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Siit Endiistrisi Atiksularmin Anaerobik Prosesler ile Aritimi

1Esra CELIK* I Ashican IHTIYAROGLU
celikesra.784@gmail.com ihtiyarogluasli@gmail.com

1Y11diz Teknik Universitesi, Tn§aat Fakiiltesi, Cevre Miihendisligi Boliimii, Istanbul, Tiirkiye

Ozet

Giiniimiizde sanayilesmenin gelismesi ve hizli niifus artisiyla birlikte dogal kaynaklar hizla tii-
kenmekte olup iiretilen atiklarin cevreye ve insan sagligina olan olumsuz etkileri gézler oniin-
dedir. Siirekli biiyiiyen gida sektoriindeki siit endiistrisi de birim {iretim bagina atiksu miktar1 en
yiiksek olan sektorlerin basinda yer almaktadir. Siit endiistrisinde olusan atiksular peynir, tere-
yag1, dondurma, yogurt ve kuru siit tozu gibi diger yan iirlinlerden kaynaklanmakta olup bunun
yaninda 1sitma ve sogutma sistemlerinden gelen temiz sular, tesis ve makinalarin yilkanmasidan
gelen atiksular1 da icermektedir. Icerdigi yiiksek miktardaki kirlilik seviyesi sebebiyle atiksu tek-
rar kullanilamamakta olup uygun sekilde aritilmadiginda ¢evre i¢in tehdit olusturmaktadir. Siit
endiistrisinin diinya capindaki genis dagilimi ve olusan atiksuyun karakterizasyonu sebebiyle bu
alanda bir¢ok ¢alisma yapilmis olup farkli aritma teknolojileri uygulanmaktadir. Atiksu aritimi
genel olarak fizikokimyasal ve biyolojik prosesler olmak iizere birbirinden farkli bir¢ok aritma
teknolojisini igermektedir. Anaerobik aritma aerobik aritmaya kiyasla daha az enerji ve maliyet
ihtiyaci ile diisiik miktarda camur olusumu gibi avantajlarinin yaninda metan gazi iiretimiyle de
enerji geri kazanimi saglamaktadir. Siit endiistrisi atiksuyu aritiminda, icerdikleri yiiksek organik
madde ve diger kirleticilerle birlikte anaerobik aritma teknolojileri basariyla uygulanmaktadir.
Siit endiistrisi atiksularinin aritiminda karsilasilan sinirlayict bir faktor olarak uzun zincirli yag
asitlerinin metanojenik aktiviteyi engellemesidir. Anaerobik proseslerin basarili bir sekilde isle-
tilebilmesi i¢in optimum isletme parametrelerinin saglanmasi gerekmektedir. Siit endiistrisi atik-
sularinda farkli igletme kosullarinda bir¢ok anaerobik biyoreaktorler uygulanmaktadir. Yapilan
calismalarda farkli kosullarda (reaktor tipi, sicaklik, pH, hidrolik bekletme siiresi, organik yiik)
isletmeye alinan reaktorler incelenmis olup siit endiistrisi atiksuyunun giderim verimleri ortaya
konmustur. Bu degerlendirme makalesinde kirlilik diizeyi yiiksek olan siit endiistrisi atiksularin-
da uygulanan anaerobik prosesler incelenmis olup aritma performansi, operasyonel yaklagimlar,
organik madde giderimi ve metan iiretim verimi gibi hususlar hakkinda bilgilere yer verilmistir.

Anahtar kelimeler: Anaerobik aritim, anaerobik prosesler, siit endiistrisi atiksuyu

Treatment of Dairy Industry Wastewater by Anaerobic Processes

1Esra CELIK* 1 Aslican IHTIYAROGLU
celikesra.784@gmail.com ihtiyarogluasli@gmail.com
1Yildiz Technical University, Civil Faculty, Environmental Engineering Department, Istanbul, Tiirkiye

