarak 6l¢iilmiistiir. Bu
da tahminin basarili bir yontem oldugunu gostermektedir. Sekil 4’te gortildiigii gibi riizgar hizi ortalamalari ayni
yilin ayn1 donemlerinde belirli bir artis ve azalis trendinde goriilmektedir. Bu analiz, hangi aylarda riizgar hizinda
artis hangi aylarda diisiis oldugunu gostermektedir. Fakat riizgar tiirbinin i¢in yapilacak analizde sadece ortalama
riizgar hiz1 verilerini kullanmak yanlisa neden olabilmektedir. Ciinkii riizgar hiz1 ortalamast, tiirbinin devreye alma
hizindan diisiik olsa bile bu higbir enerji tiretimi olmayacak anlamina gelmemektedir. Bu nedenle ekonomik
modelde aylik riizgar hiz1 giigleri ve bunlarm sikliklar1 kullanilmastir.

3.4. Ekonomik Model

Riizgar tiirbini yatirmimin ekonomik analizinin yapilabilmesi i¢in paranin zaman degerini de goz Oniinde
bulunduran bir yontem tercih edilmelidir. Cilinkii bu tiir yatirimlar on yillar siirecek kapasitede oldugu i¢in zaman
icinde paranin azalan degerinin de dikkate alinmasi1 gerekmektedir. Riizgar tiirbini yatirimi ig¢in ekonomik
maliyetler temel olarak ilk yatirim maliyetleri, donemlik sabit maliyetler ve degisken maliyetleri olarak
smiflandirilabilir. Tlk yatirim maliyetleri genel olarak, tiirbinin ve gerekli tesislerin kurulumu igin gereken tek
seferlik teghizat, is¢ilik ve diger maliyetlerdir. Toplam igerisindeki en biiyilik pay genellikle bu maliyete aittir.
Doénemlik sabit maliyetler ise bakim-onarim maliyetleridir. Bunlar, diizenli olarak belirli periyotlarda yapilan
bakim caligmalart i¢in 6denmektedir. Bunun firetilen elektrik ile herhangi bir iliskisi yoktur ve sabit sekilde
gerceklesir. Degisken giderler ise tiirbinin calismasina bagli olarak degisen maliyetlerdir. Uretilen enerji miktar:
ile dogru orantili olarak bu maliyetler artis gostermektedir. Yenilenebilir enerji tiirlerinin bir avantaji da herhangi
bir yakit tiiketimi olmadig1 i¢in bu degisken maliyetlerin, diger enerji tiirlerindekine gére daha diisiik olmasidir
(Kumar ve Madlener, 2016). Ayrica yenilenebilir enerjilerin karbon emisyonu daha diisiik oldugu igin elektrik
iretiminden kaynaklanan ortalama emisyonu diisiirmekte ve karbon fiyatlanmasi uygulanmasi halinde ekonomik
bir katki saglamaktadir.

Ekonomik modelde, maliyetler kesikli olarak 6denirken, iiretilen elektrikten elde edilen karbon geliri siirekli olarak
elde edilmektedir. Bu nedenle toplam maliyetin Net Bugiinkii Degeri, Denklem (4)’deki gibi hesaplanmaktadir.
Ayrica son olarak

1+i 1+i 1+i

. N N t

NBDriizgér = Co + Csabit (%) [1 - (E) ] + Cs (E) _Ccarbon(Eavg - Ewind)zltvzlpt(vt) (E) (4)
Denklem (4)’de C, riizgar tiirbinin kurulmasi i¢in bugiin harcanan maliyetleri kapsamaktadir. Bu maliyet
kurulacak riizgar tiirbinin ¢esidine gore degismektedir. Cy,;;; ise yillik diizenli olarak ger¢eklesen bakim onarim
maliyetleridir ve bunlarin bugiinkii degeri i¢in Denklem (4)’deki sekilde faiz formiiliiyle ¢arpilmigtir. Kullanim
omrii sonunda eldeki tiirbinin Cy fiyatina satilabilecegi Ongoriilmektedir. Bu miktar genellikle kurulum
maliyetindeki malzeme maliyetinin %10’u olarak kabul edilmektedir (Vardar ve Cetin, 2009). Ortalama karbon
emisyonunda saglanan diisiis kadar karbon, birim fiyati Ccqyp0r, Olacak sekilde satilabilmektedir. Eq, g ve Eyying
strastyla Tiirkiye’deki birim elektrikten kaynaklanan emisyon miktarini ve riizgar tlirbinindeki emisyon miktarim
gostermektedir. Karbon fiyatlamasi {iretim miktarina bagl oldugu i¢in tlirbinin kullanim &mrii siiresince (N), ¢
aninda v riizgar hizina bagl olarak iretilen enerji miktart (P, (v)) iizerinden hesaplanmaktadir. Denklemdeki son
kisim bu hesaplamay1 gostermektedir. i enflasyon orani (%10) ve r faiz orani (%12) olarak segilmistir. NPV, 05,
degeri toplam maliyetin bugiinkii degerini vermektedir. Bunu toplam iiretim miktarina bdldiigiimiizde ise kurulan
rlizgar tlirbini i¢in birim elektrik tiretim maliyeti hesaplanmis olur.

4. Deneysel Sonuclar

Segilen bolgenin riizgar hiz1 verileri ve bunun gelecek tahminine bagl olarak ekonomik analiz yapilmaktadir. Sekil
4’te sunulan gelecek tahmini ekonomik model i¢in kullanilacaktir. Riizgar hiz1 verilerinin aylik olarak degismesi
nedeniyle satilan karbon ve satis gelirlerinde aylik faiz oran1 kullanilirken digerleri yillik bazda 6dendigi i¢in y1llik
faiz oran1 kullanilacaktir. Tiirbine dair teknik bilgiler Tablo 1’de ve bu tiirbinlerin ekonomik maliyetleri Tablo
2’de sunulmustur.

Tablo 1. Riizgar Tiirbinlerinin Teknik Ozellikleri (Vardar ve Cetin, 2009)

Riizear Tiirbini Baslama ve Bitirme  Anma Hizi Uretim Rotor Cap1 Yasam Omrii
g Hiz1 (m/s) (m/s) Giicii (kW) (m) (y1i))
Nordex N43/600 3-25 13,5 600 43 20
Nordex N60/1300 3-25 15 1300 60 20
Nordex N80/2500 3-25 14 2500 80 20
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Tablo 2. Riizgar Tiirbinlerinin Ekonomik Verileri (Vardar ve Cetin, 2009)

Vatirum Kule Kontrol Unite  Toplam insaat Yilik Bakim ve
Riizgar Tiirbini . Maliyeti  Maliyeti (Euro)  Maliyeti (Euro) Onarim Maliyeti
Maliyeti (Euro)
(Euro) (Euro)
Nordex N43/600 308.600 7.800 5.400 14.000 23.400
Nordex N60/1300 603.000 10.940 5.400 18.400 23.400
Nordex N80/2500 1,137,000 15.600 5.400 25.000 23.400

2021 yili verileri baz alindiginda ele alinan iki farkl: tiirbinin secilen bolge i¢in elektrik iiretim potansiyeli
Sekil 5°teki gibi gergeklesmektedir.
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Sekil 5. Tiirbinlerin Aylara Gore Elektrik Uretim Potansiyeli (kWh)
Riizgar hiz1 verileri genelde diisiik aralikta oldugu i¢in {iretim potansiyeli de biraz diisiik kalmaktadir. Ekonomik

olarak analiz edildiginde ise 20 yillik toplam maliyet ve iiretim miktarlar1 bugiinkii degeri goz 6niine alindiginda
ekonomik sonuglar Tablo 3’teki gibi elde edilmistir.

Tablo 3. Ekonomik Analiz Sonuglari

Toplam Uretim Karbondan ~ Maliyet  Birim Maliyet Karbonsuz

Riizgar Tiirbini (KWh) Elc!e edilen (Euro) (Euro/kWh) Birim Maliyet
Gelir (Euro) (Euro/kWh)
Nordex N43/600 3,90 milyon 64.923 701.803 0,163 0.180
Nordex N60/1300 7,65 milyon 127.387 982.685 0,112 0.129
Nordex N80/2500 14,88 milyon 247.855 1.489.918 0,084 0.100

Tiirkiye’de enerji bakanliginin verilerine gére 1 MWh elektrik iiretimine karsin ortalama 0,440 ton CO: ortaya
cikmaktadir. Riizgar enerjisinden elektrik iiretiminde ise 0,011 ton CO: meydana gelmektedir. Bu nedenle
riizgardan tiretilen her bir MWh i¢in 0,429 ton COz kazanim saglanmaktadir. Karbon satis fiyatinin 20 y1l boyunca
sadece enflasyon kadar artacagi ve bugiin 100 Euro/ton olarak belirlendigi bir ortamda eldeki riizgar hizi verilerine
dayal1 ekonomik analiz her ii¢ tiirbin i¢in de yapilmistir. Biiylik ekonomilerde karbon fiyat1 40-80 dolar arasinda
degismesine karsin bu rakam Avrupa’da 100 euro’ya ulasmistir. Tiirkiye’de yenilenebilir enerji yatirimi yapacak
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firmalarin da biiyiik oranda Avrupa firmalar1 olacag: disiiniilebileceginden karbon fiyat1 bu sekilde segilmistir.
Buna gore 20 yi1lda Nordex N43 tiirbini 3,9 milyon kWh elektrik iiretimi yaparken Nordex N60 7,65 milyon kWh
ve Nordex N8O ise 14,88 milyon kWh iiretim gergeklestirmektedir. Birim bagina maliyetlere bakildiginda ise 20
yullik siire¢ i¢in segilen riizgar tiirbinlerinin birim maliyetleri sirastyla 0,180, 0,129 ve 0,010 olarak hesaplanmustir.
Karbon satisindan kaynaklanan gelirler buna eklendiginde ise birim bagina maliyetler 0,163, 0,112 ve 0,084°¢
diismektedir. Bu da N43 tiirbini i¢in maliyetlerde %9,4, N60 i¢in %13 ve N80 i¢in %16°lik bir diisiis meydana
geldigini gostermektedir. Karbon fiyatinin 50 euro olarak alindig1 durumda ise birim maliyetler 0,172, 0,12 ve
0,092 olarak olgiilmektedir. Yani karbon fiyatinin yartya inmesi durumunda N30 tiirbini i¢in birim maliyet %5,
N60 icin %6,7 ve N80 i¢in %8,7 oraninda artis gostermektedir. Karbon fiyatindaki degisiklikten beklendigi gibi
en ¢ok iiretim yapan tiirbin daha ¢ok etkilenmektedir. Bu nedenle karbon fiyatlarindaki degisimin tiirbin se¢imini
dogrudan etkileyebilecegi 6ngoriilebilir.

5. Sonug ve Oneriler

Artan teknolojik gelismeler ve enerjide disa bagimlilik ve bunun neden oldugu enerji krizleri enerjinin 6nemini
giderek arttirmaktadir. Rusya-Ukrayna krizi Avrupa’nin enerjide bagimliliginin ne denli 6nemli siyasi sonuglari
olabilecegini gostermektedir. Bu siyasi etkilerin yaninda fosil kaynakli enerji yakitlarinin neden oldugu gevresel
problemler de kiiresel 1sinma ve iklim degisikligi gibi biiyiik sorunlara neden olmaktadir. Bu da yenilenebilir enerji
kaynaklarini etkin bir alternatif olarak one ¢ikarmaktadir. Tiirkiye’de elektrik tiretiminde dogalgaz kullaniminin
yenilenebilir enerji yatirimlari ile diisiiriilebilecegi dngoriilmektedir. Siirdiiriilebilirlik agisindan da hem ekonomik
hem c¢evresel faktorlerin birlikte degerlendirilmesi ve ayrica enerjide disa bagimliligin etkileri diisliniildiigiinde
yenilenebilir enerji kaynaklarina biiylik 6énem verilmesi gerektigi gortilmektedir. Son yillardaki yenilenebilir
kurulu giicteki biiyilik artis da bu 6nemi gostermektedir. Bu tiir kaynaklar mevsimsel sartlara bagl oldugu igin
cesitli kisitlara sahiptir. Eldeki kisith imkanlarla, bu alana yapilan yatirimlardan maksimum verimin elde
edilebilmesi i¢in dogru bir planlama ve analiz yapilmasi gerekmektedir. Bu durum da mevcut ¢aligmalarin daha
detayli bir sekilde enerjinin tiim boyutlarimi ele alacak sekilde gelistirilmesini mecburi hale getirmektedir.

