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1. Giris

T.C. Tarim ve Orman Bakanligi Tarimsal Arastirmalar ve Politikalar Genel Mii-
diirliigii (TAGEM) ve Birlesmig Milletler Sinai Kalkinma Teskilati (UNIDO), Kiiresel
Cevre Fonu (GEF) finansorliigiinde 2018 yilindan bu yana “Tiirkiye Ekonomisinin
Yesil Biiylime Yolunda Kalkinmasini Desteklemek Amaciyla Strdiirtilebilir Biyokiit-
le Kullanimi Projesi”’ni yiiriitmektedir. Projenin amaci, tarim endiistrisinde modern
biyoenerji teknolojileri uygulamalar ile sektorel doniisiimii tetikleyerek enerji per-
formansini ve rekabet giiciinii arttirirken sera gazi emisyonunu azaltmak amaci ile
yiriitiilmektedir.!

Desteklenen Ana Projenin bir bileseni olan, Tirkiye Ekonomisinin Yesil Biiyi-
me Yolunda Kalkimmasini Desteklemek Amacryla Siirdiiriilebilir Biyokiitle Kullanimi
Projesi, kapsaminda Tiirkiye’deki tarimsal atiklarin olusturdugu biyokiitle potansiye-
lini degerlendirmek ve bu potansiyelin stirdiirtilebilirlik ilkeleri dogrultusunda, yerli
kaynak ve teknolojiler kullanilarak temiz enerji potansiyeline 151k tutmak amaci ile
hazirlanmistir.

Proje hedefleri kapsaminda bu raporda, iklim degisikligiyle miicadele ¢erceve-
sinde, tarimsal atiklarin olusturdugu biyokiitle potansiyelinin siirdiiriilebilirlik ilkeleri
dogrultusunda, verimli ve en uygun teknoloji segenekleri ile, yerli kaynak ve teknolo-
jiler ile temiz enerjiye dontisiim siiregleri irdelenmistir.

Iklim degisikligi baskis1 altinda, bu baskinin azaltilmasina yonelik bir perspek-
tifle, iklim degisikligi, tarimsal atiklar ve enerji tiggeninde siire¢ degerlendirilmistir.
Bu baglamda Tiirkiye’de olugan tarimsal kaynakli atiklarin icerisinde yer alan bitkisel
iiretim kaynakli atiklarin meveut durumu ortaya konmustur.

Mevcut durum gergevesinde, atik yonetimi temel ilkeleri ele alinmistir ve siireg-
ler tanimlanmustir.

Tarimsal atiklarin geri kazanimi ve enerji alternatifleri irdelenmis temel yaygin
kullanilan teknolojiler ele alinmigtir. Tarimsal biyokiitleden enerji yatirimlar: kapsa-
minda dikkat edilmesi gereken hususlar, tesislerin stirdiiriilebilir olmasi i¢in yapilmasi
gerekenler ve genel olarak planlama ve isletme siireclerine deginilmistir. Karar verme
stireglerinin nasil degerlendirilecegi ve hangi prensiplerin ortaya konulmasi gerektigi
ele alinmustir.

Sonug ve degerlendirme boliimiinde ise, stirdiiriilebilir tarim doniisiimii kapsa-
minda, tarimsal atiklarin yonetimi ve yenilenebilir enerji doniisiim siire¢leri i¢in bas-

1 Tirkiye Ekonomisinin Yesil Biiyiime Yolunda Kalkinmasini Desteklemek Amaciyla Siirdiiriilebilir Bi-
yokiitle Kullanimi Projesi kapsaminda isin taniminin yapildigi teknik sartname
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lica prensipler/indikatorlere deginilip siirec bilesenleri tekrar irdelenerek, yol haritasi
ve strateji genel bir ¢erceve ve yaklagim ortaya konmustur.

Ozetle bu calisma iist dlgekle bir calismadir ve tarimsal ve tarim endiistrisi fa-
aliyetleri sirasinda olusan atiklar igerisinde, bitkisel iiretim sonrasi olusan organik
atiklar1 yani bitki hasatindan sonra ekim alanindan uzaklastirilmas gereken atiklarin,
biyokiitlenin enerjiye doniisiimii potansiyeli lizerinden bir yaklagim ortaya konmak-
tadir. Bitkisel tiretim sonrasinda olusan atiklarin aniz yakimi ya da vahsi depolama
yontemleriyle kontrolsiiz bir sekilde islemden gecerek olusturdugu karbon ayak izi-
ni ve ¢evre kirliliginin, yenilenebilir enerji yontemleri kullanilarak azatlimi hedefle-
mektedir. Bu hedefler dogrultusunda mevecut durum analizi ve bu durum analizine
en uygun teknolojilerin ve alternatifleri irdelenerek, bu atiklarin verimli bir sekilde
degerlendirilmesi i¢in yapilmasi gerekenlerle ilgili bir ¢er¢eve olusturmaktir.

2. iklim Degisikligi ve Tarim iliskisi

Iklim degisikligine sebep olan, sera gazi emisyonlarinin sektorel kirilimlari
incelediginde 5 ana sektorde siniflandirma yapildigi goriilmektedir. Enerji sektord,
Tarim ve hayvancilik, Orman ve Arazi Kullanimi1 (TOAK), Tasimacilik sektori, Sa-
nayi ve atiklar olarak siniflandirilmaktadir. Calisma yapan bilimsel kurumlarin yak-
lasimlari ve tanimlamalarinda bazi degiskenlikler olabilmektedir. Ornek olarak, bazi
yayinlarda tagimacilik sektorti, iletim hatlari, bina ve sanayide kullanilan enerjide,
enerji sektoriine dahil edilmektedir. Boylelikle enerji sektoriiniin sera gazlari emis-

yonlarindaki pay1 %70 lizerine ¢ikmaktadir ya da arazi kullanimi kaynakli emisyonlar
ayrica degerlendirilmektedir [1] [2] [3] [4].

Iklim degisikligi ile ilgili degerlendirmelerde tarimsal faaliyetler, Tarim ve
Hayvancilik, Orman ve Arazi Kullanimi (TOAK) baslig1 altinda irdelenmektedir. Bu
faaliyetlerin irdelenis sekline gore (6rnek olarak arazi kullanimi degisikligi tarimin
icinde degerlendirilmemesi gibi), sera gazi emisyonlarinin %19- %29’nu olusturmak-
tadir. Sektorel dagilim ve bilesenleri sekil 2.1°de gosterilmistir. Iklim degisikligi ile
artan sicaklik ve degigen yagis rejimleri sonucu su kaynaklari tizerinde artan baskilar,
kuraklik ve ¢6llesme nedeniyle tarimsal faaliyetler iklim degisikliginden etkilenen bi-
rincil ve en kirtlgan sektor oldugu goriilmektedir. Bir diger taraftan tarimsal faaliyet-
ler sonucu olusan atiklarin yakilmasi, hayvan atiklar1 ve yeni tarim alanlar1 nedeniyle
artan ormansizlagma iklim degisikligi sorununun 6nemli bir pargasidir.

Tarimsal faaliyetlerin, siirdiiriilebilirlik doniisiimii yapilmaz ve kaynak korunu-
mu, dekarbonizasyonu, enerji verimliligi, dongiiselligi gibi temel kavramlarin gelis-
tirilip uygulanmaz ise, diger sektorler emisyonlarini azalttik¢a tarim sektdriiniin sera
gaz1 salinimlart i¢indeki pay1 dnemli 6lgiide artacaktir (Sekil 2.2). Projenin kapsa-
minda olmamakla birlikte, diinyada iiretilen gidanin ii¢te birinin kaybolduguna ve
israf edildigine de deginmek gerekmektedir. Bu israfin engellenmesi belki de birincil
asamada, iyi bir atik yonetimi ile enerjiye ve giibreye ¢evrilmesi, ikinci agamada bu
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israfin biiyiik 6l¢iide engellenmesi, ¢evre lizerindeki stresi azaltarak hedeflere ulasil-
mast i¢in kritik dneme sahip olacaktir. [5]

Kiiresel Sera Gazi Emisyonlarinin Sektdrel Dagilimlan
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Sekil 2.2 Yillar igerisinde kiiresel bazda sera gazi emisyonlarinin sektorel degisimi [6]
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Tarim arazileri, tarimsal tiretim igin kullanilan araziler, yonetilen otlaklar/me-
ralar, tarimsal ormancilik ve biyoenerji mahsulleri olmak iizere kalici mahsullerden
olusan tarimsal tiretim i¢in kullanilan arazileri kapsamaktadir. Tarimsal arazi olarak
kullanilan bu alan yaklasik olarak diinya karasal yilizeyinin %40-%350 oraninda bir
alan1 kapsamaktadir. [7]

2019 yilina ait toplam kiiresel sera gazlar1 emisyonlarinin arazi kullanimimdan
dolay1 etki dahil edilmediginde CO, esdegeri 52,4 GtCO,e (aralik: £5,2) , dahil edil-
mesi durumunda ise toplam 59,1 GtCO,e (aralik: +5,9)’bulmaktadir. [8]

Bu emisyonlar 1750’den beri gozlenen artigin, insan kaynakli oldugunu net
olarak ortaya koymaktadir. 2011 yilindan bu yana (IPCC ARS’te bildirilen 6lgtimler
dogrultusunda) konsantrasyonlarin devamli olarak artigi ve 2019 yili i¢in yillik ortala-
mada 410 ppm CO, degerine ulastig1 goriilmektedir. Bu deger metan (CH,) igin 1866
ppb ve diazot monoksitlerin (N,O) i¢in 332 ppb’ye ulagmistir.

Bu artislarin tarihi siireglerini irdeledigimizde ¢arpici bir durum ortaya ¢ikmak-
tadir. Atmosferdeki CO, konsantrasyonlart 1750 ile 2019 yillar1 arasindaki 131,6 (=
2,9) ppm artarak yani % 47,3 oranin da bir artis gostermistir. Bu artis en azindan son
800.000 y1l siirecinde emsali olmayan bir artistir ve 56 milyon yillik siirecte gercekle-
sen en hizli degisim oranlarindan 4 kat daha biiyiiktiir. [9]

CH, konsantrasyonlari ise 1750’den bu yana 1137 (+ 10) ppb’lik %157,8 artis
ile 800.000 y1lin ¢oklu buzul — buzullar aras1 gegislerindeki aralik degerlerini agmuistir.
1990’larda konsantrasyonlar yatay bir seyir izledigi goriilse de 2007 civarinda tekrar
7,6 + 2,7 ppb oraninda (ortalama) artmaya baglamistir. 2007 sonrasinda artan trendin
fosil yakit kullanimi, hayvancilik ve atiklardan kaynaklanan emisyonlardan kaynak-
landigima ve ENSO’nun? sulak alan ve biyokiitle yakma emisyonlariin ¢ok yillik
degiskenligine yon verdigine dair yiiksek dogruluk iceren olgular bulunmaktadir. [9]

1750 — 2019 yillar1 arasinda N,O konsantrasyonlarindaki artis, 62,0 (+ 6,0)
ppb’lik %30’luk artisla 800.000 y1ilin buzul-buzullar aras: dalgalanmalartyla karsilas-
tirilabilir biiytikliktedir. [9]

Tablo 2.1°de iklim degisikligi {izerinde en 6nemli etkiye sahip ti¢ bilesigin 1750
ile 2019 yillart arasinda atmosferdeki konsantrasyon degisimleri verilmistir.

2 El Nino-Giiney Salinimi1 (ENSO), orta ve dogu tropikal Pasifik Okyanusu’ndaki sularin sicakligindaki
degisiklikleri i¢eren tekrarlayan bir iklim modelidir. Yaklagik ii¢ ila yedi yil arasinda degisen donem-
lerde, tropikal Pasifik Okyanusu’nun genis bir béliimiindeki yiizey sulari, normale kiyasla 1°C ila 3°C
arasinda herhangi bir yerde 1lik veya soguktur. ENSO dongiisii olarak adlandirilan bu salinimli 1sinma
ve soguma modeli, tropik bolgelerdeki yagis dagilimini dogrudan etkiler ve Amerika Birlesik Devlet-
leri ve diinyanin diger bdlgelerindeki hava durumu iizerinde giiglii bir etkiye sahip olabilir. El Nifio ve
La Nifia, ENSO dongiisiiniin en u¢ asamalaridir; bu iki asama arasinda ENSO-nétr olarak adlandirilan
i¢tlincii bir asama vardir.
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Tablo 2.1 1750 — 2019 yillart aras1 atmosferdeki CO,, CH,, N,O konsantrasyonlarin degisimi

1750 2019 K"‘I‘)s:g“l‘;ﬁfly on D?é:;:fla‘;)
CO, (ppm) 278,4 410,0 131,6 (£2,9) 473
CH, (ppb) 729,0 1866,0 1137 (£ 10) 157,8
N,O (ppb) 270,0 332,0 62,0 (£ 6,0) 62,0

Sera gazi emisyonlarinin yaklasik %23°nun Tarimsal faaliyetler, Tarim ve Hay-
vancilik, Orman ve Arazi Kullanimi1 (TOAK) oldugu, alt sektorlerinin ise Hayvancilik
ve Giibre (hayvansal diskilar) % 5,8, piring/geltik yetistiriciligi %1,3, aniz yakma %
3,5, ekilebilir tarim topragi % 4,1, ormanlik alanlar %2,2, dikili tarim arazileri % 1,4,
otlaklar/meralar % 0,1 seklinde tanimlanabilmektedir.[2] [3] [4]

IPCC Special Report on Climate Change and Land (SRCCL) raporunda antro-
pojenik ve dogal 37 etken nedeniyle arazinin bir CO, kaynagi hem de yutagi olduguna
deginilmistir. Tarimsal (TOAK) faaliyetlerinin 2007 ve 2016 yillart arasinda ki in-
san faaliyetlerinden kaynaklanan CO, emisyonlarinin toplaminin yaklasik %13, CH,
emisyonlarinin %44 ve N,O emisyonlarmin %82’sini olusturmaktadir. Bu degerlerin
esdeger CO, ye olarak hesaplandiginda ise, toplam kiiresel sera gazi emisyonlarmin
%23 ne karsilik geldigi 6n gérmektedir. [9]

Tarim ve atik sektorlerinden kaynakli CH, emisyonlari toplam emisyonlar igeri-
sinde en biiyiik pay1 olusturmaktadir (Tablo 2.2). Ham hayvansal digkilarin depolan-
mast sirasinda, anoksik ve anaerobik kosullar gelismektedir, bu da CH, emisyonlarina
sebebiyet vermektedir [10]. Bununla birlikte enterik fermantasyon en fazla emisyona
sebep olan alt bilesendir. Insan niifusunun artisma bagli bu ihtiyac karsilamak ama-
ciyla hayvanciliktaki biiyiime bu emisyonlarin sistematik bir sekilde artmasina sebep
olmaktadir.

Hayvan tiirii, say1si, biiytikligii, sagligi, beslenme kosullari, sicaklik, et ve siit
tiretim hizlari, emisyonlarin olusum hizlarini1 ve miktarlarina dogrudan etki etmek-
tedir. Evsel ve diger atiklarin (organik atiklarin) depolandig: diizenli atik sahalar1 ve
atiklarin vahsi ve agik bosaltim seklinde depolandigi sahalar, atik yonetimi yada atik
yonetimsizligi de emisyonlarin olusum miktar1 ve hizin1 dogrudan etkileyen ikinci
ana faktordiir. Bunlarin disinda, biyokiitle’nin yakilmasi ve piring/celtik iiretimi faa-
liyetleri sonucunda olusan CH, emisyonlari diger 6nemli emisyon kaynaklarindandir.
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Tablo 2.2 Metan emisyonlariin kaynaklari [9]

2000-2009 2008-2017

Tg CH4 yr! " - - -

Alt-Ust Deger Alt-Ust Deger Alt-Ust Deger Alt-Ust Deger
Kaynak
Dogal Kaynaklar | 215 | (176-243) | 369 | (245-484) | 215 | (183-248) | 371 | (245-488)
Sulak Alanlar 180 | (153-196) | 147 | (102-178) | 180 | (159-199) | 149 | (102-182)
Diger Kaynaklar 35 (21-47) | 222 | (143-306) | 36 (21-49) 222 | (143-306)
Yiizeysel Sular
(Akarsular ve 159 | (117-212)
Goller)
Vahsi Hayvanlar 2 (1-3)
Termitler (3-15)
Jeolojik (kara ve
Okyanus) 23 (0-71) 45 (18-65)
Diger Okyanus K.
(Denizler-Hava
Akist ve Gaz 6 (4-10)
Hidratlar)
Tiyal tabakasi
(Goller ve Sulak 1 (0-1)
Alanlar Harig)
Antropojenik
Kaynaklr 332 | (312-347) | 330 | (309-350) | 357 | (336-375) | 356 | (335-383)
Tarim ve Atiklar 206 | (198-219) | 195 | (185-212) | 221 | (209-238) | 208 | (192-230)
Enterik Ferman-
tasyon & Hayvan- 103 | (101-107) 109 | (106-115)
sal Diski
Atik Depolama
Sahalar1 ve Atiklar 60 (33-70) o4 (577
Piring 29 (23-34) 31 (25-37)
Fosil Yakitlar 101 | (71-151) | 100 | (94-108) | 106 | (81-131) 115 | (114-116)
Komiir 29 (26-33) 38 (36-39)
Petrol ve Dogal- 65 | (60-72) 70 | (68-73)
gas
Tasimacilik 3 (1-8) 5 (1-11)
Endiistri 3 (0-6) 3 (1-5)
Biyokiitle ya-
kilmast & Biyo 29 (23-35) 32 (24-44) 30 (22-36) 30 (22-39)
Yakatlar
Biyokiitle yakil- 19 | (15-32) 17 | (14-26)
mast
Biyo Yakitlar 10 (8-12) 10 (8-13)
Emilim
E‘;‘;ll‘i‘)m Kimyasal | 51 | (502-515) | 595 | (480-749) | 514 | (474-529) | 602 | (496-754)
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yr')

Troposferik OH 553 | (476-677) 560 | (483-682)
Stratosferik kayip 31 (12-37) 31 (12-37)
Troposferik Cl 11 (1-35) 11| (1-35)
Toprak Emilimi 34 | (27441 | 30 | (1149) | 37 | (27-43) | 30 | (11-49)
Ejggﬁlla“n 548 | (524-560) | 699 | (554-834) | 576 | (550-589) | 727 | (581-872)
Emilim 546 | (533-556) | 625 | (500-798) | 551 | (501-572) | 632 | (507-803)
Esitsizlik 7| @11 | 74 21 | (1826) | 95

Atmosferik Bii-

ytime Oran1 (ppb 2+4 7+£3

Atmosferdeki 31,0 + 0,5 ppb N,O konsantrasyonundaki artisin en 6nemli et-
kenleri sentetik giibre ve hayvansal diskilarin islem gérmeden toprakta kullanimiyla
dogal nitrojen dongiisiiniin bozulmasi ve bununla birlikte tarim faaliyetleri ve fosil
yakitlarin yakilmasindan kaynaklanan birikimlerdir (Tablo 2.3) [11]. Kiiresel emis-
yonlar dengelense bile N,O dengelenmesi uzun atmosferik dmriinden dolay1 bir asir-
dan fazla zaman alacaktir. [9]
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Tablo 2.3 Kiiresel N,O biitgesi [9]

ARG ARG AR6 AR6 AR5

1
TeNyr 1980-1989 1990-1999 | 2000-2009 (2007-2016) | (2006/2011)

Alt-Ust Biitce/
Denge
(Bottom-Up Bu-
dget)

Antropojenik
Kaynaklar

Fosil yakitlarin
yanmasti ve endiist- | 0,9 (0,8-1,1) 0,9 (0,9-1,0) |1,0(0,8-1,0) 1,0 (0,8-1,1) {0,7(0,2-1,8)
ri kaynakl

Tarimsal Faaliyet-
ler kaynakli (Su 2,6 (1,84,1) |3,0(2,1-4,8) [3,4(2,3-5,2) 3,8(2,5-58) |4,1(1,7-
urtinleri dahil)

Biyokiitle ve biyo-
yakit yanmasi 0,7 (0,7-0,7) 0,7 (0,6-0,8) | 0,6 (0,6-0,6) 0,6 (0,5-0,8) 0,7 (0,2-1,0)
Atiksu 0,2 (0,1-0,3) |0,3(0,2-0,4) |0,3(0,2-0,4) 0,4 (0,2-0,5) 0,2 (0,1-0,3)

i¢ sular, haligler,

kiys bolgeler 0,4(0,2-0,5 |04 (02-0,5 |0.4(02-0,6) |0,5(0,2-0,7)

Atmosferik azot
Okyanuslarda 0,1(0,1-0,2) 0,1(0,1-0,2) |0,1(0,1-0.,2) 0,1(0,1-0,2) {0,2(0,1-0,4)
birikim

Atmosferik Azot

Karada birikim 0,6 (0,3-1,2) |0,7(0,4-1,4) |0,7(0,4-1,3) 0,8 (0,4-1,4) |0,4(0,3-0,9)

Co, iklim ve arazi
kullanimindan do- | 0,1 (-0,4-0,7) |0,1(-0,5-0,7) |0,2(-0,4-0,9) 0,2 (-0,6—1,1)
lay1 diger etkiler

Toplam Antropo-

jenik 5,6 (3,6-8,7) 6,2(3,9-9,6) |6,7(4,1-10,3) |7.3(4,2-11,4) [6,3(2,6-9.,2)

Dogal Yutaklar

Nehirler, haligler

ve kiy1 alanlart 0,3(0,3-0,4) 0,3(0,3-0,4) |0,3(0,3-0,4) 0,3(0,3-0,4) |0,6(0,1-2,9)

Okyanus ve Agik

Denizler 3,6(3,044) [3,5(2,844) |3,5(2,743) 3,4(2,5-43) [3,8(1,8-94)
Dogal bitki ortiisii

altindaki topraklar 5,6 (4,9-6,6) |5,6(4,9-6,5) |5,6(5,0-6,5) 5,6 (4,9-6,5) |6,6(3,3-9,0)

Atmosfer kimyast | 0,4 (0,2-1.2) |04 (02-1,2) |0,4(02-1,2) |04 (0.2-1,2) |0,6(0,3-1,2)

Yiizeysel Emilim [ -0,01 (-0,3-0) |-0,01(-0,3-0) |-0,01(-0,3-0) |-0,01 (-0,3-0) |-0,01 (-1-0)

Toplam Dogal 11,6 (5,5-
Bilesenler 9,9 (8,5-12,2) |9,8(8,3-12,1) [9,8(8,2-12,0) |[9,7(8,0-12,0) 23.5)
Bastan Sona Top- | 15,5 (12,1— 15,9 (12,2— 16,4 (12,3— 17,0 (12,2~ 17,9 (8,1-
lam Kaynaklar 20,9) 21,7) 22.4) 23.5) 30,7)
Gozlenen Biiyii-

me Oram 3,7(3,7-3,7)  |45(43-4.6) |3,6(3,53.8)
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gﬁiﬁ:ﬁﬁﬁ? 12,9 (12,2 13,1 (124|143 (43~
lim 13,5) 13,6) 28,7)
Atmosferik ya-

yilim

Atmosferik kayip g,;)( 11,4- g,g)(l 1,7-

Toplam kaynak }23)(15, 1- }g,g)(15,9—

Esitsizlik 36(2257) |42 (2.4-64)

Kiiresel N,O biitgesi (birim TgN yil-1) 1980’ler, 1990’lar, 2000’ler ve ayrica
2007°de baslayan son on yil boyunca ortalamasi alinmistir. Belirsizlikler, degerlen-
dirilen kaynak/havza tahminleri araligini temsil eder. Tiim sayilar, (Tian ve digerleri,
2020) envanterlerin bir derlemesine, asagidan yukarrya modellere ve ayrica atmosfe-
rik inversiyonlara dayali olarak yeniden iiretilmistir. [9]

IPCC, ABD Cevre Koruma Ajansi (USEPA), Birlesmis Milletler Cevre Prog-
rami (UNEP), Diinya Bankasi ve AB Cevre Koruma Ajanst (EU-EEA) raporlarina
ve bulgularma gore, iklim degisikliginden en ¢ok etkilenen sektor tarim sektoriidiir.
Tarimin siirdiiriilebilir bir sekilde yapilabilmesi i¢in, iklim degisliginin etkilerini azal-
tarak kaynak korunumunun 6n planda tutuldugu bir strateji izlenmesi gerekliligi or-
taya koymaktadir. Bu verilerin 15181nda proje kapsami ve raporda ele alinan bitkisel
tiretim atiklari olarak tanimlanan. Bitkisel {iretim siirecinde ve olusan atiklardan kay-
nakli sera gazi emisyonlarinin azaltilmasi hedeflerden biridir. Ortaya konulacak olan
planlar ve politikalarda, atiklarin siirdiiriilebilir tarim doniisiimii odaginda, bir enerji
vektoriine ya da organik giibreye doniistiiriilmesi olacaktir. Bu dontisiim ile inorganik
glibre kullammindan kaynaklt N,O emisyonlarinin azaltilmasi ve kontrolsiiz sekilde
yakilan (aniz yakimi) ya da depolanan organik olarak pargalanabilen tarimsal atiklar-
dan kaynaklanan 6ncelikle CH, ve diger emisyonlarin azaltilmas1 saglanacaktir.



E. Olcay ISIN

Kaynaklar

[1] United States Environmental Protection Agency, EPA https://www.epa.gov/
ghgemissions/global-greenhouse-gas-emissions-data

[2] The Intergovernmental Panel on Climate Change IPCC, 2014: Climate
Change 2014: Synthesis Report AR5 Final Raporu,

[3] Climate watch data, https://www.climatewatchdata.org

[4] Our World Data, https://ourworldindata.org/emissions-by-sector#annual-g-
reenhouse-gas-emissions-by-sector

[5] The World Bank Climate-Smart Agriculture https://www.worldbank.org/en/
topic/climate-smart-agriculture

[6] Eurostat, https://ec.europa.eu/eurostat/web/products-eurostat-news/-/DDN-
20211129-1

[7] IPCC Fourth Assessment Report: Climate Change 2007, Chapter 8

[8] 2020 United Nations Environment Programme, Emissions Gap Report
2020

[9] IPCC Climate Change 2021 The Physical Science Basis

[10] Hristov, A. N., Oh, J., Firkins, J. L., Dijkstra, J., Kebreab, E., Waghorn,
G., & Makkar, H. P. S. (2013). SPECIAL TOPICS — Mitigation of methane and
nitrous oxide emissions from animal operations : I . A review of enteric methane
mitigation options 1. https://doi.org/10.2527/jas2013-6583

[11] Friedlingstein, P., Sullivan, M. O., Jones, M. W., Andrew, R. M., & Hau-
ck, J. 2020. Global Carbon Budget 2020. 2020, 3269-3340.



Siirdiiriilebilir Tarima Dogru Atik Yonetimi ve Yenilenebilir Enerji Yontemlerinin Degerlendirilmesi Raporu

3. Tiirkiye’de Tarim ve Yetistirilen Bashca Uriinler

Tiirkiye 719.955 milyar § ile diinyadaki 19. biiyiik ekonomidir [12]. Ekonomi-
de, tarimin pay1 % 6,4’tiir (hayvancilik, ormancilik ve balik¢ilik faaliyetleri dahil)
[13]. Turkiye 738.562 km? yiiz 6l¢limiine sahip, bu alanin yaklasik %30’da tarima
elverisli alandir [14]. 2000°li yillarin basindan beri hem tarimsal iiretimin GSYTH
katkist oransal olarak azalirken hem de kisi basi ekilebilir tarimsal arazi ile, toplam
tarimsal arazide azalma gozlemlenmektedir.

Ekonomik ve iiretime bagl bu degisiklikler, Tiirkiye’yi en biiyiik tarim tiretimi
yapan yedinci iilkeden onuncu iilke konumuna geriletmistir. TUIK verileri dogrultu-
sunda tarim da istihdam orani1 %19,5 iken FAO verileri son 20 yil icerisinde tarimda
istihdamin %27,3’ten, %18,1°¢e geriledigini gostermektedir [13].

Diger yandan tarimda inorganik giibre kullanim1 2000 yilinda 2089 bin ton iken
2019 yilina gelindiginde bu oran 2466 bin ton olmustur. Hektar basina ise 79,2 kg’dan
106,8 kg yiikselmistir. [13]

Tarimda su kullanimi i¢in ¢ekilen suyun toplam, ¢ekilen suya orani ise 2000
yilinda %80 iken, 2018 yilinda bu oran %87,1 olmustur. [13]

Tarimda pestisit® kullanimindaki degisim ise 2000 yilinda 33.471 ton iken
2019’da bu miktar 51.297 ton’a ulasmistir. Ha basina kullanilan miktar ise 1,27
kg’dan 2,22 kg’a yiikselmistir. [11]

Gida ihracat1 2019 yilinda 17.902 milyon dolar, gida ithalati 11.720 milyon do-
lar ve net gida ticaret hacmi ise 6.182 milyon dolardir. [13] Gida ithalat ihracat den-
gesi Tablo 3.1 ve 3.2°de verilmistir.