Abstract

Recently, with the development of industrialization and rapid population growth, natural re-
sources are rapidly depleting and the negative effects of the wastes produced on the environment
and human health are in sight. The dairy industry in the constantly growing food sector is also
one of the sectors with the highest amount of wastewater per unit production. It originates from
other by-products such as cheese, butter, ice cream, yoghurt and dry milk powder, as well as clean
water from heating and cooling systems, and wastewater from washing plants and machinery.
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Wastewater is not reused due to the amount of pollution in the high concentrate it contains, and
it poses a threat to the environment if not treated properly. Poses a threat to due to the worldwide
distribution of the dairy industry and the characterization of the wastewater generated, many
studies have been carried out in this area and different technologies are applied. Many different
treatment technologies are applied in the wastewater treatment, generally physicochemical and
biological processes. Anaerobic treatment provides energy recovery with methane gas produc-
tion, besides its advantages such as less energy and cost requirement and low amount of sludge
formation compared to the aerobic treatment. Anaerobic treatment technologies with high organ-
ic matter and other pollutants are successfully applied in dairy industry wastewater treatment.
Long chain fatty acids, which are limiting factors encountered in the treatment of dairy industry
wastewater, prevent methanogenic activity. Optimum operating parameters must be provided for
the successful operation of anaerobic processes. In the dairy industry wastewater, many anaerobic
bioreactors are applied in different operating conditions. In the studies, the reactors that were put
into operation under different conditions (reactor type, temperature, pH, hydraulic retention time,
organic loading rate) were examined and the efficiency on the dairy industry wastewater was re-
vealed. In this evaluation article, anaerobic processes applied in dairy industry wastewaters with
high pollution levels are examined and information about issues such as treatment performance,
operational approaches, organic matter removal and methane production efficiency are given.

Keywords: Anaerobic processes, anaerobic treatment, dairy industry wastewater

1. Giris

Son yiizyilda diinya niifusunun ve endiist-
rilesmenin her gecen giin hizla artmasiyla do-
gal kaynaklar tiikenirken ¢evreye bilincsizce
birakilan atiklar ¢evre ve insan saglig1 agisin-
dan biiytik tehdit olusturmaktadir. Mevcut su
kaynaklarmin azalmas: ile siirdiiriilebilirlik
kapsaminda atiksularin yeniden kullanilabi-
lir bir kaynak olarak geri kazanilmasi lize-
rine yapilan calismalar, son yillarda giderek
artmaktadir. Uretim sektorlerinin baginda ge-
len gida sektoriinde, birim tiretim basina kul-
lanilan su miktar1 ve atiksu olusumunun siit
endiistrisinde olduk¢a fazla oldugu bilinmek-
tedir. Siit endiistrisi atiksulari, uygun tekno-
lojiler ile aritilmadig: takdirde cevre ve insan
saghig1 acisindan yiiksek potansiyelde tehlike
olusturan ciddi miktarlarda atiksuyun alic1 or-
tamlara verilmesine neden olur. Dolayisiyla
ekosistem kalitesini olumsuz yonde etkile-
mektedir (Bilir-Ormanci, 2009). Bu senaryo
dikkate alindiginda, son yillarda siit iireti-
minin cevresel etkilerini bir yasam dongiisii
yaklagimi icinde degerlendirmek ve analiz et-
mek icin bir¢ok calisma yapilmistir (Elginoz
vd., 2020; Kumar vd., 2021). Siit endiistrisin-
de, su tiiketimi basta olmak iizere enerji gibi
dogal kaynaklara ihtiya¢ duyulmaktadir. Ure-
tim siireci boyunca sistemin girdi ve ciktilari,
cevresel etkilerini ortaya koyan karbon ayak

izini olusturmaktadir. Yasam dogiisii analizi
ile (YDA) ham maddeden nihai iirline kadar
prosese giren ve c¢ikan tiim kaynaklarm c¢ev-
reye etkisi incelenmektedir. YDA ile kaynak
zinciri belirlenmekte olup, ¢evresel siirdiirii-
lebilirlik hedeflenmektedir (Sala vd., 2017).

Siit endiistrisinde yaygin olarak siit, pey-
nir, yogurt, tereyagi, dondurma, siit tozu gibi
tiriinler, cesitli iiretim prosesleri kullanilarak
tiretilmektedir. Siit ve siit Uriinlerinin islen-
mesi siirecinde, 1sitma ve sogutma sistemle-
rinden, tesis ve makinelerin yikanmasindan,
kalite laboratuvar analizlerinden, peyniralti
sularindan, iiretim proseslerinin yan liriin-
lerinden atiksular olusmaktadir (Stasinakis
vd., 2022). Siit endiistrisinde, islenmis sii-
tiin litresi basina yaklasik olarak 2 — 6 kat
arasinda biiylik miktarlarda atiksu olusumu
meydana gelmektedir (Karadag vd., 2014).