Riizgar hizi tahminleri, tiirbin performansinin dogru bir sekilde degerlendirilmesini saglamaktadir. Riizgér hizi,
enerji liretimi ve dolayisiyla finansal getiriler {izerinde bilyiik bir etkiye sahiptir. Dogru tahminler, enerji iiretimi
potansiyelinin en iyi sekilde degerlendirilmesine yardimci olurken, yanlis tahminler tesisin etkinligini olumsuz
yonde etkileyebilir. Bu nedenle, riizgar hizi tahminlerinin dogrulugu, tlirbin se¢imi siirecinde kritik bir faktordiir.
Bu calismada ele alinan mevsimsel ARIMA modeli bu konuda oldukg¢a basarili sonuglar ortaya koymaktadir.
Ayrica, karbon fiyatlarinin sisteme dahil edilmesi, tiirbin se¢iminde siirdiiriilebilirlik ve ¢evresel etkilerin
degerlendirilmesinde 6nemli bir rol oynamaktadir. Karbon fiyatlari, enerji tiretimi maliyetlerini etkilemektedir ve
diisiik karbon emisyonuna sahip enerji {iretim teknolojileri, uzun vadede daha ekonomik ve siirdiiriilebilir bir
segenek olacaktir.

Sonug olarak, riizgdr hiz1 tahminlerinin dogrulugu ve karbon fiyatlarinin sisteme dahil edilmesi, tiirbin se¢imi
stirecinde ekonomik analizde dikkate alinmasi gereken onemli faktdrlerdir. Bu faktorlerin dogru bir sekilde
degerlendirilmesi, riizgar enerjisi projelerinin finansal getirilerini artirabilir, siirdiiriilebilirlik hedeflerine katkida
bulunabilir ve gevresel etkilerini azaltabilir. Ayrica ilave devlet destekleri, tesvikler ve yesil finansman sayesinde
riizgar basta olmak iizere yenilenebilir enerji yatirimlar1 daha cazip hale getirilebilir. Bu makalede sadece kara
iizerindeki tlirbinler ele alinmis olup ayni yiikseklikteki riizgar hizi degerleri iizerinden hesaplama yapilmistir.
Farkli yiikseklikteki riizgar hizi olglimleri ve deniz iistii rlizgar tlirbinleri i¢in de bu analizler yapilabilir.
Gelecekteki arastirmalar, riizgar enerjisi sektoriinde bu faktorlerin daha etkin bir sekilde kullanilmasini ve karar
verme siire¢lerini iyilestirmeyi hedefleyebilirler. Daha genis bir ¢ergeveden bakildiginda kullanilan tiirbinlerin
maliyetlerinin azalmas1 bu kaynaklardan iiretilen enerji maliyetini azaltacaktir.

Arastirmacilarin Katkisi

Bu arastirmada; Siileyman ATILGAN, literatiiriin taranmasi, verilerin toplanmasi, makale yaziminda, Muzaffer
ALIM, problem tanimlanmasi, arastirma siirecinin planlanmasi ve matematiksel analizlerin yapilmasinda, Cagr1
KOG, analizlerin kontrolii, sonuglarin yorumlanmasi ve metnin revizyonu konularinda katki saglamustir.

Cikar Catismasi

Bu ¢aligmada yazarlar arasinda herhangi bir ¢ikar ¢atigsmasi bulunmamaktadir.
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BioRAM ©Ometodolojisi ile risk degerlendirmesinde Cok Kriterli Karar Verme
yaklagimi biyolojik ajanlarin ve analizlerin olusturdugu goreli risklerin
laboratuvar ortaminda karsilastirilmasini saglamaktadir. Bu yontemde kullanilan
anket Saaty’nin semantik ikili karsilagtirma oOlgegi kullanilarak uzman
goriisleriyle olasilik ve siddet kriterlerinin agirliklarinin hesaplanmasi prensibine
dayanmaktadir. Kriterlerin alt degiskenlerine 0-1 arasinda degerler atayan model
biyolojik risk degerlendirmesinde standart Olgek olarak kullanilmaktadir.
Calismada “Cig siit numunesinde Koagiilaz pozitif Staphylococcus aureus
aranmas1” proseslerinin BioRAM© 2022 programiyla biyolojik risk
degerlendirmesi yapilmustir. iki boyutlu grafiklerle kriter agirliklarini hesaplayan
programa gore biyolojik ajanin biyokimyasal 6zelliklerine gore solunum, temas,
sindirim yoluyla risk diizeyi yiiksek riskli olarak hesaplanmistir. Mikrobiyolojik
analiz prosediirleri uygulanirken temas ve sindirim yoluyla yiiksek riskli,
perkiitan yaralanma yoluyla orta riskli, inhalasyon yoluyla orta riskli olarak
hesaplanmistir. Toplum i¢in solunum, sindirim ve temas yoluyla risk diizeyi
yiiksek risklidir. Perkiitan yaralanma yoluyla risk diizeyi orta riskli olarak
hesaplanmustir. Biyogiivenlik ve risk azaltma dnlemleri alindiktan sonra analizin
risk diizeyi sindirim, temas ve inhalasyon yoluyla orta riskli olarak
hesaplanmistir. Ancak onlemlere ragmen analizin toplum i¢in olusturdugu risk
diizeyi temas, sindirim ve solunum yoluyla yiiksek risklidir. Tyi diizeyde dnlemler
alinmasina ragmen risk diizeyi kabul edilebilir diizeye getirilememistir.
Calismanin sonunda bu mikroorganizmanin manipiilasyonlart sirasinda risk
diizeyinin kabul edilebilir diizeye getirilmesi i¢in Kisisel Koruyucu Donanim
onlemlerinin  artirilmasi  Onerilmistir.  Ayrica bu  mikroorganizmanin
manipiilasyonlarinda geleneksel mikrobiyolojik analizlerinin yerine malzeme
hacmini ve aerosol riskini azaltan molekiiler tekniklerin kullanilmasi dnerilmistir.
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Accepted: 05.12.2023 BioRAM © methodology enables comparison of the relative risks posed by

biological agents and analysis in the laboratory environment. The
questionnaire used in this method is based on the principle of calculating the
weights of probability and severity criteria with expert opinions using Saaty's
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Bioram semantic pairwise comparison scale. The model, which assigns values
Probability between 0 and 1 to the sub-variables of the criteria, is used as a standard scale
Severity in biological risk assessment. In the study, biological risk assessment of the

process "Detecting Coagulase positive Staphylococcus aureus in raw milk
samples" was carried out with the BioRAM®© 2022 program. According to
the program that calculates the criterion weights with 2-dimensional
graphics, the risk level through inhalation, contact, and digestion is
calculated as high risk according to the biochemical properties of the
biological agent. When applying microbiological analysis procedures, it was
calculated as high risk through contact and ingestion, medium risk through
percutaneous injury, and medium risk through inhalation. It poses a high risk
to the public through inhalation, ingestion and contact. The risk level through
percutaneous injury is calculated as medium risk. After biosafety and risk
reduction measures were taken, the risk level of the analysis was calculated
as medium risk through ingestion, contact, and inhalation. However, despite
the precautions, the risk level posed by the analysis to society is high through
contact, ingestion, and inhalation. Although good precautions were taken,
the risk level could not be brought to an acceptable level. At the end of the
study, it was recommended to increase Personal Protective Equipment
measures to bring the risk level to an acceptable level during the
manipulations of this microorganism. In addition, it has been suggested to
use molecular techniques that reduce material volume and aerosol risk
instead of traditional microbiological analyses in the manipulation of this
microorganism.

Multi-Criteria Decision Making

1. Giris

Mikrobiyoloji laboratuvarlarina tani konmak ftizere gelen siipheli binlerce numunede mikroorganizmayi
saptanabilir kilmak i¢in kullanilan ¢ogaltma teknikleri (kiiltiir), infeksiydz ajanlarin etrafa yiliksek dozda sagilma
olasiligini artirmaktadir (Basustaoglu, 2012). Bu sagilmalarin meslek hastaliklar1 ve Laboratuvar Kaynakli
Enfeksiyonlara (LKE) neden olma ihtimali “Is Saglig1 Giivenligi” ve “Halk Saglig1” arastirmalarinda 6nemli bir
probleme isaret etmektedir. Ilk alan yazin taramasinda laboratuvarlarin saglik calisanlari igin en fazla enfeksiyona
maruz kaldig1 potansiyel alanlar oldugu goriilmistiir (Basustaoglu, 2012; Siengsanan-Lamont and Blacksell,
2018). Bu enfeksiyonlar1 biyogiivenlik boyutuyla ele alan ¢alismalarin odaginda kesici delici alet yaralanmalari
ve aerosollerle bulaslarin nedenleri vardir (Singh, 2009; Siengsanan-Lamont and Blacksell, 2018; Peng 2018;
WHO, 2020). Buna gore yiiksek bulastiriciliga sahip mikroorganizmalarin manipiilasyonlar1 (santrifiijleme,
pipetaj, pasaj yapma) laboratuvarlarda yiiksek salinima neden olmaktadir (Siengsanan-Lamont and Blacksell,
2018; WHO, 2020ab). Bu salinim1 diisiik diizeye getirmek i¢in temel dnlemlere artirilmig 6nlemlerin (sekonder
onlemler) etkin ve planli sekilde eklenememesi mikroorganizma manipiilasyonlari sirasinda etrafa sagilmasina yol
agmaktadir (WHO, 2020a) Kabul edilemez risk diizeyi olusturan uygulamalara karsi siirdiiriilebilir ve etkin risk
yonetim strateji 0gelerinin belirleyiciliginin ortaya konulmasi 6nemlidir. Bu baglamda ise baglamadan 6nce risk
degerlendirmesi yapilmalidir (Basustaoglu, 2012; APHL, 2016; NIH, 2020, WHO,2020)

Diinyada epidemilerin ve pandemilerin yayilmasiyla birlikte biyolojik risk degerlendirmesi risk kontrol
stratejilerinin belirlemesinde daha da nemli hale gelmistir. Bu gergevede Diinya Saglik Orgiitii (WHO) Amerika
Halk Sagligi Kontrol Merkezi (CDC) ile kilavuzlar yayimlayarak biyolojik risk degerlendirme metodolojisini
belirlemistir. Buna gore Biyolojik Risk Degerlendirmesi bilinen veya potansiyel bulasici ajanin tehlikeli
ozelliklerini, bir kiginin bir ajana maruz kalmasiyla sonuglanabilecek faaliyetleri, bu maruziyetin bir LKE’ ye
neden olma olasiligin1 ve muhtemel tehlikeyi belirlemek i¢in kullanilan bir siiregtir (WHO, 2020a). Diinyada
laboratuvarlarin birgogu ISO 15189 akreditasyonuna, Iyi Laboratuvar Uygulamalari (GLP) uygunluk beyanina
sahiptir. Ancak siirecin dinamik olmasi, saglik personeli eliyle yapiliyor olmasi yeni risklere maruziyet olasiligimni
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dogurdugundan siirecin siirekli izlenmesini gerektirmektedir (WHO, 2020b). Risk degerlendirme siireci bir
laboratuvar protokoliinde uygulanan her prosesin tekrar tekrar gézden gegirilmesini miimkiin kilmaktadir.