3 Pestisit kullanimi proje kapsaminda irdelenecek bir bilesen olmasa da 6zellikle sucul ekosistemler iize-
rinde 6nemli gevresel riskler olusturmaktadir. Belli konsantrasyonlarda ise biyo rektorler ve biyolojik
proseslerde siirecleri olumsuz etkileme riskleri olabileceginden dolay1, dolayl bir etkisi bulunmakta-
dir.
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Tablo 3.1 2019 Tiirkiye gida ithalat ve ihracat dengesi [13]

Gida
9] = = .
> ° [5) . 5 £ - — £
& | 25| = 2 | E5| & 8 c 3
p= ZE 2 e |2 E| @xg ;_ = =
S E) i) ~ = 35 = o O ) 15
o Ra) K 5} =] O % > e}
> > =
> =] - 193] 7] < P ~
o° m - o 2 = > S a
I 53 ) =4 > 7 < 2
o T B 4 o oz | &
] E] e h=g5}
175] T m wn —

8005 | 3417 714 350 661 991 607 2145 1013 | 17902

Thracat
USD Milyon

1653 3811 89 274 1140 149 186 4219 199 11720

Ithalat
USD Milyon

6352 -394 625 76 -479 842 421 -2074 814 6182

Denge
USD Milyon

Tablo 3.2 2019 Tiirkiye tahil ithalat ve ihracat dengesi [13]

Tahil
Misir Bugday Piring/Celtik Diger
Thracat 1000 Ton 691,6 135,2 202,1 4695,4
ithalat 1000 Ton 43475 10 004,8 520,7 5773

Bu veriler 15181nda, tarimsal arazi ve kisi basi ekilebilir tarimsal arazi oranlarin-
da azalma goriilmektedir. Tarimsal istihdam pay1 toplam istihdam payinda da diisme
gozlemlenmektedir. Tarimin Gayrisafi Milli Hasila’daki paymda da 6nemli bir diisiis
goriilmektedir.

Diisiis gosteren bu ekonomik parametrelere kiyasla, tarim i¢in su, pestisit ve
inorganik giibre kullanim miktarlarinda artis oldugu gézlemlenmektedir.

Buna karsin TUIK verileri incelendiginde tarimsal iiretim miktarlarinda yata-
ya ya da yataya ¢ok yakin artiglarla bazi iiriinlerin iretimlerinde sert diisiisler s6z
konusudur (misir silaji tiretimi haric) ve dekar basina alinan verimlerde de kayda de-
ger artiglar gézlemlenememistir. [15], [16] En nihayetinde bu analizler mikro dlgekte
hassas olarak yapilarak iyi irdelenmesi gereken parametrelerdir. S6z konusu verilere
ist 6lgekte bakildiginda tarimsal iiretimin degerinde (iiretim verimi ve de ekonomik
degerleri ile niifusun ve istihdaminda goz 6niinde bulunduruldugunda) diisiis olma-
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sina ragmen, kaynak kullaniminda bir artis oldugu agikc¢a goriilmektedir. Bu durum
ilkemizdeki tarimsal liretimin yillar gegtikge siirdiiriilebilirligini yitirmekte oldugu-
nu gostermektedir. Diger taraftan tarimsal {iretimin su ayakizi ve karbon ayakizi de
artmakta olup bu artista iklim degisikliginin neden oldugu kurakligin da pay1 vardir.

Projenin kapsami dogrultusunda tarimsal atiklarin stratejik degerlendirmesi ve
stirdiirtilebilir tarim doniistimi icin 2 noktaya odaklanilacaktir. Aniz yakilmasinin 6n-
lenmesi, bu atiklarin organik giibreye ve enerji vektdriine doniistiiriilerek hem inor-
ganik giibre kullanimin1 azaltmak hem de yenilenebilir enerji stratejilerine destek ve-
rerek karbon ayak izinin azaltilmasina yonelik strateji gelistirilmesi planlanmaktadir.

3.1 Bashca Yetistirilen Tarimsal Uriinler

Proje kapsaminda veriler, Tiirkiye Cumhuriyeti Tarim ve Orman Bakanlig1 Ta-
rimsal Arastirmalar ve Politikalar Genel Midiirliigii, Karadeniz Tarimsal Arastirma
Enstitiisii Miidiirliigii ve T.C. Enerji ve Tabii Kaynaklar Bakanlig1 Enerji Isleri Genel
Miidiirligii Biyokiitle Enerjisi Potansiyeli Atlasi Projesinden alinmustir.

Tiirkiye’de baslica bitkisel tiretim tiirleri tarla bitkileri, bahce (meyve) ve sebze
bitkileri olmak tizere {i¢ ana grup altinda degerlendirilmistir.

Tarla bitki tiretiminde, 10 milyon ton yillik liretimin iizerinde gerceklesen en
onemli iiretim tiirleri bugday, sekerpancari, yonca, silajlik misirdir. Bunlart takriben
10 milyon ton yil ile 1 milyon ton y1l arast iiretimi yapilan arpa, misir (dane), pamuk
patates fig (dane), yulaf, ay¢icegi ve korunga izlemektedir (Sekil 3.1.) Illere gore iire-
tim miktarlarinin dagilimi sekil 3.2°de verilmistir.

13
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Tirkiye Tarla Bitkileri Uretim Miktarlari (milyon ton/yil)

o
=]
o
=]

10,0 15,0

N
o
[

Bugday
Sekerpancari

Yonca (Yesil Ot)
Misir (Silajlik) - 1.Ekilis
Misir (Silajlik) - 2.Ekilis
Arpa

Misir (Dane)

Pamuk

Patates

Fig (Dane)

Yulaf

Aycicegi

Korunga (Yesil Ot)
Celtik

Nohut

ftalyan ¢imi

Cavdar

Tritikale (Dane)
Mercimek (kirmizi)
Yem Salgami
Fasulye

Bezelye (Yemlik) (Yesil Ot)
Yerfistigi

Misir (Hasll) - 1.Ekilis
Soya

Kolza (Kanola)
Mirdumuk (Yesil Ot)
Hayvan Pancari
Sorgum (Dane)
Hashas

Misir (Hasll) - 2.Ekilis
Mercimek

Aspir
Burcak
Susam

Gul (Yaglik)

B Bitkisel Uretim (Milyon ton/yil)

Sekil 3.1 Tiirkiye’de tarla bitkileri tiretim verileri. Y1llik 10 bin ton iizeri tiirler igin)

14
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Tiirkive Illere Gore Tarla Bitkileri Uretim
Milyon Ton/Yil

Erzincan; 1,[)4W
Antalya; 1,05 \
Hatay; 1,06 .‘\\
Kirgehir; 1
Agri 1,00 irsehir; 1,08
g

Bayburt; 1,12
Burdur; 1,20

Nevsehir; 1,28
Mugla; ——
1,31 Kirklareli; 1,31

Aksaray; 4,09

Mardin; 1,32 e
Sakarya; 1,35 —

Kitahya; 1,43

Corum; 1,51
Tekirdag; 1,59
Edirne; 1,69
Manisa; 1,81

Nigde; 1,82
Tokat; 1,85

Samsun; 1,88
Yozgat; 2,84

e /
Van; 2,07

Erzurum; 2,09

Ankara; 2,83
Bursa; 2,77

/

Diyarbakir; 2,13 /
\ Canakkale; 2,65
L Eskigehir; 2,61

Svas 2,23 ponigi; 2,40

/ 1gdir; 2,21

Karaman; 2,18 / Mus; 2,40

Sekil 3.2 Illere gore tarla bitkileri tiretim miktarlari

| \ Afyonkarahisar; 3,14
| ’ Adana; 2,93

Bahge bitkileri liretiminde, 1 milyon ton yillik iiretimin tizerinde gergeklesen en
onemli {iretim tiirleri izlim, elma, portakal, mandalina, zeytin, ¢ay, limondur. Bunlari
takriben 100 bin ton y1l ile 1 milyon ton y1l arasi liretimi yapilan seftali, kayisi, kiraz,
nar, armut, findik, muz, ¢ilek, incir, erik, greyfurt, antep fistig1, kirmiz1 biber, ceviz,
visne, ayva, badem izlemektedir. (Sekil 3.3.). illere gore iiretim miktarlarinin dagilimi

sekil 3.4’te verilmistir.

15
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Tirkiye Bahce Bitkisel Uretim
Ton/YIl

o
o
o
w1
g
o
=
%]
N
o
N
%]
w
o
w
wn
s
o

Uziim

Elma
Portakal
Mandalina
Zeytin

Cay (Yas)
Limon
Seftali

Kayisi

Kiraz

Nar

Armut
Findik

Muz

Cilek

Incir

Erik

Greyfurt (Altintop)
Antep Fistigi
Kirmizi Biber
Ceviz

Visne

Ayva

Badem

Dut

Kestane

Kivi

Trabzon Hurmasi
Zerdali
Yenidiinya
Kegi Boynuzu

Kizilcik
Ahududu

Sekil 3.3 Tiirkiye’de bahge bitkileri liretim verileri (5 bin ton y1l {izeri liretim yapilan triinler)
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Tiirkiye illere Gore Bahge Bitkileri Uretim
Milyon Ton/Yil

Afyonkarahisar; 0,15 _
Adiyaman; 0,17 ‘
Artvin; 0,17 _

Kayserl \\ Diger Toplam 51 il; 2,41

Balikesir; 0,19 018 \

Mardin; _ Elazig; 0,20 &
021 ordu; 0,21 g
Sanlurfa; 0,23 —,
Kahramanmaras; 0,28 i
Trabzon; 0,35

Sakarya; 0,38 N
SRzEERHD2 ‘
Malatya; 0,48

Nigde; 0,5

Konya; 0,54
Mugla; 0,58
Karaman; 0,68

Aydin; 0,68 Denizli;
0,88

Sekil 3.4 Tllere gore bahge bitkileri tiretim miktarlart

Sebze bitkileri tiretiminde, 1 milyon ton yillik tiretimin iizerinde gergeklesen en
onemli {irlin tiirleri domates, karpuz, sogan (kuru), hiyar (sofralik, tursu), kavun, biber
(salgalik, kapya), biber (sivri). Bunlari takriben 100 bin ton yil ile 1 milyon ton yil
aras1 liretimi yapilan iiriinler patlican, lahana, fasulye (taze), kabak (sakiz ve ¢erezlik),
biber (dolmalik), pirasa, karnabahar, turp, sarimsak, bezelyedir. (Sekil 3.5). illere gére
iiretim miktarlarinin dagilimi sekil 3.6°da verilmistir.

17
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Tirkiye Illere Gore Sebze Bitkileri Uretimi milyon ton/yil
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Sekil 3.5 Tiirkiye’de sebze bitkileri liretim verileri
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Tiirkiye illere Gére Sebze Bitkileri Uretimi
Milyon Ton/Yil

Gaziantep; 0,20

Kahramanmaras; 0,22

Osmaniye; 0,23
Bilecik; 0,25 \ Antalya; 4,53
Burdur; 0,25
Nigde; 0,26
Corum; 0,28\
Eskisehir; 0,30

Aydin;032_

Denizli; 0,38

Diyarbakir; 0,40 \
ratay; 04 [ —

Karaman; 0,45
Amasya; 0,46
Konya; 0,65
Samsun; 0,74
Tokat; 0,75
Balikesir; 0,81
Sanlurfa; 0,86 it

gla;

1,03
Ankara; 0,89 ‘ -

Canakkale; 0,92

Sekil 3.6 Tllere gore sebze bitkileri tiretim miktarlart
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4. Tiirkiye’de Tarimsal Atiklar
4.1 Tarimsal Atiklarin Tanimlanmasi

Tarimsal faaliyetler sonucu olusan atiklar, bitkisel iiretim faaliyetleri, ¢iftlikler-
den, kiimeslerden ve mezbahalardan gelen hayvansal diskilar ve diger atiklarda bu
kapsamda degerlendirilmektedir. Hasat atiklari, tarlalardan giibre akisi; suya, havaya
veya topraga karisan pestisitler ve tarlalardan siiziilmiis tuz ve silt tarimsal atiklar
icerisine dahil edilmektedir. [17]

Bitkisel iiretim atiklari, bitkisel {iretim faaliyetleri sonucu, hasat sonrasi kalan
malzemenin ekim yapilan bolgeden uzaklastirilmasi/kaldirilmasi sonucu olusan atik-
lardir. Mevcut durumda bu atiklarla aniz yakimi olarak adlandirdigimiz kontrolsiiz bir
sekilde yakilmasi ya da, vahsice dogaya atilmasi durumlartyla karsilagilmaktadir. Bu
atiklarin yonetilememesinin sonucu sera gazi emisyonlarinda artig ve gevre kirliligi
ile kars1 karsiya kalinmaktadir.

Bitkisel tiretim kaynakli atiklar, organik madde icerigi yiiksek, biinyesinde
6nemli niitrientleri bulunduran ve nem oran diisiik atiklardir. Bu sebeple yenilenebilir
enerji kaynagi icin 6nemli bir potansiyel olusturmaktadirlar. Biyokimyasal 6zellikle-
rine uygun olarak tespit edilecek yontemler ve/veya diger organik atiklarla birlikte
karisik olarak biyogaz, kompost gibi yontemler kullanilarak, yan {irlin ya da ana {irtin
olarak giibreye doniistiiriilme potansiyelleri de bulunmaktadir.

4.2 Bitkisel Uretim Atiklarimin Miktar1

Tiirkiye’de bitkisel tiretim atiklarinin miktarlari tirlin tiirti, miktar1 ve atik olus-
turma potansiyeli ile dogrudan ilintilidir. Atik miktarinin tespit edilebilmesi igin iire-
tim sekli ve atik olusturma potansiyeli arasinda bir bagint1 kurulmasi gerekmektedir.
Uretim faaliyetinin gergeklestirildigi alanda ton/y1l biriminden ampirik bir yaklagim
ortaya konulmalidir. Uriin hasat sayis1 (HS) bir yil igerisinde ayn1 alanda kag kere
hasat yapildigini, her hasat sonucunda iiretilen {iriine karsin ne kadar atik olustugu
Atik Olusturma Potansiyeli (AOP) ve ne kadar iiretim yapildigi (BUM) arasindaki
bag Esitlik 1 ve Esitlik 2 de verilmistir.

AUM = BUMXAOPXHS (1)

AUM: Uretilen atik miktari, ton/y1l

BUM: Bitkisel iiretim miktar1, ton/hasat

AOP: Her bir bitki tiirii i¢in atik iiretim potansiyeli, %

HS: Y1l igerisinde hasat sayisi, hasat/yil

Bir bolgedeki gesitli tiretimler sonucu olusan toplam atik miktari igin,
Miopiam = D.; BUMiXAOPXHSi )

Mioplam = Bir bdlgede olusan toplam atik miktari, Ton/y1l

i =Uriin
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Ayni arazide 2. ve 3. ekimlerde farkl: iiriin ekilmesi durumunda, 2. Esitlikteki
gibi farkli bir uygulama olarak degerlendirilmeli ve HS, her farkli ekim i¢in 1 olarak
alinmalidir.

Uriin — atik iliskisi incelendiginde baz1 bitkisel iiriinler igin atik miktarinin {ire-
tim miktar1 ile dogrudan iligkili olmadig1 gortilmektedir, tretilen tirtiniin kullanim
amaci, cinsi atik miktarinda temel belirleyici etmen olusturmaktadir.

Misir tiretimini ele aldigimizda, tiretim amaci hayvan yemi olarak yapildiginda,
biitiin irtin silaj yapilabildigi ve hasat sonrasi kalan kisim topraktan kaldirilmasi ge-
rekmedigi icin atik olusmadig1 kabul edilirken, dane misir {iretiminde olusan atiklar
toplam {iretim miktarindan daha fazladir. Bu farkliligi daha iyi gérebilmemiz igin
bitkisel tiretim — atik iligkisinin kuruldugu tablolara bakilmasi gerekmektedir. Bitkisel
tarla, bahge ve sebze bitkisel iiretimi seklinde {iretim ii¢ ana alt grupta degerlendiril-
mistir.

Sekil 4.1 de goriildiigii izere ana atik olusan {iretim sekilleri bugday, arpa, misir
(dane), pamuk, aycicegi, ¢eltik olarak géziikkmektedir. Ana kaynaklar yillik milyon
ton iizerinde atik olusan kaynaklardir. Bu tablo Tiirkiye geneli oldugundan dolay1 her-
hangi bir planlama siirecine karar vermeden once, bolgesel degerlendirme yapilmasi
gerekmektedir.
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Tirkiye Tarla Bitkileri Uretim - Atik Iligkisi milyon ton/yil
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B Bitkisel Uretim (Milyon ton/yil) B Atik Miktari (Milyon ton/yil)

Sekil 4.1 Turkiye, tarla bitkileri Giretimi-atik iligkisi
Sekil 4.2 bahge bitkisel iiretimi, atik iligkisi verilerine bakildiginda, tiziim, zey-

tin, findik, muz tretimi 6n plana ¢ikmaktadir. Bu {iretim tiirlerinin daha sinirl bir
cografyada yapiliyor olmasi ise planlama siireclerinde avantaj saglayacaktir.
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Tirkiye Bahce Bitkisel Uretim - Atik Iliskisi Milyon
Ton/YIl
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| Bitkisel Uretim (Milyon ton/yil)
B Atik Miktari (Milyon ton/yil)

Sekil 4.2 Tiirkiye bahge bitkisel tiretim-atik iliskisi

Sekil 4.3 sebze bitkisel iiretimi, atik iligkisi verilerine bakildiginda, domates,
hiyar, karpuz, sogan, fasulye, biber tiretimi 6n plana ¢ikmaktadir. Bu iiretim tiirlerinin
daha sinirli bir cografyada yapiliyor olmasi ise planlama siireglerinde avantaj sagla-
yacaktir.
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Tirkiye Sebze Bitkileri Uretimi - Atik liskisi milyon ton/yil
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Sekil 4.3 Tiirkiye sebze bitkileri tiretimi-atik iliskisi

Sekil 4.4’te ise tiim bitkisel iiretim tiirleri i¢in liretim-atik iliskisi verilmistir,
grafikte’de goriildiigii tizere {irlin ¢esidinin farklilig1 ve ¢oklugu ve buna baglh olarak
olusan atiklarin gesitliligi dikkat ¢ekmektedir. Planlama yapilabilmesi igin her atik
6zelinde cesitli analizlerin yapilmasi ve bu analizler sonucunda bir siniflandirma ya-
pilarak mikro 6lgekte bir planlama yapilmasi gerekmektedir.

25



E. Olcay ISIN

Tirkiye Bitkisel Uretim - Atik {ligkisi milyon ton/yil
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Sekil 4.4 Turkiye bitkisel tiretimi-atik iligkisi
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4.3 Bitkisel Uretim Atiklarimin Ozellikleri

Bitkisel iiretim atiklart genellikle tahil bitkilerinin tahil uzaklastirildiktan son-
raki toprak Ustii kismindan olusur. Kuru madde igerikleri yliksek olmasi ve biiylik
6l¢iide polisakkaritlerden olusmalarindan &tiirii, potansiyel olarak zengin enerji kay-
naklaridir. [18] Bu atiklarin biiyiik 6l¢iide otgullar i¢in besin kaynagi olarak kullanil-
ma potansiyeli bulunsa da, spesifik hiicre duvari yapisi ve kimyasal bilesimleri sebebi
ile sindirilebilirlikleri diisiik, rumen mikrobiyal etkisine kismen direng¢ gdsteren bir
yapi sergilerler. Sert yapida olmalari ve kotii lezzetleri nedeniyle de gida/enerji alimi
diistiktiir. Bununla birlikte ruminal mikroorganizmalar i¢in gerekli olan azot, kiikiirt,
fosfor gibi elementler agisindan da eksiklik gosterirler. [18] Bu sebeplerle oncelikli
olarak yenilenebilir enerji kaynag: olarak degerlendirilebilirler.

Bitkisel iiretim atiklarinin karakterizasyon calismalari, secilecek teknoloji ile
dogrudan ilintilidir. Biyokditlenin enerji doniistimii i¢in farkli yontemler kullanilmak-
tadir. Bu yontemlerin her birinin biiyilik 6l¢ekli birer mithendislik projesine doniise-
bilmesi hem ekonomik hem de teknoloji olarak siirdiiriilebilir olmasi igin en temel
bilesen kullanilacak atigin, o teknolojiye uygun gerekli bilesenlerinin biliniyor olma-
sinin gerekliligidir.

Karakteristik 6zelliklerinin biliniyor olmasi bu teknolojilerin siirdiirilebilirligi
i¢in tek yeterli kosul degildir. ideal bir fizibilite yapilabilmesi icin segilen atik me-
niisiine gore o yontemi temsil edecek pilot caligmalarin yapilmasi hata paymi bii-
yik dlclide azaltacaktir. Bu sebeple sadece yatirim yapacak (kamu, 6zel, vb.) yapinin
teknolojik ve bilgi seviyesinin yani sira bu arastirma gelistirmeyi yapabilecek alan-
larinda yaratilmasi 6nem arz etmektedir. Mevcut kosullar atinda ¢esitli teknolojiler
konusunda arastirma ve gelistirme yapan enstitii ve tiniversite boliimleri {ilkemizde
mevcuttur. Bu kurumlarin kapasite ve sayisi artirilmali diinyada gelisen teknolojilere
uygun sekilde kendilerini evirebilecek esneklige (hem ekonomik hem de insan kayna-
81 agisindan) de sahip olmalar1 gerekmektedir.

Bitkisel biyokiitlenin enerji doniigiimii secenekleri arasinda yakma prosesleri
icin, biyokiitlede aranan temel 6zellikler, yiiksek kalorifik deger, diisiik nem orani ve
diistik kiil igerigidir.

Fizikokimyasal 6zelliklerinin yan1 sira, malzemenin yanma prosesinin gecek-
lestirilecegi yonteme uygunlugu da 6nem arz etmektedir, besleme ve yanmanin ger-
ceklestigi kisimda davranislari islemi kesintiye ugratmayacak 6zellikte olmasi gerek-
mektedir (pargacik boyutu, hafif olmasi (yogunluk), dagilabilir yapida olmast).

Tablo 4.1°de Karadeniz Tarimsal Arastirma Enstitiisii’niin, bitkisel biyokiitlenin
enerji potansiyelinin belirlenmesi ¢aligmalar1 kapsaminda yapmis oldugu analizlerin
bir bolimii verilmistir.
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Tablo 4.1 Bitkisel tiretim kaynakli, biyokiitlenin yakma siiregleri igin dzellikleri

Bitki/Biyokiitle Kalorifik deger
Nem (%) | Kiil (%)

Tarla Bitkileri Ml/kg cal/g

Bugday 18,11 4.333 5,64 8,76
Misir 17,90 4.282 7,72 7,10
Celtik 15,19 3.634 6,37 18,47
Aygicegi 16,91 4.045 8,82 9,76
Kolza (Kanola) 17,11 4.093 7,65 8,61

Biyogaz prosesler, organik atigin anaerobik kosullarda mikroorganizmalar tara-
findan parcalanarak metan ve karbondioksit ve diger gazlardan olusan kalorifik degeri
olan bir gaz ortaya ¢ikarmasi ve bu gazin enerji elde edilmesi (1s1+elektirik) igin kul-
lanilmas1 prensibine dayali teknolojilerdir.

Gaz iretiminin gergeklestigi bioreaktorler, kesintisiz olarak calismaktadirlar,
kendi igerisinde bir proses dengesi ile isleyen bu reaktorlerde giren malzemenin
6zelliklerinin yani sira rektoriin dengesinin korunmasi i¢in gerekli olan parametreler
onemlidir. Reaktdr icerisinde sabit pH ve sabit sicakligin korunmasi gereklidir. Reak-
tor icersin de ugucu yag asitleri, organik yiik gibi parametreler ve karbon azot orani ve
iz elementlerin (selenyum, nikel, mangan, demir vb.) dengesi de 6nem tagimaktadir.

Rektoriin i¢ dengesini ve iiretim verimini yiiksek ve optimum tutmak i¢in, besle-
nen maddelerden bir menii olusturulmas: tercih edilir. Bu menii tarim ve hayvancilik
kaynakli atiklarla, evsel aritma ¢amurlari, tarimsal sanayi atiklar1 gibi genis bir ara-
likta tercih edilebilir.

Beslenecek biokiitlede, katt madde, organik katt madde, biyogaz ve metan veri-
mi (olusturma potansiyeli), C/N orani 6ncelikli olarak irdelenmesi gereken paramet-
relerdir. [19]

Tablo 4.2.’de bitkisel iiretim kaynakli biyokiitlenin, biyogaz tesislerinde ham-
madde olarak kullanimu ile ilgili biyokimyasal 6zellikler verilmistir.
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Tablo 4.2 Bazi bitkisel biokiitlelerin biyogaz tesisleri i¢in degerleri [19]

R AR

% KM % Nm?/ton YM N(')nK/;‘,;“
Masir silajt 33 95 2,8 1,8 43 200 106 340
Tahil GPS 33 95 44 2,8 6,9 190 105 329
Yesil ¢avdar silaji | 25 90 150 79 324
Tahil taneleri 87 97 12,5 7,2 5,7 620 329 389
Ot silaji 35 90 4,0 2,2 8,9 180 98 310
Seker pancari 23 90 1,8 0,8 2,2 130 72 350
Yemlik pancar 16 90 =¥ =¥ - 90 50 350
Aycigegi silaji 25 90 - =¥ - 120 68 298
Sudan otu 27 91 -k -k -* 128 70 286
Seker darist 22 91 -* =¥ =¥ 108 58 291
Yesil gavdar 25 88 -* =¥ - 130 70 319

* Veri yok, ** Kati madde, *** Organik Kati madde

Biyogaz tesisleri i¢in bitkisel biokiitle agisindan en biiyiik dezavantaj seliilozik
yapilari sebebi ile, mikroorganizmalar tarafindan sindirimlerinin zor/yavas olmasidir.
6n iglemlerden gegcirildikten daha verimli tirlinlere doniisme potansiyelleri vardir.

Kompost teknolojileri katt atik yonetim stratejilerinin temel yontemlerinden
biridir. Reaktor yada yigin tipinde, oksijenli, oksijensiz ve termofilik yada mezofi-
lik olarak farkliliklar gdstermektedir. Statik yiginlar, karisimli yiginlar (turned wind-
rows) ve rektor tipi (in-vessel composting) olmak iizere 3 temel yontemden uygulanir.
Biyogaz teknolojilerinde oldugu gibi islem mikroorganizmalar tarafindan gergekles-
tirildigi i¢in, C/N orani, mikro ve makro niitrientlerin dengesi/varlig1 énem tagimak-
tadir Tablo 4.3. Nemliligin yiiksek olmasi mikroorganizma faaliyeti i¢in dnem tagi-
maktadir, partikiil boyutu siirecin hizini etkilerken pH seviyesi ve sicaklikta islemin
kesintisiz ve stabil olarak devamlilig1 i¢in dnemli parametrelerdir.[20]

Tablo 4.3 Kompost i¢in se¢ilmis biyokiitleler igin temel parametreler [20]

Biyokiitle N (Kuru agirhk) % C/N (Kiitlesel) Nem (%)
Misir kogant 0,4-0,8 56-123 9-18
Misir sap1 0,6-0,8 60-73 12
Meyve atiklari 0,9-2,6 20-49 62-88
Celtik kavuzu 0,0-0,4 112-1120 62-88
Cim bigme atiklari 2,0-6,0 9-25 72-84
Yaprak 0,5-1,3 40-80 72-84
Cali budama 1 53 15
Agag budama 3,1 16 70
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Piroliz, enerji liretimi agisindan optimal bir biyokiitle bileseni tespiti i¢in aras-
tirmalar devam etmektedir. [21]. Bununla birlikte, 2010 yilindan sonra yapilan ¢alis-
malarda piroliz uygulamalarinda ¢ok cesitli biyokiitle beslemelerine odaklanilmistir.
Yiksek lignin igerigine sahip besleme orta sicakliklarda (yaklasik 500 °C) pirolize
edildiginde en yiiksek biyokomiir verimine ulasilir. Ayrica ugucu madde, sabit karbon,
kiil igerigi ve nem oranlar1 da piroliz iiriin verimlerinin gostergeleridir. Genel olarak
yiiksek ugucu madde igeren biyokiitle, yiiksek miktarlarda biyoyag ve sentez gazi
tiretirken, sabit karbon biyokdmiir tiretimini arttirir. Biyokiitledeki nem igerigi, iiriin
dagilimi tizerinde 6nemli etkileri olan 1s1 transfer siirecinde bir etkiye sahiptir [22].
Nem icerigindeki artis1 ile birlikte siv1 {irlin veriminin artis1 gdzlenirken, kat1 ve gaz
iiriinlerinin verimlerinin azaldig1 gézlemlenmektedir [23]. Bunun nedeni, nemin sivi
fazda biiyiik miktarlarda yogusma suyu tiretmesidir [24]. Bu nedenle ceviz kabugu,
zeytin kabugu ve findik kabugu gibi biyokiitle, Tablo 4.4 ve Tablo 4.5’te gosterildigi
gibi biyo-komiir iiretiminde (lignin igerigi ile ilgili) daha elverislidir. Sekil 4.5’de
biyokiitlenin, piroliz sirasinda kiitle kaybinin sicaklik ve yapisal 6zelligine bagli de-
gisimi goriilmektedir.