Siit endiistrisinin, birim tiretim bagina atiksu
tiretiminin fazla olmasi sebebiyle aritimi biiyiik
onem arz etmektedir. Atiksuyun tiirline, mik-
tarina ve olusum yerine gore aritim prosesleri
degisiklik gostermektedir (Karadag vd., 2015;
Rahul vd., 2022). Bununla birlikte, aritilmig
atiksuyun geri kazanim yoluyla alternatif su,
besin ve enerji kaynagi olarak degerlendiril-
mesi icin uygun teknolojiler uygulanmalidir.
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Diger taraftan enerji verimli atiksu aritma tek-
nolojilerine olan ilginin ve ihtiyacin giderek
daha fazla 6nem kazanmasi, mevcut kullanil-
makta olan konvansiyonel aritma sistemleri-
nin yerine alternatif ve ileri diizey aritma pro-
seslerinin uygulanmasini 6n plana ¢ikarmistir.

Siit endiistrisi atiksularinin  aritiminda
yaygin olarak uygulanan aerobik aritma sis-
temleri, havalandirma dayiiksek enerji ihti-
yact ve biiylik miktarlarda camur olusumu
gibi kullanimimi1 sinirlandiran dezavantajlara
sahiptir (Prazeres vd., 2012). Enerji tiikketimi
ve olumsuz cevresel etkileri azaltmasinin ya-
ninda biyoenerji kazanimi da saglayan siirdii-
riilebilir teknolojilerin kullanimi giin gectikce
artmaktadir. Anaerobik aritma prosesleri, ha-
valandirma ihtiyacinin olmayis1 sebebiyle dii-
stik enerji tiiketimi, diisiilk camur olusumu ve
biyoenerji kazanimi ile konvansiyonel aero-
bik aritma proseslerine istiinliik saglamakta-
dirlar (Liao vd., 2006; Lei vd., 2018; Shoener
vd., 2016). Siirdiiriilebilir bir yontem olarak
kabul goren anaerobik aritma prosesleri bu
onemli avantajlar1 sebebiyle siit endiistrisi
atiksularinin aritiminda da arastirmacilarin
ilgisini ¢cekmektedir. Siit endiistrisi atiksulari
80 g/L’ye ulasan KOI konsantrasyonlar1 ile
zengin organik madde icerigine sahip olup,
yiiksek biyobozunurlugu sebebiyle anaero-
bik aritma teknolojileri ile basarili bir sekilde
aritilabilmektedir (Karadag vd., 2015). Siit
endiistrisi atiksularmin sahip oldugu yiiksek
sicaklik (35 — 40°C) anaerobik aritma pro-
seslerinin avantajlarindan biri olan ekonomik
degeri yiiksek metan gazi olusum potansiye-
line katki saglamaktadir (Erguder vd., 2001).

Anaerobik aritma prosesleri, asidojenik
ve metanojenik mikroorganizmalarin uygun
kosullar altinda aktivitesi sonucu gercekles-
mektedir. Anaerobik proseslerin performansi-
n1 pH, sicaklik, organik yiikleme hiz1 (OLR),
reaktor konfiglirasyonu gibi ¢esitli parametre-
ler etkilemektedir (Amini vd., 2013). Tavsiye
edilen pH aralig1 6 — 7,5 olup metan iiretim
miktart bu aralik i¢cin optimumdur (Sivaku-
mar vd., 2012). Siit endiistrisi atiksular1 lak-
toz, protein ve yaglar gibi temel bilesenlerden
olusmaktadir (Demirel vd., 2005). Siit en-
diistrisi atiksularinin aritiminda karsilagilan

sinirlayict bir faktor olan uzun zincirli yag
asitlerinin birikimi ile birlikte anaerobik re-
aktorlerde ani pH diisiisleri olabilmektedir.
Bu durum, metanojenik aktivite icin sinir-
layici olup, ani pH diisiisiinii tamponlamak
icin alkalinitenin arttirilmasi gerekmektedir.
Dolayisiyla, anaerobik proseslerin basarili
bir sekilde isletilebilmesi icin optimum is-
letme parametrelerinin saglanmasi gerekir.