Bu baglamda ¢alismada Gida Kontrol Mikrobiyolojik Analiz laboratuvarlarinda Stapyhlococcus aureus bakterisi
izole edilmistir. Daha sonra bu bakterisinin BioRAM®© programi ile biyolojik risk degerlendirmesi yapilmustir.
Bu programda olasilik diizeyi laboratuvar prosediirlerinin ve dnlemlerinin detayli bir sekilde tanimlanmastyla
belirlenmektedir. Siddet diizeyi analizler sirasinda iireyen mikroorganizmalarin viriilans faktorlerinin ve
patojenitesinin tanimlanmasiyla belirlenmektedir. Bu baglamda ilk béliimde BioRAM®© programinin prensipleri
ve risk diizeyinin hesaplanmasiyla ilgili bilgi verilmistir. Uygulama boliimiinde Staphylococcus aureus un
identifikasyon agamalar1 verilmistir. Tehlikelerin tanimlanmasi baglig1 altinda 6nce mikroorganizmanin biyolojik
ajan Ozellikleri ve morbiditesi, daha sonra izole edilirken kullanilan prosediirlerde aerosol, temas, perkiitan
yaralanma risk diizeyi ilgili bilgi verilmistir (Tablo 2). Uygulama boliimiinde Staphyloccocus aureus bakterisinin
laboratuvarlar i¢in olusturdugu risk diizeyi somut bir sekilde hesaplanmustir.

Staphylococcus aureus bugiin diinyada 6nemli mortalite ve morbidite oranlarina sahiptir. Bugiin hala yogun bakim
servislerinde nazokomiyal hastalik etkeni olarak, MRSA (Metisilen diregli Staphlococcus aureus), katater gibi
cihazlarda biyofilm gelistirmesi nedeniyle mortalite etkeni olarak arastirilan bir bakteridir. Laboratuvarda tiretilen
bu mikroorganizma laboratuvar ¢aliganinin burun mukozasina kolonize olabilmektedir. Burun kolonizasyonu oto
enfeksiyona yol acabilmektedir. SEB enterotoksinleri biyolojik silah olarak kullanilabilmektedir. Literatiir
taramasi yapildiginda bu bakteri ile ilgili birgok arastirma bulunmaktadir. Ancak bu mikroorganizmanin biyolojik
risk analizi ile ilgili yeterli ¢alisma bulunmamaktadir. Genellikle klinik laboratuvarlarda izole edilen suslari ile
ilgili arastirmalara rastlanmaktadir. Mastitisli ineklerin ¢ig siitiinden elde edilen bakteri ile insandan izole edilen
bakterinin viriilans genleri kiyaslandiginda bazi farkliliklar bulunmaktadir. Diger taraftan ¢alismada ¢ig siitten elde
edilen Staphylococcus aureus™un insanlardan elde edilen suslarda oldugu gibi fem A gen bdlgesine sahip oldugu
ve MRSA gelistirdigi bilinmektedir. Bu baglamda ¢aligmada ¢ig siitten izole edilen Staphylococcus aureus
bakterisinin izolasyonu yapilmistir. Gida laboratuvarlarinda Koagiilaz pozitif Staphylococcus spp.analizi rutin
yapilan bir yontem olarak kullanilmaktadir. Calismada gida mikrobiyoloji analistlerinin maruz kaldiklar1 risklerin
risk diizeyinin hesaplanmasi amaglanmistir. Bu bakteri biyolojik risk baglamiyla ilk defa ele alinmis ve ilk kez bu
kadar detayl1 biyolojik risk analizi BloRAM®© programiyla yapilmistir.

Diinyada SARS-CoV-2 pandemisiyle beraber yayimlanan gegici kilavuzun ardindan DSO’niin 2020’de yayinladig
iki ayr kilavuzda (4. yaym biyolojik risk degerlendirme ve 4. yaymi biyogiivenlik kilavuzu) biyolojik risk
degerlendirme metodolojisinin prensipleri ¢ok detayli irdelenmistir. Bu yaklasima gore risklerin ortaya ¢ikma
olasihigi ve siddeti degerlendirilirken ilk risk kabul edilemez risk (orta, yiiksek, ¢ok yiiksek) ya da kabul edilebilir
risk (cok diisiik, diisiik) olarak tanimlanmaktadir (Caskey et al., 2010; WHO,2020). Calismada bu kilavuzlardaki
yonergelere gore mikrobiyoloji laboratuvarlarinda izole edilen Staphylococcus aureus suglarmin biyolojik risk
degerlendirmesi yapilmigtir. Amag¢ lokal anlamda uygulanabilir ve siirdiiriilebilir etkin kontrol o6nlemi
proseslerinin tanimlanmasidir. Diger taraftan bu tehlikeleri is saglig giivenligi bakis agis1 ve giiclii bir metodoloji
ile irdeleyen aragtirma iilkemizde biyolojik risk arastirmalarinda ve biyolojik risk degerlendirme yontemlerinin
gelistirilmesinde 6nemli bir boslugu dolduracaktir.

Genellikle literatiirde risk analizleri nitel yontemlerle yapilmaktadir. Ancak olasilik ve siddet faktoriinii belirleyen
faktorlerin etki diizeyi farklilik gdstermektedir. Bu nedenle sahada analizler yapilmis ve analiz sirasinda alt
faktorlerin diizeyi 0-1 arasinda puanlandirilarak nicel olarak hesaplanmasi yapilmistir. Sandia 2010 yilinda
miihendis ve halk saglig1 uzmanlariyla birlikte gelistirdigi BioRAM®O© anketi Tiirkgeye ilk kez ¢evrilmis, program
ilkemizde bir analiz sirasinda ilk kez kullanilmistir. Bugiin SARS-CoV-2, Staphlococcus aureus gibi saglik
¢alisanlarinin ve toplumun sagligini tehdit eden birgok mikroorganizma biyolojik silah olarak kullanilabilmektedir.
Diinyada bir salgin ilk defa ortaya ¢iktiginda “epidemi olarak mi1 yoksa pandemi olarak m1 halk sagligin tehdit
edecek” sorularmin cevabini bulmak énemlidir. Bunun i¢in kullanilan risk analizinde BioORAM®© programindan
yararlaniimaktadir. Ulkemizde mikrobiyoloji referans laboratuvarlarinin biyogiivenlik kilavuzunda biyolojik risk
analizi sadece biyogiivenlik Onlemleri dikkate alinarak nitel olarak yapilmaktadir. Tiirkiye’de Halk sagligi
merkezlerinin bu metodolojiden yararlanmasi pandemi ve epidemilerin kontrol altina alinmasinda oldukga
onemlidir. Bu baglamda Tiirkge ’ye ilk kez uyarlanmis olan bu anket ve programin bir mikroorganizma izole
edilirken kullanilmast olduk¢a dnemli bir boslugu doldurmaktadir.

2. Biyolojik Risk Perspektifiyle Stapylococcus aureus

S. aureus, yasami tehdit eden ¢esitli hastaliklara neden olabilen firsatg1 bir patojendir. S. aureus, enterotoksinler
(SEA, SEB, SEC, SED, SEE, SEG, SEH, SEI ve SEJ), Panton-Valentine 16kosidin (PVL), toksik sok sendromu
toksinil (TSST-1), eksfolyatif toksin (ETA ve ETB) ve alfa toksin (Hlg) iiretebilmektedir (Jans, et al, 2022).

Suslarinin ¢ogu, gidalarda gelistiginde enterotoksinlerini salgilayarak tipik intoksikasyon tip gida kaynakli
hastaliklara neden olmaktadir (Nwankwo and Nasiru, 2011). Kisiden kisiye bulagma, piiriilan bir lezyonla veya
tastyiciyla temas yoluyla gerceklesmektedir (Kluytman, et al., 1997). Enfeksiyon kisiden kisiye saglik calisanlari
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veya hastalar araciligryla yayilabilmektedir (Kluytman,e al., 1997). Burun kolonizasyonu oto enfeksiyona yol
acabilmektedir. Arastirmalar biyolojik ajanin SEB enterotoksinleri nedeniyle intravendz ve inhalasyon yoluyla
maruz kalmada oldukga toksik oldugunu ve pulmoner 6dem nedeniyle 6liime neden oldugunu gostermistir.

Hastanelerde Metisilin direngli S. aureus’lar bakteriyemi, pnomoni, cerrahi infeksiyonlar ve nazokomiyal
infeksiyonlara neden olmaktadir. Amerika Birlesik Devletleri’nde bulunan hastaliklar1 6nleme ve kontrol
merkezlerinin verilerine gore saglik kuruluslarinda meydana gelen S. aureus infeksiyonlarinin %59,5’inin
MRSA’lardan kaynaklandig1 belirtilmektedir. Antimikrobiyal siirveyans programi tiim diinyada yogun bakim
iinitelerinde MRSA vakalarimin arttigini belirtmektedir. S. aureus enterotoksinleri gida zehirlenmelerine; TSST-1
toksik sok sendromuna neden olmaktadir (Nwankwo and Nasiru, 2011). TSST-1toksininin klinik tablosu
siddetlidir ve akut semptomlar yiliksek ates, damar kollapsi, kusma, ishal, miyalji, hipotansiyon, eritematdz
dokiintii, deskuamasyon ve en az 3 organ tutulumu seklinde klinik tablo gostermektedir. Bu toksinin yol agtigi
mortalite oranlar1 ¢ok yiiksektir ve 2 saat i¢inde 6liim gergeklesebilmektedir. Panton-Valentin toksini etkisini
konak hiicre membranimi eriterek gostermektedir. Metisilin direngli S. aureus ile enfekte olmus hastalarda
nekrotizan pnémoni ve nekrotizan kutandz infeksiyonlara neden olmaktadir. S. aereus ekzotoksin olarak hemolizin
salgilamaktadir. Bunlar (alfa, beta, gama ve delta), niikleaz, proteaz, lipaz, hiyolarunidaz, proteinazlar vardir. Alfa
hemolizin Norotoksik ve dermatonekrotik etkiye sahiptir. Bir arastirmada sigir mastitislerinden izole edilen 103
susun kiiltiirlerinden 25’inde alfa hemoliz 50’sinde beta hemoliz gérdiiklerini bildirmislerdir (Ozpinar, 2011).
Epidermiste salgilanan eksfolyatif toksinlerden (ETA ve ETB) haslanmis deri sendromuna yol agmakta, yeni
doganlarda, kiiciik g¢ocuklarda biilloz impetigo ve bunun yayilmis formu stafilokokal scaled-skin syndrome
(SSSS)’a neden olmaktadir (Nunes, 2007).

3. BioRAM® Program ve Biyolojik Risk Degerlendirmesi

Mikrobiyoloji laboratuvarlarinda saglikli ve giivenli ortam olusturma yolunda ilk adim ¢alismaya baslamadan dnce
risk degerlendirmesinin yapilmasidir (Basustaoglu, 2012; APHL, 2016; NIH, 2020, WHO,2020). TS 18001 Is
Sagligi ve Giivenligi Yonetim Sistemlerine gore risk degerlendirmesi, tehlikelerden kaynaklanan riskin
biiyiikliigiinii tahmin etmek ve mevcut kontrollerin yeterliligini dikkate alarak riskin kabul edilebilir olup
olmadigma karar vermek i¢in kullanilan prosestir. Biyolojik risk degerlendirmesi metodolojisinde Kanada ve
birgok gelismis iilkede BioRAM® programi kullanilmaktadir. BioRAM®© programiyla Mourya (2021)
calismasinda SARS-CoV-2 virlisiiniin laboratuvarlarda RT-PCR’la izole edilirken risk diizeyini hesaplamistir.
Plebeian et al. (2016) ¢alismasinda Zika virtsii ile ilgili yaptiklar1 aragtirmada BioRAM®© programu ile biyolojik
risk degerlendirmesi yapmiglardir. Qasmi et al., (2012) ¢alismasinda Pakistan’da klinik laboratuvarlarda 8 ay
boyunca 18 sehirde arastirma gergeklestirmiglerdir. BioRAM®© programi ve Sandia’nin laboratuvarlarindaki risk
yonetiminden yararlanilarak anket gelistirmislerdir. Amy et al. 2014’te Ulusal Amerika’da biyogiivenlik
sisteminde BioRAMO®O ve Sandia giivenlik risk degerlendirme aracini kullanmislardir.