Tablo 4.4 Bitkisel biyokiitle lignin, seliiloz ve hemiseliiloz igerikleri [21]

Biyokiitle Lignin (%) Seliiloz (%) Hemiseliiloz (%)
Arpa Samani 14-15 31-34 24-29
Yulaf Samani 16-19 31-37 24-29
Bambu 21-31 2643 15-26
Cavdar Samani 16-19 33-35 27-30
Jut lifi 21-26 45-53 18-21
Muz atiklar 14 13.2 14.8
Bugday samani 15-20 33-40 20-25
Seker kamusi kiiveti 23-32 19-24 32-48
Sg;srl;l)artlklarl (hasat 1621 23 35
Findik Kabuklari 429 28.8 30.4
Zeytin kabugu 48.4 24 23.6
Misir kogant 15 50.5 31
Cay atiklar 40 30.20 19.9
Ceviz kabugu 52.3 25.6 22.7
Yaprak 0 15-20 80-85
Celtik kavuzu 18 32.1 24
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Sekil 4.5 Biyokiitle 6zelligine gore sicaklik ve kiitle kayb1 grafigi [21]

Tablo 4.5 Piroliz prosesleri 6zelinde biyokiitlenin karakterizasyonu i¢in gerekli bilesenler ve

ornek calismalar [25]

Odun 1186 20 0.4-1 82 17
Salt otu 108 13-15 4.5-5.8 - -
Miskantus 70-100 11.5 1.5-4.5 66.8 15.9
Seker kamist 1198 3.2-5.5 - -
Arpa otu 210 30 6 46 18
Bugday samani 1233 16 4 59 21
Celtik kavuzu 200 6 43 79 10.7
Grateloupia filicina - 4.93 22.37 55.93 17.01
Hus agaci 125 18.9 0.004 - 20

Cam 124 17 0.03 - 16

Gazifikasyon yontemleri i¢in ise biyokiitlenin, H/C orani, O/C orani, (Sekil 4.6
Ternary Diaagrami), tutusma sicakligi, element bilesimi, kiil, nem, ucu madde, hemi-
seliiloz, seliiloz, lingin igerigi ilgili bilgilerin bilinmesi gerekmektedir. [25]
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Sekil 4.6 Ternary Diyagrami

Tablo 4.6 Bitkisel kaynakli biokiitlenin gazifikasyon prosesi i¢in biyokimyasal
ozellikleri. [34]

C H | N s o | ki | Usti!
Deger
Yakit (%) (%) | (%) | (%) (%) (%) (kJ/kg) Kaynak
Celtik Samani 39,2 5,1 0,6 0,1 35,8 19,2 15,213 Tillman, 1978
Celtik kavuzu 38,5 5,7 0,5 0 39,8 15,5 15,376 Tillman, 1978

4 4. Bitkisel Uretim Atiklarinin i1 ve Bolgelere Gore Dagihm

Tiirkiye’de illerde tiretilen bitkisel iiriin miktart ile olusan atik miktarina gore si-
ralanip bir karsilagtirma yapildiginda, farklilik oldugu gortilmektedir. Bu fark tiretilen
iirtiniin atik olusturma potansiyeline, lirliniin hangi amag icin kullanilacagina (silajlik
musir, dane musir gibi) ve bolgelere bagli olarak {iretimin ¢esitlenmesi ya da farklilag-
masina bagli olarak meydana gelmektedir.

Bu etmenlerden dolayi, atik {iretim miktar1 ve olusan atik arasinda bir bag kuru-
labilse de bolge ya da tiim Tiirkiye geneli gibi iist bakis acisinda bu bag dogrusalligini
yitirmektedir (Sekil 4.7).
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Sekil 4.7 Yillik 1 milyon ton bitkisel iiretim atig1 olusturan iller ve bitkisel atik tiretim

miktarlarinin karsilagtirilmasi.

Bunun temel sebebi tretilen tiriinlerin zengin ¢esitliligi, tarim yapilabilir alan-
larin biyiikligi ve dagilimi, iklimsel 6zellikler dogrultusunda bolgesel tiretim gesit-
liliginin degismesidir.

Atik analizini yaparken ve yOnetim stratejisi gelistirilirken, makro 6lgekte ca-

lismalar yapilmali ve bu ¢aligmalar il 6zelinde birlestirilerek bolgesel ¢oziimler iire-
tilmelidir.
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Sekil 4.8 Tllere gore bitkisel iiretim atiklar1, milyon ton/y1l

Sekil 4.8’de de goriildiigii tizere, yillik 1 milyon tonun tizerinde bitkisel iiretim
at1g1 olusturan sehir sayis1 22 adettir. 1 milyon ton iizerinde atik olusturan iiriin sayisi
11 ve 500 bin ton tizerinde atik olusturan {iriin sayis1 18’dir.

En ¢ok atik olusturan ilk 15 ile bakildiginda, 1 siradaki faaliyet olan bugday
dretimi ilk 15 ilin tamaminda ilk 5 Giretim tirtiniinden birisidir. Misir (dane) 15 ilde ana
iiretim tirtinlerinden biridir, 3. Siradaki arpa ve 5 siradaki domates (sofralik, salgalik)
15 ilde de iiretilirken sadece 12 ilin ana iiretim tirtintidiir, aygicegi ise 12 ilde iiretimi
yapilmaktadir. 6. Siradaki pamuk ise ilk 7 ilde tretilirken sadece 4 ilin ana iiretim
iriintdir.

7. siradaki hiyar (sofralik, tursuluk), 15 ilde iiretilirken sadece 8 ilin ana {iretim
iriintidiir, tiztim 14 ilde {retilirken 6 ilin ana tretim {iriinidiir, alt siralara gidildikce
liretim alanlarinda daralmalar goziikmektedir. Ornek olarak 23. Siradaki muz, Antalya

ve Mersin illerinin ana iiretim iriini olup yillik olarak 144 bin ve 193 bin ton yillik
atik olusmaktadir.

Bu veriler, tiretim ¢esitliligi ve dagilimin degiskenligini ortaya koymaktadir.
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4.5. Atiga Erisilebilirlik ve Lojistik
4.5.1. Atiga Erisilebilirlik

Bitkisel tretim atiklarinin, diger atik yonetimlerinden ayiran temel 6zelligi,
atiklarin hasat sonrasi tarim arazisinden uzaklastirilmasi gereken atiklar olmasidir.
Bu kavram iki durum dogurmaktadir, atigin bulunmasi ve atik taniminin hassasiyeti.

4.5.1.1. Atrgin varlhigy

Yilda bir veya birden fazla hasat sonucunda atik olustugu i¢in, bdlgelerde atik
olusumu o y1l igerisinde sinirli dar bir zamanda gergeklesmektedir ve iiretimin yogun-
luguna gore bu miktarlar binlerce tonu bulabilmektedirler. Bu yonetilmesi ve planla-
masi ¢ok zor bir durum olusturmaktadir.

Bu zor kosullar altinda, atigin bolgeden uzaklastirilip gevreye zarar vermeye-
cek bir sekilde depolanarak, boliim bolim islenmesi s6z konusu olabilir. Bu durumda
secilen proses tiirline ve atiga gore atigin depolama kosullar1 altinda gegirdigi stirede
temel 6zelliklerinde degisme olmamalidir. Depolama kosullari, depolama alaninin
biiylikligii ve bilesenlere gore hammadde sec¢imi etkilemektedir.

Bir diger segenek ise farkli atik tiirlerini isleyebilen bir proses tiiriinde, yakma
biyogaz veya kompost gibi farkli tesislerde degerlendirmek.

Kiitlesel debinin kisa siirede kesikli ve yogun gelmesi, birgok farkli yontemin
bir arada kullanildig1 bolgesel bir yonetim yaklasimi ile verimli bir sekilde yonetil-
mesi miimkiindiir.

4.5.1.2. Atk Taniminin Hassasiyeti

BAT (Bitkisel Artiklarin Toplami), belirli bir bolgede {iiretilen bitkisel tiretim
sonrasi kalan maddenin (Artik) toplam miktarini belirtmek i¢in tanimlanmaktadir.
Fakat diretilen tiim artiklarin yenilenebilir enerji hammaddesi olarak kullanilmasi
miimkiin olmayacaktir. Toplam biyokiitle hem tarim hayvancilik hem de tarimsal
endiistri i¢in 6nemli ve degerli hammadde kaynagi niteligindedir. Tarimsal arazinin
1slahi, hayvan yemi gibi ¢esitli faaliyetler i¢in kullanilmaktadir. Bu nedenle yenilene-
bilir enerji hammaddesi ve/veya kompost uygulamalari i¢in kullanilacak ham madde
tanim1 onem tasimaktadir. Bu perspektifte bakildiginda, atigin mevcudiyetini ya da
atik olarak kullanilacak miktart direkt etkilemektedir. Bu etki ise bolgeden bolgeye
ve faaliyetten faaliyete 6onemli 6l¢iide degisim gosterecektir. Bu degisimlerin mikro
Olgekte bolgesel calismalarla tespit edilip ana (master) planlar hazirlanarak, kurula-
cak yonetim plani ve buna uygun tesis ve tesislerin fizibilitelerinin bu ana planlar
iizerinden yapilmast gerekmektedir. Planlama kisminin tamaminin kamu tarafindan
yapilmasi 6nem arz etmektedir.
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BAT = BUA — (BKyaunt: + BKnammedde) 3)

BUA = Bitkisel iiretim artiklar1, Ton/y1l
BAT = Bitkisel artiklarin toplami, Ton/y1l
BK,,, = Bitkisel kalint1, Ton/y1l (tarim arazisinde birakilmas: gereken miktar)

BK, .= Bitkisel kalmtinin hammadde olarak kullanimi, Ton/y1l (Hayvan
yemi ya da tarimsal sanayi hammaddesi)

Tarlada birakilmasi gereken kalti miktart (BK, , ) toprak tipine ve yapisina
(topragin organik karbon igerigi, besin maddeleri, porozitesi gibi), giibreleme yon-
temine (kimyasal, organik giibreler), tarimsal uygulamaya (iiriin rotasyonu, toprak
isleme) ve toprak yapisina baglidir.

Esitlik 3’iin tanimlanmasindaki bir diger amag ise, atik ver artik arasindaki kav-
ramsal kargaganin olusmamasi i¢in yapilmistir. Y onetmeliklerde ve uygulamalarda bu
iki kavramin kimi zaman birbirine karistirildig1 goriilmektedir. Tarim ve Hayvancilik
sektorii hem ekonomik hem de iklim degisikligi baskisi altinda kirilgan bir sektordiir.
Bu sebeple bu kirilgan yapr igerisinde olugsmus dinamikleri ve sektorleri etkileme-
mektedir. Buradaki kasit, olusturulacak planlarda islem gérmemis hayvan diskilarinin
kayit dis1 alinip satilmasi gibi hem ¢evreye hem ekosisteme hem de ekonomiye zarar
veren yapilarin devam ettirilmemesidir.

4.5.2. Atiklarin Tasinmasi

Ozellikle biyokiitleden yenilenebilir enerji iiretim tesisleri igin atiklarin tasin-
masi, tesislerin siirdiiriilebilir bir sekilde yiiriitiilebilmesi i¢in biiylik 6nem arz etmek-
tedir. Atiklarin bolgede varliginin disinda, bu atiklarin ekonomik ve siiriitiilebilir bir
sekilde tesis ya da tesislere ulastirilabiliyor olmasi planlama siireclerinde kritik karar
verme faktoriidiir.

Atigin varligr diginda bu atiin toplanmasi ve tasinmasi siirecinde fiziki ve eko-
nomik zorluklar olabilir. Bununla birlikte tasima mesafesindeki her artigin nakliye
kaynakl iklim degisikligi lizerinde bir ayak izi olusturacaktir. Tiirkiye’de agir nakli-
yatin kara yoluyla yapildig1 ve akar yakitla ¢alisan araglardan elektrikli araglara do-
niisiim yapilmadigi i¢in nakliye mesafeleri siirdiiriilebilir bir sistem i¢in énemli bir
kriterdir.

Atigin tasinmasini etkileyen faktorleri su sekilde siniflandirilir;
4.5.2.1. Nakliye mesafesi

Tasimaciligin iklim degisikligi tizerinde 6nemli bir etkisi vardir. Akaryakitla ¢a-
lisan araglar ile yapilan kara yolu agir vasita tasimaciliginin etkisi 6ne ¢ikmaktadir.
Bununla birlikte isletme giderleri igerisinde nakliye dnemli bir yer tutmaktadir. Bu
yatirimlarin tesviklerle varligini siiriindiiriilebilen yatirimlar oldugunu ve bu tesvik-
lerinde ancak elektrik tiretimi gergeklestiginde kWh basina verildigini unutmamak
gerekmektedir.
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Yapilacak yatirimlarin tasima mesafesinin en az olacagi sekilde planlanmalidir.
Asirl tasarim (overdesign) olarak planlanan biiyiik tesisler yerine, orta biytikliikte
tesisler planlanmalidir. Tesis biiyiikliigiiniin tiim bu bilesenler dikkate alindiginda iyi
yapilmis bir fizibilite calismasi sonucunda karar verilmesi gerekmektedir. (MWe, ton/
giin vb. kapasite) miithendislik ve otomasyon kontrolii yapilan stirdiiriilebilir tesis bii-
yiikliigliniin altinda da olmamalidir. Bu biiyiikliigiin belirlenmesinde lojistik dnem
tagimaktadir.

4.5.2.2. Fiziki Kosullar

Atigin bulundugu yere erisim ya da yol durumu 6nemli bir kriter olarak kargimi-
za ¢ikmaktadir. Karadeniz Bolgesindeki gibi yolun egimi gibi fiziki kosullar agir vasi-
ta nakliyesi igin kisitlayici diger alternatifler icinde ekonomik olmaktan uzak olabilir.
Altyap1 6zelliklerinin belirleyici oldugu durumlarin ihmal edilmemesi gerekmektedir.

4.5.2.3. Augin Ozellikleri ve Durumu

Atigin yogunlugu, sekli, istiflenme durumu gibi parametreler de belirleyici ol-
maktadir. Atigin tarladan kaldirilip nakliyeye hazir halde olup olmamasi 6nemli bir
diger kriterdir. Bu isin kimin sorumlulugunda olacagi ¢6ziilmesi gereken ve diizenle-
meler getirilmesi gereken bir konudur.

Saman veya saman gibi oncelikle tarlada toplanan ve balyalanan atiklar hem
lojistik hem de erisilebilirlik i¢in yiiksek olarak tanimlanabilir bir kriterdir. Minimum
tasima ve isleme maliyetleri ile enerji kaynagi olarak kullanilabilir olmayi ifade et-
mektedir. Bir diger 6rnek ise ¢eltik kavuzu, misir kogani, aygicegi tablas: vb.dir.

Bu béliimde Atigin varhigini teknik ve ekonomik boyutuna deginilmistir. Uretici
olusturulacak yapinin énemli bir bileseni oldugunu unutmamak gereklidir. Geligtiri-
lecek is modelinin ve planlarin iireticiyi de dahil edilerek yapilmalidir. Ureticinin bi-
linglendirilmesi, stirece dahil edilmesi ve iiretici ile ortak hareket edilmesi bu siirecin
sosyo-ekonomik boyutunun varligini ortaya koymaktadir.

Atik alig-verisinin iyi tanimlanmasi ve bunun yonetmeliklerle belirlenmesi, ku-
rulacak siirecinin dongiisel olmasi ve o bolgedeki tiretimi destekleyecek sekilde plan-
lamasi yapilan ¢alismalart stirdiiriilebilir kilacaktir.
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5. Bitkisel Uretim Atiklar1 i¢in Enerji Doniisiim Teknolojileri

Bitkisel tiretim atiklari, 1s1 ve elektrik iretmek i¢in dogrudan yakma, kati, gaz
ve sivi yakitlar iiretmek i¢in termokimyasal doniistim, sivi yakit tiretmek i¢in fiziko-
kimyasal dontigiim. S1v1 ve gaz yakitlar iiretmek i¢in biyolojik doniigiim dahil olmak
iizere ¢esitli islemlerle enerjiye doniistiiriiliir. Ancak biyokiitle hammaddesinin kali-
tesi (karakteristikleri) ve miktar1 ile biyokiitlenin mevcudiyeti, istenilen son iiriin ve
proses ekonomisi bitkisel tiretim atiklar1 i¢in uygulanacak enerji doniisiim teknoloji-
sinin se¢imini etkiler.

Hangi yontemin hangi atik i¢in uygun olduguna karar vermek adina atigin biyo-
kimyasal ve fiziksel kriterlerinin tanimlanmas1 gerekmektedir. Onceki béliimlerde bu
kriterlere deginilmistir.

Temel olarak proses se¢imi icin atigin, fiziksel ve kimyasal bilesimlerinin bili-
nip, biyolojik parcalana bilirliginin (par¢alanma hizi, biyogaz/metan olusturma po-
tansiyeli vb.) tayin edilmesi gerekmektedir. Secilen atigin uygun oldugu disiiniilen
proses igerisinde nasil ¢alistiginin da irdelenmesi gerekmektedir, yanma verimi ve
biyogaz iiretim potansiyeli gibi.

Atigin proses tipine gore, hazirlanma siiregleri de bir diger o6neli faktordiir. Ya-
pilacak 6n islem ya da 6n islemler, secilen proses ve secilen prosesin ¢esitleri i¢in
belirleyici kriterdir.

Prosesin uygulanabilirligi i¢in ise, atigin varligy, erisilebilirligi, atiin tedarik zin-
cirinin segilen proses uygunlugu gibi kavramlarin da dikkate alinmasi gerekmektedir.

Atik ya da atik meniisiiniin belirlenmesi de diger bir dnemli adimdir. Biyokiitle-
nin enerji donilisiimiinii gergeklestiren sistemlerin ¢ogu, birden ¢ok atik tiiriiniin kari-
simi ile olusturulan meniilerle ¢aligmaktadir. Bu hem sistemlerin optimum g¢alismasi
hem atik varligi hem de tesisin bulundugu bolgenin ihtiyaglari dogrultusunda degisim
gostermektedir.

Bu sebeplerle segilen teknolojinin ve tesisin boyutlandirmalari, bulundugu bol-
ge ile dogrudan iliskilidir. Bu iligkinin en iyi analiz yontemleriyle irdelenip dogru bir
sekilde kurulmasi gerekmektedir.
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Genel olarak biyokiitlenin enerji doniisiimleri i¢in kullanilan yontemleri ve iiriin
ve ara Urtinleri ifade eden teknoloji agaci Sekil 5.1°deki gibi ifade edilebilmektedir.

Termokimyasal Yantemler Biyokimyasal Yontemler

Proliz
Swilasma Fermantasyon
(HTU)

Buhar Gaz Gaz Yag Biyogar Biyogaz

Buhar CHP Metanol Iyilestir CHP Distilasyon Esterlesme

Turbini Hidrojen "'[ l
vakt Dizel Etanol Biyodizel
Huicresi I I

| L
]
—. .

Sekil 5.1 Biyokiitlenin enerji doniisiim yontemleri

Uzerinde durulmasi gereken bir diger ydntem ise kompostlastirma ydntemleri-
dir. Proje hedeflerinden biri olan aniz yakilmasini azaltmak icin etkin bir atik yoneti-
mine ihtiyag¢ vardir. Siirdiiriilebilir, sera gaz1 ayak izi diisiik yada notr bir tarim hedefi
icin bitkisel tiretim atiklarinin tamamini kapsayan bir strateji belirlenmelidir. Yukari-
da biyokiitlenin enerji doniisiimiinii tanimlayan kriterler kapsaminda uygun olmayan
atiklarinda (mesafe, erisilebilirlik ya da biyo-kimyasal 6zellikleri a¢isindan) islenmesi
gerekmektedir. En ideal yontemlerden biri de kompostlastirmadir.

Stirdiriilebilir tarim doniisimiinde bitkisel atiklarin, tiriin-atik iligkisinin ku-
rulmasi kadar, atik-teknoloji iliskisinin de kurulmasi ve bu baglamda politikalarin
gelistirilmesi gerekmektedir. Atik-teknoloji iligkisinin irdelenebilmesi i¢in bir sonraki
boliimde, yaygin kullanilan teknolojiler irdelenecektir.
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5.1. Termokimyasal Yontemler
5.1.1. Yakma

Yakma prosesleri en yaygin kullanilan biyokiitleden enerji elde etme yontemi-
dir. Yakma ekzotermik kimyasal bir reaksiyondur. Reaksiyon, reaksiyon tarafindan
tiretilen 1s1 ile kendiliginden devam eder. Yanma asagidaki denklem ile temsil edilir.
[26]

C.H,05+60,——= 6CO, + 5H,0 + 17.5 MJ/kg

Biyokiitle yakit olarak kullanildiginda, 1s1 iireten oksidasyon reaksiyonu yanma
olarak tanimlanir. Biyokiitlede bulunan karbon, hidrojen, oksijen, yanict kiikiirt ve
azot, hava veya oksijen ile reaksiyona girer. Yanma islemi gaz fazi reaksiyonu, ylizey
reaksiyonu veya her ikisinin birlikte gergeklesmesiyle devam eder. Bunu fiizyon, bu-
harlagsma ve piroliz siiregleri takip eder. Yanma reaksiyonunda buharlagma, karigim,
difiizyon, konveksiyon, 1s1 iletimi, 1s1 radyasyon gibi bir¢ok siire¢ karmasik bir se-
kilde yiiksek bir hizda gergeklesir. Gaz yakit, 6n karigim yanma veya dagmik yanma
olarak dogrudan gaz fazinda yanar. Sivi yakit ise buharlasma yanmasi olarak adlandi-
rilan yiizey buharlagmasindan sonra gaz fazinda yanici gaz olarak yanar. Buharlagmali
yanmada agir yag vb. gibi maddeler yanarken, yakit kisminin ayrigmasinin iiretilen 1s1
ile gergeklestigi yerde ayrisma yanmast da devam eder.[26]

Biyokiitle yanmasinda, buharlagma yanmasi, ayrigma yanmasi, ylizey yanmasi,
icin yanma (smoldering combustion, malzemenin yanma 1sinin altinda gergeklesen
ayrisma yanmasti) slirecleri gerceklesmektedir. [26]

Tablo 5.1°de atigin 6zelliklerine gore yakma proses tipini belirleyen firin tiirleri
belirtilmistir.

Tablo 5.1 Atik 6zelliklerine gore — yakma firin tipleri [26]

Sabit 1zgarali yakma
Fixed-Bed Combustion

Disiik kiil icerikli biyokiitle i¢in kiigiik 6lgekli kesikli prosesler i¢in kul-
lanilir.

Hareketli 1zgarali yakma
Moving-bed combustion

Talas gibi kiigiik partikiilden, balya halindeki biyokiitleye kadar gesitli uy-
gulamalarda kullanilabilir.

Akiskan yatakli yakma
Fluidized-bed combustion

Yatak malzemesi olarak kum kullanilir, yiiksek basingli yanma havast ile
ocakta yakit ve kumun termal depolama ve 1s1 iletimi etkisiyle yakma ger-
ceklesir. Yiiksek nemli yakit ve 1s1l degeri diisiik yakitlar ve atiklar i¢in
uygundur.

Doéner tambur firin
Rotary hearth furnace
combustion

Aritma ¢amurlart ve evsel kati atiklar gibi nem orani yiiksek veya biiyiik
atiklarin yakilmasi igin kullanilir.

Briilor
Burner combustion

Sivi yakitlarda oldugu gibi, odun tozu kiispe 6zii gibi ince/toz partikiillerin
yanmasi i¢in kullanilir.

Biyokiitleden enerji elde etme tesisleri, konvansiyonel tesislere gore kurulu giic-
leri daha az ve sinirhidir. Yakma tesisleri diger biyokiitle enerji doniisiimii tesislerine
gore kurulu giigleri en biiyiik tesislerdir. Yaklagik biiytkliikleri 100 MWe’den kiigiik-
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tiir., akigkan yatakli tesisiler 2 — 8 MW kurulu gii¢ araliginda tasarlanirlar. [27] Daha
kiigiik dlgekli biyokiitle yakma sistemleri, tesis verimliliginin azalmasina ve biiytik
6l¢ekli santrallere gore daha yiiksek birim maliyetlere sahiptir.

Odun, tarimsal artiklar(kiispe, atik odun, celtik kavuzu, palmiye yagi, kiimes
hayvani tavuk atig1 vb.), odun hamuru, belediye kat1 atiklari ve atiktan tiiretilmis yakit
(ATY) gibi gesitli biyokiitle yakiti, endiistriyel biyokiitle yakma tesislerinde yakila-
bilir. Biyokiitle buhar {iretmek i¢in yakilir, buhar bir tiirbine gii¢ saglar, tiirbin bir
jeneratori calistirir ve elektrik tretilir. Is1, buhar ve sicak su gibi 1s1 transfer ortamlari
ile kazanlar ve 1s1 esanjorleri kullanilarak geri kazanilir. Burada atigin kiil igerigi/
inorganik madde orani1 6nem tasimaktadir, yiiksek kil igerikli atiklar, yiiksek ciiruf
olusumuna sebep olmaktadir.

Bolim 4°te de deginildigi tizere biyokiitlenin yakma yontemleriyle enerji kaza-
nimu1 islemlerinde, biyokiitlenin nem orani, kiil orani, partikiil boyutu, 1s1l degeri ve
kiitle yogunlugu, kullanilacak firm tipi ve buna bagl olarak kurulacak tesis biiyiiklii-
giinii etkileyen faktorlerdir.

5.1.2. Piroliz

Isinma amagli kullanilan bir yakit olan biyokdmiir binlerce yildir odun biyokiit-
lesinden iiretilmektedir. ilk teknolojik kullanimi, demir iiretmek i¢in cevher eritmede
komiirtin kullanildigr Demir Cagi’na kadar uzanabilir. Erken piroliz teknolojisinin
dezavantajlari arasinda yavas tiretim, diisiik enerji verimi ve asir1 hava kirliligi sayila-
bilir.[25] Bu nedenle, belirli bir biyokiitle tiirinden miimkiin olan maksimum enerjiyi
iiretmeye yonelik teknoloji gelistirme, stirdiiriilebilirlik doniigiimleri ve iklim degisik-
ligi siireglerinde onemli araglardir. Gliniimiizde biyokiitleden enerji elde etmek i¢in
siklikla kullanilan {i¢ yol vardir. Bunlar: yanma (ekzotermik), gazlastirma (ekzoter-
mik) ve piroliz (endotermik) [29]. Yanma, biyokiitlenin tamamen oksitlenebildigi ve
1stya doniistiiriilebildigi yakitin oksidasyonudur. Bununla birlikte, bu islemin verimli-
ligi sadece %10 civarindadir ve bu kullanim sekli 6nemli bir kirlilik kaynagidir [26].
Gazlastirma, kat1 yakit1 gazli bir yakita dontistiiren kismen oksitleyici bir islemdir, pi-
roliz ise hem yanma hem de gazlastirma islemlerinin ilk asamasidir [29]. Bu nedenle
piroliz sadece bagimsiz bir doniistiirme teknolojisi degil, ayn1 zamanda baslangigtaki
kat1 yakitin oksitleyici bir madde olmaksizin gazlara ve sivilara termal bozunmasin-
dan olusan gazlastirma ve yanmanin da bir pargasidir [30].

Organik maddenin piroliz siireci ¢ok karmasiktir ve organik malzeme reaktif
olmayan bir atmosferde 1sitildiginda hem eszamanli hem de ardisik reaksiyonlardan
olusur. Bu siiregte; biyokiitledeki organik bilesenlerin termal ayrigmast 350 °C—550
°C’de baslar ve hava/oksijen yoklugunda 700 °C—800 °C’ye kadar ¢ikar [31]. Biyo-
kiitledeki karbon, hidrojen ve oksijen bilesiklerinin uzun zincirleri, piroliz kosullari
altinda gazlar, yogunlasabilir buharlar (katranlar ve yaglar) ve kat1 odun komiirii sek-
linde daha kiiciik molekiillere parcalanir. Bu bilesenlerin her birinin bozunma hizi ve
kapsami, reaktor (piroliz) sicakligina proses parametrelerine biyokiitle 1sitma oranina,
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basing; reaktor bilesenleri/tasarimi ve hammadde 6zelliklerine baglidir.[25]

Piroliz prosesleri yavas, hizli ve flas olmak iizere iige ayrilmaktadir. Tablo

5.2’de her 3 tip proses i¢in proses parametreleri verilmistir.