Anaerobik aritma proseslerinin tekno-e-
konomik yonii yapilan caligmalar {izerinden
rapor edilmistir. Bu caligmalardan birisi Ji
vd. (2020) tarafindan siit {iriinleri i¢in enteg-
re bir biyolojik atiksu aritma sistemi olarak
gelistirilmigtir. Sistem, anaerobik perdeli re-
aktor (ABR), yukar1 akigsh anaerobik ¢amur
yatakli reaktor (UASB) ve oksidasyon havu-
zu olarak tasarlanmis olup, Cin’de iki farkli
siit isletme tesisinde ii¢ yildan fazla siire ile
kullanilmigtir. Entegre sistem ile oksidasyon
havuzu icin gerekli enerji ihtiyact diigiiriil-
miistiir. Bunun nedeni, UASB asamasinda
organik madde miktarinin biiytik 6l¢iide gide-
rilmesinden kaynaklanmistir. Elde edilen KOI
giderimi %98’den yiiksek olup, aylik toplam
giic tiikketimi 1980 kWh olarak kaydedilmistir.
Bununla birlikte ayni sistem, UASB asama-
st olmadiginda ayda 31000 kWh gii¢ tiiket-
mistir. Entegre sistemde camur iiretimi ciddi
miktarda azalirken, biyogaz verimi biiyiik 6l-
clide artmistir. Sistem ile gerekli enerji etkili
bir sekilde diisiiriilmiis ve yiiksek maliyetle-
rin Oniine ge¢ilmistir. Ek olarak, UASB nin
sisteme entegre edilmesiyle camur aritimi
icin gerekli maliyet de azalmis ve isletme
tasarrufu saglanmistir. Sonu¢ olarak anaero-
bik aritma proseslerinin kanitlanmig bircok
avantaj1 dikkate alindiginda, yapilan ¢aligma-
lar yeni arastirmalara zemin hazirlamaktadir.

Bu ¢alismada; siit endiistrisi atiksularinin
aritiminda uygulanan anaerobik proseslerin
performansi, operasyonel yaklagimlari, orga-
nik madde giderimi ve metan tiretim miktari
gibi hususlar elestirel bir sekilde incelenmistir.

2. Siit Endiistrisi Atikksuyu

Karakterizasyonu

Siit endiistrisi atiksulari, toksik olmakla
birlikte yiiksek oranda organik madde iceren
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mevsimsel degisikliklere bagli olarak miktari
degisen kuvvetli karakterde bir 6zellige sa-
hiptir (Demirel vd., 2005).

Siit endiistrisi siit, tereyagi, yogurt, don-
durma, peynir gibi farkl: iirtinler iirettiginden,
tesis kapasitesi, proses siiregleri ve igletme

yontemlerine bagli olarak atiksu olusum mik-
tar1 ve ozellikleri degiskenlik gostermektedir
(Karadag vd., 2015; Vidal vd., 2000). Siit
endiistrisi atiksularinin genel 6zellikleri icin
literatiirden elde edilen verilerin bir ozeti Ci-
zelge 2.1°de yer almaktadir.

Cizelge 2.1 Siit endiistrisi atiksuyu karakterizasyonu (Karadag vd., 2015)

Atiksu pH BOi Koi Ugucu Toplam Azot Fosfor Yag ve

kaynagi Kati(g/L) (mg/L) (mg/L) gres
(g/L) (g/L) Kati(g/L) (g/L)

Siit atiksuyu 4-7 3-5 5-10 TE 3-7 20-150 50-70 TE

(TKN)

Siit siiziintii 5,55- TE 55,20- TE 2,67- 300-400 350-450 TE

atiksuyu 6,52 63,48 3,80(TAKM) (TN)

Dondurma 6,96 TE 4,94 0,99 1,I(TAKM) TE TE TE

atiksuyu

Dondurma 52 2,45 52 2,6 39 60 (TKN) 14 TE

atiksuyu

Peyniraltt 4,46 40 60 1,5 59 TE TE TE

atiksuyu

Peyniraltt 4,9 7,71 68,6 TE 1,35 1120 500 9,44

atiksuyu (TKN)