Biyolojik ajanlara maruziyet olasiligini ve siddetini belirleyen ¢ok fazla kriter bulunmaktadir. Bu kriterlerin
olasilik ya da siddet iizerine etkisinin saptanmasinda énem diizeyinin belirlenmesi 6nemlidir. Bu baglamda bu
program ile risk degerlendirmesinde Cok Kriterli analiz yaklasimiyla kriterlerin agirliklart hesaplamaktadir. Ancak
bu metodoloji risk seviyesini degerlendirmek yerine risk karakterizasyonu ile riskin kabul edilebilir, kontrol
edilebilir veya kabul edilemez olup olmadiginin belirlenmesine yardime1 olmaktadir (Caskey et al., 2010).

3.1. Risk Analizinin Prensipleri
3.1.1. Cok Kriterli Karar Verme Yontemi (CKKYV)

Bu metodolojinin mutlak riskin resmi bir nicel degerlendirmesi olmas1 amaglanmamustir. Ancak biyolojik ajanlarin
ve uygulamalarin olusturdugu goreli risklerin laboratuvar ortaminda karsilastirilmast i¢in yontemin
yapilandirilmasini saglamaktadir. Yapilandirilmis risk degerlendirmesine yonelik ¢ok sayida yaklasim vardir. Cok
kriterli karar verme bu yontemlerden biridir. CKKYV karar analizi i¢in bilimsel olarak saglam bir yontem olarak
tanimlanmis ve risk analizinde kullanim igin kapsamli bir sekilde dogrulanmistir (Caskey et al., 2010). Linkov vd.,
sinirli sayida emsal verinin oldugu ve yiiksek belirsizlik diizeyi oldugu durumda CKKV’yi geleneksel risk
degerlendirmesinin bir parcasi olarak kullanilmasini savunmuslardir. CKKV saglam bir disiplin olarak
orneklendirmede ve gerekgelendirmede yararlidir. CKKYV, sinirhi detayli bilgiye sahip alanlara odaklanan ve
zamanla degisebilen bilgileri kullanabilen yapilandirilmis risk degerlendirmeleri igin risk toplulugu tarafindan
yiiriitme araci olarak kabul edilmistir. Yapiya ek olarak, CKKYV sayisal hesaplamaya yardimci olmasi ve karar
vericilerin risk yonetimi konusundaki tercihlerinin desteklenmesi baglamiyla seffaf bir risk degerlendirme metodu
saglamaktadir (Linkov, 2006). Bu yontem uzman goriisii alinarak birden fazla bilgi kaynagini birlestirmek i¢in bir
mekanizma saglamaktadir (Linkov, 2007).

Cok Kriterli Karar Verme (CKKYV); birgok kriteri birlikte degerlendirerek alternatiflere degerler atama siireci
olarak ifade edilmektedir (Karaatli, 2015) Cok kriterli karar verme (CKKYV) yontemleri genel olarak karar
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degiskenleri ve agirliklarin1 da dikkate alarak alternatifler arasinda siralama yapip en iyi alternatifi se¢meyi
amaclamaktadir (Nacar, Erdebilli, 2021). CKKV’ de analizin temel yapisi, durumu tanimlayan ilgili kriterleri
tanimlamaktir. Sayisal dl¢iimlerin ve goreli dlgiimlerin nasil yapildigini tanimlayan birkag matematiksel modelde
onem dereceleri belirlenmektedir. Ayni sekilde olglimlerin birlestirilmesi de modelden modele farklilik
gostermektedir. Bu analizde kullanilan yaklasim tiim kriterleri birlestirmekte ve tiim agirlikli sayisal degerleri (aij,
wj) toplayarak tek bir puana (A) agirlik vermektedir (Triantaphyllou, 2000).

Risk analizi i¢in CKKV kullanildiginda, agirlikli toplamin elde edilen puani, goreli risk siralamasinin
olusturulmasinda kullanilmaktadir. Olasilik ve siddet birbirinden bagimsizdir. Bu iki deger goreceli risk
karakterizasyonunu birlestirmek i¢in kullanilmaktadir.

3.1.2. Biyogiivenlik Risk Degerlendirme Metodolojisi

Kaplan ve Garrick, (1981) tarafindan tanimlandigi gibi, risk analizi ii¢ 6zel sorunun yanitlanmasindan
olusmaktadir:

NE OLMA EGER OLURSA,
OLABILIR? OE‘E]S)%(I‘?I NE OLABILIR?

Bu metodolojide biyogiivenlik riskleri laboratuvar is uygulamalar1 ve prosediirlere bagl olarak bulasici yoldan
maruz kalma olasilig1 ve sonuglarini enfeksiyon olasiligimin bir fonksiyonu olarak tanimlamaktadir (Sekil 1)
(Caskey et al., 2010). Ek- 1,2 ve 3 de Biyogiivenlik risk degerlendirme modeli i¢in uzmanlarin belirledigi bazi
agirliklar yer almaktadir.

BIYOGUVENLIK RISKLERI

4 >
Maruziyet ve Enfeksiyon Varsayilan enfeksiyon
olasilig1, sonuglars
Bi_V.'°1°ink ajanin Laboratuvar prosediitleri
biyokimyasal ve laboratuvardaki risk
ozelliklerine azaltma 6nlemlerine bagls
dajvanafak olarak enfeksiyona maruz
enfeksiyona maruz kalma olastlig1
kalma olas1lig1

Sekil 1. Biyogiivenlik Risk Degerlendirme Metodolojisi (Caskey et al., 2010)

Sekil 1’ de goriildiigii tizere olasilik faktorii hesaplanirken iki ayri faktoriin alt faktorleri hesaplanmaktadir. Bunlar
dan birincisi analizler sirasinda iireyen biyolojik ajanin biyokimyasal dzelliklerine dayanarak hesaplanan olasilik
diizeyidir. Ikincisi laboratuvar prosediirleri ile biyogiivenlik énlemlerine dayali olarak hesaplanan olasilik
diizeyidir. Bu metodolojide hastaligin olasilig1 ve sonuglar1 bireysel risk diizeyi, toplumsal risk diizeyi grafiklerle
degerlendirmektedir. Bu metodoloji tiim senaryolarin goreli risklerini sayisallastirmak i¢in her spesifik senaryonun
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tim elementlerini bir araya getirmektedir. Bu risk hesaplamalar1 kabul edilebilir riskleri belirlemede ve risk
azaltma faaliyetlerine odaklanmada yardimc1 olmaktadir.

3.1.3. Biyolojik Risk Analizi Modeli

Biyolojik risk degerlendirmesinde 13 ayr1 senaryo modellenmistir. Bulasict ajanin her bulas yolu ya da rotasi igin
biyolojik ajanin manipiilasyonlarinda risk olup olmadigy, risk azaltmanin diizeyi ve biyolojik ajanin enfeksiyoz
dozu (ID50) BioRAM®O o6l¢eginde puanlandirilmaktadir. Tablo 1 de 6rnek senaryo gosterilmistir.

Tablo 1. Senaryo 1(Caskey et al., 2010)
OLASILIKMODELI

OLASILIK MODELI

insanlarda damlaciklarin neden oldugu
bir enfeksiyon olasih@ iist veya alt

Solunuma laboratuvar siiregleri

maruz kalma potansiyeli

yoluyla

v' Kazara Aerosol solunum yoluna girdigini varsayalim

v Aerosol Deneyi v Bu ajamin inhalasyon yoluyla

v Dokiilme enfeksiyona neden oldugu

v Ekipmanin temizligi ve bakimi yoluyla laboratuvar ortaminda  biliniyor
maruz kalma potansiyeli mu?

v Laboratuvarda hayvan kullamimina v Bu ajanin damlaciklarla inhalasyon

maruz kalma potansiyeli

Birincil Koruma

yoluyla enfeksiyona neden oldugu
dogal ¢evrede biliniyor mu?

v KKD v Bu ajanin bu yol igin bulagic1 dozu
v" Solunum cihazlari (I.D.50). 1000'den az mu1 veya
v’ Prosediirler bilinmiyor mu?

v' Ozel tasima teknikleri
v"_ Ozel hayvan tasima teknikleri
SIDDET MODELI

Bu ajan veya yan tirlinlerinden biri insan ve konakgida kanserojen veya mutajenik etkilere neden
olur mu?

Bu ajanin viicutta olumsuz etkisi olan toksin veya enzim iiretimi var m1?

Bu ajan bir insan konak¢inin bagisiklik sistemini baskiliyor mu?

Hastaligin siiresi saglikli bir insan konakta ne kadardir?

Hastaligin ciddiyeti nedir (hastaligin ortalama siddeti, normal saglikli bir insan konakg¢ida hastalik
belirtileri kritik durumda hastaneye kaldirilir mi1?)

Organizma normal saglikli bir insan konak¢1 oldugunda enfeksiyonun siiresi ne kadardir (ev
sahibine viriis bulagtif1 siirenin uzunlugu) ?

Bu hastalik normal saglikli bir insanda uzun siireli durumlara (sekeller) neden olur mu?

Belirli bir donemde bu hastaligin neden oldugu insanlarda 6liim siklig1 nedir?

Bu hastaligin salginlar1 i¢in ne diizeyde ulusal veya uluslararasi raporlama gereklidir?

Insanlar icin etkili teshis testleri var mi1?

Maruziyet sonrasi tedaviler (immiinoglobulin, asilar ve antimikrobiyaller dahil) insanlar i¢in var
mi1?

Insanlar igin énleyici tedbirler (agilar) var mi1?

Tablo 1’ de risk diizeyi hesaplanirken olasilik ve siddet alt kriterler nasil hesaplandigi hakkinda bilgi verilmistir.
Buna gore inhalasyon yoluyla bulasa neden olan prosediirlerin oldugu laboratuvar is uygulamalarindaki senaryoya
gore BioRAMO 6l¢eginde puanlandirma yapilmaktadir. Boylece alt kriterlerin agirligina gore yani sirastyla rotaya
gore aerosol diizeyi, biyolojik ajanin enfeksiydz dozu, risk azaltma diizeyi ve biyolojik ajanin patojenitesine gore
risk diizeyi hesaplanmaktadir. Kazara aerosol olusmussa ve iireyen mikroorganizma solunum yoluyla bulas yolu
olusturuyorsa iireyen mikroorganizma hastalik olusturmaktadir. Soyle ki kazara aerosol olusmus fakat
mikroorganizma perkiitan yaralanma yolu ile bulag yolu olusturuyorsa risk olugsmamaktadir. Perkiitan yaralanma
ve mukoz membranlar yoluyla maruz kalma i¢in benzer senaryolar planlanmaktadir (Caskey et al., 2010).

3.2. Biyogiivenlikte Saaty Olcegi ve Kriter Agirhklarinin Hesaplanmasi

Sandia Amerikan Biyogiivenlik Dernegi Colorado ve Kanada Halk Sagligi Kurumu Bulasict hastaliklar
uzmanlartyla ortaklasa ¢alisarak biyolojik ajan maruziyet olasiligt ve siddet kriterlerini belirlemistir. Bu kriterler
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ve alt kriterlerin agirliklarinin hesaplamak igin Saaty’nin semantik ikili karsilastirma 6l¢egi kullanilmistir. Bu tipik
olarak Saaty semantik 6lgegi kullanilarak birinin goreli 6nemi degerlendirilerek yapilmaktadir.1 (esit dnem) ila 9
(6onemli Olciide daha oOnemli) Olgeginde bir kriterden digerine karsilastirma prensibine dayanmaktadir.
Biyogiivenlik risk degerlendirme modellerinin altinda yatan matematige dayali olarak ikili karsilastirma anlamsal
olgeklerin kullanilmas1 miimkiin olan en iyi agirliklandirma alternatifi olarak seg¢ilmistir. Model birbiriyle iligkili
kriterlere sahip olmayacak sekilde tasarlanmis ve kriterler agirliklandirildiktan sonra degistirilmemistir.
Uzmanlardan her birinden kriteri ikili olarak karsilagtirmalari istenmistir. Bu aktivite 6dnceden olusturulmus bir
matris kullanilarak gerceklestirilmistir. Sonuglar daha sonra ticari bir yazilim uygulamasina (Expert Choice™)17
girilmistir. Saaty dl¢eklerini sayisal degerlere doniistiirmek ve bir standart kullanmak i¢in tasarlanmistir. Boylece
tiim uzman tercihlerini tek bir kiiresel agirlikta birlestirmek i¢in dagitim modeli tasarlanmustir.