Tablo 5.2 Piroliz proses tiirleri ve proses parametreleri [32]

Proses Kat A“hk(?nma Isitma Orant Partikiil Urtin Verimi
. Siiresi Sicaklik (K)

Tipi ) (K/s) Boyutu Yag Car Gaz
Yavas 450-550 0,1-1 5-50 550-950 30 35 35
Hizl 0,5-10 10-200 <1 850-1250 50 20 30
Flas <0,5 >1000 <0,2 1050-1300 75 12 13

Yavas piroliz, uzun kalma siiresi ve diigiik 1s1 transferi sebebi ile prosese ekstra
enerji girisi gerektirmektedir.[25] Hizli piroliz teknolojisi, siv1 yakitlarin ve bir dizi
6zel ve emtia kimyasallarinin tiretiminde avantajlidir. Sivi iiriiniin kolayca ve ekono-
mik olarak tagmabilir ve depolanabilir olmasi da bir diger avantajidir. Hizli piroliz
teknolojisi, 6zellikle kiiciik dlgekte diger islemlere kiyasla nispeten diigiik yatirim ma-
liyetlerine ve yiiksek enerji verimliligine sahip olabilir. Hizli piroliz yoluyla biyo-yag
tiretimi, nedeniyle son yillarda daha fazla ilgi gdrmiistiir. [25]

Yenilenebilir yakit olarak, boiler, motor ve tiirbin yakiti iretme potansiyeli, dii-
siik yatirim maliyeti ve nétr CO, dengesi, topraga geri doniistiiriilmek iizere siv1 yakit
tiretim sahasindaki mineralleri ayirma ve bunlarin niitrient olarak kullanilma imkant,
gibi avantajlarda sunmaktadir. [25]

Flas piroliz ise biyokiitleden %75’¢ kadar biyo-yag verimi elde edebilen kati,
sivl ve gaz yakit liretimi avantaj saglama potansiyeline sahiptir. Buna ragmen ya-
gin zayif termal stabilitesi ve agindiriciligl, yagdaki katilar (safsizliklar) ve komiirtin
katalitik etkisi ile zamanla viskozitenin artmasi, komiirde konsantre alkali ve yagda
¢ozilinilir olmasi ve pirolitik su iiretiminden kaynakli sinirlamalar mevcuttur.

Biyokiitlenin (bitkisel iiretim kaynakli) ana bilesenleri seliiloz, hemiseliiloz ve
lignindir. Bilesenlerin molekiiler yapilart birbirlerinden farklilik géstermektedir, bu
farkliliklar, 1sitma hizi, sicaklik ve kirletici (safsizlik) konsantrasyonuna baglidir. Bu
ti¢ bilesende farkli fizikokimyasal 6zelliklere sahiptir ve ¢ikt1 tirlinleri dogrudan et-
kilemektedirler. Ornek olarak yiiksek oranda lignin igeren biyokiitlenin pirolizinin
daha iyi biyo-yag verimi iiretebildigi gibi. (Tablo 4.4 ve Tablo 4.5’te bazi atiklar i¢in
ylizdesel oranlar ve fizikokimyasal 6zellikler verilmistir.)

5.1.3. Gazlastirma

Biyokiitle, hava, oksijen veya buhar varliginda bir gazlastirma ortaminda 1siti-
larak gaz yakita doniistiirme prosesidir. Gazlastirma prosesi, oksidasyonun sadece bir
adimda gerceklestirildigi yanma prosesinden farkli olarak, biyokiitledeki karbonun ig-
sel kimyasal enerjisini iki asamada yanic1 bir gaza doniisiimii saglanir. Uretilen gazin
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kalitesi standardize edilebilir ve orijinal biyokiitleye gore kullanimi daha avantajlidir.
Gaz motorlaria ve gaz tiirbinlerine gii¢c saglamak i¢in kullanilabilir veya sivi yakit
uretmek icin bir alt tabaka olarak kullanilabilir [33]

Fosil yakitlarin gazlastirilmasi, sentetik gazlarin iiretimi igin biyokiitle gibi fo-
sil olmayan yakitlardan daha yaygindir. Oziinde gazlastirma prosesleri potansiyel bir
yakitin bir bigcimden digerine doniistiirme islemidir. Bdyle bir doniigiim icin {i¢ ana
sebep bulunmaktadir.[34]

Nitrojen, su gibi yanmayan (kalorifk degeri olmayan ya da yakit 6zelligi ta-
simayan) bilesenleri eleyerek yakitin 1s1l degerini artirmak. Yanma sirasinda olusan
kiikiirt ve nitrojen emisyonlariin ortaya ¢ikmamasi igin kiikiirt ve nitrojenin yakittan
uzaklastirmak. Yakattaki kiitlece karbon-hidrojen oranini azaltmak. [35]

Ayn1 zamanda gazifikasyon ve piroliz prosesleri, lirliniin bagil hidrojen igerigi-
ni, yiiksek basing altinda dogrudan hidrojene maruz birakilir ve bir ara {iriin eklenerek
yiiksek sicaklikta ve basingta buhara maruz birakarak (buhar reformasyonu) indirekt
ya da piroliz yontemi ile karbonun kati ¢arla indirgenmesi ya da CO, gazina doniis-
tiriilerek artirmaktir. Bir yakitin hidrojen icerigi ne kadar yiiksek olursa, buharlagsma
sicaklig1 o kadar diisiik olur ve yakitin gaz halinde olma olasilig1 yiikselir. [34]

Biyokiitlenin gazlastirilmasi, enerji yogunlugunu arttirmak i¢in yakittan oksije-
nin ¢ikarilmasini da igerir. Ornegin, tipik bir biyokiitle agirlik¢a yaklasik %40 ila 60
oksijene sahiptir, ancak yararli bir yakit gazi yalnizca kii¢iik bir oksijen yiizdesi igerir.
Oksijen, dehidrasyon veya dekarboksilasyon yoluyla biyokiitleden uzaklastirilir. Ok-
sijeni CO, yoluyla reddeden ikinci islem, yakitin H/C oranim yiikselterek yandiginda
daha az sera gazi salinimi olugsmasini saglar. [34]

Tablo 5.3’de biyokiitlenin enerji doniisiimii i¢in kullanilan fizikokimyasal yon-
temlerin bir birleriyle kiyaslanmasi yer almaktadir.
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Tablo 5.3 Yakma, piroliz ve gazifikayson prosesleri arasindaki farki [24]

Yakma

Piroliz

Gazifikayson

Hammadde fazla hava veya oksi-
jen ile tamamen yakilir ve sicak
yanma gazlari tiretilir. Yanma s1-
rasinda tretilen 1s1 nihai tiriindiir
ve buhar tiretimi igin kazanlarda
giice doniistiirmek i¢in kullanilir.
Sicak yanma gazlari esas olarak
CO,, su buhari ve azottan olusur.

Hammadde ile reaktorde hava
veya oksijene izin verilmez ve
nihai amag, yakit, az miktar-
da komiir ve sentez gazi olarak
daha fazla yiikseltme igin sivilar
(biyo-yag) tiretmektir. Baslangi¢
besleme stogundaki enerjinin
¢ogu, 300’den fazla bilesigin
karmagik bir karigimi olan bir
sv1 i¢inde yogunlastirilir. Ham
petrole gore yiiksek asitli veya
disiik pH’li, yiiksek viskoziteli
ve daha disiik kalorifik dege-
re sahip kirmizi-kahverengi bir
goriiniime sahiptir. Karboksilik
asitler, alkoller, aldehitler, ester-
ler, ketonlar, sekerler, fenoller,
guaiakoller, siringol, furanlar,
terpenler ve diger minor bile-
sikler gibi organik bilesiklerin
bir karigimidir. Biyo-yag, dizel
motorlarda bazi modifikasyon-
larla veya konvansiyonel dizel
ile karstirildiktan sonra yakit
olarak veya firmlarda yakit ola-
rak kullanilabilir; yag yakith ka-
zanlar; ve tiirbinler. Biyo-yagin
ozelliklerinden dolayi, sivi yakit
olarak uygulamalarini miimkiin
kilmak i¢in bazi iyilestirmeler
gereklidir.

Hammadde, sinirli oksijen veya
hava ile kismen yakilir ve 4 MJ/
m*’ten daha biiyiik bir kalorifik
degere sahip yakit gazi1 (syngaz)
tiretilir. Bu sentez gazi daha son-
ra kazanlarda, motorlarda, tiir-
binlerde, yakit hiicrelerinde ve
kimyasal sentezde diger kulla-
nimlar i¢in daha fazla temizlenir.
Esas olarak degisen konsantras-
yonlarda CO, CO,, su buhari,
hidrojen, nitrojen ve C,H  gazla-
rindan olusur. Sentez gazi (CO ve
H,), FischereTropsch (FT) sentez
siireci yoluyla sivi yakit tiretimi
icin bir onciidiir. Gazlastirmadan
elde edilen gaz halindeki tiriin,
1sitma uygulamalarinda (firinlar,
kazanlar), gii¢ gibi birgok farkli
sekilde kullanilabilir.

Uygulamalar (gaz motorlari,
entegre gazlastirma kombine
¢evrimi (IGCC)) veya amonyak,
hidrojen, FT hidrokarbonlar ve
metanol tretmek i¢in katalizor
reaksiyonlar1 yoluyla kimyasal
sentezde kullanilir.

5.2. Biyokimyasal Prosesler

Biyokiitlenin biyokimyasal doniisiimii, biyokiitleyi biyogaz veya biyoetanol
gibi gaz veya siv1 yakitlara pargalamak i¢in mikroorganizmalarin ve enzimlerin kul-
lanimim1 kapsamaktadir. En popiiler biyokimyasal doniisiim siirecleri anaerobik fer-
mantasyondur (biyometanizasyon olarak da adlandirilmakta). Anaerobik ¢iiriitmede,
organik materyal, oksijen eksikligi olan bir atmosferde dogal olarak olusan mikropla-
rin metabolik yollart aracilifiyla parcalanir. Biyokiitle atiklari, petrol bazli yakitlarin
yerine kullanilabilen seliilozik etanol gibi siv1 yakitlar tiretmek i¢in de kullanilabilir.
[35]

5.2.1. Anaerobik Ciiriitme

Organik maddenin oksijensiz ortamda mikroorganizmalar tarafindan parcalan-
mas1 islemine anaerobik ciiriitme olarak tanimlanir. islem sonucunda degestad -biyo-
lojik olarak stabil hale gelmis i¢erisinde niitrient barindiran proses tipine gore akiskan

ve/veya kati fazda olan biokiitledir, organik giibreye doniisme potansiyeli yiiksek bir
malzemedir.- ve biyogaz olugmaktadir.
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Biyogaz igerigi %50-75 hacimce metandan ve %25-50 hacimce karbondiok-
sitten olusmaktadir. Bunun yaninda biyogazda diisiik miktarlarda hidrojen, hidrojen
stilftir, amonyak ve eser miktarda diger gazlar da bulunur. Biyogazin igregindeki gaz
oranlar1 asil olarak kullanilan biyokiitle tiirli, fermantasyon islemi ve farkli teknik
uygulamalarla belirlenmektedir. Biyogazin olusum prosesi ¢ok sayida asamada ger-
ceklesmektedir. Bu esnada prosesin biitiiniiniin bir olumsuzluga sebep vermeyecek
sekilde gelismesi igin tek tek bozunma asamalarinin birbirleri ile uyumlu bir sekilde
devam etmesi, stabil bir ortam olusturulmasi gerekmektedir.[36]

Biyogaz temel olarak hacimce igerdigi metan konsantrasyonuna bagli olarak
onemli bir kalorifik degere sahiptir. Olusan biyogaz, gaz aritim sistemi ya da sistem-
lerinden gectikten sonra, bilesik 1s1 ve gii¢ motorlarinda (CHP engines) 1s1 ve elektrik
enerjisine doniisimi gergeklestirilir. Is1 enerjisi bolgedeki tarim ve sanayi faaliyetle-
rinde olusan 1s1 ihtiyacindan merkezi 1sinma sistemlerine kadar birgok farkli ve avan-
tajli uygulama imkani olusturmaktadir.

Biyogaz tesisleri i¢in lirlin karigiminin (meniisiiniin) biyokimyasal 6zellikleri ve
bunlarin analizlerinin 6énemli oldugu kadar, Biyo reaktor igeresindeki siirekli devam
eden ve etmesi gereken proseslerin analizlerde biiyiik 6nem tagimaktadir. [36]

Reaktoriin sabit sicakligi (tasarima, sakrofilik, mezofilik ve termofilik), pH de-
geri, organik madde yiikii gibi temel proses parametrelerinin yani sira, iz elementlerin
kontdrlii, karbon azot orani bu oranin yani sira, fosfor ve stilfiir gibi besin maddele-
rinin dengesinin kontrolii de 6nem tagimaktadir. Sisteme beslenecek madde, partikiil
boyutu/fiziksel durumu, biyolojik olarak pargalanabilirligi, biyogaz iiretme potansi-
yeli, zararli madde igerigi, niitrient igerigi, organik inorganik madde oranlar1 gibi bir-
cok biyokimyasal parametreleri 6nem tagimaktadir. [36]

Bu tanimlanan proses bilesenleri ve biyokiitle 6zellikleri sebebi ile biyogaz
tesisleri stabil verimli bir isletmeye sahip olabilmesi icin, laboratuvar analizleri ve
proses kontrol ekipmanlariyla hassas bir sekilde izlenmesi gereken teknoloji/yatirim-
lardir.

Bu takiplerin yapilmamas: durumunda, reaktorlerde prosesin ¢okmesi, proses
sonunda tam olarak ¢iiriimemis malzemenin olugmasi, metan orani diisiik biyogaz
olusumu gibi siirecin hem teknik hem de ekonomik olarak devam ettirilemeyecek
sonuglarla kars1 karsiya kalinmasina yol agmaktadir.

Tam olarak biyolojik stabilizasyonu, (¢iiriime islemi) ger¢ceklesmemis digestat,
metan gazi ve devam eden biyolojik ¢iirlime sonucu olusan ara iirlinler salinimlarina
devam etmektedir. Bu sebeplerle hem sera gazi emisyonlari kaynakli iklim degisikligi
ayak izini artirabilmekte hem de toprak kirliligine, yer iistii ve yer alt1 suyu kirliligine
sebebiyet verebilmektedir.

Bu sebeplerle biyogaz tesislerinin belli bir biiyiikliikte modern miihendislik

kontrolii altinda planlanmasi ve isletilmesi dnem tasimaktadir.
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Biyolojik stabilizasyonun iyi yapilmis, digestat (islenmis biyokiitle), niitrient
igerigi ve yapisi geregi organik giibreye doniistiiriilme potansiyeli yiiksek, ekonomik
degeri olan ve siirdiiriilebilir tarima katki saglayacak bir hammaddedir. Bu sebeple
sadece enerji elde edilen bir tesis niteliginde olmanin yani sira, maddesel dongiileri
destekleyici ve bu sebeple dongiisel tarim1 tamamlayan ve atik bertarafininda yapildi-
81 bircok artisi olan sistemlerdir.

Uciincii boliimde tanimlanan biyokiitle dzellikleri tasarim parametrelerinin te-
melini olusturmaktadir, bununla birlikte biyokiitle tedarik zinciri, biyokiitle ¢esitliligi
diger tasarimi etkileyen kriterlerdir.

Tablo 5.4 Farkli biyokiitleler i¢cin metan iiretim potansiyelleri [36]

Biyokiitle MEtaI(lNﬁnr.ftgﬁﬁ({fg;'Siyeﬁ
Arpa saman 2264
Misir sap1 80-157.3
Yaprak 4775
Misir 418
Celtik kavuzu 302
Sorgum 286-319
Seker kamist 578
Aycigegi sap1 231-297
Salt otu 125
Bugday samani 130-290

5.2.2. Fermantasyon

Fermantasyon, farkli hammadde tiirlerinden etanol iiretmek i¢in ticari 6l¢ekte
kullanilmaktadir [35]. Hammadde olarak seker bitkileri, nisastali bitkileri ve lignose-
lillozik biyokiitle kullanilir. Biyokiitlenin yapisinda bulunan fermente edilebilir seker
ac1ga ¢ikarildiktan sonra maya yardimi ile etanole dondistiiriiliir. Etanol, damitma isle-
mi kullanilarak saflastirilir. Bu adim enerji yogundur ve bir ton kuru misir basina yak-
lasik 450 L etanol tretilir. Fermantasyon isleminden elde edilen kat1 kalinti, hayvan
yemi olarak kullanilabilir. Seker kamis1 durumunda, kiispe, kazanlar igin yakit ola-
rak veya daha sonra gazlastirma i¢in kullanilabilir [36]. Polisakkarit molekiillerinin
varligindan dolay1 lignoseliilozik biyokiitlenin etanole donistiiriilmesi daha zordur.
Bu zorluk lignoseliilozik yapisindan kaynaklanmaktadir, elde edilen sekerler etanole
doniistiirilmeden Once asit veya enzimatik hidroliz ile bir 6n isleme tabi tutulmasi
gereklidir. Bu tiir hidroliz yontemleri su anda pilot asamadadir. [26]

Etanoliin biyokimyasal iiretimi temel olarak dort asamadan olusur: hidroliz,
fermantasyon, damitma ve dehidrasyon. Biyokiitlenin biyolojik olarak bozunmasi,
karmasik bilesiklerin, fermantasyon asamasi i¢in kolayca elde edilebilen basit bile-
siklere hidrolizi sirasinda baslar. Bu dogal yol, hem ¢alisma kosullarina hem de ham
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maddeye bagl olarak, sekerleri etanol, laktik asit veya diger nihai {irinlere fermente
eden mikroplar tarafindan yiiriitiiliir. [26]

Biyoetanol {iretim siirecinin basarisi, her adimda en uygun se¢eneklerin birles-
tirilmesini gerektirir [39]. Biyolojik bir siireg olarak biyoetanol fermantasyonu birgok
faktore baglidir. Bunlar, spesifik bilyiime hizin1 6nemli 6l¢iide etkileyen pH, oksijen
ve sicaklig1 igerir. Spesifik fermantasyon hizi, seker alim hiz1 ve hiicre popiilasyonla-
rinin canliligi, istenen ortam kosuluyla dogrudan iliskilidir [37]. Benzer sekilde hem
proses konfigiirasyonu hem de maya susu, fermantasyon verimlerini ve ayrica subst-
rat 6zelliklerini biiytlik dl¢lide etkiler [26].
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6. Sonuclar

Biyokiitleden enerji doniisiimii, mevcut enerji senaryolar: baglaminda gelecek
vaat eden gevre dostu yenilenebilir enerji kaynagidir. Yenilenebilir enerji kaynaklart
kullanilarak enerji liretimi oransal olarak artmaya devam etse de, hala mevcut kiiresel
enerji arzi bilylik dl¢lide rezervleri sinirh olan fosil yakitlara (petrol, dogal gaz, ko-
miir) dayanmaktadir. Artan diinya niifusu, kisi bagina diisen enerji tiikketimindeki artis
ve kiiresel 1sinmanin etkileri de goz oniine alindiginda, uzun vadeli alternatif enerji
kaynaklarina olan ihtiyag ortadadir. Fosil yakitlarin tiikenmesi, ¢evre kirliligi ve iklim
degisikligi baskisi ile karsi karsiya kalmman bu {iglii kriz i¢in, enerji planlamasi ve
teknoloji gelistirme, gelismis ve gelismekte olan tilkelerin dnemli bir kamu giindemi
haline gelmektedir.

Sera gazi emisyonlarina karsi onlem almak ve stratejilerin belirlenmesi i¢in
Avrupa Birligi, 2002 yilinda Kyoto Protokolii ile baslayan, 2015 Paris iklim Anlas-
mastyla devam eden, bir yandan da COP26 toplantilariyla siirdiiriilen siirelerde de
yenilenebilir enerji kaynaklarinin 6énemi ve bilimsel yenilik potansiyeline vurgular
yapilmaktadir. Ne yazik bu siireglerin her biri iyi niyet ¢ergevesinde olan siireglerdir,
yaptirimi olmayan bu siireglerin etkisiz kaldig1 acikga ortadir, popiilist yaklasimlardan
oteye gidememekte ve gercek sorunlara odaklanilmamaktadir. Bunun en biiytik gos-
tergesi ise lizerinde anlagmaya varilan hedeflere ulasilamamis birgok taraf tarafindan
da yaklagilamamis bile olunmasidir. Bu siireglerden farkli olan ve Tiirkiye gibi iilkeler
icin ekonomik risk/firsat ikilemi yaratan yesil mutabakattir.

2007 Nobel Baris Odiilii’niin Hiikiimetler arasi iklim Degisikligi Paneli’ne
(IPCC) ve Al Gore’a verilmesiyle baslayan ve bu alanda yapilan calismalara verilme-
ye devam etmesi, iklim degisikligi sorununun dnemini bilimsel camiadaki yansimala-
r1 agisindan ortaya koymaktadir.

Fakat konuya hakim uzmanlarin ve bilim adamlarinin bilgi, tecriibe ve katkilar
iklim — enerji ve siirdiiriilebilirlik siire¢lerinde olusturulan politikalarda etkinligi tar-
tisma konusuyken, bu ciddi riskin popiilist yaklagimlar etkisinde farkli amaclar igin
kullaniliyor olmas1 da 2022 kiiresel riskler igerisinde %27,5’lik orant olusturan iklim
degisikligi hareketlerinin basarisiziiginin (Diinya Ekonomi Forumu) temel nedenini
olusturmaktadir.

Iklim degisikligi ve enerji ekseninde gelistirilecek politikalarda temel odak nok-
tast sektorlerin iklim degisikligi ayak izlerini azaltarak kaynak kullanimlarmi etkin ve
verimli hale getirmektir. Bununla birlikte dongiiselligin hedeflendigi ve enerji verimli
sistemler planlanmasi diger onemli kavramlardir.

Bu planlamalar yapilirken sektorler arasinda kopukluk olmadan, alt sektorleriy-
le birlikte stratejiler gelistirilmelidir. Bir sektorde yapilan ¢alisma bir bagka sektoriin
dongiiselligini bozmamalidir. Sektorlerin planlar: birbirini biitiinleyici ve tist dlgekte
biitiinciil verimli iklim degisikligi ayakizi diisiik miimkiinse nétr, kaynak kullanimi
verimli olmalidir.
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Tariminin alt bileseni olan bitkisel tiretim siiregleri iginde ayn1 yaklagimlari ige-
ren hedeflerin gerceklestirilebilmesi amaciyla, stratejilerin ve politikalarin gelistiril-
mesi gereklidir. Bunlar tarimda kullanilan su ayak izinin azaltimi, enerji verimliligi,
kimyasal kullaniminin azaltilmasi, organik giibre kullanimi, biyokiitlenin yenilene-
bilir enerji doniistimleri, iklim degisikligi etkisinde bitkisel liretim yontemlerinin ve
iriinlerinin degigmesi gibi farkli ve ¢esitli odak noktalarini kapsamalidir.

Rapor kapsaminda bitkisel iiretim atiklarinin mevcut durumu ortaya konarak,
biyokiitle enerjisi olarak degerlendirme se¢enekleri ele alinmigtir. Planlamanin yapi-
labilmesi ve sistemsel bir yaklasim ortaya konabilmesi i¢in ihtiyag¢larin ve bilesenle-
rin tespit edilmesi iizerine odaklanilmistir. Tarimin iklim degisikligi iizerine etkileri
irdelenmistir. Daha sonraki boliimlerde Tirkiye’deki bitkisel tiretim tiirleri, miktarlari
ve illere gore dagilimi irdelenip, bitkisel tiretim ve atik iligkisi kurulmustur.

Bir atik tanimi/biyokiitle tanim1 ortaya konularak; yapilan bu taniminda atik
kapsamina giren maddenin, diger faaliyetleri (hayvan yemi kullanimi, topragimn ihti-
yaclart i¢in kullanilan miktar gibi) etkilemeyecegi sekilde yapilmistir.

Bu kurulan iliski sonucunda, 143 farkli iiriin tlirtinlin iiretiminin yapildigi ve 90
tanesinin atik tanimina uygun sekilde atik tirettigi ve bu tirinlerin icerisinde y1llik 100
bin ton {izerinde atik iireten 36 iiriin oldugu tespit edilmistir. Ana atik {lireten iiriinler
olarak kabul edilen 18 iiriiniinde 500 bin ton ve iizeri atik iirettigi (yaklasik olarak her
biri bir biiylik sehrin irettigi evsek kati atik miktarina yakin) ortaya konmustur. Bu
18 iriinden, bugday 20 milyon, misir (dane) 6,8 milyon ve arpa 5,6 milyon ton atik
iretmektedir.

Yapilan galismada bitkisel iriin tiretimi ile atik olusturma potansiyeli olarak
iirlin bazinda bir iligki kurulsa da il bazinda toplam tirilin tiirii ile atik tiretimi arasinda
dogrusal bir bag kurulamamigtir. Bunun temel sebebi iiriiniin atik iiretim potansiyeli-
nin iiriinden iiriine ya da tirliniin kullanim amacina gore biiyiik farkliliklar gdstermesi-
dir. Ornek olarak iiretimi en yiiksek olan 5 {iriinden 2’sinin (hayvan yemi igin iiretilen
yonca ve silajlik misirin) 0 atik olusturdugu kabul edilmesidir. Bu nedenlerle atik
tanim1 6nem kazanmaktadir.

Proje kapsami diginda olarak analiz noktamiz atik-enerji ekseni degil de iklim
degisikligi — kuraklik ya da iklim degisikligi — su ayakizi ¢alismasi olsaydi ihmal
edilen bu iki tirtin bu sefer ¢alismanin odaginda olacakti.

Bu 6rnekte de verildigi gibi verinin varligi-yoklugu ve analizi bu ¢alismalarin
temelini olusturmaktadir.

Ikinci asamada atik olusumunun bolgelere gore dagilimi irdelenmistir. Bolge
tanimi il smirlariyla tanimlanmistir. Yillik atik iiretimi 1 milyon tondan daha fazla
olan il say1s1 22 olarak tespit edilmistir. En az atik {ireten 36 ilin toplam iirettigi atik,
en ¢ok atik ireten il olan Konya’ya denk oldugu goriilmektedir. En ¢ok atik iireten 22
ilin Giretim tiirdi ve atik iliskisine baktigimizda temel olarak benzerlikler olsa da cog-
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rafi ve ekonomik kosullardan dolay: farkl iiretim tiirlerinin de oldugu bu farkliliginda
bolgesel olarak ayrigmalara sebep olmaktadir.

Bu iki analizin sonucu sunu gostermektedir: Bolgesel analizin daha kiiciik bile-
senlerle ilge sinirlart veya mahalle sinirlart, havza 6zelinde ya da havzalara yayilan tire-
tim sekillerine gore boéliimlere ayirarak idari yapinin disinda ele almak gerekmektedir.

Iki farkli ilin komsu olan ilgelerine kapsayan bir planlama gelistirilmesi gerek-
tigi durumlarla kars1 karsiya kalinabilir. Bu durum idari yonetim ve tasra teskilatlari
acisindan idari ve gorev tanimlar1 bakimindan bazi zorluklarla karsi karstya kalinma-
sina yol acabilir. 1- 3 Subat 2022 Biyokiitlenin Enerji Yolculugu Calistay1’nda da ele
alian konulardan biridir.

Bunun disinda bir diger kisitlayict etken atigin varligi ve erigilebilirligidir. Bit-
kisel tiretim atiklari, hasat doneminde yiiksek tonlarda yilda 10-15 giin aras1 gibi kisa
bir siirede olugmakta ve ekim yapilan alandan uzaklastirilmas: gerekmektedir. Erigim,
tasima, depolama gibi tedarik zinciri bilesenleri planlamanin 2. kritik ayagini olustur-
maktadir.

Ugiincii kritik ayak ise, bolgesel ihtiyaclara gore biyokiitlenin enerjiye donii-
stim stratejisinin belirlenmesidir. Eger odak noktasi enerji elde edilmesi yoniindeyse
biyokiitle yakma tesislerine agirlik verirken, inorganik giibre kullanimini azaltmak ve
organik giibre kullanimi artirmak olacak ise o zaman biyogaz tesisleri odaginda bir
planlama yapilmalidir.

Planlama siireclerinin en ideal hali, tiim teknolojilerin karma olarak ¢ok yonli
yaklagimlarla irdelenmesi ve uygulanmasidir.

Biyokiitle’den enerji elde etme tesislerinin 2022 itibariyle mevcut durumunu
incelendiginde, TEIAS Ocak 2022 raporu verileri dogrultusunda biokiitle tesislerinin
toplam kurulu gii¢ i¢indeki pay1 %1,7°dir. Yenilenebilir enerji toplam kurulu gii¢ i¢in-
deki pay1 ise %3,7 dir. Biyokiitle enerji tesisleri tanimina, evsel atiklarin depolanmasi
sirasinda olugan depo gazinin enerji doniisiimiinden, orman atiklarinin yakma pro-
sesleri kullanilarak enerjiye doniisiimiine kadar genis bir kaynak kullanimi girmesine
ragmen toplam elektrik enerjisi tiretimdeki pay1 ¢ok diisiik kalmaktadir.