Siit tirtinleri 7,12 TE 4,59 2,1 4,35 89 (TKN) 9,9 TE

atiksuyu

Siit tirtinleri 8-11 1,2-4 2-6 0,33-0,94 0,35-1(TAKM) 50-60 20-50 0,3-0,5

atiksuyu (TKN)

Siit tirtinleri 7,1 2,8 5 1,35 3,88 16,5 38,6 TE

atiksuyu (TKN)

TE: Tespit edilemedi, TAKM: Toplam askida kati madde, TKN: Toplam Kjeldahl Azotu, TN: Toplam Azot

3. Siit Endiistrisi Atiksularinm

Artimmda Uygulanan Anaerobik

Prosesler

Literatiir arastirmasi kapsaminda, siit en-
diistrisi atiksularinin  arittminda anaerobik
proseslerin uygulandig1 bazi caligmalarin
aritma performanslari ile birlikte genel tasa-
rim ve igletme parametrelerine ait degerler
Cizelge 3.1°de listelenmigtir. Siit endiistrisi

atiksuyu aritimina yonelik yapilan galisma-
lar dikkate alindiginda avantajlarindan dolay1
anaerobik proseslerin kullaniminin oldukca
yaygin oldugu goriilmektedir. Yapilan c¢alig-
malarda farkli kosullarda (reaktor tipi, sicak-
lik, pH, hidrolik bekletme siiresi (HBS), OLR)
isletmeye alinan proseslerin aritma verimleri
incelenmis olup bu alanda yapilan ¢aligmalar
sonraki ¢calismalara temel olusturmustur.
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Cizelge 3.1 Siit endiistrisi atiksularinin arittminda kullanilan bazi anaerobik uygulamalar

Reaktor Sicakhk pH HBS OLR KOi KOi Kaynak
Konfigiirasyonu °0) (saat) (kg/m3.giin) (mg/L) Giderimi
(%)
UASB 28 -32 - 3-12 24-13.5 1440 80-96 Ramasamy vd.,
2004

UASFF - 5,1 - 0,28-2,33 8500- 70,6-93,60 Sivaprakasam vd.,

14500 2021
HABR+MSABP 33 7,35 24 - 2000 99,89 Chang vd., 2020
ABR+UASB 12-35 6-9 20-48 - 1574 92,7 Jivd., 2020
ASBR 50 51-8 5-40 1,6-12,8 68-95 Goblos vd., 2008
UASB, EGSB, 15-37 7,3-7,6 48 -8 7,5-9,0 2500 64,2- 82,9 McAteer vd., 2020
EGSB-AF
EGSB, IFB 37 8 7212 - 4000 75-95 Bialek vd., 2011

UASB: Yukari akish anaerobik camur yatakl reaktor, UASFF: Yukar: akisli anaerobik ¢amur yatakl: film reaktor, HABR: Hibrit
anaerobik perdeli reaktor, MSABP: Yiiksek kademeli aktif biyolojik proses, ABR: Anaerobik perdeli reaktor, ASBR: Ardigik
kesikli anaerobik reaktor, EGSB: Genisletilmis graniiler camur yatakli reaktor, EGSB-AF: Genisletilmis graniiler camur yatakli