Her model icin dort spesifik deger hesaplanmstir.
i1k deger (Li) olasiligi tanmimlamaktadir. Ornegin, inhalasyon yoluyla enfeksiyon olasilig1.

i"kinci deger (Le), prosediirlere dayali olarak belirli bir yol i¢in maruz kalma potansiyelini tanimlamaktadir,
Ornegin aerosol maruziyeti olasiligi.

Uciincii deger (Lm), belirli bir rota icin yerinde giivenlik seviyesini tanimlamaktadir. Ornegin, Biyogiivenlik
Kabini (BGK) kullanimina bagl olarak aerosol maruziyetindeki azalma

Dérdiincii deger (C), bir konak¢ida hastaligin sonucunu tanmmlamustir. Ornegin, enfeksiyon ve olasi tedavinin
etkinligi.

Modellerin tiimii, dort degerin her birini hesaplamak i¢in bir ek deger islevi kullanmistir; kriter dnce her bir kriter
degerini kendi agirligi ile carparak ilgili agirliklart ile birlestirmis, sonra tiim agirlikli kriterler toplanmigtir. Her
senaryo i¢in goreli riski hesaplamak i¢in, belirli olasilik degerleri daha sonra genel olasilik skorunu olugturmak
i¢in birlestirilmis ve sonug "risk altindaki" konakeilarin her biri i¢in puan hesaplanmaistir.

Maruz Kalma Olasihigr;

Belirli bir rota i¢in maruz kalma olasilig1 hesaplamak i¢in daha fazla azaltma riskin degerini kiigiiltmektedir. Ancak
risk asla sifir olamamaktadir. ilk olarak, model “Mitigation Value” (LM) degerini hesaplamaktadir; bu deger,
"mitkemmel" azaltma ile karsilastirildiginda yerinde biyogiivenlik onlemlerinin etkililik yiizdesi olarak
tanimlanmaktadir. Mutlak dlgekte tanimlandigi sekliyle "miikemmel” hafifletme esittir dorde; hicbir azaltma sifir
olarak tammlanmamaktadir. Bu degeri hesaplamak i¢in agirlikli toplam deger tiim yerinde azaltma 6nlemi puanlari
“mitkemmel” azaltma degerine (dort) bolinmektedir. Bu deger daha sonra maruz kalma potansiyeli degeri ile
carpilmaktadir (agirlikli katki degeri belirli maruz kalma yolu i¢in tanimlanmus kriterlerin degeri) (Le). Bu, genel
tanimlama etkililik yiizdesi yerinde giivenlik dnlemlerinin belirli rotanin maruz kalmasi potansiyelini azaltmak
i¢in tanimlanmistir.

LM =(Lm/4)* Le
Genel maruz kalma olasilig1 daha sonra agirlikli hafifletme degeri ¢ikarilarak hesaplanmaktadir.
LE =Le - (LM * Wm)

Bu siireg, genel maruz kalma olasiligimi ¢ok kiiglik yapmak i¢in daha fazla hafifletmeye izin vermektedir. Ancak
stfirdan kiiciik veya sifira esit olmasina izin vermemektedir.

Enfeksiyon olasihig1 agirlikl kriterle birlikte ek deger fonksiyonuyla hesaplanmaktadir.
Genel Olasilik;

Enfeksiyon olasilig1 (Li) ile enfeksiyon olasilig1 ile enfeksiyona maruz kalma olasiligr arasinda dogrudan bir iligki
bulunmaktadir.

Bu degerlerin geometrik bir ortalama kullanilarak birlestirilmesinin genel olasiligini hesaplamaktadir.

L= (Le * Li)
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Sonuglar;

Hastaligin enfeksiyon varsayarak sonuglari, tim kriterlerin ek agirligi almarak hastaligin sonuglarmi (Cd)
tanimlayan degeri ve agirlikli mevcut sonug azaltma dnlemlerinin ek degeri (Cm) ¢ikarilarak hesaplanmaktadir.

C=Cd-Cm
Risk;

Risk, olasilik ve sonuglar olarak tanimlanmaktadir. Her riskin bu sonug¢ degeri (olasilik ve sonuglar), bir eksende
olasilikla iki boyutlu bir grafik kullanilarak goriintiilenmektedir. Kaplan ve Garrick tarafindan gosterildigi gibi
sonuglarn, tek bir risk puani tiretme olasiligina gore farklilasmaya izin vermemesi diisiik olasilikli yiiksek sonuglu
olay ile yiiksek olasilikli diisiik sonuglu olay arasinda sonuglarin niceliksel olarak tek bir deger olarak veya
grafiksel olarak gozden gegirilmesinde etkilidir. (Caskey et al., 2010)

4. Yontem

Calismada gida kontrol mikrobiyolojik analiz laboratuvarlarinda rutin yapilan “Koagiilaz pozitif Staphlococcus
aureus sayim ve identifikasyon” islemi Ankara Yildirnm Beyazit Universitesi Merkez Arastirma Laboratuvari
Uygulama ve Arastirma merkezinde yapilmistir. Staphyloccocus aureus identifikasyon islemleri sirasinda
biyolojik ajana maruz kalma olasiligr ve siddeti BloORAMO© 2022 programiyla hesaplanmistir. Yontemin sahada
uygulanisi is akisinda sematik olarak sirasiyla gosterilmistir.

Numune,
malzeme
hazirhg

Diliisyon serilerini hazirla

|

Inokiilasyonlar yap ve
inkiibasyona gotiir

Mikroorganizma saymmi

Analizlere
sekonder
BioRAM © onlemlerle
anketinin devam et
uygulanmasi

mevcut
onlemlerle
sonuclandir

Sekil 2. Staphylococcus aureus identifikasyonu sirasinda BioRAM anketlerinin ve programin uygulama asamalar1

4.1. Tehlikelerin Tanimlanmasi

BioRAM®O programinda Olasilik ve Siddet faktoriinii tanimlayan her bir alt faktor olasihga ve siddete neden olma
derecesine gore 0, 0.25,0.50,0.75, 1 seklinde degerler atanmigtir. Bazi faktorlerin hesaplanmasinda 0,0.25,0.75,1
;bazi faktorlerin hesaplanmasinda 0,0.25,0.50,1 degerleri atanmistir. Bazi1 ana faktorlerin hesabinda 3 deger
atanmistir. Atanan degerler ekler boliimiinde Ek-4’te Tablo 4’te verilmistir. Gelistirilmis modelde bu degerler
Saaty semantik 16 matrisinde ikili karsilastirmalar neticesinde olasiliga neden olma derecesine gore
puanlandirilmstir. Tiim faktorlerin degiskenlerinin agirliginin hesaplanmasi igin anketlerde alt faktor degiskenleri
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ikili karsilastirmalarda su sekilde puanlandirilmstir: Tlgili faktor i¢in maruziyet olasiligina neden olmuyorsa (%0)
0 degeri; biraz neden oluyorsa (%25) 0,25 degeri; oldukca 6nemli diizeyde neden oluyorsa (%50) 0,50 degeri; cok
onemli diizeyde neden oluyorsa (%75) 0,75 degeri; son derece Oonemli diizeyde neden oluyorsa 1 degeri
atanmaktadir.

4.2. Risk Degerlendirme
Bunun i¢in Tablo 2 ile biyolojik ajana maruz kalmaya neden olabilecek faktorlerden prosediir faktdrii, rota faktori,

biyolojik ajanin enfeksiydz dozu, risk azaltma diizeyi ve hastaligin sonuglart puanlandirilarak risk diizeyi
hesaplanmistir. Hesaplama yapilirken risk hesaplama prensibi sekil 3 de verilmistir.

e e

) . o Mortalite oranlan,
Inhalasyon yoluyla Aerosol maruziyeti Bu ajanm bu yol icin Morbidite oranlarn,
enfeksiyon olasih@. olasih@. bulagic1 dozu (ID30) Hastahigm siddeti
1000'den az m veya
bilinmiyor mu? Tedavisi var m?

Sekil 3. BloRAMO programu risk diizeyi hesaplama modeli

BioRAMO programinda Tablo 2’ deki sorularin cevaplari yanitlanarak prosediir, risk azaltma, biyogiivenlik,
biyolojik ajanin enfeksiydz dozu, rota, mortalite oranlari, morbidite oranlari faktorlerinin alt faktorleri agirliklarina
gore 0-1 arasinda puanlar almislardir. Sonuglara gére Staphylococcus enterotoksinlerinin ve ekzotoksinlerinin
bireysel risk diizeyi ve toplum i¢in risk diizeyi grafiklerle gdsterilmistir.

5. Uygulama
5.1. Stapylococcus aureus bakterisinin izolasyonu

Diliisyonlarin hazirlanmasti:

1. Hatay peyniri numunesi steril sartlarda 10 g tartilarak Stomacher torbalarmin igerisine aktarilmig ve
iizerine %0,1°1ik 90 ml peptonlu su (Merck, 1.07214) ilave edilmistir.

2. Stomacher cihazinda homojenize edilmistir.

3. Her numune aktarimindan 6nce numuneler vorteks ile karistirtlmigtir

Yayma plak yontemiyle inokiilasyonlarin yapilmasi

4. Brain Heart Infusion Broth (Merck 1.10130) petri kutusundaki kat: besiyeri yiizeyinde bir nokta segilmis
ve buraya 107! etiketli tiipten 100pL 6rnek aktarilmigtir. Aktarilan bu sivi drnek, drigalski spatiilityle
besiyeri yiizeyine yayilmstir. 102 ve 10*’ve 10 diliisyon tiiplerden ekimlere devam edilmistir.

Micrococ ve Staphylococcus sayimi;

Inokiilasyonlar1 tamamlanan besiyerleri 37 °C’de 24-48 saat inkiibasyonda bekletilmistir. Inkiibasyon sonucu 10-
4 diliisyonlardan ekim yapilan kiiltiirler biiyiiteg kullanilarak sayilmistir. Inkiibasyonu takiben plaklarda iireyen
koloniler sayilmis ve bu koloniler mikrokok/stafilokok olarak degerlendirilmistir.

Fenotipik Yontemlerle Staphylococcus aereus bakterisinin identifikasyonu
Fenotipik Yontemler: Identifikasyon amaciyla katalaz testi, mikroskobik muayene, tiipte koagiilaz ile testi
yapilmustir.
a. Katalaz test: %3 Hidrojen peroksit (Merck, 1.07209) kullanilarak yapilmis ve katalaz pozitif koloniler
degerlendirmeye alinmistir.
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b. Koagiilaz test: Tipik veya atipik kolonilere koagiilaz test uygulanmistir. Bu amagla tavsan plazmasi ile
tiipte koagulasyon testi yapilmustir.

Caligmanin sonunda koloniler katalaz pozitiftir olarak degerlendirilmistir. Bu kolonilere daha sonra koagiilaz
test uygulanmistir. Bu test sonucunda pihtilasma olusmus ve koloniler koagiilaz pozitif olarak
degerlendirilmigtir. Mikroskobik muayene sonucu mor renkte T{iziim salkimi seklinde koloniler
Staphylococcus aureus olarak degerlendirmeye alinmistir. Pembe renkte goriilen koloniler E. coli olarak
degerlendirmeye alinmistir.

5.2. Tehlikelerin Tanimlanmasi

Laboratuvar prosediirleri sirasinda diliisyonlarin hazirlanmasi sirasinda homojenizasyon islemi, numunelerin
tiiplere aktarilmasi sirasinda mikropipetleme islemi ve inokiilasyon oncesi tiiplerin vortekslenmesi iglemi aerosol
olasilig1 yiiksek olan islemlerdir. Orta diizeyde temas yoluyla bulag ve sindirim yoluyla bulag olasilig1 tagimaktadir.
Inokiilasyon islemi, gram boyama ve mikroorganizmalarin sayilmasi islemi temas olasilig1 yiiksek islemlerdir.
Ancak bu islemlerde de aerosol riskli basamaklar bulunmaktadir. Katalaz ve koagiilaz testi ise aerosol olasilig1
yiiksek islemlerdir. Bu testler sirasinda orta diizeyde temas ve sindirim yolu bulas olasilig1 bulunmaktadir.