YEKDEM kapsaminda yaymlanan 2022 YEK listesindeki veriler dogrultusun-
da toplam biyokiitle tesisi sayis1 293’tiir bunun yaklasil iicte biri biyogaz tesisidir,
iicte biri depo gazindan enerji elde etme tesisidir, geri kalan1 ise yakma ve piroliz
tesislerini olusturmaktadir. Ayrica 100 adete yakin lisansiz tesis bulunmaktadir. YEK
Listesindeki ana tesis tipi siniflamasi altinda 20’nin {izerinde farkli tanimlama bulun-
maktadir. Bu tanimlamalarin ¢ogu birbirinin aynisiyken, tanimlamalarin neredeyse
tamaminda tesis tiiriiniin dogru sekilde tanimlanmamuistir. Ayni problemle Cevre Ba-
kanliginin Cevre Etki Degerlendirme Raporu siireclerinde ve diger uygulamalarinda
da kars1 karstya kalinmaktadir. Bu da bakanliklar tarafindan biyokiitle kavraminin
ozellikle teknik anlamda ¢ok iyi kavranamadigini ortaya koymaktadir.
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Mevcut potansiyel ve bu potansiyelin kullanimi ekseninde ise, bitkisel {iretim
kaynakli biokiitle agisindan BEPA ve KTAE ¢alismalar1 ekseninde yakma igin ham
potansiyel 295 milyon MWe, ekonomik potansiyel ise 17,4 milyon MWe (tarimsal ve
bahge) oldugu goriilmektedir. Bazi kurum ve bilimsel olmayan yaymlarda bu potan-
siyel 70,0 milyon MWe olarak ge¢cmektedir. Buna karsilik toplam 293 tesisin kurulu
gli¢ kapasitesi 2266 MWe’dir.

Almanya 6rnegine bakildiginda tarimsal bazli (hayvancilik atiklar1 ve bitkisel
iiretim atiklari ile enerji bitkileri dahil) biyogaz tesisi say1si 10 bin civari oldugu tah-
min edilmektedir. Tiirkiye nin biyogaz ve biyokiitle potansiyelinin Almanya’nin {ize-
rinde oldugu tahmin edilmektedir.

2018 ve 2019 YEK listelerine bakildiginda, biyogaz tesisleri 6zelinde neredeyse
tesislerin tamaminda kurulu gii¢ ve iiretilen elektrik arasinda biiyiik bir fark oldugu
goriilmektedir. Bunun sebepleri dogru fizibilite yapilmamasi, tam iiretim kapasitesine
geciste yasanan sorunlar, atiga erismemek yada bu siirecin iyi planlanamamasi, stabil
bir isletme kosullarinin olusturulamamasi yada kotii proses mithendisligi, tesis tasa-
rim ve yapim sirasinda yapilan yanlislar gibi etkenlerden kaynaklanmaktadir.

Bu bilgiler 1s1nda olumsuz bir tablo varmis gibi goziikse de bu tablo 6nemli
bir firsat ortaya koymakta ve biiyiik bir potansiyele 151k tutmaktadir. Su anda yeni
yeni olusan bir sektdriin sancilarmin yasandig bir dénemden gegilmektedir. Iyi bir
planlama ve saglam politikayla yapilan bu yatirimlar birgok sektorii olumlu etkilerler
katarak iilke ekonomisine biiyiik katkilar saglayacaktir. B6liim igerisinde mevcut du-
rumun irdelendigi SWOT analizinde bu tablo ortaya konmustur. Yapilan analiz daha
oncesinde yapilmis olan ulusal ve uluslararasi bilimsel ¢alismalar ve gelismeler in-
celenerek olusturulmustur.* 1- 3 Subat 2022 tarihleri arasinda gergeklestirilen Biyo-
kiitlenin Enerji Yolculugu Calistayi’nda da ele alinan ve deginilen ¢iktilar bu analize
aktarilmistir.

Analiz, Tarim-Enerji-Cevre Politikalar1 (Tablo 6.1), Sektér ve Pazar Boyutu
(Tablo 6.2), Teknoloji — Altyap: — insan Kaynaklar1 Boyutu (Tablo 6.3) ve Sosyo-E-
konomik Boyutu (Tablo 6.4) olmak {izere 4 farkli boyutta irdelenmistir.

Tarim-enerji-gevre politikalar1 ekseninde yapilan degerlendirmede (Tablo 6.1)
gliclii yonler olarak Sera gazi emisyonlarmin azaltilmasi, (CH,-NO ), dongiisel eko-
nomi modellerinin desteklenmesi, stirdiiriilebilir, temiz ve giivenli enerji, diistik kar-
bon, su ayak izli tarim politikalari ele alinmistir, ¢aligmanin igerisinde 6zellikle 2. B6-
limde bu bilesenler ele alinirken ayni zamanda projenin hedeflerinden biri olan sera
gazi emisyonlarinin azaltilmasi hedeflerine de uyumlu oldugu ortaya ¢ikmaktadir.

4 Swot analizi yapilirken incelenen bilimsel olan ¢aligmalar, Baglica irdelenen ¢aligmalar, Celiktas ve-
digeleri 2009, Benmayor, 2008, Kaygusuz ve Sar1, 2003, Hassan, 200, C Mitchell, ve digerleri 2008, J
West ve digerleri 2010°dir.

Bilimsel olmayan, internet iizerinde yayinlanan haberler, roportajlar (Haber gazetesi 2020 vb.),
STK’larin (TEMA ve Ekoloji Birligi vb.) odalarin agiklamalar1 (TMMOB), ¢evre bilincini 6l¢gmeye
yonelik yapilan anketler (KONDA,2020 vb.) de incelenmistir.
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Zayif yonlerde ise tesvik sisteminin bir 6nceki doneme gore dezavantajli (birim
tiretilen elektrik enerjisi i¢in yapilan fiyatlama) olmasi, rijit bir tesvik mekanizmasi
olmasi (bdlgesel ya da diger sosyo-ekonomik ve stratejik parametrelerden bagimsiz
olmast.) 6n plana ¢ikmaktadir. Paydaslarin bir arada politika gelistireme siireclerinde
yer alamamasi koordinasyon ve planlama eksikligindeki durumun temel nedenlerin-
den birini olusturmaktadir.

Firsatlarda 6ne ¢ikan kavram yesil mutabakatla birlikte gelen ve gelecek sii-
reclerdir. Bu uyum siireci ile tarimla ilintili olan sektorlerin siirece daha katilimet
olacaklarmi yatirim planlamalarinda da biyokiitlenin enerji doniisiimiiniin biiyiik bir
yer alacagi 6n goriilmektedir.

Yatirima baglama siirecinin en az iki yildan baslayarak belirsiz bir siireye kadar
uzayabilmesi, yatirim siireci sirasinda yonetmeliklerin degismesi, kamu tarafinda ko-
nunun uzmanlarimin bulunmamasi ya da azlig1 6n plana ¢ikmaktadir. 1- 3 Subat 2022
Biyokiitlenin Enerji Yolculugu Calistayi’'nda da en tizerinde en ¢ok durulan konular
arasinda yonetmeliklerin birbirleriyle celiskileri ve gri noktalar1 olmustur. Bu konu-
nun birden fazla bakanligin kapsamina girmesi (T.C. Tarim ve Orman Bakanligi, T.C.
Cevre, Sehircilik ve iklim Degisikligi Bakanlig1, Enerji ve Tabii Kaynaklar Bakalig1)
ve bu ¢oklu yetki yapisinin siirece ve sektdre olumsuz etkilerinin irdelenerek gideril-
mesi gerekmektedir.

Bunlarla birlikte, biyokiitle enerji santralleri yatirimlarmin riizgar enerji sant-
ralleri ve gilines enerjisi santralleri yatirimlari yaninda azligimin sektor algist ve yo-
nelimi ile planlama ve stratejik yonelim olarak zayif kaldigy, iiretilen politikalarda ve
projelerde riizgar enerjisi vurgusunun ve gilines enerjisi vurgusunun 6n plana ¢iktigt
gortilmektedir.

Tiim bu bilesenler 1s181nda Tiirkiye’ nin hizli bir sekilde, diisiik karbonlu tarim
doniistimii politikasini olugturmast gerekmektedir. Biyokiitle enerji doniisiimlerinin,
cok boyutlu (atik bertarafi, dongiisel tarim, enerji, gevre gibi) yapist bu politikalarin
uygulanmasinda kilit rol niteligindedir.

Tablo 6.1 Tarim, enerji ve ¢evre politikalari ekseninde biyokiitle sektorii analizi

Tarim — Enerji — Cevre Politikalar1 Ekseni

* Sera gazi emisyonlarinin azaltilmasi, (CH,-NO )
» Dongiisel ekonomi modellerinin desteklenmesi
« Stirdiirtilebilir, temiz ve giivenli enerji

« Diisiik karbon, su ayak izli tarim politikalar1'

Giiglii

* Enerji yatirim politikalari?

* Yenilenebilir enerji tegvikleri®

Zayif * Hibrit teknolojiler ve tegsvik mekanizmasi*

« Sektor paydaslar arasinda kopukluk akademi-kamu-6zel sektor
» Koordinasyon ve planlama eksikligi
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« Fosil yakitlara bagimligin azaltilmas1

« Enerjide disa bagimligin azalmasi

« Inorganik giibre kullaniminin azaltiimast
* AB ve uluslararasi siireglere uyum

* Yesil mutabakata uyum

« Siirduriilebilir tarim

Firsat

« Izin ve lisans siirelerinin uzunlugu

» Uzun vadeli ve stabil politika eksikligi

Tehdit « Yerel ve merkezi yonetimlerin planlamadaki eksiklikleri
* Yonetmelikler arasi geligkiler

* Yonetmeliklerdeki gri noktalar

1 Norse, D. (2012). Low carbon agriculture: Objectives and policy pathways.
2 Tek boyutlu yenilenebilir enerji politikalar1 (Giines ve riizgar odaginda)
3 YEKDEM tesviklerinin bir 6nceki déneme gore diisiik olmasi, tiim biyokiitle tesisleri i¢in yani

tesvik mekanizmasi uygulanmasi, bolgesel tesvik olmamasi vb.

4 Hibrit teknolojiler/yatirimlar konusunda tesviklerin gelistirilmesi gerekmektedir.

Sektor ve pazar boyutu analizi, dinamikleri ve bilesenleri dikkate alinarak irde-
lenmistir (Tablo 6.2). Giiglii yonlerde, teknolojinin gelismesi ve bu gelisimin devam
etmesi ve kullanilan ekipmanlarda enerji doniisiim verimlerinin artmasi ile verimin
artmast one ¢ikarken, yan {irlinlerin siirdiiriilebilir tarim ve diger bilesenlerin gergek-
lestirilmesi i¢in kilit oldugu vurgulanmistir.

Zayif yonler olarak, hammaddenin edinimi ve bu noktadaki diizenleme bosluk-
lar1 yatirrmda 6nemli bir belirleyici faktdr olurken, rekabet kosullarinda da kirtllganli-
&1 yaratan ana etmendir. Finansal kaynaga erisim ve bunun yiik de i¢inde bulundugu-
muz kosullarda artmaktadir.

Teknoloji aktarimimin yanlis yapilmasi, mithendislik yaklagimlarinin eksikligi
ve proses mithendisliginin zayiflig1 ise en biiyiik tehditlerdir. Tam bir sektoriin olus-
mamasl, finansal ve idari risklerde siirecin ilerlemesi 6niinde 6nemli faktorler arasin-
da yer almaktadir.

Bunlarla birlikte, Tarim ve tarimsal sanayi kooperatiflerinin, enerji yatirimcilari
ortak yapilarinin sayisinin az ve modelin gelismemis olmasi1 6énemli bir faktoérdiir bu
planlamada {ireticinin de katilimi dahilinde bir model olusturmasi, siireci siirdiirii-
lebilir kilacaktir. Ozellikle atik tedarigi tarafinda yasanan sikintilara engelleyebilir.
Yatirim siireglerinde tiim planlama siirecinin yatirimetya birakilmasi (imar planindan
yer bolge se¢imine kadar), adil rekabet sartlarinin olugsmamis olmasi gibi sebeplerden
bolgesel yigilmalara bagl sorunlarin ortaya ¢ikmaktadir. Bunun durumu hammadde
kaynaginin sinirlayici etkisinin rekabeti kosullarini daraltmasi olarak tanimlayabiliriz.

Biyokiitlenin biiyiik bolimiiniin ayn1 zamanda bir atik oldugu ve {ireticinin so-
rumlulugunda oldugu kanunlarda tanimlanmaktadir. Bununla ilgili siireglerin ilgili
bakanlik tarafindan iyilestirilmesi gerekmektedir. Daha 6nceki boliimlerde de ele ali-
nan, kayit dis1 atik ticareti (6zellikle hayvansal kaynakli atiklarin para karsiligr alinip
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satilmasi) yatirimlarin 6niinde ekonomik bir engel olusturmaktadir. Bu durumun bir
diger tanimu ise, atik i¢in para 6denmesi, nakliye maliyetlerinin de biyokiitle tesisi
tarafindan yiiklenilmesi durumlari olarak yapilabilir.

Sektorel boyut olarak baktigimizda ise, sektorlerin ve alt sektorlerin tanimlamak
icin kullanilan NACE kodu tanimi biyokiitle sektorii igin olmadigi goriillmektedir. Sa-
dece 16.29.90 ile 20.59.13 kodlar1 yakat kiitiikleri ve peletleri imalati ve biyoyakitlar
i¢in bir tanimlama mevcuttur.

Tablo 6.2 Biyokiitle sektorii ve pazar boyutunun analizi

Sektor ve Pazar Boyutu

* Yenilenebilir enerji teknolojilerinde verimliligin artmasi
Giiglii « Tklim degisikligi baskisinin itici giicii
* Yan iirtinler (giibre, atik 1s1)’

* Yenilenebilir enerji tesvikleri®

« Sektor bilesenleri iletisim ve ortak galigma®
Zayif « Finansal kaynagn, zayifligr/agirligi

* Rekabetci baskilara kargi kirilganlik**

* Hammadde bulma, ulagma, edinme zorlugu®’#

« Siirdiirtilebilir kalkinma modellerine katkisi
» Kaynaklarin etkin kullanimi

« Karbon borsasi

* Organik giibre tiretimi

* Yesil mutabakat

* Merkezi 1sinma sistemlerine doniis/gecis

* ARGE ve bilgi eksikligi

* Dogal gaz anlagsmalari

« Bir 6nceki YEK doneminde yapilan hatalar
« Finansal durgunluk ve istikrarsizlik

« Politika kararsizlig

« Adil rekabet kosullarinin olugsmamasi

* Teknik ve miihendislik yaklasim eksikligi

« Sektoriin olusmamis olmast®

Firsat

Tehdit

1 Norse, D. (2012). Low carbon agriculture: Objectives and policy pathways

2 YEKDEM tesviklerinin bir 6nceki doneme gore diisiik olmasi, tiim biyokiitle tesisleri i¢in yani
tesvik mekanizmasi uygulanmasi, bolgesel tesvik olmamasi vb.

3 Tarim ve tarimsal sanayi kooperatiflerinin, enerji yatirimeilari ortak yapilarinin sayisinin gelisme-
mis olmasi ve sayisinin gok az olmasi.

4 Tim planlama siirecinin yatirimciya birakilmasi, adil rekabet sartlarinin olusmamis olmasi gibi
sebeplerden bolgesel yi1gilmalara bagli sorunlarin ortaya ¢ikmast.

5 Hammadde kaynaginin sinirlayici etkisinin rekabeti kosullarini daraltmasi.

6 Biyokiitlenin biiyiik béliimiiniin ayn1 zamanda bir atik oldugu ve iireticinin sorumlulugunda ol-
dugu kanunlarda tanimlanmaktadir. Bununla ilgili siireglerin ilgili bakanlik tarafindan iyilestirilmesi ge-
rekliligi.

7 Kayit dis1 atik ticareti (6zellikle hayvansal kaynakli atiklarin para karsilig1 alinip satilmasr)

8 Atik i¢in para 6denmesi, nakliye maliyetlerinin de biyokiitle tesisi tarafindan yiiklenilmesi durum-
lariin sik¢a karsilagiimasi
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9 Sektorleri ve alt sektorleri tanimlamak igin kullanilan NACE kodu tanimi biyokiitle sektori igin
bulunmamaktadir sadece, 16.29.90 ile 20.59.13 kodlar1 yakit kiitiikleri ve peletleri imalat1 ve biyoyakatlar
i¢in bir tanimlama mevcuttur.

Teknoloji-altyapi-insan kaynaklar1 boyutunda (Tablo 6.3), arastirma ve gelistir-
me alanin genisligi, hammadde ¢esitliligi, miktarinin fazlaligi ile bunun yayili olmasi
giiclii yonleri olusturmaktadir.

Insan kaynaklarinin niteligi ve yonetiminde yapilan hatalar tiim sektorlerde et-
kisini gostermektedir. Yeni yapilanana ve dinamikleri tam tanimlanmamis bir alanda
bu yansimalarinin etkisinin biiylik olmasi kaginilmazdir.

Tablo 6.3 Teknoloji, altyapi, insan kaynaklar1 boyut analizi

Teknoloji — Altyap1 — Insan Kaynaklar1 Boyutu

* Arastirma Gelistirme Alanlarinin Genisligi

Geli * Yatirim alan1 ve hammadde kaynaklarinin genisligi

* Nitelikli insan kaynagmin olmamast

« Nitelikli insan kaynag1 kavraminin sektorel olarak gelismemesi

« Aragtirma ve gelistirme konusunda devlet desteginin zay1flig1

» Akademik alt yap1 ve akademik insan kaynaklari yonetiminin eksiklikleri ve hatalari

Zayif

* Yeni arastirma ve gelistirme imkanlarinin genisligi

Firsat « Teknik ve nitelikli is giiciiniin dogru istihdam edilmesi.

* Bilgi eksikligi

« Tecriibe eksikligi

« Politik istikrarsizlik

* Yonetimsel derinlik ve yetenek eksikligi

Tehdit

Sosyo-Ekonomik boyutu (Tablo 6.4), yapilacak tesislerin belli bir biyiikliikte
olmasi, miihendislik projeleri olarak gelistirilmesi ile verimli ve siirdiriilebilir yati-
rimlar olacaklardir. Bu bakis agistyla gelistirilen politikalar, ancak kirsalda nitelikli is
giicli yaratacaktir. Bolgedeki sadece dogrudan istikama degil, tiim sosyo-ekonomik
stireglere olumlu etki saglayacaktir. Demografik kirilganliklarin, go¢ gibi karsi karsi-
ya olunan biiyiik sorunlarin ¢dziilmesi i¢in bir firsat yaratacagi dngoriilmektedir. Boy-
lelikle toplumun birgok kesiminde refahin artmasina katki koymasi beklenmektedir.

Diger bilesenlerde de oldugu gibi benzer zayif yanlar ve tehditler soyo-ekono-
mik boyuta da etki etmektedir. Farkli olarak sivil toplumun ve meslek odalarinin bi-
limsellikten uzak, siireci olumsuz etkileyen sdylemleri yazili, gorsel ve dijital basinda
sik¢a yer almaktadir. Acilan ¢evre davalari slireclerinde ve ortaya atilan idealarda bu
yansimalar1 gérmek miimkiindiir. Bilingli fakat bilgisiz/yanlis bilgilendirmis bir sivil
toplumla karst karstya oldugumuz sonucu ¢ikarmak miimkiindiir. Cevre kirliligi ve
iklim degisikligi ekseninde yapilan anket ve aragtirmalarda da bu ortaya konmak-
tadir, yapilan bir arastirmadan 6rnek olarak, “Tiirkiye iklim degisikligine karsi ne
yapmali” ¢oktan se¢gmeli sorusuna katilimcilari %75,7’si “Yesil alanlar1 korumali”
seklinde yanit vermistir, bu yanit tiniversite mezunlarinda %86°y1 bulmaktadir (KON-
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DA 2020). Buda Sosyo-Ekonomik boyutta kars: karsiya olunan en biiyiik risk/tehdidi
olusturmaktadir. Raporun 2. Boliimiinde iklim degisikliginin sektorel etkileri agikg¢a
ortadadir. En biiyiik kaynaktan en kiiciige dogru ayakizini azaltma strateji ve politika-
lar1 iklim degisikligi ile miicadelede en dogru yontem olacaktir.

Tablo 6.4 Biyokiitle sektoriiniin sosyo-ekonomik etki analizi

Sosyo-Ekonomik Boyutu

* Gogiin 6nlenmesi

« Nitelikli isgiiciine katki

Giigli « Igsizligin azalmasi

* Ekonomik gelisime katkist

« Kirsal gelisme ve planlamanin giiclenmesi

* Devlet desteginin zay1fligi

« Etkisiz iklim degisikligi politikalari.

Zayif « Kér amaci giitmeyen kuruluslarin ve meslek odalarinin iklim eylemi stratejisinin
olmamasi ya da bilimsellikten ve dogruluktan uzak olmasi

» Uygun olmayan yatirim maliyetleri

« Siirdiiriilebilir gevre ve toplum saglig
Firsat * Cevrenin ve dogal kaynaklarin korunumu
» Demografik yapinin gelismesi

« Politik istikrarsizlik

 Cevreci kar amaci glitmeyen kurulus ve bazi meslek odalarinin ilgi eksikligi ve kar-
Tehdit sithg'>3

* Duyarli ama yeterli bilgi sahibi olmayan kamuoyu bilinci®

* Cevre davalari’

1 Agilan gevre davalari ve taraf olan kurumlar ve iddialari.

2 Tlgili kuruluslarin yonetim kurulu iiyelerinin basinda ¢ikan agiklamalari, raporlart miidahil olduk-
lar1 dava siireglerindeki yapilan agiklamalar.

3 Yazili ve dijital basinda ¢ikan aciklamalar, 6zellikle Tiirkiye’de Iklim Degisikligi ve Cevre Sorun-
lar1 Algist KONDA,2020 calismasi.

Raporda iklim degisikligi-bitkisel atiklar-enerji agisindan degerlendirme yapila-
rak mevcut durum tespiti yapilmistir, 2019 dncesindeki verilerden yola ¢ikilmasinin
bir sebebi ise COVID 19 salgimi dncesindeki durumu ortaya koyabilmektir. Tarimin
lilke ekonomisi ve iiretim bilesenleriyle, biyokiitlenin enerji doniistimii ile ilgili Tiir-
kiye’de mevcut durumlar irdelenmistir ve SWOT analiziyle de ¢alisma 6zetlenerek
genel bir durum tespiti ortaya yapilmistir.

Mevcut durumda, yenilenebilir enerji politikalarinin tek yonlii (glines ve riizgar
agirlikli bir eksende) gelistirildigi, biiyiik bir potansiyeli bulunan biyokiitlenin enerji
doniistimiiniin zayif kaldig1 acikca ortadadir. Sektorel dinamiklerinin tam olugsmadigi
ve kirilgan oldugu goriilmektedir. Bu sebeple olusturulan tanimlarin/indikatorlerin,
bir siire¢ yonetiminden ¢ok bir siire¢ olugturmaya yonelik ele alinmigtir.

Biyokiitlenin enerji doniisiimii politikalari planlanirken bazi tanimlamalara (in-
dikatdrlere) ve/veya kriterlere ihtiya¢ duyulacaktir. Bu tanimlamalarin amaci kavram-
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larin sinirlarini gizerek onlari anlasilabilir ve siire¢ yonetiminde bir birileriyle ilintili
hale getirebilmektedir.

Tanimlamalar
A) Veri varlig ve analizi
e Tanim

Bitkisel iiretim kaynakli verileri (CBS verileri iiriin-atik vb), iiriin atik
ve biyokiitle 6zelliklerini kapsamaktadir. Bu verilerin islenmesi siniflandiril-
mas1 ve planlama i¢in anlamli hale getirilmesi.

e Analiz, sayisallagtirma

Elde edilen verilerin analizi, kavramlarla ilintilendirilmesi, sayisallag-
tirilmast (esitlik1,2,3’te oldugu gibi) gerekmektedir. Modeller ve katsayilar
(atik diretim potansiyeli, atik erigilebilirlik katsayis1 gibi) tanimlanmali ve
belirlenmelidir.

e Araclar

Veri elde edilmesi, analizi ve erisimi i¢gin gerekli olan analiz program-
larindan, 6l¢iim cihazlarina, pilot tesislerden veri erisimi i¢in olusturulacak
portal/portallara kadar birgok bileseni kapsamaktadir. Kurulacak alt yapinin
esnek, giincel ve ulasilabilir olmasi gerekmektedir.

B) Biyokiitlenin varlig
e Tanim

Bolgenin ve iiretim tiirline bagli olarak atigin varlik olarak irdelenmesi.
Tiirlinlin ve kaynaginin tespiti.

e Bolge/Bolgelerin Analizi

Sosyo-ekonomik , alt yap1 olarak ve tarimsal iirtin deseni vb. acilardan
bolgelerin irdelenmesi, bélgelerin smiflandirilmasi ve tanimlanmasi igin ve-
rilerin ve kistaslarin tanimlanmasi.

C) Kaynak Tespiti ve Potansiyel Iliskisi Kurulmas1
e Tanim

Biyokiitle miktar1 ve o miktarin enerji doniisiimiinii etkileyen veriler
arasindaki bagint1 kurularak, kullanilabilir kismin, teknoloji ve uygulama tiir-
lerine gore tespitinin yapilmasi.

D) Bolge Tanimlamasi ve Smiflandirilmast
e Tanim

Olusan biyokiitle miktari tiretim tiirii, erisilebilirlik ve diger kavramlar
kapsaminda stratejik bolgelerin olusturulmasi.
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o Idare ve Yonetimsel Siirecler
Olusturulan bolgelere gore, idari ve yonetimsel slireglerin tanimlanmast

E) Enerji Doniigiim Teknolojisi Belirlenmesi ve Teknolojinin Yasam Dongiisii
Analizinin Yapilmasi

e Tanim

Teknoloji/yontem sec¢imi ve segilen teknoloji ve teknolojilerin yasam
dongiisii analizleri yapilarak, en iyi yontemin irdelenmesi.

F) Siirdiirtilebilirlik Boyutu
e Tanim

Secilen yontem ve olusturulan stratejinin, sosyo ekonomik ve iklim
degisikligi gibi etkiler altinda dayaniminin analizinin yapilmasi ve risklerin
tespiti.

o izleme

Tiim bu analizlerin y1l igerisinde belli donemlerde siirekli olarak yapi-
lip, tekrarlanarak giincel tutulmasi.

Q) Politika Gelistirilesi
e Tanim

Onceki adimlar ve diger baglantili siireglerin (gida endiistrisi kaynakli,
hayvancilik kaynakli ve biyokiitle verileriyle birlikte) irdelenmesiyle bolge-
sel politikalarin olusturulmasi.

o Yonetmeliklerin olusturulmasi
o Tesviklerin belirlenmesi

Bitkisel iiretim kaynakli biyokiitlenin enerji doniisiimii, basit ve yalin olarak
olusan biyokiitle ile enerji tesisinin bulugmasi olarak diisiiniilebilir. Bunun igin iki
faktor arasindaki bagin kurulmasi gerekmektedir. Bu bagin tanimi hem biyokiitle ta-
rafinin hem de enerji tesisi tarafini sekillendirecektir. Biyokiitle tarafinda atigin hangi
oncellikleri dogrultusunda siniflandirilacagi ve degerlendirilecegi, enerji tarafinda ise
tesis biiylikliigii, proses tipi, son {iriiniin degerlendirilme yontemine kadar tiim siireg-
leri tanimlayacaktir.

Biyokiitlenin enerjiye doniisiimi Tiirkiye igin destekleyici degil ana sektorler-
den/ tasiyici sektorlerden biri olma potansiyeline sahiptir, bu sebeple gelistirilecek
politikalarinda bu odakta yapilmasi gerekmektedir. Planlamanin ve yatirimlarin, mii-
hendislik yaklagimiyla, ekonomik olarak siirdiiriilebilir i modelleri olarak gelistiril-
melidir. Ornek alinacak modellerde bu 6zelliklerdeki iilkelerin yaklasimlarindan yola
cikilarak gelistirilmelidir.
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Yukarida tanimlanan 7 kavram, bu bagin siirdiiriilebilir olmasi, bolgesel ihtiyag-
lar dogrultusunda planlanabilmesi ve bu dogrultuda stratejik hedeflerin belirlenebil-
mesini yardimci olacaktir.

Rapor kapsaminda bu kavramlar {ist 6lgekte ele alinmistir. Son derece teknik ve
bilimsel bir derinliginin olmasinin yani sira, idari siiregleri ve planlama kisimlar1 bir-
cok detay igermektedir. Sosyo-ekonomik siireclerle de bire bir etkilesim i¢indedir. Bu
sebep yapilan ¢alismalarin mikro dlgekten, bolgesel ve ihtiya¢ dogrultusunda makro
6lcege dogru yapilmasi gerekmektedir.