reaktor-Anaerobik filtre, IFB: Ters akigkan yatakli reaktor

Ramasamy vd. (2004), siit endiistrisi atiksu-
larmin aritilmasi igin iki farkli graniil camurun
ve degisen KOI besleme oranlarinin UASB re-
aktorlerinin performanst iizerine etkisini aragtir-
mustir. Caligmada her iki graniiler camurda 3 sa-
atlik HBS i¢in %95-96 KOI giderim verimi elde
edilmis iken bu deger 12 saatlik HBS’de %90-92
oranlarinda kaydedilmistir. Her iki reaktorde de
en iyi KOI giderim verimi 3 saatlik HBS de ve
10,8 kg/m3.glin OLR icin gerceklesmistir. 10,8
kg/m3.giin iizerindeki organik yiiklerde reaktor-
lerin performansit %80-83 seviyelerine diigmiis-
tiir. Reaktorlerde kullanilan graniiler ¢camurlarin
performansinda belirgin bir fark gézlemlenme-
mistir. Ji vd. (2020), siit endiistrisi atiksularinin
aritimi i¢in farklt mevsim sicakliklari altinda ii¢
yildan fazla bir siire boyunca tam 6l¢ekli entegre
ABR ve UASB reaktorlerini izlemiglerdir. ABR,
UASB’den once yer almakta olup, UASB asa-
mast i¢in uygun bir camur yatagi olusturmustur.
Boylece UASB’lerde karsilagilan graniiler ¢a-
mur yapisinin bozularak reaktor performansinin
diisiisii engellenmistir. Bu sistem ile KOI kon-
santrasyonunda ciddi bir diisiis gbzlenmis, gide-
rim verimi %96 seviyelerine ulagmistir. Bununla
birlikte iretilen yiiksek biyogaz miktar1 ve dii-
stik enerji tiiketimi sistemin Onemli ¢iktilari ola-
rak tespit edilmistir. Bir diger ¢alismada siit en-
diistrisi atiksuyunun aritilabilirligini aragtirmak
amaciyla genigletilmis graniiler camur yatakli
(EGSB) ve ters akigkan yatakli reaktorler (IFB)

kullanilmistir (Bialek vd., 2011). Reaktorler
200 giin boyunca 37°C’de HBS kademeli ola-
rak 72 saatten 12 saate diigiiriilerek isletilmistir.
EGSB’de 72-12 saat HBS arasinda KOI giderim
veriminde belirgin bir fark gdzlenmemis, en kisa
HBS’de bile benzer bir aritma verimliligi sevi-
yesi korunmustur. [FB’de yiiksek ucucu yag asi-
ti (UYA) konsantrasyonu sebebiyle diisiik KOI
giderimi elde edilmigtir. 60 giinden sonra UYA
konsantrasyonunun diismesi ile stabil bir perfor-
mans (%80 KOI giderim verimi) elde edilmistir.
160. giinden sonra HBS 12 saate diisiiriildiigiin-
de IFB reaktoriinde UYA konsantrasyonu artigi
ile KOI giderim veriminde azalma kaydedilmis-
tir. Goblos vd. (2008), calismalarinda fermente
edilmig peyniralti suyu ve islenmemis peyniraltt
suyu olan iki farkli substrat i¢in anaerobik sirali
kesikli reaktorlerin performansini incelemistir.
5-40 saat HBS’lerinde isletilen reaktorlerin or-
ganik yiikleri 1,6-12,8 kg/m3.giin arasinda de-
gistirilmistir. Her iki substrat i¢in de en yiiksek
KOI giderim verimi 1,6 kg/m3.giin’de gozlen-
migtir. OLR 12,8 kg/m3.giin’e ¢ikarildiginda fer-
mente edilmis peyniralti suyunun aritim verimi,
islenmemis olana kiyasla daha yiiksek olmustur.
Ayni OLR’de beslenen fermente edilmis peyni-
ralt suyu yaklasik olarak iki kat1 CH, liretim ve-
rimine sahiptir. Bagka bir caligmada siit endiist-
risi atiksulariin aritimi i¢in 443 giin boyunca
ilk olarak 37°C’de UASB, daha sonra 15°C’ye
diigtiriilen isletme kosullarinda UASB, EGSB,
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EGSB-AF ve son olarak 37°C’de EGSB reak-
torlerinin performansi bes farkli asgamada ince-
lenmigtir. Sonuglar reaktor konfigiirasyonunun
aritma performanst {lizerine Onemini vurgula-
mis olup UASB reaktorlerde EGSB’ye kiyas-
la daha iyi KOI giderim verimi elde edildigini
gostermistir. Anaerobik aritma esnasinda diisiik
sicakliklarda biyolojik bozulma simirlayict bir
etken olmakla beraber, bu calismada 15°C’de
sirastyla %65,3, %642 ve %773 KOI giderim
verimleri kaydedilmistir. Sonuglar diisiik s1-
cakliklar altinda da siit endiistrisi atiksularimnin
aritimimin miimkiin olabilecegini gostermistir.
Yapilan bir bagka calismada siit endiistrisi atik-
suyu aritiminda hibrit anaerobik perdeli reaktor
(HABR) ile yiiksek kademeli aktif biyolojik pro-
sesin (MSABP) birlikte uygulandig1 konfigiiras-
yonun verimi aragtirllmigtir (Chang vd., 2020).
Sicaklik ve HBS’lerin de aritma verimindeki et-
kisi degerlendirilmis olup c¢alismanin sonunda;
33°C sicaklik, 24 saat HBS, 7,35 pH degerle-
rinde uygulanan konfigiirasyon ile %99,89 KOI
giderim verimine ulasildig1 ve sistemin bagari-
It oldugu gozlenmistir. Yukar1 akigh anaerobik
camur yatakli film reaktor (UASFF) prosesinin
uygulandigr siit endiistrisi atiksuyu ¢alismasinda
ise farkli organik yiiklerde KOI giderim verimi
incelenmistir (Sivaprakasam vd., 2021). Ca-
lismada 0,28-2,33 kg/m3.gilin arasinda degisen
organik ytiklerde %70,60-%93 arasinda aritma
verimi gozlenmistir. Omil vd.(2003), siit endiist-
risi atiksuyunun aritimi, anaerobik filtre ve siralt
kesikli biyoreaktor entegre sistemi ile iki sene
boyunca incelemistir. Anaerobik filtre ve sirali
kesikli biyoreaktor sistemiyle aritilan atiksuyun,
organik yiikleme hiz1 5-6 kg/m3.giin olup, KOI
giderim verimi %90’1n iizerinde elde edilmistir.
Bagka bir caligmada, anaerobik membran biyo-
reaktor prosesi (AnMBR), siit endiistrisi atiksu-
yunun aritiminda farkli besleme oranlarinin (4
saatte bir 15 dk. ve siirekli) etkisi incelenmistir.
Iki AnMBR prosesi, 37°C’de 1 — 5 g/L-giin orga-
nik yiikleme hizlarinda ve 40 giinliik camur bek-
letme siiresinde calistirilmigtir. Biyogaz iiretimi
ve organik madde giderimi acisindan iki farkl
besleme rejiminde reaktor performansina bakil-
diginda fark gozlenmemigtir. Her iki rejimde de
%98’lik KOI giderimi elde edilmis olup, basaril1
bir aritim gerceklestirilmistir. Bununla birlikte,
biyogaz iiretimi siirekli beslemede kesikli besle-