Staphylococcus aureus bakterisinin manipiilasyonlar sirasinda laboratuvar prosediirleri dikkate alarak aerosol
olasilig1 yiiksek islemler ve uygulamalar tanimlanmustir. Islem de kullanilan numune tipi, numune hacmi ve kesici
delici alet kullanimi tanimlanmigtir. Tanimlanan tehlikelere gore Tablo 2” deki sorular BioRAM®© 2022 siiriimiiyle
yanitlanmistir. Yanitlanan sorularin bir kismi asagida Tablo. 2° de verilmistir.

Tablo 2. Biyolojik ajanlara maruziyet olasiligini ve siddetini dlgen degiskenlerin onem derecesine gore

puanlandiriimast
%
& . =
E ALT KRITERLER é 7 &=
= TEE
= N B Z
5 )S - )S ﬁ
ASA<

Al. Bu ajanin inhalasyon yoluyla enfeksiyona neden oldugu 0,75
biliniyor mu?

Ala. Bu ajanin bu yol i¢in bulasict dozu (ID50) 1000'den az m1 0
yoksa bilinmiyor mu?

A2. Bu ajanin perkiitan maruziyet yoluyla enfeksiyona neden 0,75
oldugu biliniyor mu?

A2a. Bu ajanin bu yol i¢in bulasici dozu (ID50) 1000'den azm1 0
yoksa bilinmiyor mu?

A3. Bu ajanin dogrudan temas yoluyla enfeksiyona neden 1
oldugu biliniyor mu?

A3a. Bu ajanin bu yol i¢in bulasici dozu (ID50) 1000'den azm1 0
yoksa bilinmiyor mu?

A4. Bu ajanin yutma yoluyla enfeksiyona neden oldugu 1
biliniyor mu?

A4a. Bu ajanin bu yol i¢in bulasici dozu (ID50) 1000'den azm1 0

BiYOLOJIK AJAN OZELLIKLERI

1.

yoksa bilinmiyor mu?
o Bu prosediirde ne tiir malzeme kullanilacak? 0,1
3=
a Prosediirde ayn1 anda mevcut olan en biiyiik malzeme hacmi 0,25
7] nedir?
a Bu prosediiriin bir yan triinii olarak aerosollerin olusma 1
P~ potansiyeli nedir? (Orn. pipetleme, sonikasyon vb.)?
(o]
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Bu prosediiriin bir pargasi olarak aerosol haline getirme 1
deneyleri yapiliyor mu?

Prosediirde kullanilan kesici alet miktar1 nedir? 0,50

Bu laboratuvardaki kirilabilir malzeme veya keskin kenarli 0,50
Ogelerin miktart nedir?

Bu prosediirde sigrama ve dokiilme riski olan iglem miktar1 0,75
nedir?

Bu prosediirde Biyogiivenlik kabinleri kullaniliyor mu? 1

Bu prosediirde kullanilan ve enfeksiy6z aerosol iiretme 1
potansiyeline sahip tiim ekipman kullaniliyor mu? (6rn.
santriflij, vorteksleyici, sonikator) Bunlarin kullanimdan dnce
aerosol kacisini dnleyecek sekilde izole edilmis veya kapatilmig

mi1 (6rn. kapali rotor kaplari, BSC'deki ekipman, vb.)
Laboratuvardan ¢ikan enfeksiyoz aecrosolleri azaltmak igin 1
onlemler var m1? (Havalandirma / HVAC)

3.BIYOGUVENLIK
ONLEMLERI

Sivi atik (atik su) nasil islenir? 1
Kontamine atik laboratuvarda nasil saklanir? 1
Iyi laboratuvar uygulamalari ne diizeyde yapiliyor? 1

Belirli bir popiilasyonda belirli bir zaman araliginda bu
hastaliklarin neden oldugu insanlarin Olim sikligi nedir? 0,75
(Mortalite orani))

4.MORTALITE
ORANLARI

Normal saglkli bir insan konake¢ida, hastalik belirtisi (75
olmamasindan kritik durumda hastaneye yatirilmasina kadar
degisen hastaligin siddeti nedir?

MORBIDITE

Insan icin etkili teshis testi var m1? 0,1

Maruziyet sonrasi tedavi yapimn (bagisiklik globulin asilar1 ve 0,5
antimikrobiyal dahil)

Insan igin énleyici tedbirler (agilar) yapiliyor mu?

6. RISK AZALTMA
ONLEMLERI

BioRAMO programina yukaridaki tablodaki degerler girilerek programla asagidaki ekran goriintiisiinde gortildigii
iizere risk diizeyi hesaplanmustir.
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Discrete Values / Answer Options-Guidance

Likelihood of Infection

‘ence the likelihood of an infection following an exposure and the consequences of disease in the event on an infection.
tes of infection and the infectious dose. The specific infectious dose (or ID30) is not as important as nndesstanding if the
¥ low ID30, the potential for an exposure to cause an infection is notably higher than for agents with a higaer ID30.

Inhalation

Percutaneous

Not an infectious Unknown but not
route =0 suspected as a route
=1

No=0

Not an infectious Unknown but not

route =0 suspected as a route
=1
7
No=0
8
Not an infectious Unknown but not
route =0 suspected as a route
9 =1 o .
Ho=0 Risks to Anima
10
= . e - .
< > Intro  Biological Material Properties | aboratory Procedures BioSafety Measure Ef == + i 4 C ] )

Sekil 3. BioRAM programi ekran goriintiisii

Tiim kriterlerin puanlandirilmasi yapildiktan sonra BioRAMO programiyla Staphylococcus aureus bakterisinin
risk diizeyi iki boyutlu grafiklerle gosterilmistir. 1. grafikte solunum, sindirim, perkiitan yaralanma yoluyla bireysel
risk diizeyi mikroorganizmanin biyolojik ajan 6zellikleri dikkate alinarak hesaplanmustir. 2. Grafikte biyolojik
ajanin manipiilasyonlar sirasinda (santrifiijleme, pipetaj, pasaj) uygulanan her bir prosesten kaynakli bireysel ve
disardaki toplum agisindan risk diizeyi hesaplanmistir. 3. Grafikte ise biyolojik ajanin manipiilasyonlarinin risk
azaltma ve biyogiivenlik dnlemleri neticesinde olusturdugu risk diizeyi hesaplanmuistir.

=
o

@ sindirim
Temas

®

Perkiitan Solunum

- Enfeksiyon Olasihgi

0 Enfeksiyonun Sonuc¢lar1 1

Grafik 1. Staphylococcus aureus bakterisinin biyolojik ajan 6zelliklerine gore insanlar i¢in olusturdugu risk
diizeyi

Solunum yolu ile risk diizeyi: [olasilik; 0,74; siddet:0,65]

Perkiitan yaralanma yolu ile risk diizeyi: [olasilik; 0,74; siddet:0,65]
Sindirim yolu ile risk diizeyi: [olasilik: 0,99; siddet: 0,65]

Temas yolu ile risk diizeyi: [olasilik: 0,99; siddet: 0,65]

Grafik 1’de goriildiigii lizere biyolojik ajanin biyokimyasal dzelliklerine gore inhalasyon, temas, sindirim ve
perkiitan yaralanma yoluyla bulas riski “yiiksek risk” olusturmaktadir.
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Grafik 2. Staphylococcus aureus bakterisinin identifikasyonu sirasinda uygulanan prosediirlerden kaynakli
insanlar i¢in olusturdugu risk diizeyi

Bireysel laboratuvarda(B) solunum yolu ile risk diizeyi: [olasilik; 0,61; siddet:0,65]

Bireysel laboratuvarda(B) perkiitan yaralanma yolu ile risk diizeyi: [olasilik; 0,36; siddet:0,65]

Bireysel laboratuvarda(B) sindirim yolu ile risk diizeyi: [olasilik: 0,65; siddet: 0,65]

Bireysel laboratuvarda(B) temas yolu ile risk diizeyi: [olasilik: 0,65; siddet: 0,65]

Laboratuvar disindaki toplum igin (T) solunum yolu ile risk diizeyi: [olasilik; 0,71; siddet:0,65]
Laboratuvar disindaki toplum igin (T) temas yolu ile risk diizeyi: [olasilik; 0,71; siddet:0,65]

Laboratuvar disindaki toplum igin (T) sindirim yolu ile risk diizeyi: [olasilik; 0,71; siddet:0,65]
Laboratuvar disindaki toplum igin (T) perkiitan yaralanma yolu ile risk diizeyi: [olasilik; 0,33; siddet:0,65]

Grafik 2’de goriildiigii lizere laboratuvarlarda ¢ig siit numunesinden Stapyhlococcus aureus identifikasyonu
prosediirlerinde her bir proses i¢in uygulanan biyolojik ajanin manipiilasyonlar1 laboratuvar g¢alisani i¢in temas,
perkiitan yaralanma ve sindirim yoluyla “yiiksek risk”; perkiitan yaralanma yoluyla “orta risk” olusturmaktadir.
Ancak solunum yoluyla bulas riski “orta” diizeyde oldugu goriilmektedir. Toplum i¢in solunum, sindirim ve temas
yoluyla bulas riski “yiiksek risk” diizeyinde hesaplanmistir. Analizin perkiitan yaralanma riski toplum igin orta
risklidir.
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Grafik 3. Staphylococcus aureus bakterisinin risk azaltma ve biyogiivenlik 6nlemleri sonrasi insanlar i¢in ve
toplum i¢in olusturdugu risk diizeyi

Biyogiivenlik ve risk azaltma onlemleri iyi diizeyde alindiktan sonraki risk diizeyleri;

Bireysel laboratuvarda(B) solunum yolu ile risk diizeyi: [olasilik; 0,56; siddet:0,65]

Bireysel laboratuvarda(B) perkiitan yaralanma yolu ile risk diizeyi: [olasilik; 0,36; siddet:0,65]

Bireysel laboratuvarda(B) sindirim yolu ile risk diizeyi: [olasilik: 0,56; siddet: 0,65]

Bireysel laboratuvarda(B) temas yolu ile risk diizeyi: [olasilik: 0,56; siddet: 0,65]

Laboratuvar disindaki toplum igin (T) solunum yolu ile risk diizeyi: [olasilik; 0,71; siddet:0,64]
Laboratuvar disindaki toplum igin (T) temas yolu ile risk diizeyi: [olasilik; 0,71; siddet:0,64]

Laboratuvar disindaki toplum igin (T) sindirim yolu ile risk diizeyi: [olasilik; 0,71; siddet:0,64]
Laboratuvar disindaki toplum i¢in (T) perkiitan yaralanma yolu ile risk diizeyi: [olasilik; 0,32; siddet:0,64]

Grafikte 3’te goriildiigl lizere biyogiivenlik onlemleri ve risk azaltma 6nlemleri alindiginda biyolojik ajanin
olusturdugu risk diizeyi sindirim, temas ve inhalasyon yoluyla “orta risk” diizeyinde hesaplanmistir. Grafik 1 ile
Grafik 3 kiyaslandiginda inhalasyon, sindirim, temas ve perkiitan yoluyla bireysel risk diizeyi “yiiksek risk”
diizeyinden “orta risk” diizeyine gelmistir. Grafik 2 ile Grafik 3 kiyaslandiginda Staphylococcus aureus
bakterisinin identifikasyonu sirasinda prosediirlerden kaynakli inhalasyon yoluyla bireysel risk diizeyi “orta risk”
ve “yiiksek risk” sinirinda iken “orta risk” diizeyinde hesaplanmistir. Temas yoluyla bireysel risk diizeyi “yiiksek
risk” iken “orta risk” diizeyinin ortalarinda hesaplanmistir. Sindirim yoluyla bireysel risk diizeyi “yiiksek risk”
diizeyinde iken “orta risk” diizeyinde hesaplanmistir. Perkiitan yaralanma yoluyla bireysel risk diizeyi “orta risk”
diizeyinde iken “orta risk ile diisiik risk” smirinda hesaplanmistir. Grafik 2 ile Grafik 3 kiyaslandiginda toplum
icin bu ajanin risk diizeyi yiiksek iken yine yiiksek risk diizeyinin biraz altina getirilmistir.
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Grafik 4. Etkili risk azaltma biyogiivenlik dnlemleri