Bu calismalar sadece bitkisel iiretim atiklarinin olusturdugu biyokiitle agi-
sindan yapilmamalidir, ayn1 bakis agist ile hayvancilik faaliyetleri sonucu olusan bi-
yokiitle ve diger tarim ve tarimsal endiistriden kaynaklanan biyokiitle ile gida sekotii-
rli i¢in de yapilarak birbirleriyle entegre edilmelidir.
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1 Entrance

“Sustainable Biomass Use Project to Support the Development of Turkish
Economy on the Path to Green Growth” since 2018, financed by the TR Ministry of
Agriculture and Forestry, carries out by General Directorate of Agricultural Research
and Policies (TAGEM) and the United Nations Industrial Development Organization
(UNIDO), Global Environment Fund (GEF). The aim of the project is to reduce
greenhouse gas emissions while increasing energy performance and competitiveness
by triggering sectoral transformation with the applications of modern bioenergy
technologies in the agricultural industry.!

Sustainable Biomass Use Project to Support the Development of the Turkish
Economy on the Path to Green Growth, which is a component of the Main Supported
Project, has been prepared in order to evaluate the biomass potential created by
agricultural wastes in Turkey and to shed light on the clean energy potential by using
domestic resources and technologies in line with the sustainability principles of this
potential. .

Within the scope of the project objectives, in this report, within the framework
of combating climate change, in line with the sustainability principles of the biomass
potential created by agricultural wastes, efficient and most appropriate technology
options, domestic resources and technologies, and conversion processes into clean
energy were examined.

Under the pressure of climate change, the process was evaluated in the triangle
of climate change, agricultural waste and energy, with a perspective to reduce this
pressure. In this context, the current situation of the wastes originating from plant
production, which is included in the agricultural wastes generated in Turkey, has been
revealed.

In the framework of the current situation, the basic principles of waste
management are discussed and processes are defined.

Recycling of agricultural wastes and energy alternatives were examined, and
the main widely used technologies were discussed. The issues to be considered within
the scope of energy investments from agricultural biomass, what needs to be done for
the sustainability of the facilities and the planning and operation processes in general
are mentioned. How the decision-making processes will be evaluated and which
principles should be put forward are discussed.

1 Technical specification in which the job is defined within the scope of the Sustainable Biomass Use
Project to Support the Development of the Turkish Economy on the Path to Green Growth.
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In the conclusion and evaluation part, within the scope of sustainable agricultural
transformation, the main principles/indicators for the management of agricultural
wastes and renewable energy conversion processes were mentioned and the process
components were re-examined, and a general framework and approach for the
roadmap and strategy was presented.

In summary, this study is a high-level study and an approach is put forward
through the potential of converting biomass to energy, the organic wastes formed after
plant production, that is, the wastes that need to be removed from the cultivation area
after plant harvest, among the wastes generated during agricultural and agricultural
industry activities. It aims to reduce the carbon footprint and environmental pollution
created by the uncontrolled processing of wastes generated after plant production with
stubble burning or wild storage methods, by using renewable energy methods. In line
with these objectives, the current situation analysis and the most suitable technologies
and alternatives for this situation analysis are examined, and to create a framework for
what needs to be done for the efficient evaluation of these wastes.

2 Relationship between Climate Change and Agriculture

When the sectoral breakdown of greenhouse gas emissions, which cause climate
change, is examined, it is seen that classification is made in 5 main sectors. It is
classified as energy sector, Agriculture and livestock, Forestry and Land Use (TOAK),
Transportation sector, Industry and waste. There may be some variability in the
approaches and definitions of scientific institutions that work. For example, in some
publications the transport sector, transmission lines, building and industrial energy
are included in the energy sector. Thus, the share of the energy sector in greenhouse
gas emissions exceeds 70% or emissions from land use are evaluated separately [1]

[2] [3] [4].

In the assessments related to climate change, agricultural activities are examined
under the title of Agriculture and Livestock, Forestry and Land Use (TOAK).
Depending on the way these activities are handled (for example, land use change is not
included in agriculture), it constitutes 19%-29% of greenhouse gas emissions. Sectoral
distribution and its components are shown in figure 2.1. It is seen that agricultural
activities are the primary and most vulnerable sector affected by climate change due
to increasing pressure on water resources as a result of climate change, increasing
temperature and changing precipitation regimes, drought and desertification. On the
other hand, increasing deforestation due to incineration of agricultural wastes, animal
wastes and new agricultural areas is an important part of the climate change problem.

If the sustainability transformation of agricultural activities is not made and
basic concepts such as resource conservation, decarbonization, energy efficiency
and cyclicity are not developed and implemented, the share of the agricultural sector
in greenhouse gas emissions will increase significantly as other sectors reduce
their emissions (Figure 2.2). Although not within the scope of the project, it should
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be mentioned that one third of the food produced in the world is lost and wasted.
Preventing this waste, perhaps, in the first stage, to convert it into energy and fertilizer
with a good waste management, and to prevent this waste to a large extent in the
second stage, will be critical for achieving the goals by reducing the stress on the

environment. [5]

Global greenhouse gas emissions by sector
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Figure 2. Sectoral distribution of greenhouse gas emissions on a global basis [3],[4]
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Greenhouse gas emissions by economic activity, EU, Q12010 - Q2 2021
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Figure 2. 1Sectoral change of greenhouse gas emissions on a global basis over the years [6]

Agricultural land includes land used for agricultural production consisting of
permanent crops, namely land used for agricultural production, managed grassland/
pasture, agroforestry and bioenergy crops. This area, which is used as agricultural
land, covers an area of approximately 40%-50% of the world’s terrestrial surface. [7]

The CO equivalent of the total global greenhouse gas emissions for 2019 is
52.4 GtCO2e (range: £5.2) when the impact due to land use is not included, and 59.1
GtCO2e (range: +£5.9) if it is included. [8]

These emissions clearly reveal that the increase observed since 1750 is of human
origin. It has been observed that since 2011 (in line with the measurements reported in
the IPCC ARS), the concentrations have increased continuously, reaching an annual
average of 410 ppm CO, for 2019. This value reached 1866 ppb for methane (CH,)
and 332 ppb for nitrous oxide (N,0O).

When we examine the historical processes of these increases, a striking situation
emerges. CO, concentrations in the atmosphere increased by 131.6 (= 2.9) ppm
between 1750 and 2019, ie 47.3%. This increase is unprecedented, at least over the
last 800,000 years, and is four times greater than the fastest rate of change over 56
million years. [9]

CH, concentrations, on the other hand, have increased by 1137 (& 10) ppb by
157.8% since 1750, exceeding the interval values in the multiple glacial — interglacial
transitions of 800,000 years. Although the concentrations seemed to follow a flat
course in the 1990s, they started to increase again at a rate of 7.6 £+ 2.7 ppb (mean)
around 2007. There are highly accurate facts that the increasing trend after 2007 is
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driven by emissions from fossil fuel use, livestock and waste, and that ENSO? drives
the multi-year variability of wetland and biomass combustion emissions. [9]

The increase in N,O concentrations from 1750 to 2019 is comparable to glacial-
interglacial fluctuations of 800,000 years, with a 30% increase of 62.0 (£6.0) ppb. [9]

In Table 2.1, the concentration changes in the atmosphere between 1750 and
2019 of the three compounds that have the most significant impact on climate change
are given.

Table 2. 1,, CH,, N,O concentrations in the atmosphere between 1750 and 2019

1750 2019 Concsellzitt{'tation P(r:(;l[;(:lrgtio;)al
CO, (ppm) 278.4 410.0 131.6 (£2.9) 47.3
CH , (ppb) 729.0 1866.0 1137 (= 10) 157.8
N20  ppb) 270.0 332.0 62.0 (£6.0) 62.0

Approximately 23% of greenhouse gas emissions are Agricultural Activities,
Agriculture and Livestock, Forestry and Land Use (TOAK), while its sub-sectors are
Livestock and Fertilizer (animal excrement) 5.8%, rice/paddy growing 1.3%, stubble
burning It can be defined as 3.5%, arable land 4.1%, forest areas 2.2%, planted
agricultural land 1.4%, pastures/pastures 0.1%.[2] [3] [4]

The IPCC Special Report on Climate Change and Land (SRCCL) mentions that
the land is both a source and a sink of CO2 due to 37 anthropogenic and natural
factors. Agricultural (TOAK) activities account for approximately 13% of total CO,
emissions from human activities, 44% of CH, emissions and 82% of N,O emissions
between 2007 and 2016. When these values are calculated as equivalent CO,, it is
predicted that they correspond to 23% of the total global greenhouse gas emissions.

[%]

CH, emissions from agriculture and waste sectors constitute the largest share
in total emissions (Table 2.2). During the storage of raw animal feces, anoxic and
anaerobic conditions develop, resulting in CH, emissions [10]. However, enteric
fermentation is the sub-component that causes the most emissions. In order to meet
this need due to the increase in the human population, the growth in animal husbandry
causes these emissions to increase systematically.

Animal type, number, size, health, nutritional conditions, temperature, meat
and milk production rates directly affect the rate and amount of emissions. Regular

2 The El Nino-Southern Oscillation (ENSO) is a recurrent climate pattern involving changes in tempera-
ture of waters in the central and eastern tropical Pacific Ocean. For periods ranging from about three
to seven years, surface waters in large parts of the tropical Pacific Ocean are warm or cold anywhere
between 1°C and 3°C relative to normal. This oscillating pattern of warming and cooling, called the
ENSO cycle, directly affects precipitation distribution in the tropics and can have a strong impact on
weather in the United States and other parts of the world. El Nifio and La Nifia are the extreme stages
of the ENSO cycle; Between these two phases there is a third phase called ENSO-neutral.
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landfills where domestic and other wastes (organic wastes) are stored and areas where
wastes are stored in the form of wild and open discharge, waste management or lack
of waste management are the second main factors that directly affect the amount and
speed of emissions. Apart from these, CH, emission resulting from the burning of
biomass and rice/paddy production activities are other important emission sources.

Table 2. 2 Sources of methane emissions [9]

2000-2009 2008-2017

0 - -
tgCH4yr %/;)lvlvl zr-ngh Lower-High Value I\_}gﬁzr-l—hgh Lower-High Value
Source
Natural resources 215 | (176-243) | 369 (245-484) | 215 | (183-248) |371 |(245-488)
Wetlands 180 | (153-196) | 147 (102-178) | 180 |(159-199) | 149 |(102-182)
Other Resources 35 |(21-47) |222 (143-306) |36 |(21-49) 222 | (143-306)
e e i a2
Wild animals 2nd | (1-3)
termites 9 (3-15)
Geological (land and
Ocean% ( 23 [ (0-71) 45 (18-65)
Other Ocean K. (Sea-
Air Flow and Gas 6 (4-10)
Hydrates)
Tl b (o
Anthropogenic Origin | 332 | (312-347) | 330 (309-350) | 357 |(336-375) |356 |(335-383)
Agriculture and Waste | 206 | (198-219) | 195 (185-212) 221 |(209-238) |208 |(192-230)
Enteric Fermentation
& Animal Feces 103 (101-107) 109 | (106-115)
Landfills and Wastes 60 (53-70) 64 (55-77)
Rice 29 (23-34) 31 (25-37)
Fossil fuels 101 | (71-151) ﬁﬂidred (94-108) |106 | (81-131) | 115 |(114-116)
Coal 29 (26-33) 38 (36-39)
Oil and Natural Gas 65 (60-72) 70 (68-73)
Transportation 3 (1-8) 5 (1-11)
Industry 3 (0-6) 3 (1-5)
Elgn;ajjll’“mmg & 19 @335 |32 (24-44)  [30 |(22-36) |30 | (22-39)
biomass burning 19 (15-32) 17 (14-26)
Bio Fuels 10 (8-12) 10 (8-13)
Absorbation
Total Chemical Loss | 511 | (502-515) | 595 (489-749) | 514 | (474-529) | 602 | (496-754)
tropospheric OH 553 (476-677) 560 | (483-682)
Stratospheric loss 31 (12-37) 31 (12-37)
tropospheric cl 11th (1-35) 11th | (1-35)
Soil Absorption 34 | (27-41) |30 (11-49) 37 |(2743) 30 (11-49)
Sum of Resources 548 | (524-560) | 699 (554-834) | 576 |(550-589) | 727 |(581-872)
Absorbation 546 | (533-556) | 625 (500-798) | 551 |(501-572) | 632 |(507-803)
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Inequality 7 @1y (74| 21 [(18-26) |95 |
Atmospheric Growth
Rate (ppb yr ) 2nd + 4 7+£3

The most important factors of the increase in the N,O concentration of 31.0 + 0.5 ppb in
the atmosphere are the disruption of the natural nitrogen cycle with the use of synthetic fertilizers
and animal manures in the soil without treatment, as well as the accumulations resulting from
agricultural activities and burning fossil fuels (Table 2.3) [11]. Even if global emissions are

stabilized, N,O will take more than a century to stabilize due to its long atmospheric lifetime.

(9]

Table 2. 3 Global N , O budget [9]

TN yr!

AR6
1980-1989

AR6
1990-1999

AR6
2000-2009

ARG
(2007-2016)

AR5
(2006/2011)

Lower-Upper Bud-
get/Balance
(Bottom-Up Bud-
get)

Anthropogenic
Sources

Combustion of
fossil fuels and
industry

0.9 (0.8-1.1)

0.9 (0.9-1.0)

1.0 (0.8-1.0)

1.0 (0.8-1.1)

0.7 (0.2-1.8)

Sourced from Ag-
ricultural Activities
(Including Fish-
eries)

2.6 (1.8-4.1)

3.0 (2.1-4.8)

3,4(2.3-52)

3.8(2.5-5.8)

4.1(1.7-

Biomass and biofu-
el combustion

0.7 (0.7-0.7)

0.7 (0.6-0.8)

0.6 (0.6-0.6)

0.6 (0.5-0.8)

0.7 (0.2-1.0)

Waste water

0.2 (0.1-0.3)

0.3 (0.2-0.4)

0.3 (0.2-0.4)

0.4 (0.2-0.5)

0.2 (0.1-0.3)

Inland waters, estu-
aries, coastal areas

0.4 (0.2-0.5)

0.4 (0.2-0.5)

0.4 (0.2-0.6)

0.5(0.2-0.7)

atmospheric ni-
trogen
accumulation in the
oceans

0.1(0.1-0.2)

0.1(0.1-0.2)

0.1(0.1-0.2)

0.1(0.1-0.2)

0.2 (0.1-0.4)

Atmospheric Ni-
trogen
accumulation on
land

0.6 (0.3-1.2)

0.7 (0.4-1.4)

0.7 (0.4-1.3)

0.8 (0.4-1.4)

0.4 (0.3-0.9)

Other effects due to

CO 2. climate and land use

0.1 (-0.4-0.7)

0.1 (-0.5-0.7)

0.2 (-0.4-0.9)

0.2 (-0.6-1.1)

Total Anthropo-
genic

5.6 (3.6-8.7)

6.2(3.9-9.6)

6.7 (4.1-10.3)

73 (4.2-11.4)

6.3(2.6-9.2)

Natural Swallows

Rivers, estuaries
and coastal areas

0.3 (0.3-0.4)

0.3 (0.3-0.4)

0.3 (0.3-0.4)

0.3 (0.3-0.4)

0.6 (0.1-2.9)

Ocean and High
Seas

3.,6(3.0-4.4)

3,5(2.8-4.4)

3,5(2.7-4.3)

3,4(25-43)

3.8(1.8-9.4)

Soils under natural

vegetation

5.6 (4.9-6.6)

5.6 (4.9-6.5)

5.6 (5.0-6.5)

5.6 (4.9-6.5)

6.6 (3.3-9.0)
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atmospheric chem- | 0.4 (0.2-1.2) [0.4(0.2-1.2) |0.4(0.2-1.2) |0.4(0.2-1.2) [0.6(0.3-1.2)
istry
Superficial Absorp- |-0.01 (-0.3-0) [-0.01(-0.3-0) [-0.01 (-0.3-0) |-0.01 (-0.3-0) |-0.01 (-1-0)
tion
Total Natural Ingre- | 9.9 (8.5-12.2) [ 9.8 (8.3—-12.1) |9.8 (8.2-12.0) | 9.7 (8.0-12.0) |11.6(5.5-23.5)
dients
Total Resources 15.5(12.1- 15.9 (12.2- 16.4 (12.3—- 17.0 (12.2— 17.9 (8.1-30.7)
from Start to End | 20.9) 21.7) 22.4) 23.5)
Observed Growth 3.7(3.7-3.7) |45(4.3-4.6) |3.6(3.5-3.8)
Rate
Infrared source 12.9 (12.2- 13.1 (12.4- 14.3 (4.3-28.7)
stratospheric ab- 13.5) 13.6)
sorption
atmospheric emis-
sion
atmospheric loss 12.1 (11.4— 12.4 (11.7-

13.3) 13.3)
Total resource 15.9 (15.1- 16.9 (15.9-

16.9) 17.7)
Inequality 3.6(22-57) [42(24-64)

The global N, O budget (unit TgN year-1) is averaged over the 1980s, 1990s, 2000s and
also over the last decade starting in 2007. Uncertainties represent the range of resource/basin
estimates evaluated. All numbers are reproduced (Tian et al., 2020) based on a compilation of

inventories, bottom-up models, as well as atmospheric inversions. [9]

According to IPCC, US Environmental Protection Agency (USEPA), United
Nations Environment Program (UNEP), World Bank and EU Environmental Protection
Agency (EU-EEA) reports and findings, the sector most affected by climate change is
the agricultural sector. In order for agriculture to be carried out in a sustainable way,
it is necessary to follow a strategy that prioritizes resource conservation by reducing
the effects of climate change. In the light of these data, the scope of the project and
defined as the plant production wastes discussed in the report. Reducing greenhouse
gas emissions arising from the plant production process and the wastes generated is
one of the targets. In the plans and policies to be put forward, the focus of sustainable
agricultural transformation will be the conversion of waste into an energy vector or
organic fertilizer. With this transformation, it will be ensured that N,O emissions
caused by the use of inorganic fertilizers are reduced and primarily CH, and other
emissions arising from uncontrolled burning (stubble burning) or stored organically
degradable agricultural wastes.
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3 Agriculture and Main Crops Grown in Turkey

Turkey is the 19th largest economy in the world with $719.955 billion [12].
In the economy, the share of agriculture is 6.4% (including livestock, forestry and
fishing activities) [13]. Turkey has a surface area of 738,562 km?, approximately 30%
of this area is suitable for agriculture [14]. Since the beginning of the 2000s, while
the contribution of agricultural production to GDP has decreased proportionally, a

decrease has been observed in arable agricultural land per capita and total agricultural
land.

These economic and production-related changes have made Turkey the tenth
country from the seventh country with the largest agricultural production. While the
employment rate in agriculture is 19.5% in line with TUIK data, FAO data shows that
employment in agriculture has decreased from 27.3% to 18.1% in the last 20 years
[13].

On the other hand, while the use of inorganic fertilizers in agriculture was 2089
thousand tons in 2000, this rate became 2466 thousand tons in 2019. It increased from
79.2 kg to 106.8 kg per hectare. [13]

While the ratio of water withdrawn for water use in agriculture was 80% in
2000, this ratio was 87.1% in 2018. [13]

While the change in pesticide® use in agriculture was 33.471 tons in 2000, this
amount reached 51,297 tons in 2019. The amount used per ha increased from 1.27 kg
to 2.22 kg. [11]

Food exports were 17,902 million dollars in 2019, food imports were 11,720
million dollars and the net food trade volume was 6,182 million dollars. [13] Food
import-export balance is given in Tables 3.1 and 3.2.

Table 3. 1 2019 Turkey food import and export balance [13]

food
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3 Although pesticide use is not a component that will be examined within the scope of the project, it pos-
es significant environmental risks, especially on aquatic ecosystems. At certain concentrations, it has
an indirect effect, as there may be risks of adversely affecting the processes in biorectors and biological
processes.
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Table 3. 2 2019 Turkey grain import and export balance [13]

Grain
Sweetcorn Wheat Rice/Paddy Other
Export
1000 Tons 691.6 135.2 202.1 4695.4
Imports 43475 10 004.8 520.7 577.3
1000 Tons : : : :

In the light of these data, a decrease is observed in the ratio of agricultural land
and arable agricultural land per capita. A decrease is also observed in the share of
agricultural employment in total employment. There is also a significant decrease in
the share of agriculture in the Gross National Product.

It is observed that there is an increase in the use of water, pesticides and inorganic
fertilizers for agriculture compared to these decreasing economic parameters.

On the other hand, when the TUIK data is examined, there is a sharp decrease in
the production of some products (except for corn silage production) with horizontal or
very close increases in agricultural production amounts, and no significant increases
in yields per decare have been observed. [15], [16] ultimately, these analyzes are
parameters that need to be thoroughly examined by making precise micro-scale
analyzes. When the aforementioned data are examined at the upper scale, it is clearly
seen that there is an increase in the use of resources, although there is a decrease in the
value of agricultural production (considering the production efficiency and economic
values, as well as the population and employment). This shows that agricultural
production in our country is losing its sustainability over the years. On the other hand,
the water footprint and carbon footprint of agricultural production are also increasing,
and the drought caused by climate change also has a share in this increase.
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In line with the scope of the project, 2 points will be focused on the strategic
evaluation of agricultural wastes and sustainable agricultural transformation. It is
planned to develop a strategy to prevent stubble burning, to reduce the use of inorganic
fertilizers by converting these wastes into organic fertilizers and energy vectors, and
to reduce the carbon footprint by supporting renewable energy strategies.

3.1 Major Agricultural Products

Within the scope of the project, the data were obtained from the Republic of
Turkey Ministry of Agriculture and Forestry General Directorate of Agricultural
Research and Policy, Black Sea Agricultural Research Institute Directorate and the
TR Ministry of Energy and Natural Resources General Directorate of Energy Affairs
Biomass Energy Potential Atlas Project.

The main crop production types in Turkey were evaluated under three main
groups as field crops, horticultural (fruit) and vegetable crops.

In field crop production, the most important production types with an annual
production of more than 10 million tons are wheat, sugar beet, alfalfa, and silage corn.
These are followed by barley, corn (grain), cotton potato fig (grain), oat, sunflower
and sainfoin, which are produced between 10 million and 1 million tons of years
(Figure 3.1.) The distribution of production amounts by provinces is given in figure
3.2.
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Turkey Field Crops Production Amounts (million

Wheat
Sugar Beet
Clover

Corn 1st Harvest
Corn 2st Harvest

Barley

Corn Grain
Cotton
Potatoes
Vetch Grain
Oats
Sunflower
Above

Rice
Chickpeas
Multiflorum
Rye
Triticale
Lentil
Forage Turnip
Beans

Peas
Peanut
Corn Yield
Soya Bean
Colza
Prune
Fodder Beet
Pearl Millet
Poppy
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In horticultural production, the most important production types with an annual
production of more than 1 million tons are grapes, apples, oranges, tangerines, olives,
tea and lemons. These are followed by peaches, apricots, cherries, pomegranates,
pears, hazelnuts, bananas, strawberries, figs, plums, grapefruit, pistachios, red peppers,
walnuts, sour cherries, quince, almonds, which are produced between 100 thousand

and 1 million tons. . (Fig. 3.3.). Distribution of production amounts by provinces is
given in figure 3.4.
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Shape 3. 3 Horticultural crops production data in Turkey (products over 5 thousand tons of

annual production)
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Figure 3. 4Horticultural production amounts by province

In the production of vegetable crops, the most important product types with an
annual production of more than 1 million tons are tomato, watermelon, onion (dry),
cucumber (table, pickle), melon, pepper (paste, capia), pepper (spiky). The products
that are produced between 100 thousand tons and 1 million tons of years are eggplant,
cabbage, beans (fresh), zucchini (gum and snack foods), pepper (stuffed peppers),
leeks, cauliflower, radishes, garlic, and peas. (Figure 3.5). Distribution of production

amounts by provinces is given in figure 3.6.
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Turkey's Vegetable Crops Production by Province million
tons/year
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Figure 3. 5Vegetable crops production data in Turkey
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Production Amounts of Vegetable Crops by Province in Turkey
Million Ton/Year
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Figure 3. 6 Production amounts of vegetable crops by province
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4 Agricultural Wastes in Turkey
4.1 Identification of Agricultural Wastes

Waste generated as a result of agricultural activities, plant production activities,
animal feces from farms, poultry houses and slaughterhouses and other wastes are
evaluated within this scope. Harvest waste, manure runoff from fields; pesticides
mixed with water, air or soil, and salt and silt filtered from fields are included in
agricultural wastes. [17]

Vegetable production wastes are the wastes formed as a result of plant production
activities, as a result of removal/removal of the post-harvest material from the planting
area. In the current situation, these wastes are burned in an uncontrolled way, which
we call stubble burning, or they are wildly thrown into the nature. As a result of not
being able to manage these wastes, we are faced with an increase in greenhouse gas
emissions and environmental pollution.

Wastes from plant production are wastes with high organic matter content,
important nutrients and low moisture content. For this reason, they constitute an
important potential for renewable energy source. There is also the potential to be
converted into fertilizer as a by-product or main product by using methods such as
biogas, compost mixed with other organic wastes and/or methods to be determined in
accordance with their biochemical properties.

7 Amount of Crop Production Wastes

The amount of plant production waste in Turkey is directly related to the product
type, amount and waste generation potential. In order to determine the amount of
waste, it is necessary to establish a correlation between the production method and
the potential to generate waste. An empirical approach should be put forward in terms
of tons/year in the area where the production activity is carried out. Equation 1 and
Equation 2 give the link between the number of product harvests (HS), how many
harvests are made in the same area in a year, how much waste is generated against the
product produced as a result of each harvest, and the waste generation potential (AOP)
and how much production is made (BUM).

AUM=BUMxAOPxHS (one)

AUM: Amount of waste generated, tons/year

BUM: Crop production, tons/harvest

AOP: Waste generation potential for each plant species, %

HS: Number of harvests per year, harvest/year

For the total amount of waste generated as a result of various productions in a

region,

Mopiam = 2.y BUMi X AOP X HSi (2nd)
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M

1 =Product

wu— Total amount of waste generated in a region, Tons/year

If different crops are planted on the same land in the 2nd and 3rd plantings, it
should be considered as a different application as in the 2nd Equation and the HS
should be taken as 1 for each different planting.

When the product-waste relationship is examined, it is seen that the amount of
waste for some plant products is not directly related to the amount of production, the
purpose of use of the produced product is the main determining factor in the amount
of waste.

When we consider corn production, when the production purpose is made as
animal feed, it is accepted that there is no waste because the whole product can be
silage and the post-harvest part does not need to be removed from the soil, while the
wastes generated in grain corn production are more than the total production amount.
In order to see this difference better, it is necessary to look at the tables in which the
plant production-waste relationship is established. Production in the form of vegetable
field, garden and vegetable crop production was evaluated in three main subgroups.

As seen in Figure 4.1, the main waste production methods are wheat, barley,
corn (grain), cotton, sunflower, and paddy. The main sources are the sources that
generate over million tons of waste annually. Since this table is Turkey-wide, it is
necessary to make a regional evaluation before deciding on any planning process.
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Figure 4. 1Turkey, field crops production-waste relationship

Figure 4.2 horticultural crop production, waste relation data, grape, olive,
hazelnut, banana production comes to the fore. The fact that these types of production
are carried out in a more limited geography will provide an advantage in the planning
processes.
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Figure 4. 2Turkey’s horticultural crop production-waste relationship

Figure 4. Considering the data of 3 vegetable crop production and waste relation,
tomato, cucumber, watermelon, onion, bean, pepper production comes to the fore.
The fact that these types of production are carried out in a more limited geography
will provide an advantage in the planning processes.
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Turkey Vegetable Crops Production - Waste Relationship
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Figure 4. 3 Turkey’s vegetable crops production-waste relationship

In Figure 4.4, the production-waste relationship is given for all plant production

types. In order to be able to plan, various analyzes should be made for each waste and
a micro-scale planning should be made by making a classification as a result of these

analyzes.
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Turkey Crop Production - Waste Relationship million
tons/year
00 50 10,0 150 20,0

Wheat T
Corn I —

Barley I

Sunflower T

Tomato | e

Cotton |

Cucumber

Grape -

Rice |

Watermelon —

Hazelnut
Chickpeas
Potatoes
Beans
Onion
Sugar Beet
Aubergine
Melon
Lentil
Pepper
Peanut
Olive
Banana
Beans
Colza

Rye
Artichoke
Pumpkin
Soya Bean
Oats

Peas
Pepper
Pistachio
Triticale
Beans

Fig

Poppy
Lentil

],,]1-—-1r11—11|1r1rr

[ waste Amount (Million ton/year)

. Vegetable Crops Production (Million ton/year)

Figure 4. 4 Turkey’s plant production-waste relationship

25



E. Olcay ISIN

4.3 Characteristics of Crop Production Wastes

Crop production waste generally consists of the above-ground part of cereal
crops after the grain has been removed. Due to their high dry matter content and being
composed largely of polysaccharides, they are potentially rich sources of energy. [18]
Although these wastes have the potential to be used as a food source for herbivores,
they exhibit a structure that is low digestible and partially resistant to rumen microbial
effects due to their specific cell wall structure and chemical composition. Due to their
hard structure and bad taste, their food/energy intake is low. However, they are also
deficient in elements such as nitrogen, sulfur and phosphorus, which are necessary for
ruminal microorganisms. [18] For these reasons, they can be primarily considered as
a renewable energy source.