meye kiyasla daha yiiksek 6l¢iilmiistiir (Lea vd.,
2021). Najafpour vd. (2009), peyniralti suyunun
ortam sicakliginda bir pilot dlgekli yukarr akis-
I anaerobik sabit yatakli biyoreaktorde (UFPB)
arttimini incelemistir. Reaktorde yiiksek OLR ve
kisa HBS’lerde (6 — 24 saat) etkili KOI giderme
verimi ve yliksek metan iiretimi elde edilmistir.
En yiiksek KOI ve laktoz giderimleri 16 saatlik
HBS’de gozlenmistir. Benzer sekilde en yiiksek
metan iiretimi 16 saatlik HBS’de saglanmustir.
Patil vd. (2012), peyniralti1 suyunun aritimi i¢in
iki agamal1 bir anaerobik filtre (AF)’nin fizibili-
tesini aragtirmustir. Etkili bir aritim gerceklesmis
olup, 9 giinliik HBS’de KOI giderim verimi %94
iken, 12 giinlik HBS’de %96’ya yiikselmistir.
Bagka bir calismada siit endiistrisi atiksularinin
aritimi 3 aylik bir siire boyunca pilot dl¢ekli yu-
kar1 akislt anaerobik filtre (UFAF) ile incelen-
mistir (Ince, 1998). Reaktorde %85 iizerinde
KOI ve %90 BOI; giderimi saglanmistir. Bunun-
la birlikte, reaktorde giinliik yaklasik olarak 770
L CH, iiretimi olmugtur. Boylece arastirmacilar
CH, iretiminin anaerobik aritma igin gerekli
enerji thtiyacinin yaklagik olarak en az %40’inin
kargilanacagin1 One siirmii, Oonemini vurgula-
mustir. Wang vd. (2009), peynir yapim siirecinde
elde edilen atiksuyun, mezofilik sicaklik kosulu
altinda anaerobik hareketli biyofilm reaktoriinde
aritimimi aragtirmistir. KOI giderme verimi, 2 —
20 g/L-giin organik yiikleme hizlarinda %73,2
ve %86,3 arasinda gozlenmistir. Giderilen or-
ganik maddenin %88,8 CH,’e doniistiiriilmiis
olup, bununla birlikte kisa HBS’lerde ugucu
yag asitlerinin olusumu reaktorde birikime se-
bep olmus, bu durum ani pH diisiisii ile sonug-
lanmigtir. Damasceno vd. (2007), seyreltilmig
peyniraltt suyunun aritimi icin farkli besleme
siireleri ve farkli OLR, anaerobik sirali kesikli
biyofilm reaktoriiniin performansini incelemis-
tir. Uygulanan organik yiikler 2, 4, 8 ve 12 g/L-
giin olup, daha yiiksek organik madde giderimi 2
ve 4 g/L-giin yiiklerinde saglanmustir. Caligma-
da yiiksek OLR’lerde (8 ve 12 g/L-giin), reaktor
performansint artirmak icin besleme siiresinin
yiikseltilmesi gerektigi sonucuna varimustir.