Grafik 4 incelendiginde yonetsel 6nlemler, miihendislik 6nlemlerinin yeterli diizeyde alindig1 goriilmistiir. Ancak
KKD o6nlemlerinin bireysel riskleri dnlemede yeterli olmadigi goriilmiistiir. Gidadan elde edilen S. aureus
izolatlarinda metisilen diren¢ geni gelistiren femA gen bolgeleri bulunmaktadir. Gidadan elde edilen suslar
Enterotoksin, ekzotoksin, TSST-1, protein A, alfa beta hemolizin, biyofilm {iretmesi nedeniyle insanlardan izole
edilen suslar kadar tehlikelidir. Hastanelerde Metisilin direngli S. aureus’lar bakteriyemi, pndmoni, cerrahi
infeksiyonlar ve nazokomiyal infeksiyonlara neden olmaktadir. Amerika Birlesik Devletleri’nde bulunan
hastaliklar1 6nleme ve kontrol merkezlerinin verilerine gore saglik kuruluslarinda meydana gelen S. aureus
infeksiyonlarinin  %59,5’inin MRSA’lardan kaynaklandigi belirtilmektedir. Ayrica biyolojik ajanin SEB
enterotoksinleri biyolojik silah olarak kullanilabilmektedir. Biyogiivenlik dnlemleri yeniden gozden gecirilmeli,
KKD 6nlemlerinin artirtlmasi yoniinde dnlemler artirilmalidir. Yiiz siperligi, koruyucu gozliik gibi sekonder KKD
onlemlerinin etkin ve siirdiiriilebilir bir sekilde kullanilmas1 saglanmalidir. Bu mikroorganizmanin
manipiilasyonlarinda gelencksel mikrobiyolojik analizlerinin yerine malzeme hacmini ve aerosol riskini azaltan
molekiiler tekniklerin kullanilmasi risk yonetiminde énemli hedeflerden biri olmalidir.
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6. Tartisma

Mesleki risk diizeyi yiiksek olan Staphlococcus aureus gibi mikroorganizmalarla ¢alismadan dnce ise biyolojik
risk degerlendirmesi ile baglanilmalidir. Ancak biyolojik risk degerlendirmesi oldukc¢a karmasik asamalar
barindirmaktadir. Biyolojik ajan maruziyetine neden olan olasilik ve siddet kriterlerinin ¢ok fazla alt kriteri
bulunmaktadir. Nitel analizlerde bu alt kriterlerin risk diizeyi olusturmada 6nem diizeyi goz ardi edilmektedir.
BioRAM®O programu ile bu kriterlerin onem diizeyi ve risk olusturmada onceligi hesaplanmaktadir.

Caligmada biyolojik ajanin biyokimyasal 6zelliklerine gore temas, sindirim yoluyla bulas riski yiiksek diizeydedir.
Cig slit numunesinden Stapyhlococcus aureus identifikasyonu prosediirlerinde her bir proses i¢in uygulanan
manipiilasyonlari “yiiksek risk” diizeyi olusturmaktadir. Toplum i¢in solunum yoluyla bulas riski “yiiksek risk”
diizeyinde hesaplanmistir. Laboratuvar ¢aligani ve toplum i¢in direk temas ve sindirim yoluyla bulas riski “yiiksek
risk” diizeyinde hesaplanmistir. Solunum yoluyla bulas riski orta risk diizeyinde, perkiitan yaralanma olasilig
orta risk diizeyindedir. Biyogiivenlik onlemleri ve risk azaltma 6nlemleri alindiginda biyolojik ajanin olusturdugu
risk diizeyi sindirim, temas ve solunum yoluyla orta risk diizeyine getirilmistir. Solunum yoluyla risk diizeyi
0,61°den 0,65’e getirilmistir. Ancak risk diizeyi orta risk oldugundan kabul edilebilir diizeyde degildir. Temas ve
sindirim yoluyla risk diizeyi 0,65’ten 0,56 ya getirilmistir. Ancak risk diizeyi orta risk oldugundan kabul edilebilir
diizeyde degildir. Perkiitan yaralanma riski 0,36 da iken 6nlem alinmasina ragmen 0,36’da kalmistir. Toplum i¢in
solunum, sindirim ve temas yolu ile risk diizeyi 0,71 iken yine 0,71°de kalmistir. Risklere maruz kalma olasilig
ve siddeti degerlendirilirken ilk risk kabul edilemez risk (orta, yiiksek, cok yiiksek) ya da kabul edilebilir risk (¢ok
diisiik, diistik) olarak tanimlanmaktadir. Kabul edilebilir risk diizeyi olmasi i¢in risk diizeyi “diisiik” ya da “cok
diisiik” olmas1 gerekmektedir. Sekonder giivenlik onlemleri alinmadan iglemlere devam edilmemelidir. Yiiz
siperligi, gozlik kullanilmali, homojenizasyon, mikropipetleme, vorteksleme, inokiilasyon islemleri,
mikroorganizma sayma, gram boyama islemleri, katalaz, koagiilaz testleri BGK’da yapilmalidir. Bu prosediirde
sadece mikroskopta inceleme islemi tezgah lizerinde agikta yapilabilmektedir. BGK2+ diizeyinde iist diizey
giivenlik 6nlemleri alinmalidir.

Calismamizda gida kontrol mikrobiyolojik analiz laboratuvarlarinda iiretilen Staphylococcus aureus bakterisinin
mesleki risk olarak laboratuvar ¢alisanlari igin yiliksek risk olusturdugu ortaya konmustur. Oliviera et.al., (2022)
calismasinda firin ¢aligsanlarinda %40, domuz iscilerinde %54; itfaiyeciler arasinda S. aureus asemptomatik
tastyicilart yiiksek prevalans gostermistir. Saglik calisanlarinda %43,3 MRSA (Metisilen direcli Staphlococcus
aureus); veteriner hekimlerde %33,3 MRSA gozlenmistir. Ledvoch et al., (2018) calismasinda 3 hastaneden
aldiklar1 6rneklerde %58 S.aureus pozitif ¢ikmistir. Huang et al., 2014 ¢alismasinda domuz ¢iftligi is¢ilerinin
%06,8’inde MRSA ‘ya rastlanmistir. Viegas et al., 2021 ¢alismasinda Portekiz’de ilk yardim gorevini de iistlenen
itfaiye ambulanslarinda S. aureus prevelanst %48 bulunmustur. Larson et al., 2012 ¢alismasinda domuz ¢iftligi
iscilerinde MRSA prevelans: yiiksek c¢ikmistir. LeClaire, (2005) ¢alismasinda Staphlococcal enterotoksinler
intravendz ve inhalasyon yoluyla maruz kalmada oldukga toksik oldugu ve pulmoner 6dem nedeniyle 6liime neden
oldugu bildirilmistir. Literatiirdeki aragtirmalar ¢alismamizda oldugu gibi S.aureus bakterisinin yayilimmin
yiiksek oldugunun, mesleki riskler arasindaki yaygmliginin ve ¢alisanlar i¢in yiiksek risk olusturdugunun altini
cizmektedir.

Daha sonraki galismalarda biyolojik risk degerlendirmesinde Fuzzy AHP, VIKOR, TOPSIS, MOORA gibi Cok
Kriterli Karar Verme Yontemleri ile olasilik ve siddetin faktor ve alt faktorlerinin agirliklart hesaplanarak Risk
oncelik Siras1 (ROS) hesaplamasi yapilmalidir. MATLAB-R 2023b siiriimiiyle risk diizeyi hesaplanabilmektedir.
Bu yontemlerin birlikte kullanilmasiyla biyolojik risklerin degerlendirmesinde disiplinler arasi ¢aligmalara yer
verilmelidir. Ayrica biyolojik risk degerlendirmeleri bu gelistirilmis yontemlerle hastanelerin yenidogan bakim
iinitelerinde, cerrahi alanlarinda ve yogun bakim servislerinde uygulanmalidir.

Saglik calisanlari, dis hekimleri, veteriner hekimler, tarim is¢ileri ve gida isiyle ugrasanlar biyolojik risklere maruz
kalabilmektedir. Caligmada Gida Kontrol Mikrobiyolojik Analiz laboratuvarlarinda rutin yapilan Kogiilaz pozitif
Staphylococcus aureus analizinin BioRAMO programi ile biyolojik risk degerlendirmesi asamalari
gergeklestirilmistir.  Programin risk degerlendirmesinde uygulanabilirligi agisindan olduk¢a kullanish bir arag
oldugu goriilmistiir. Bu baglamda ¢alismada diger biyolojik ajanlara maruziyet riski olan isyerlerinde biyolojik
risk degerlendirme asamalarina genel bir bakis sunmasi baglamiyla alana katki saglamistir.

Arastirmacilarin Katkisi

Bu aragtirmada; Ergiin ERASLAN BioRAM ve Cok Kriterli Karar Verme yontemlerinin agiklanmasinda ve risk
analizinin yapilmasinda; Nuray Alpoglu AKBULUT problem analizinin yapilmasi, bilimsel yayin arastirmasinda
ve makalenin olusturulmasinda; katki saglamiglardir.
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EK-1

Hastaligin siddeti

m Ajan ozellikleri
m Olim orani (mortalite)
m Hastalik olma durumu

(morbidite)

Risk azaltma

Grafik 5. Insan konak kriterlerinde hastaligin sonuglarina iliskin agirliklar (Sandia National Laborotories, 2010)
EK-2

Enfeksiyon Yolu Ve Enfeksiyoz
Dozun Agirhiklar:

M Varsayilan yoldan enfeksiyon kapma potansiyeli

m Verilen yol igin enfeksiyon dozu

Grafik 6. Tiim yollar i¢in enfeksiyon olasiligi agirliklar: agirliklar (Sandia National Laborotories, 2010)
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EK-3

Tablo 3. Prosediir alt faktorleriyle beraber risk azaltma kriterlerinin agirhiklar1 Sandia

National Laborotories, (2010)

Laboratuvar I¢erisindeki Bireylerin Solunuma Maruz Kalma Olasihig

Agirhgi Agirhg:
Niteligi %8,38
Miktari %3.10 Siirlama %28,90
Kazara Aerosol %22,14 KKD Solunum %15,30
g cihazlar
E Aerosol Deneyi %24,60 Prosediirler Isleme %12,75
=
1l
g Dokillme %14.76
g Standart Envanter %0,10
E Ekipmanin %9.02 prosediirler
3 dekontaminasyonu Soy Kimligi %0.11
Hayvanlarin sayis1 %4.50 Donanim Bakim1  %0,34
Hayvanlarin biyiikliigic. ~ %4.50 Olay Miidahale
Planlar1 %0,26
KKD Programi %0,19
«
£
- GLP
Birden fazla tiir %3.06 E %0.20
]
2
Dokiilme %2.97 N Yonetmek Roller ve %1,65
= sorumluluklar
. = %0,59
£ Atik %2.97 Taahhiit
>
é‘ Dokiimantasyon  %0,26
Gozden gegir 0,53
Tatbikatlar 0,26
Hayvanlar Ev sahipligi %7,01
yapmis %7,01
Manupiile %7,01
edilmis %7,01
Tasiman
Islenmis
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Ek 4.

Tablo 4.BioRAM anketi (Olasilik faktor, alt faktorleri, siddet faktor, alt faktorleri)

Laboratuvar analisti olarak yaptiginiz analiz sirasinda prosediir ve laboratuvar risk azaltma 6nlemlerine gore
asagidaki sorulara 0-1 arasi puanlar veriniz. Cevaplariniz olasilik ve siddet parametreleriyle birlikte risk diizeyinin
hesaplanmasinda kullanilacaktir.