Characterization studies of plant production wastes are directly related to the
technology to be selected. Different methods are used for the energy conversion
of biomass. In order for each of these methods to be transformed into a large-scale
engineering project, both economically and technologically sustainable, the most
basic component is the necessity of knowing the waste to be used and the necessary
components suitable for that technology.

Knowing their characteristics is not the only sufficient condition for the
sustainability of these technologies. In order to make an ideal feasibility, pilot studies
that will represent that method according to the selected waste menu will greatly
reduce the margin of error. For this reason, it is important that the structure that will
only invest (public, private, etc.) is created in areas that can do this research and
development, as well as its technological and knowledge level. Under the current
conditions, there are institutes and university departments that conduct research and
development on various technologies in our country. The capacity and number of
these institutions should be increased and they should also have the flexibility (both
in terms of economic and human resources) to evolve themselves in accordance with
the developing technologies in the world.

Among the energy conversion options of vegetable biomass, the main properties
sought in biomass for combustion processes are high calorific value, low moisture
content and low ash content.

In addition to its physicochemical properties, the suitability of the material to
the method in which the combustion process will be carried out is also important.

Table 4.1 , some of the analyzes carried out by the Black Sea Agricultural
Research Institute within the scope of the determination of the energy potential of
plant biomass are given.
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Table 4. 1 Properties of biomass from crop production for combustion processes

Plant/Biomass calorific value Humidity Ash
Farm plants MlJ/kg cal/g (%) (%)
Wheat 18.11 4.333 5.64 8.76
Sweetcorn 17.90 4.282 7.72 7.10
Paddy 15.19 3,634 6.37 18.47
Sunflower 16.91 4.045 8.82 9.76
Rapeseed (Canola) 17.11 4,093 7.65 8.61

Biogas processes are technologies based on the principle that organic waste is
broken down by microorganisms under anaerobic conditions to produce a gas with
calorific value consisting of methane, carbon dioxide and other gases, and this gas is
used to obtain energy (heat + electricity).

The bioreactors, where gas production takes place, operate uninterruptedly. In
these reactors, which operate with a process balance within themselves, the parameters
required for maintaining the balance of the rector are important as well as the
properties of the input material. It is necessary to maintain a constant pH and constant
temperature inside the reactor. Parameters such as volatile fatty acids, organic load,
carbon nitrogen ratio and the balance of trace elements (selenium, nickel, manganese,
iron, etc.) are also important in the reactor.

In order to keep the internal balance and production efficiency of the rector
high and optimum, it is preferable to create a menu from the items fed. This menu
can be preferred in a wide range of wastes originating from agriculture and livestock,
domestic sewage sludge, agro-industrial waste.

In the biomass to be fed, the solid matter, organic solids, biogas and methane
yield (forming potential), C/N ratio are the parameters that should be examined
primarily. [19]

In Table 4.2, biochemical properties related to the use of biomass originating
from plant production as raw material in biogas plants are given.
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Table 4. 2 Values of some plant biomass for biogas plants [19]

Biomass

kk

OKM***

Nitrogen
Ratio

P205

K20

Biogas
production

CH ,-Ef-
ficiency

CH ,-Efficiency

%

KM %

Nm?/tonne YM

Nm?/tonne OKM

corn silage

33

95

2.8

1.8

43

200

106

340

Grain GPS

33

95

44

2.8

6.9

190

105

329

silage

Green rye

25

90

150

79

324

Grain
grains

87

97

72

5.7

620

329

389

Weed
silage

35

90

4.0

22

8.9

180

98

310

Candy beet

23

90

1.8

0.8

22

130

72

350

Manger
beet

90

90

50

350

Sunflower
silage

25

90

120

68

298

Sudan
grass

27

91

128

70

286

sugar
millet

22

91

108

58

291

Green rye

25

88

130

70

319

* No data, ** Solids, *** Organic Solids
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The biggest disadvantage for biogas plants in terms of plant biomass is that it is
difficult/slow to digest by microorganisms due to its cellulosic structure. They have
the potential to turn into more efficient products after pre-processing.

Compost technologies are one of the basic methods of solid waste management
strategies. It differs in reactor or heap type, with oxygen, without oxygen, and as
thermophilic or mesophilic. It is applied in 3 basic methods: static piles, mixed piles
(turned windrows) and rector type (in-vessel composting). Since the process is carried
out by microorganisms, as in biogas technologies, C/N ratio, balance/presence of
micro and macronutrients are important Table 4.3. High humidity is important for
microorganism activity, while particle size affects the speed of the process, pH level
and temperature are important parameters for the uninterrupted and stable continuity
of the process. [20]

Table 4. 3 Basic parameters for selected biomass for compost [20]

Biomass N (Dry weight) % | C/N (Mass) Humidity (%)
corncob 0.4-0.8 56-123 9-18

corn stalk 0.6-0.8 60-73 12

fruit waste 0.9-2.6 20-49 62-88

rice husk 0.0-0.4 112-1120 62-88
mowing waste 2.0-6.0 9-25 72-84

Leaf 0.5-1.3 40-80 72-84

shrub pruning one 53 15

tree pruning 3.1 16 70

Research continues to determine an optimal biomass component in terms
of pyrolysis energy production. [21]. However, studies after 2010 focused on a
wide variety of biomass feeds in pyrolysis applications. The highest biochar yield
is achieved when the feed with a high lignin content is pyrolyzed at moderate
temperatures (approximately 500 °C). In addition, volatile matter, fixed carbon,
ash content and humidity are also indicators of pyrolysis product yields. In general,
biomass with high volatile matter produces large amounts of biooil and syngas, while
fixed carbon increases biochar production. Moisture content in biomass has an effect
on the heat transfer process, which has significant effects on product distribution [22].
It is observed that the yield of liquid product increases with the increase in moisture
content, while the yield of solid and gaseous products decreases [23]. This is because
humidity produces large amounts of condensate in the liquid phase [24]. Therefore,
biomass such as walnut shell, olive shell and hazelnut shell are more favorable for
biochar production (related to lignin content) as shown in Table 4.4 and Table 4.5.
Figure 4.5 shows the variation of the biomass mass loss during pyrolysis depending
on the temperature and structural characteristics.
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30

Table 4. 4 Vegetable biomass lignin, cellulose and hemicellulose contents [21]

Biomass lignin (%) Cellulose (%) hemicellulose (%)

Barley Straw 14-15 31-34 24-29

Oat Straw 16-19 31-37 24-29

Bamboo 21-31 2643 15-26

Rye Straw 16-19 33-35 27-30

jute fiber 21-26 45-53 18-21

banana waste 14 13.2 14.8

wheat straw 15-20 33-40 20-25

sugar cane tub 23-32 19-24 32-48

Corn residues (post-harvest) | 16-21 28 35

Hazelnut Shells 429 28.8 30.4

olive peel 48.4 24 23.6

corncob 15 50.5 31

tea waste 40 30.20 19.9

Walnut shell 52.3 25.6 22.7

Leaf 0 15-20 80-85

rice husk 18 32.1 24
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Figure 4. 5 Graph of temperature and mass loss by biomass property [21]
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Table 4. 5 Necessary components and case studies for the characterization of biomass specific
to pyrolysis processes [25]

(Ilrétg/rll:?; M(E:;Ot)ure g/s‘)})l volatlle( os/r)bstance Carbon (%)
Wood 1186 20 0.4-1 82 17
switchgrass 108 13-15 4.5-5.8 - -
Miscanthus 70-100 11.5 1.5-4.5 66.8 15.9
Sugar cane 1198 3.2-5.5 - -
barley grass 210 30 6 46 18
wheat straw 1233 16 4 59 21
rice husk 200 6 43 79 10.7
Grateloupia filigree - 4.93 22.37 55.93 17.01
Birch 125 18.9 0.004 - 20
Pine 124 17 0.03 - 16

For gasification methods, information about biomass, H/C ratio, O/C ratio,
(Figure 4.6 Ternary Diagram), ignition temperature, elemental composition, ash,
moisture, volatile matter, hemicellulose, cellulose, lingin content should be known.

[25]
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Table 4. 6 Biochemical properties of plant-derived biomass for the gasification process. [34]

C H N S HE IS | Ash | Upper Calorific Value
Fuel %) | (%) | (%) | (%) | (%) (%) | (kJ/kg) Source
Rice Straw | 39.2 [ 5.1 [0.6 [0.1 |358 19.2 | 15,213 Tillman, 1978
rice husk 385 (57 |05 |0 39.8 15.5 | 15,376 Tillman, 1978

4.4 Distribution of Crop Production Wastes by Province and Region

When a comparison is made according to the amount of herbal products produced
in the provinces in Turkey and the amount of waste generated, it is seen that there is a
difference. This difference occurs depending on the potential of the produced product
to create waste, the purpose for which the product will be used (such as silage corn,
grain corn) and the diversification or differentiation of production depending on the

regions.

Due to these factors, although a link can be established between the amount
of waste production and the generated waste, this link loses its linearity in the upper
perspective, like the region or the whole of Turkey (Figure 4.7).

32




Evaluation of Waste Management and Renewable Energy Methods Towards Sustainable Agriculture Report
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Figure 4. 7 Comparison of the provinces that generate 1 million tons of plant production
waste per year and the amount of plant waste production.

The main reason for this is the rich diversity of the products produced, the size
and distribution of arable land, and the change in regional production diversity in line
with climatic characteristics.

While analyzing the waste and developing the management strategy, macro-
scale studies should be carried out and regional solutions should be produced by
combining these studies specific to the province.
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Figure 4. 8 Crop production wastes by province, million tons/year

As can be seen in Figure 4.8, the number of cities that generate more than 1
million tons of plant production waste per year is 22. The number of products
generating over 1 million tons of waste is 11, and the number of products generating
over 500 thousand tons of waste is 18.

When we look at the first 15 that generate the most waste, wheat production,
which is the 1st activity, is one of the first 5 production products in all of the first
15 provinces. Corn (grain) is one of the main production products in 15 provinces,
while barley in the 3rd row and tomato (for table, tomato paste) in the 5th row
are produced in 15 provinces, the main production product of only 12 provinces,
sunflower is produced in 12 provinces. 6. Cotton is the main production product of
only 4 provinces, while it is produced in the first 7 provinces.

Cucumber (for table, pickle) in 7th place is the main production product of only
8 provinces while it is produced in 15 provinces, while grapes are produced in 14
provinces, it is the main production product of 6 provinces. For example, the 23rd
rank banana is the main production product of the provinces of Antalya and Mersin,
generating 144 thousand and 193 thousand tons of annual waste.

These data reveal the variability of production diversity and distribution.
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4.5 Waste Accessibility and Logistics
4.5.1 Accessibility to Waste

The main feature of plant production waste that distinguishes it from other waste
management is that the wastes are wastes that must be removed from the agricultural
land after harvest. This concept gives rise to two situations, the discovery of waste and
the precision of the definition of waste.

4.5.1.1 Presence of waste

Since waste is generated as a result of one or more harvests per year, waste
generation in the regions takes place in a limited time within that year and these
amounts can reach thousands of tons depending on the intensity of production. This
creates a very difficult situation to manage and plan.

Under these difficult conditions, it may be possible to process the waste in
sections by removing it from the area and storing it in a way that will not harm the
environment. In this case, there should be no change in the basic properties of the
waste in the time it spends under storage conditions, depending on the selected process
type and waste. Storage conditions affect the size of the storage area and the selection
of raw materials according to the components.

Another option is to evaluate it in a process type that can handle different types
of waste, in different plants such as incineration, biogas or compost.

It is possible for the mass flow to be intermittent and intense in a short time
and to be managed efficiently with a regional management approach in which many
different methods are used together.

4.5.1.2 Precision of Waste Definition

BAT (Sum of Plant Residues) is defined to indicate the total amount of post-
plant residue (Residue) produced in a particular region. However, it will not be
possible to use all the residues produced as renewable energy raw materials. Total
biomass is an important and valuable raw material source for both agriculture and
agriculture industry. It is used for various activities such as reclamation of agricultural
land, animal feed. Therefore, the definition of raw material to be used for renewable
energy raw materials and/or compost applications is important. From this perspective,
it directly affects the availability of waste or the amount to be used as waste. This
impact will vary significantly from region to region and from activity to activity.
These changes should be determined by regional studies on a micro scale, master
plans should be prepared, and the feasibility of the management plan to be established
and the facilities and facilities suitable for this should be done through these master
plans. It is important that the entire planning part is done by the public.
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BAT = BUA — (BKyaunt: + BKnammedde) 3)
BUA = Crop production residues, Tons/year
BAT = Total plant residues, Tons/year

UK = Vegetative residue, Tons/year (amount to be left in agricultural land)

residue

BK = Use of plant residue as raw material, Tons/year (Animal feed or

raw material

raw material for agricultural industry)

The amount of residue that should be left in the field (UK .. ) depends on
the soil type and structure (such as soil organic carbon content, nutrients, porosity),
fertilization method (chemical, organic fertilizers), agricultural application (crop
rotation, tillage) and soil structure.

Another purpose of defining Equation 3 is to avoid conceptual confusion between
waste and residue. It is seen that these two concepts are sometimes confused with each
other in regulations and practices. Agriculture and Livestock sector is a fragile sector
under the pressure of both economic and climate change. For this reason, it does not
affect the dynamics and sectors formed in this fragile structure. The intent here is
not to continue the structures that harm both the environment, the ecosystem and the
economy, such as the unregistered buying and selling of untreated animal feces in the
plans to be created.

4.5.2 Transport of Waste

Especially for renewable energy production facilities from biomass, the
transportation of wastes is of great importance for the sustainable operation of the
facilities. Apart from the existence of wastes in the region, being able to deliver these
wastes to the facility or facilities in an economical and sustainable way is a critical
decision-making factor in the planning processes.

Apart from the existence of the waste, there may be physical and economic
difficulties in the collection and transportation of this waste. However, every increase
in transport distance will create a footprint on transport-induced climate change.
Transport distances are an important criterion for a sustainable system, as heavy
transport in Turkey is carried out by land and there is no conversion from fuel-powered
vehicles to electric vehicles.

The factors affecting the transport of waste are classified as follows;
4.5.2.1 Shipping distance

Transport has a significant impact on climate change. The impact of heavy
road transport with fuel-powered vehicles stands out. However, transportation has an
important place in operating expenses. It should not be forgotten that these investments
are investments that can be sustained with incentives and that these incentives are
only given per kWh when electricity production is realized.
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The investments to be made should be planned in such a way that the transport
distance is the least. Medium-sized facilities should be planned instead of large
facilities planned as overdesign. Considering all these components, the size of the
facility should be decided as a result of a well-done feasibility study. (Capacity in
MWe, tons/day, etc.) Should not be below the size of the sustainable facility under
engineering and automation control. Logistics is important in determining this size.

4.5.2.2 Physical Conditions

Access to the place where the waste is located or road condition is an important
criterion. As in the Black Sea Region, physical conditions such as the slope of the
road may be far from being economical among other restrictive alternatives for heavy
vehicle transportation. Situations where infrastructure features are decisive should not
be neglected.

4.5.2.3 Characteristics and Condition of Waste

Parameters such as the density, shape and stacking of the waste are also decisive.
Another important criterion is whether the waste is removed from the field and ready
for transport. Who will be responsible for this work is an issue that needs to be resolved
and regulations need to be made.

Waste that is collected and baled primarily in the field, such as straw or straw,
is a highly identifiable criterion for both logistics and accessibility. It means being
usable as an energy source with minimum transportation and processing costs.
Another example is rice husk, corn cob, sunflower table, etc.

In this section, the technical and economic dimension of the existence of waste
is mentioned. It is important to remember that the manufacturer is an important
component of the structure to be created. The business model and plans to be
developed should be made by including the manufacturer. Raising awareness of the
producer, including them in the process and acting jointly with the producer reveals
the existence of the socio-economic dimension of this process.

The well-defined waste exchange and its determination by regulations, the
cyclical nature of the process to be established, and the activities planned to support
the production in that region will make it sustainable.
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5 Energy Conversion Technologies for Crop Production Wastes

Wastes of crop production, direct combustion to generate heat and electricity,
thermochemical conversion to produce solid, gaseous and liquid fuels, physicochemical
conversion to produce liquid fuels. It is converted into energy by various processes,
including biological conversion, to produce liquid and gaseous fuels. However, the
quality (characteristics) and amount of the biomass raw material and the availability
of biomass, the desired end product and process economy affect the choice of energy
conversion technology to be applied for plant production wastes.

In order to decide which method is suitable for which waste, it is necessary to
define the biochemical and physical criteria of the waste. These criteria have been
mentioned in the previous sections.

Basically, for process selection, the physical and chemical composition of the
waste should be known and its biodegradability (decomposition rate, biogas/methane
generation potential, etc.) should be determined. It is also necessary to examine how
the selected waste works in the process considered suitable, such as combustion
efficiency and biogas production potential.

According to the process type of the waste, the preparation processes are another
important factor. The pre-treatment or pre-treatments to be made are the determining
criteria for the selected process and the types of the selected process.

For the applicability of the process, concepts such as the existence of waste,
its accessibility, and the suitability of the selected process of the waste supply chain
should also be considered.

Determining the waste or waste menu is another important step. Most of the
systems that perform the energy conversion of biomass work with menus created
with a mixture of more than one type of waste. This changes in line with the optimum
operation of the systems, the presence of waste and the needs of the region where the
facility is located.

For these reasons, the dimensions of the selected technology and facility are
directly related to the region in which it is located. This relationship should be
examined and established correctly with the best analysis methods.

In general, the technology tree, which expresses the methods used for energy
conversions of biomass and products and intermediates, can be expressed as in Figure
5.1.
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Figure 5. 1 Energy conversion methods of biomass

Another method that should be considered is composting methods. Effective
waste management is needed to reduce stubble burning, which is one of the project
objectives. For a sustainable, low greenhouse gas footprint or neutral agriculture target,
a strategy covering all of the crop production waste should be determined. Within the
scope of the criteria defining the energy conversion of biomass above, wastes that are
not suitable (in terms of distance, accessibility or bio-chemical properties) should be
processed. One of the most ideal methods is composting.

In sustainable agricultural transformation, it is necessary to establish a
waste-technology relationship and develop policies in this context, as well as the
establishment of the product-waste relationship of plant wastes. In order to examine
the waste-technology relationship, commonly used technologies will be discussed in
the next section.

5.1 Thermochemical Methods
5.1.1 Incineration

Combustion processes are the most widely used method of obtaining energy
from biomass. Combustion is an exothermic chemical reaction. The reaction proceeds
spontaneously with the heat produced by the reaction. Combustion is represented by
the following equation. [26]

C,H,05+60,——=6CO,+5H,0+17.5 MI/kg

When biomass is used as fuel, the oxidation reaction that produces heat is
defined as combustion. The carbon, hydrogen, oxygen, combustible sulfur and

40



Evaluation of Waste Management and Renewable Energy Methods Towards Sustainable Agriculture Report

nitrogen contained in the biomass react with air or oxygen. The combustion process
continues with gas phase reaction, surface reaction, or both. This is followed by fusion,
evaporation and pyrolysis processes. In the combustion reaction, many processes such
as evaporation, mixing, diffusion, convection, heat conduction, heat radiation take
place at a high speed in a complex way. Gaseous fuel burns directly in the gas phase as
premix combustion or diffuse combustion. Liquid fuel, on the other hand, burns as a
flammable gas in the gas phase after surface evaporation, which is called evaporative
combustion. Heavy oil etc. in evaporative combustion. While such substances burn,
decomposition combustion continues where the decomposition of the fuel part occurs
with the heat produced. [26]

In biomass combustion, evaporative combustion, decomposition combustion,
surface combustion, smoldering combustion processes take place. [26]

In Table 5.1, the types of furnaces that determine the type of incineration process
according to the characteristics of the waste are indicated.

Table 5. 1 Types of incinerators by waste characteristics [26]

Fixed grate combustion It is used for small scale batch processes for low ash biomass.
Fixed-Bed Combustion

Moving grate combustion It can be used in a variety of applications, from small particles
Moving-bed combustion such as sawdust to biomass in bales.

fluidized bed combustion Sand is used as bedding material, combustion takes place in the
Fluidized-bed combustion furnace with high pressure combustion air, with the effect of ther-

mal storage and heat conduction of fuel and sand. It is suitable for
high humidity fuel and low calorific value fuels and wastes.

rotary drum oven It is used for incineration of high humidity or large wastes such as
Rotary hearth furnace combustion | sewage sludge and domestic solid waste.

Burner As with liquid fuels, wood dust is used for the combustion of fine/
Burner combustion powder particles such as pulp pulp.

Biomass energy production facilities have less and limited installed power
compared to conventional facilities. Combustion plants have the largest installed
capacity compared to other biomass energy conversion plants. Their approximate size
is less than 100 MWe. Fluidized bed plants are designed in the installed power range
of 2 — 8 MW. [27] Smaller-scale biomass combustion systems have reduced plant
efficiency and higher unit costs than large-scale power plants.

Various biomass fuels such as wood, agricultural residues (pulp, waste wood,
rice husk, palm oil, poultry chicken waste, etc.), wood pulp, municipal solid waste,
and waste-derived fuel (ATM) can be incinerated in industrial biomass incineration
plants. Biomass is burned to produce steam, the steam powers a turbine, the turbine
drives a generator, and electricity is produced. Heat is recovered using heat transfer
media such as steam and hot water, as well as boilers and heat exchangers. The ash
content/inorganic matter ratio of the waste is important here. Wastes with high ash
content cause high slag formation.
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As mentioned in Chapter 4, moisture content of biomass, ash content, particle
size, calorific value and mass density are the factors affecting the type of furnace to
be used and the size of the facility to be established accordingly, in energy recovery
processes of biomass by combustion methods.

5.1.2 Pyrolysis

Biochar, a fuel used for heating purposes, has been produced from wood biomass
for thousands of years. Its first technological use can be traced back to the Iron Age,
when coal was used to smelt ore to produce iron. The disadvantages of early pyrolysis
technology include slow production, low energy efficiency and excessive air pollution.
[25] Therefore, they are important tools in technology development, sustainability
transformations and climate change processes to produce the maximum possible
energy from a particular type of biomass. There are three commonly used ways to
obtain energy from biomass today. These are: combustion (exothermic), gasification
(exothermic) and pyrolysis (endothermic) [29]. Combustion is the oxidation of fuel in
which the biomass can be completely oxidized and converted into heat. However, the
efficiency of this process is only around 10%, and this use is a major source of pollution
[26]. Gasification is a partially oxidizing process that converts solid fuel into a gaseous
fuel, while pyrolysis is the first stage of both combustion and gasification processes
[29]. Therefore, pyrolysis is not only an independent conversion technology, but also
a part of gasification and combustion, which consists of the thermal decomposition of
the initial solid fuel into gases and liquids without an oxidizing agent [30].

The pyrolysis process of organic matter is very complex and consists of both
simultaneous and sequential reactions when organic material is heated in a non-reactive
atmosphere. In this process; The thermal decomposition of organic components in
biomass starts at 350 °C—550 °C and goes up to 700 °C-800 °C in the absence of air/
oxygen [ 31]. Long chains of carbon, hydrogen and oxygen compounds in biomass
are broken down into smaller molecules under pyrolysis conditions in the form of
gases, condensable vapors (tars and oils) and solid charcoal. The rate and extent of
degradation of each of these components depends on reactor (pyrolysis) temperature,
process parameters, biomass heating rate, pressure; depends on reactor components/
design and raw material properties.[25]

Pyrolysis processes are divided into three as slow, fast and flash. In Table 5.2,
process parameters are given for all 3 types of processes.

Table 5. 2 Pyrolysis process types and process parameters [32]

Process | Solid Retention | Heating Rate | Particle | temperature Product Yield
Type Time (s) (K/s) Size (K) 0il Tsar Gas
Slow 450-550 0.1-1 5-50 550-950 30 35 35
Fast 0.5-10 10-200 <l 850-1250 50 20 30
Flash <0.5 >1000 <0.2 1050-1300 | 75 12 13
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Due to slow pyrolysis, long residence time and low heat transfer, it requires extra
energy input to the process. [25] Rapid pyrolysis technology is advantageous in the
production of liquid fuels and a range of specialty and commodity chemicals. Another
advantage of the liquid product is that it can be easily and economically transported
and stored. Rapid pyrolysis technology can have relatively low investment costs and
high energy efficiency compared to other processes, especially on a small scale. Bio-
oil production by rapid pyrolysis has received more attention in recent years because
of it. [25]

As arenewable fuel, it offers advantages such as the potential to produce boiler,
engine and turbine fuel, low investment cost and neutral CO , balance, the possibility
of separating the minerals in the liquid fuel production area to be recycled into the soil
and using them as nutrients. [25]

Flash pyrolysis, on the other hand, has the potential to provide an advantage
in the production of solid, liquid and gaseous fuels that can yield up to 75% bio-oil
from biomass. However, there are limitations due to the poor thermal stability and
abrasiveness of the oil, the solids in the oil (impurities) and the increase in viscosity
over time due to the catalytic effect of the coal, the concentrated alkali and oil
solubility in coal, and the production of pyrolytic water.

The main components of biomass (from plant production) are cellulose,
hemicellulose and lignin. The molecular structures of the components differ from
each other, these differences depend on the heating rate, temperature and pollutant
(impurity) concentration. These three components have different physicochemical
properties and directly affect the output products. For example, pyrolysis of high
lignin-containing biomass can produce better bio-oil yield. (Percentage rates and
physicochemical properties for some wastes are given in Table 4.4 and Table 4.5.)

5.1.3 Gasification

It is the process of converting biomass to gaseous fuel by heating it in a
gasification medium in the presence of air, oxygen or steam. The gasification process
converts the intrinsic chemical energy of the carbon in the biomass into a combustible
gas in two stages, unlike the combustion process in which the oxidation is carried out
in only one step. The quality of the produced gas can be standardized and its use is
more advantageous than the original biomass. It can be used to power gas engines and
gas turbines, or it can be used as a substrate to produce liquid fuels.

Gasification of fossil fuels is more common for the production of synthetic
gases than non-fossil fuels such as biomass. In essence, gasification processes are the
process of converting a potential fuel from one form to another. There are three main
reasons for such a transformation. [34]

To increase the heating value of the fuel by eliminating the non-combustible (non-
calorific value or non-fuel) components such as nitrogen and water. To remove sulfur
and nitrogen from the fuel so that sulfur and nitrogen emissions during combustion do
not occur. To reduce the carbon-hydrogen ratio by mass in the fuel. [35]
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At the same time, gasification and pyrolysis processes reduce the relative
hydrogen content of the product directly by exposing it to hydrogen under high
pressure and by adding an intermediate product and exposing it to steam at high
temperature and pressure (steam reformation), or indirectly by reduction of carbon
with solid char or by pyrolysis method, or by converting it to CO, gas. is to increase.
The higher the hydrogen content of a fuel, the lower its evaporation temperature and
the higher the probability that the fuel will be gaseous. [34]

Gasification of biomass also involves removing oxygen from the fuel to increase
its energy density. For example, a typical biomass has about 40 to 60% oxygen by
weight, but a useful fuel gas contains only a small percentage of oxygen. Oxygen is
removed from the biomass by dehydration or decarboxylation. The second process,
which rejects oxygen through CO, increases the H/C ratio of the fuel, resulting in
fewer greenhouse gas emissions when burned. [34]

Table 5.3 shows a comparison of the physicochemical methods used for energy

conversion of biomass.

Table 5. 3 Difference between combustion, pyrolysis and gasification processes [24]

Incineration

pyrolysis

Gazifikayson

The raw material is complete-
ly burned with excess air or
oxygen and hot combustion
gases are produced. The heat
generated during combustion is
the final product and is used to
convert it into power in boilers
for steam production. Hot com-
bustion gases mainly consist of
CO, water vapor and nitrogen.

No air or oxygen is allowed

in the reactor with the raw
material, and the ultimate goal
is to produce liquids (bio-oil)
for further upgrading as fuel,

a small amount of coal, and
syngas. Most of the energy in
the starting feedstock is con-
centrated in a liquid, which is a
complex mixture of more than
300 compounds. Compared to
crude oil, it has a red-brown
appearance with high acidity or
low pH, high viscosity and low-
er calorific value. It is a mixture
of organic compounds such as
carboxylic acids, alcohols, alde-
hydes, esters, ketones, sugars,
phenols, guaiacols, syringol,
furans, terpenes and other minor
compounds. Bio-oil can be used
as a fuel in diesel engines with
some modifications or after
mixing with conventional die-
sel or as a fuel in furnaces; oil
-fired boilers; and turbines. Due
to the properties of bio-oil, some
improvements are required to
enable its applications as liquid
fuels.

The raw material is partially
combusted with limited oxygen
or air, producing fuel gas (syn-
gas) with a calorific value great-
er than ™/ This syngas is then
further cleaned for other uses in
boilers, engines, turbines, fuel
cells and chemical synthesis.

It consists mainly of CO, CO,
water vapor, hydrogen, nitro-
gen and C H, gases in varying
concentrations. Syngas (CO and
H, is a precursor for the produc-
tion of liquid fuels through the
FischereTropsch (FT) synthesis
process. The gaseous product
from gasification can be used

in many different ways, such as
in heating applications (ovens,
boilers), power.