No | Olasilik faktoriinii belirleyen | Puanlandirma
alt faktorler

1 Bu prosediirde hangi tip materyal | 1=Saflastirilmis biyolojik materyal
kullanilmig olacak? 0,5=Tan1 numunesi (kan, iirin, tiikiiriikk, doku vs.)

0,01= Cevre drnegi (toprak, su)

2 Prosediirde bir anda mevcut olan en | 1=10 litrenin {izerinde
biiyiik malzeme hacmi nedir? 0,5=10 litreye kadar

0,01= Milimetre voliim

3 Bu prosediiriin bir yan {irlinii olarak | 1= Aerosol liretimi igin kayda deger bir potansiyel iretilebilir.
aerosollerin  olusma  potansiyeli | 0,25=Simnirli miktarda aerosol iiretilebilir.
nedir? (pipetasyon, sonikasyon) 0,01=Kullanimda aerosol olusturabilecek prosediir yoktur.

4 Aerosolizasyon deneyi bu | 1=Biiyiik 6l¢ekli aerosolizasyon deneyi yapiliyor.
prosediirin ~ bir  parcast  olarak | 0,5=Kiiciik dl¢ekli aerosolizasyon deneyi yapiliyor.
yiiriitiilityor mu? 0,01=Herhangi bir aerosol deneyi gerceklestirilmiyor.

5 Prosediirdeki  kesicilerin  miktar1 | 1=Kullanimda ¢ok miktarda kesici alet (6rnegin, bu prosediirde
nedir? en az glinliik olarak kullanilan nester veya igneler kullaniliyor).

0,5=Kullanimda az miktarda kesici alet (6rnegin bu prosediirde
nester ve igneler nadiren kullaniliyor).
0,01= Kesici alet kullanilmiyor.

6 Bu laboratuvarda kirilabilir malzeme | 1= Cok miktarda kirilabilir malzeme kullaniliyor (6rnegin
veya keskin kenarli maddeler | laboratuvarda yaygin olarak kullanilan cam esyalar).
nelerdir? 0,5=Az miktarda kirilabilir malzeme kullaniliyor.

0,01= Laboratuvarda kirilabilir materyal kullanilmiyor.

7 Bu prosediirde bir sigrama veya | 1=Enfeksiydz materyalin yiiksek basingta siirekli salimi i¢in bir
dokiilmenin potansiyeli ve kapsami | potansiyeli vardir.
nedir? 0,75=Enfeksiydz materyalin dokiilme veya sigrama potansiyeli

var.
0,01= Laboratuvarda dokiilebilir formda malzeme mevcut degil

8 Biyosafety kabinleri bu prosediirde | 0= Biyosafety kabini kullanilmamakta ya da yok.

kullanilmakta midir? 0,25= Biyosafety kabini var fakat periyodik olarak kullaniliyor.
0,5=Biyosafety kabinleri var ancak kullanimlar1 igin resmi
egitim programlar1 veya prosediirleri mevcuttur.
0,75=Biyogiivenlik  kabinleri var ama amagli olarak
sertifikalanmadi.
1=Biyosafety kabinleri daima kullamilir, rutin olarak
dogrulanirlar, iyi korunurlar ve uygun kullanim igin prosediirler
vardir.

9 Bu prosediirde kullanilan tiim | O=Ekipman agik tezgahta veya acik bir alanda bulunur ve
ekipmanlarin bulagici aerosol iiretme | kullanilir ve dahili sizdirmazlik mekanizmasi yoktur.
potansiyeli var mi1? (6rn. santrifiij, | 0,25=Ekipman izolasyon i¢inde veya igten miihiirlii (6rn. Bir
vorteksleyici,  sonikatdr  aerosol | BSC ekipmaninda kullanilir, sizdirmaz rotor cups, vb. kullanilir)
kacisim1  Onleyecek sekilde izole | ama kullanim i¢in resmi prosediirler yoktur.
edilmis veya miihiirlenmis) (6rn. | 0,5=Ekipman izolasyonda (6rn. kullanilmis bir BSC'de) veya
BSC'de veya bir biyo-kabarcikta vb. | i¢ten miihiirlii, ancak mekanizma dogrulanmadi.
kullammdan once sizdirmaz rotor | 1=Ekipman her zaman izole edilir ve cihazlar dogrulanir ve iyi
kaplar1 ekipmani) korunur.
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10

Laboratuvarda bulunan bulasici
aerosolii azaltmak i¢in dnlemler
mevcut mu?

1=Bu laboratuvardan atilan tiim hava, bakimli HEPA filtreleri
araciligryla saglanir.

0,75=Bu laboratuvardan atilan tiim hava, bagka bir alana yeniden
sirkiile edilmeyen 6rdek ¢aligmasiyla saglanir.

0,5=Tium laboratuvar havasi yeniden sirkiile edilmez, ancak
ozellikle 6rdek yoluyla disar1 atilmaz

O=Laboratuvar havasi potansiyel olarak baska bir tesise veya
topluluk alanina sirkiile edildi.

12

Siv1 atik (atik) nasil iglenir?

0=S1v1 atiklar laboratuvarda giivenli ve verimli bir sekilde islenir
0,25=S1v1 atik, harici aritma i¢in laboratuvari terk ediyor
1=S1v1 atiklar laboratuvardan ¢ikarilir ve islenmez

13

Kirlenmis atik nasil islenir

0=Kirlenmis atiklar laboratuvarda giivenli ve verimli bir sekilde
islenir

0,25=Kirlenmis atik, harici aritma i¢in laboratuvardan ¢ikiyor
1=Kirlenmis atiklar laboratuvardan ¢ikarilir ve iglenmez.

17

Bu prosediirde bir sigrama veya
dokiilmenin potansiyeli ve kapsami
nedir?

1=Enfeksiy6z materyalin yiiksek basingta siirekli salimi i¢in bir
potansiyeli vardir.

0,75=Enfeksiydz materyalin dokiilme veya sigrama potansiyeli
var.

0= Laboratuvarda dokiilebilir formda malzeme mevcut degil.

18

Prosediirdeki  kesicilerin  miktar1
nedir?

1=Kullanimda ¢ok miktarda kesici alet (6rnegin, bu prosediirde
en az glinliik olarak kullanilan nester veya igneler kullaniliyor).
0,75=Kullanimda az miktarda kesici alet (6rnegin bu prosediirde
nester ve igneler nadiren kullaniltyor).

0= Kesici alet kullanilmiyor.

19

Biyosafety kabinleri bu prosediirde
kullanilmakta midir?

0= Biyosafety kabini kullanilmamakta ya da yok.

0,25= Biyosafety kabini var fakat periyodik olarak kullaniliyor.
0,5=Biyosafety kabinleri var ancak kullanimlari i¢in resmi
egitim programlar1 veya prosediirleri mevcuttur.
0,75=Biyogiivenlik  kabinleri var ama amagli olarak
sertifikalanmadi.

1=Biyosafety kabinleri daima kullanilir, rutin olarak
dogrulanirlar, iyi korunurlar ve uygun kullanim igin prosediirler
vardir.

21

Laboratuvarda bulunan bulasici
aerosolii azaltmak i¢in dnlemler
mevcut mu?

1=Bu laboratuvardan atilan tiim hava, bakimli HEPA filtreleri
araciligryla saglanir.

0,75=Bu laboratuvardan atilan tiim hava, bagka bir alana yeniden
sirkiile edilmeyen 6rdek ¢aligmasiyla saglanir.

0,50=Tim laboratuvar havasi yeniden sirkiile edilmez, ancak
ozellikle 6rdek yoluyla disar1 atilmaz

O=Laboratuvar havasi potansiyel olarak baska bir tesise veya
topluluk alanina sirkiile edildi.

22

Iyi Laboratuvar uygulamalari ne
diizeyde yapiltyor?

(0=Bu laboratuvar, standart iyi laboratuvar uygulamalarmni igeren
prosediirler olusturmamaktadir.

0,25= Bu laboratuvar, standart iyi laboratuvar uygulamalarim
iceren prosediirler sinirhidir.

0,5= Bu laboratuvar, baz1 standart iyi laboratuvar
uygulamalarini igeren prosediirlere sahiptir ancak uygulamada
gdzetimden yoksun.

1= Bu laboratuvar, standart iyi laboratuvar uygulamalarimi
iceren prosediirlere basarilidir ve bu prosediirler ¢alisanlarin
asina oldugu ve uyguladigi iyi tanimlanmis prosediirlerdir

23

Siv1 atik (atik) nasil iglenir?

0=S1v1 atiklar laboratuvarda giivenli ve verimli bir sekilde islenir
0,50=S1v1 atik, harici aritma igin laboratuvari terk ediyor
1=S1v1 atiklar laboratuvardan ¢ikarilir ve iglenmez

24

Mortalite oranlar1 nedir?

1=High mortality (%75 ya da fazla)
0,75=Medium mortality(%15 ‘den %74’¢ kadar)
0,50=Diistik mortality (%1’den %14’e kadar)
0=Mortality yok
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25 | Normal saglikl bir insan konak¢ida, | I=asir1 hastalik belirtisi (yasami veya oliimii siirdiirmek igin
hastalik belirtisi olmamasindan gerekli mekanik yardim)
kritik durumda hastaneye 0,75=yiiksek hastalik belirtisi (islev yapamiyor/hastaneye
yatirilmasina kadar degisen yatirilmis)
hastaligin siddeti nedir? 0,50=orta derecede hastalik belirtisi sinirl1 bir sekilde islev
gorebilir (yatak istirahati)
0,25=diisiik hastalik belirtisi (islev yapabiliyor ancak semptom
gosteriyor)
0= hastalik belirtisi yok
26 | Bu ajanin dozu, insan konakg1 1= Evet
saglig1 lizerinde olumsuz etkisi olan 0,50=Bilinmiyor
toksin ve enzim iiretimine sahiptir. 0= hayir
27 | Insan igin etkili teshis testi var m? 1=Evet
0,50=Bilinmiyor
0= hayr
28 | Maruziyet sonrasi tedavi yapin 0=Higbiri yok
(bagisiklik globulin agilari ve 0,50=Var. Ancak kismen etkili olarak kabul edilir
antimikrobiyal dahil) 1= Etkili maruz kalma sonrasi tedavi mevcuttur
29 | Insan igin énleyici tedbirler (agilar) | 0= Koruyucu énlem yok
yapin 0,50= Var. Ancak kismen etkili olarak kabul edilir (hastaligin
etkisini engellemeyecek, ancak sinirlayacaktir ya da sadece
kiigiik bir popiilasyona etkilidir)
1= Etkili 6nleyici 6nlemler mevcuttur
30 | Buajanin dogal ortamda insanda 1=Tercih edilen giizergah
solunum yoluyla hastaliga etken 0,75=0las1 bir glizergah
oldugu biliniyor mu? 0,25=Bilinmiyor
0= Bir rotas1 yok
31 | Buajanin dogal ortamda insanda 1= Tercih edilen rota
sindirim yoluyla hastaliga etken 0,75=0las1 bir rota
oldugu biliniyor mu? 0,25=Bilinmiyor
0= Bir rotas1 yok
32 | Bu ajanin dogal ortamda insanda 1=Tercih edilen giizergah
temas yoluyla hastaliga etken 0,75=O0las1 bir gilizergah
oldugu biliniyor mu? 0,25=Bilinmiyor
0= Bir rotas1 yok
33 | Bu ajanin dogal ortamda insanda 1=Tercih edilen giizergah
perkiitan yaralanma yoluyla 0,75=0las1 bir glizergah
hastaliga etken oldugu biliniyor mu? | 0,25=Bilinmiyor
0= Bir rotas1 yok
34 | Tim yollar i¢in enfeksiydz dozu 1=LD50 1000 altinda ya da bilinmiyor

LDS50 1000 ‘in altinda m1 yoksa
bilinmiyormu?

0=LD50 1000’in ustiinde
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