Applications (gas engines,
integrated gasification combined
cycle (IGCC)) or chemical syn-
thesis via catalyst reactions to
produce ammonia, hydrogen, FT
hydrocarbons and methanol.
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5.2 Biochemical Processes

Biochemical conversion of biomass involves the use of microorganisms and
enzymes to break down biomass into gaseous or liquid fuels such as biogas or
bioethanol. The most popular biochemical conversion processes are anaerobic
fermentation (also called biomethanization). In anaerobic digestion, organic material
is broken down through the metabolic pathways of naturally occurring microbes in
an oxygen-deficient atmosphere. Biomass wastes can also be used to produce liquid
fuels such as cellulosic ethanol, which can be used as a substitute for petroleum-based
fuels. [35]

5.2.1 Anaerobic Digestion

The process of decomposition of organic matter by microorganisms in an
oxygen-free environment is defined as anaerobic digestion. As a result of the process,
degestad -it is a biomass that is in fluid and/or solid phase depending on the process
type that has become biologically stable and contains nutrients, it is a material with a
high potential to transform into organic fertilizer. - And biogas is formed.

The biogas content consists of 50-75% by volume of methane and 25-50%
by volume of carbon dioxide. In addition, biogas also contains small amounts of
hydrogen, hydrogen sulfide, ammonia and traces of other gases. The gas ratios in the
biogas are mainly determined by the type of biomass used, the fermentation process
and different technical applications. The biogas formation process takes place in many
stages. In the meantime, in order for the whole process to develop in a way that does
not cause any negativity, it is necessary for the individual decomposition stages to
continue in harmony with each other and a stable environment should be created. [36]

Biogas basically has an important calorific value depending on the methane
concentration it contains by volume. The biogas formed is converted into heat and
electrical energy in combined heat and power engines (CHP engines) after passing
through the gas treatment system or systems. Heat energy creates many different and
advantageous application opportunities, from the heat requirement in agricultural and
industrial activities in the region to central heating systems.

For biogas plants, the biochemical properties of the product mix (menu) and
their analysis are important, as well as the continuous and ongoing processes in the
bio reactor are of great importance in the analysis. [36]

In addition to the basic process parameters such as the constant temperature
of the reactor (design, sacrophilic, mesophilic and thermophilic), pH value, organic
matter load, it is also important to control the balance of trace elements, the carbon
nitrogen ratio, as well as the balance of nutrients such as phosphorus and sulfur.
Many biochemical parameters such as the substance to be fed into the system, particle
size/physical state, biodegradability, biogas production potential, harmful substance
content, nutrient content, organic inorganic substance ratios are important. [36]
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Due to these defined process components and biomass properties, biogas plants
are technology/investments that must be precisely monitored with laboratory analyzes
and process control equipment in order to have a stable and efficient operation.

If these follow-ups are not followed, the process can lead to unsustainable
results, both technically and economically, such as the collapse of the process in the
reactors, the formation of not fully decayed material at the end of the process, and the
formation of biogas with low methane content.

Digestate, which has not been fully biologically stabilized (decomposition),
continues to emit methane gas and intermediate products formed as a result of ongoing
biological decomposition. For these reasons, climate change caused by greenhouse
gas emissions can both increase the footprint and cause soil pollution, surface and
groundwater pollution.

For these reasons, it is important to plan and operate biogas plants under modern
engineering control of a certain size.

It is a raw material that has a good biological stabilization, digestate (processed
biomass), nutrient content and high potential to be converted into organic fertilizer
due to its structure, has economic value and will contribute to sustainable agriculture.
For this reason, besides being a facility that only produces energy, they are systems
that support material cycles and therefore complete cyclical agriculture and have
many advantages in waste disposal.

The biomass properties defined in the third section form the basis of the design
parameters, however, the biomass supply chain, biomass diversity are the other
criteria affecting the design.

Table 5. 4 Methane production potentials for different biomasses [36]

Biomass Methane Production Potential
(Nm *CH ,/tVS)

barley straw 226.4

corn stalk 80-157.3

Leaf 47-75

Sweetcorn 418

rice husk 302

Sorghum 286-319

Sugar cane 278

sunflower stalk 231-297

switchgrass 125

wheat straw 130-290
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5.2.2 Fermentation

Fermentation is used on a commercial scale to produce ethanol from different
types of raw materials [35]. Sugar crops, starch crops and lignocellulosic biomass are
used as raw materials. After the fermentable sugar in the structure of the biomass is
released, it is converted into ethanol with the help of yeast. The ethanol is purified
using the distillation process. This step is energy intensive and produces approximately
450 L of ethanol per ton of dry corn. The solid residue from the fermentation process
can be used as animal feed. In the case of sugar cane, the pulp can be used as fuel for
boilers or for subsequent gasification [36]. The conversion of lignocellulosic biomass
to ethanol is more difficult due to the presence of polysaccharide molecules. This
difficulty is due to its lignocellulosic nature, the sugars obtained must be pre-treated
by acid or enzymatic hydrolysis before being converted to ethanol. Such hydrolysis
methods are currently in the pilot phase. [26]

The biochemical production of ethanol mainly consists of four stages: hydrolysis,
fermentation, distillation and dehydration. The biodegradation of biomass begins
during the hydrolysis of complex compounds into simple compounds that are readily
available for the fermentation step. This natural pathway is driven by microbes that
ferment sugars into ethanol, lactic acid or other end products, depending on both the
operating conditions and the raw material. [26]

The success of the bioethanol production process requires combining the most
suitable options at each step [39]. As a biological process, bioethanol fermentation
is dependent on many factors. These include pH, oxygen and temperature, which
significantly affect the specific growth rate. The specific fermentation rate, sugar
uptake rate, and viability of cell populations are directly related to the desired
environmental condition [37]. Similarly, both process configuration and yeast strain
greatly influence fermentation yields as well as substrate properties [26].
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6 Results

Energy conversion from biomass is a promising environmentally friendly
renewable energy source in the context of current energy scenarios. Although energy
production using renewable energy sources continues to increase proportionally, the
current global energy supply is still largely based on fossil fuels (oil, natural gas, coal)
with limited reserves. Considering the increasing world population, the increase in
energy consumption per capita and the effects of global warming, the need for long-
term alternative energy sources is obvious. For this triple crisis facing the depletion
of fossil fuels, environmental pollution and climate change pressure, energy planning
and technology development are becoming an important public agenda of developed
and developing countries.

The importance of renewable energy sources and the potential for scientific
innovation are emphasized in the processes that started with the European Union,
the Kyoto Protocol in 2002, continued with the 2015 Paris Climate Agreement, and
continued with the COP26 meetings, in order to take measures against greenhouse
gas emissions and determine strategies. Unfortunately, each of these processes are
processes within the framework of goodwill, it is clear that these processes without
sanctions are ineffective, they cannot go beyond populist approaches and do not focus
on real problems. The biggest indicator of this is the fact that the agreed targets have
not been reached, and that many parties have not even been approached. It is the
green agreement that is different from these processes and creates an economic risk/
opportunity dilemma for countries like Turkey.

The fact that the 2007 Nobel Peace Prize has been awarded to the
Intergovernmental Panel on Climate Change (IPCC) and Al Gore and continues to
be given to the work done in this field reveals the importance of the climate change
problem in terms of its reflections in the scientific community.

However, while the knowledge, experience and contributions of experts and
scientists who have knowledge of the subject are a matter of debate, the effectiveness
of policies created in climate - energy and sustainability processes, while the use of
this serious risk for different purposes under the influence of populist approaches,
climate change , which constitutes 27.5% of the 2022 global risks. This constitutes the
main reason for the failure of the World Economic Forum (World Economic Forum).

The main focus of policies to be developed on the axis of climate change
and energy is to reduce the climate change footprints of sectors and make resource
use more effective and efficient. However, targeting cyclicity and planning energy
efficient systems are other important concepts.

While these plans are being made, strategies should be developed together with
their sub-sectors without any disconnection between the sectors. The work done in
one sector should not disrupt the cyclicality of another sector. The plans of the sectors
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should be complementary and holistic at a high scale, the climate change footprint
should be low, neutral if possible, and resource use should be efficient.

Strategies and policies need to be developed in order to achieve targets that
include the same approaches in plant production processes, which are the sub-
components of agriculture. These should cover different and various focal points such
as reduction of water footprint used in agriculture, energy efficiency, reduction of
chemical use, use of organic fertilizers, renewable energy conversions of biomass,
change in crop production methods and products under the influence of climate
change.

Within the scope of the report, the current situation of plant production wastes
has been revealed and the evaluation options as biomass energy have been discussed.
The focus is on identifying needs and components so that planning can be done and
a systemic approach can be put forward. The effects of agriculture on climate change
have been examined. In the following sections, plant production types in Turkey, their
amount and distribution according to the provinces were examined and the relation
between plant production and waste was established.

By introducing a waste definition/biomass definition; In this definition, it is
made in such a way that the substance included in the scope of waste does not affect
other activities (such as the use of animal feed, the amount used for the needs of the
soil).

As a result of this relationship, it has been determined that 143 different types
of products are produced, 90 of them produce waste in accordance with the definition
of waste, and there are 36 products that produce over 100 thousand tons of waste
annually. It has been revealed that 18 products, which are considered as the main waste
generating products, produce 500 thousand tons and more waste (approximately, each
of them is close to the amount of domestic solid waste produced by a big city). Of
these 18 products, wheat produces 20 million tons, corn (grain) 6.8 million and barley
5.6 million tons of waste.

In the study, although a relationship was established on the basis of product as
a potential to create waste with plant product production, a linear link could not be
established between total product type and waste production on a provincial basis.
The main reason for this is that the waste generation potential of the product varies
greatly from product to product or according to the intended use of the product.
As an example, 2 of the 5 products with the highest production (alfalfa and silage
corn produced for animal feed) are considered to be 0 waste. For these reasons, the
definition of waste gains importance.

If, outside the scope of the project, our analysis point was not the waste-energy
axis, but the climate change — drought or climate change — water footprint study, these
two neglected products would be in the focus of the study this time.
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As given in this example, the presence-absence and analysis of data form the
basis of these studies.

In the second stage, the distribution of waste generation by regions was
examined. The definition of the region is defined by the provincial borders. The
number of provinces with an annual waste production of more than 1 million tons has
been determined as 22. It is seen that the total waste produced by 36 provinces that
produce the least waste is equivalent to Konya, which is the province that produces
the most waste. When we look at the production type and waste relationship of the 22
provinces that produce the most waste, although there are basically similarities, this
difference, which also includes different types of production due to geographical and
economic conditions, causes regional divergences.

The results of these two analyzes show that: The regional analysis should be
handled outside the administrative structure by dividing it into smaller components,
district borders or neighborhood borders, basin-specific or according to the production
types spreading to the basins.

There may be situations where a planning covering the neighboring districts
of two different provinces should be developed. This situation may lead to some
difficulties in terms of administrative management and provincial organizations in
terms of administrative and job descriptions. 1- February 3, 2022 The Energy Journey
of Biomass is one of the topics discussed at the Workshop.

Apart from this, another limiting factor is the existence and accessibility of
waste. Vegetable production wastes are formed in high tons in a short period of 10-15
days per year during the harvest period and must be removed from the planting area.
Supply chain components such as access, transportation and storage constitute the
second critical pillar of planning.

The third critical pillar is the determination of the energy conversion strategy
of biomass according to regional needs. If the focus is on energy generation, while
focusing on biomass combustion plants, if the focus will be on reducing the use of
inorganic fertilizers and increasing the use of organic fertilizers, then a planning
should be made in the focus of biogas plants.

The most ideal state of the planning processes is the examination and application
of all technologies as a mix with multidimensional approaches.

When the current situation of the plants for obtaining energy from biomass is
analyzed as of 2022, the share of biomass plants in the total installed power is 1.7% in
line with the data of TEIAS January 2022 report. The share of renewable energy in the
total installed power is 3.7%. Although a wide range of resources are included in the
definition of biomass energy facilities, from the energy conversion of the landfill gas
formed during the storage of domestic wastes to the conversion of forest wastes into
energy using incineration processes, its share in the total electrical energy production
remains very low.
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In line with the data in the 2022 RES list published within the scope of
YEKDEM, the total number of biomass facilities is 293, approximately one third
of which is biogas facility, one third is energy generation facility from landfill gas,
and the rest is incineration and pyrolysis facilities. In addition, there are nearly 100
unlicensed facilities. There are over 20 different definitions under the main facility
type classification in the RES List. While most of these descriptions are the same,
almost all descriptions do not correctly define the type of facility. The same problem
is encountered in the Environmental Impact Assessment Report processes and other
practices of the Ministry of Environment. This reveals that the concept of biomass is
not well understood by the ministries, especially in technical terms.

On the axis of the current potential and the use of this potential, it is seen that the
raw potential for incineration is 295 million MWe and the economic potential is 17.4
million MWe (agricultural and horticultural) in terms of biomass originating from
plant production, in the axis of BEPA and KTAE studies. In some institutions and
non-scientific publications, this potential is passed as 70.0 million MWe. On the other
hand, the installed power capacity of a total of 293 facilities is 2266 MWe.

Considering the example of Germany, it is estimated that the number of biogas
plants based on agriculture (including livestock wastes and plant production wastes
and energy crops) is around 10 thousand. It is estimated that Turkey’s biogas and
biomass potential is above Germany'’s.

2018 and 2019 RES lists, it is seen that there is a big difference between the
installed power and the electricity produced in almost all of the biogas plants. The
reasons for this are due to factors such as not making the right feasibility, problems in
the transition to full production capacity, not reaching the waste or not planning this
process well, not creating a stable operating conditions or bad process engineering,
mistakes made during plant design and construction.

Even though there seems to be a negative picture in the light of this information,
this picture presents an important opportunity and sheds light on a great potential.
Currently, we are going through a period in which the pains of a newly formed
sector are experienced. These investments, made with a good planning and sound
policy, will make a great contribution to the country’s economy by adding positive
effects to many sectors. This table has been revealed in the SWOT analysis, in which
the current situation is examined in the chapter. The analysis has been created by
examining national and international scientific studies and developments that have
been made before. “The outputs that were discussed and mentioned in the Energy

4 Scientific studies examined while performing SWOT analysis, Major studies examined are Celiktas et
al. 2009, Benmayor, 2008, Kaygusuz and Sar1, 2003, Hassan, 200, C Mitchell , et al. 2008, J West et al.
2010.

Non-scientific news published on the internet, interviews (Haber newspaper 2020, etc.), statements of
NGOs (TEMA and Ecology Union, etc.), chambers’ statements (TMMOB), surveys to measure envi-
ronmental awareness (KONDA, 2020, etc.) were also examined.
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Journey of Biomass Workshop held between 1 and 3 February 2022 were transferred
to this analysis.

The analysis was analyzed in 4 different dimensions, namely Agricultural-
Energy-Environmental Policies (Table 6.1), Sector and Market Dimension (Table
6.2), Technology - Infrastructure - Human Resources Dimension (Table 6.3) and
Socio-Economic Dimension (Table 6.4).

In the evaluation made on the axis of agriculture-energy-environmental policies
(Table 6.1), reduction of greenhouse gas emissions (CH ,-NO ), support of circular
economy models, sustainable, clean and safe energy, low carbon, agricultural policies
with water footprints were discussed as strengths. While these components are
discussed in the study, especially in Chapter 2, it is also revealed that it is compatible
with the targets of reducing greenhouse gas emissions, which is one of the goals of
the project.

In the weak aspects, the disadvantage of the incentive system compared to
the previous period (pricing for the electricity produced per unit) and being a rigid
incentive mechanism (independent from regional or other socio-economic and
strategic parameters) come to the fore. The inability of stakeholders to take part in
policy development processes together constitutes one of the main reasons for the lack
of coordination and planning.

The concept that stands out in the opportunities is the processes that come and
will come with the green agreement. With this adaptation process, it is foreseen that
the sectors related to agriculture will be more participatory in the process, and the
energy conversion of biomass will take a major place in their investment plans.

The fact that the investment initiation process can extend from at least two years
to an indefinite period, the changes in regulations during the investment process, the
absence or scarcity of experts on the subject in the public sector come to the fore.
1- February 3, 2022 In the Workshop on the Energy Journey of Biomass, the most
emphasized issues were the contradictions and gray points of the regulations. This
issue should be covered by more than one ministries (TC Ministry of Agriculture and
Forestry, TR Ministry of Environment, Urbanization and Climate Change, Ministry
of Energy and Natural Resources) and the negative effects of this multiple authority
structure on the process and the sector should be eliminated by examining.

In addition to these, it is seen that the scarcity of biomass power plant
investments, as well as wind power plants and solar power plant investments, remain
weak in terms of sector perception and orientation, planning and strategic orientation,
and the emphasis on wind energy and solar energy comes to the fore in the policies
and projects produced.

In the light of all these components, Turkey needs to quickly establish a low-
carbon agricultural transformation policy. The multidimensional nature of biomass
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energy conversions (such as waste disposal, circular agriculture, energy, and
environment) plays a key role in the implementation of these policies.

Table 6. 1 Biomass sector analysis on the axis of agriculture, energy and environmental
policies

Agriculture - Energy - Environmental Policies Axis

* Reducing greenhouse gas emissions, (CH ,-NO )
« Supporting circular economy models

« Sustainable, clean and safe energy

» Low carbon, water footprint agricultural policies '

Strong

* Energy investment policies ?

» Renewable energy incentives 3

* Hybrid technologies and incentive mechanism *

« Disconnection between industry stakeholders academia-public-private
sector

« Lack of coordination and planning

Weak

* Reducing dependency on fossil fuels

* Decrease in dependence on foreign energy

* Reducing the use of inorganic fertilizers

» Compliance with EU and international processes
» Compliance with the green accord

« sustainable agriculture

Opportunity

 Length of permit and license periods

« Lack of long-term and stable policy

Threatening * Deficiencies of local and central governments in planning
« Contradictions between regulations

* Gray dots in regulations

1 Norse, D. (2012). Low carbon agriculture: Objectives and policy pathways.

2 One-dimensional renewable energy policies (focusing on solar and wind)

3 YEKDEM incentives being lower than the previous period, implementation of incentive
mechanism for all biomass facilities, lack of regional incentives etc.

4 Incentives for hybrid technologies/investments need to be developed.

Sector and market size analysis has been examined by taking into account its
dynamics and components (Table 6.2). Among the strengths, it is emphasized that by-
products are key for the realization of sustainable agriculture and other components,
while the development of technology and the continuation of this development, and
the increase in energy conversion efficiency in the equipment used, and the increase
in efficiency.

As the weaknesses, the acquisition of raw materials and regulatory gaps at this
point are an important determining factor in investment, while it is the main factor
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that creates fragility in competitive conditions. Access to financial resources and its
burden are increasing in the current conditions.

Improper technology transfer, lack of engineering approaches and weakness of
process engineering are the biggest threats. The lack of a complete sector is among the
important factors for the progress of the process in financial and administrative risks.

In addition to these, it is an important factor that the number of agriculture and
agro-industry cooperatives and energy investors’ joint structures is low and the model
is not developed. In particular, it can prevent the problems experienced on the side of
waste supply. In investment processes, problems arise due to regional agglomerations
due to reasons such as leaving the entire planning process to the investor (from the
zoning plan to the selection of the location and region) and the lack of fair competition
conditions. We can define this situation as the limiting effect of the raw material
source narrowing the competition conditions.

It is defined in the laws that most of the biomass is also a waste and is the
responsibility of the producer. The processes related to this need to be improved by the
relevant ministry. The unregistered waste trade (especially the buying and selling of
waste of animal origin for money), which was also discussed in the previous sections,
poses an economic obstacle to investments. Another definition of this situation is that
money is paid for waste and transportation costs are borne by the biomass plant.

When we look at the sectoral dimension, it is seen that the NACE code
definition used to define sectors and sub-sectors is not for the biomass sector. Only
codes 16.29.90 and 20.59.13 have a designation for the manufacture of fuel billets and
pellets and for biofuels.
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Table 6. 2 Analysis of biomass sector and market size

Industry and Market Size

« Increasing efficiency in renewable energy technologies
Strong « The driver of climate change pressure
* By-products (fertilizer, waste heat) '

» Renewable energy incentives 2

* Industry components communication and collaboration 3
Weak » Weakness/weight of the financial resource

* Vulnerability to competitive pressures *°

« Difficulty in finding, reaching, acquiring raw materials 7

« Contribution to sustainable development models
« Effective use of resources

« carbon exchange

* Organic fertilizer production

* green consensus

* Return/transition to central heating systems

Opportunity

* R&D and lack of knowledge

« natural gas deals

» Mistakes made in the previous YEK period
« Financial recession and instability

« policy indecision

« Lack of fair competition conditions

 Lack of technical and engineering approach
* The sector is not formed °

Threatening

1 Norse, D. (2012). Low carbon agriculture: Objectives and policy pathways

2 YEKDEM incentives being lower than the previous period, implementation of incentive

mechanism for all biomass facilities, lack of regional incentives etc.

3 The number of agriculture and agro-industry cooperatives and energy investors’ joint structures is

underdeveloped and the number is very low.

4 The emergence of problems due to regional agglomerations due to reasons such as leaving the

entire planning process to the investor and the lack of fair competition conditions.
5 The limiting effect of the raw material source narrows the competition conditions.

6 It is defined in the laws that most of the biomass is also a waste and is the responsibility of the

producer. The necessity of improving the related processes by the relevant ministry.
7 Unregistered waste trade (especially the buying and selling of waste of animal origin for money)

8 Frequent situations where money is paid for waste and transportation costs are borne by the
biomass plant.
9 The NACE code definition used to define sectors and sub-sectors is not available for the biomass

sector, only codes 16.29.90 and 20.59.13 are available for the manufacture of fuel billets and pellets and
for biofuels.
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In the dimension of technology-infrastructure-human resources (Table 6.3),
the breadth of the research and development area, the diversity of raw materials, the
excess amount and the spread of this are the strengths.

Errors made in the quality and management of human resources have an impact
on all sectors. It is inevitable that the impact of these reflections will be great in an
area that is newly restructured and whose dynamics are not fully defined.

Table 6. 3 Technology, infrastructure, human resources dimension analysis

Technology — Infrastructure — Human Resources Dimension

* Breadth of Research and Development Areas

Strong * Investment area and breadth of raw material resources
« Lack of qualified human resources
« Lack of sectoral development of the concept of qualified
human resources

Weak » Weakness of government support for research and devel-

opment
« The deficiencies and errors of academic infrastructure and
academic human resources management

* The breadth of new research and development opportuni-
Opportunity | ties
« Correct employment of technical and qualified workforce.

« Lack of information

« lack of experience

« political instability

 Lack of managerial depth and talent

Threatening

Socio-Economic dimension (Table 6.4) will be efficient and sustainable
investments if the facilities to be built are of a certain size and developed as
engineering projects. Policies developed with this perspective will only create a
qualified workforce in rural areas. It will have a positive impact not only on the direct
direction but also on all socio-economic processes in the region. It is foreseen that
demographic vulnerabilities will create an opportunity to solve major problems such
as migration. Thus, it is expected to contribute to the increase of welfare in many parts
of the society.

As in other components, similar weaknesses and threats also affect the socio-
economic dimension. Differently, the discourses of civil society and professional
chambers, which are far from being scientific and negatively affect the process, are
frequently featured in the written, visual and digital media. It is possible to see these
reflections in the processes of environmental lawsuits and the ideas put forward. It is
possible to conclude that we are dealing with a conscious but ignorant/misinformed

57



E. Olcay ISIN

civil society. This is also revealed in the surveys and researches conducted on the axis
of environmental pollution and climate change, as an example from a study, 75.7%
of the participants answered the multiple-choice question “What should Turkey do
against climate change” as “Green areas should be protected”. It reaches 86% among
university graduates (KONDA 2020). This constitutes the biggest risk/threat faced in
socio-economic dimension. The sectoral effects of climate change are clearly evident
in Chapter 2 of the report. From the largest source to the smallest footprint reduction
strategies and policies will be the most accurate method in combating climate change.

Table 6. 4 Socio-economic impact analysis of the biomass sector

Socio-Economic Dimension

* Prevention of migration

« Contribution to qualified workforce

Strong * Decreased unemployment

* Contribution to economic development

* Rural development and strengthening of planning

» Weakness of state support

« Ineffective climate change policies.

Weak * Non-profit organizations and professional associations do not have a
climate action strategy or are far from being scientific and accurate

* Inappropriate investment costs

* Sustainable environment and public health
Opportunity | ¢ Conservation of the environment and natural resources
* Development of demographic structure

* political instability

* Lack of interest and opposition of environmental non-profit organizations
Threatening | and some professional associations '

* Sensitive but insufficiently informed public awareness *

* Environmental litigation '

1 Environmental lawsuits filed, institutions that are parties and their claims.

2 Press releases, reports and statements made during the litigation processes of the members of the

board of directors of the relevant institutions.

3 Statements in the printed and digital media, especially the Perception of Climate Change and
Environmental Problems in Turkey, KONDA, 2020 study.

In the report, the current situation was determined by evaluating in terms of
climate change-vegetable waste-energy. One of the reasons for starting from the data
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before 2019 is to reveal the situation before the COVID 19 epidemic. The current
situation in Turkey regarding the country’s economy and production components of
agriculture and the energy conversion of biomass has been examined and a general
situation determination has been made by summarizing the study with SWOT analysis.

In the current situation, it is clear that renewable energy policies are developed
unidirectionally (on a solar and wind-weighted axis), and the energy conversion of
biomass, which has a great potential, remains weak. It is seen that the sectoral dynamics
are not fully formed and are fragile. For this reason, the definitions/indicators created
are handled to create a process rather than a process management.

Some definitions (indicators) and/or criteria will be needed when planning
energy conversion policies of biomass. The purpose of these definitions is to draw the
boundaries of the concepts and make them understandable and related to each other
in process management.

Definitions
A) Data presence and analysis
e Definition

It includes data from crop production (GIS data, product-waste, etc.),
product waste and biomass characteristics. Processing this data, classifying it
and making it meaningful for planning.

e Analysis, digitization

The obtained data should be analyzed, associated with concepts,
digitized (as in equation 1, 2, 3). Models and coefficients (such as waste
generation potential, waste accessibility coefficient) should be defined and
determined.

e Vehicles

It covers many components from analysis programs required for data
acquisition, analysis and access, to measuring devices, from pilot plants to
portal(s) to be created for data access. The infrastructure to be established
should be flexible, up-to-date and accessible.

B) Presence of biomass
o Definition

Examination of waste as an asset depending on the region and production
type. Identification of its type and source.

o Analysis of Region/Regions

Socio-economic, infrastructure and agricultural product pattern etc.
Identifying data and criteria for examining, classifying and describing regions
from different perspectives.
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C) Identification of Source and Establishment of Potential Relationship
e Definition

Determining the usable part according to technology and application
types by establishing a correlation between the amount of biomass and the
data affecting the energy conversion of that amount.

D) Zone Identification and Classification
e Definition

Establishment of strategic regions within the scope of biomass amount,
production type, accessibility and other concepts.

e Administration and Administrative Processes

Identification of administrative and administrative processes according
to the regions created

E) Determination of Energy Conversion Technology and Life Cycle Analysis of
the Technology

e Definition

Technology/method selection and examination of the best method by
making life cycle analyzes of selected technologies and technologies.

F) Sustainability Dimension
e Definition

Analyzing the strength of the chosen method and the strategy created
under the influences such as socio-economic and climate change and
determining the risks.

e Tracing

All these analyzes are carried out continuously at certain periods during
the year and kept up-to-date by repeating them.

G) Policy Development
e Definition

Establishing regional policies by examining previous steps and other
related processes (with data from the food industry, livestock and biomass).

o Establishment of regulations
o Identifying incentives

The energy conversion of biomass originating from plant production can be
thought of as the meeting of a simple and plain biomass and an energy facility. For
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this, it is necessary to establish a link between the two factors. The definition of
this link will shape both the biomass side and the power plant side. It will define all
processes, from the priority of the waste to be classified and evaluated on the biomass
side, to the facility size, process type, and the evaluation method of the final product
on the energy side.

The conversion of biomass to energy has the potential to be one of the main/
carrier sectors, not supportive, for Turkey, therefore, policies to be developed
should be focused on this focus. Planning and investments should be developed as
economically sustainable business models with an engineering approach. Models to
be taken as examples should be developed based on the approaches of countries with
these characteristics.

The 7 concepts described above will help to ensure that this bond is sustainable,
that it can be planned in line with regional needs and that strategic goals can be
determined in this direction.

Within the scope of the report, these concepts are discussed at a higher scale. In
addition to having a very technical and scientific depth, its administrative processes
and planning parts contain many details. It is also in direct interaction with socio-
economic processes. For this reason, the studies should be carried out from the micro
scale to the regional and macro scale in line with the needs.

These studies should not be carried out only in terms of biomass formed by
plant production wastes, but with the same point of view, biomass resulting from
livestock activities and biomass originating from other agriculture and agricultural
industry should be integrated with each other by making them for the food sector.
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