Cizelge 3.1°de belirtilen siit endiistirisi atik-
sularmin aritimina yonelik yapilan caligmalar
dikkate alindiginda; anaerobik proseslerin igle-
tilmesini optimize edebilmek icin reaktdr kon-
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figlirasyonu, sicaklik, HBS, OLR gibi cesitli
parametrelerin se¢imi olduk¢a onemlidir. Ana-
erobik aritim teknolojisinin kanitlanmig bir¢ok
avantaji dikkate alindiginda, anaerobik prosesler
siit endiistrisi atiksularinin aritiminda uygulan-
makta ve etkili bir performans gostermektedir.

4. Sonug ve Oneriler

Calisgma kapsaminda degerlendirilen litera-
tiir arastirmalarindan anaerobik proseslerin ka-
nitlanmig birgok avantaji oldugu, siit endiistrisi
atiksularinin aritiminda yaygin bir sekilde uygu-
landig1 ve etkili bir aritma performansi gosterdi-
g1 goriilmiistiir. Bu proseslerde optimum isletme
parametreleri altinda, yiliksek organik madde gi-
derimi ve yiiksek metan {iretimi saglanmaktadir.
Bu caligmada siit endiistrisi atiksulariin ariti-
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Yabanci ot-Kiiltiir Bitkisi Etkilesimi: Rekabet

IFulya BASARAN
1 Atatiirk Bahge Kiiltiirleri Merkez Arastirma Enstitiisii, Bitki Sagligi Boliimii, Yalova, Tiirkiye

Ozet

Rekabet, hayatta kalmak i¢in miicadele ve var olusa devam etmek olarak ifade edilir. Bitki-
ler arasindaki rekabet ise, bitki tiirlerinin eszamanli olarak sinirli kaynaklari asan taleplerde
bulunduklari, her iki bitkinin de hayatta kalma miicadelesi verirken, birinin daha az miicade-
le ettigi olumsuz bir etkilesimdir. Benzer sekilde kiiltiir bitkisi-yabanci ot rekabeti, biiylime
icin gereken kaynak arzinin toplam talebinin altina diistiigii iki veya daha fazla tiir arasinda-
ki iligkidir. Biiylime i¢in gereken kaynak bol oldugu zaman rekabet gerceklesmez. Bunun-
la birlikte, biiyiime faktorlerinin arzi yetersiz kaldiginda rekabet hemen baslar. Kiiltiir bit-
kisi yabanci ot rekabeti iki durumdan ortaya ¢ikar. Bunlardan birincisi besin maddesi, nem,
151k ve yer i¢in yapilan dogrudan rekabet iken digeri ise dolayli rekabet olarak ifade edilen
ve allelopatik kimyasallarin ekziidasyonu ve /veya iiretimi yoluyla gerceklesmektedir. Yaban-
c1 ot kiiltiir bitkisi etkilesiminde ortaya ¢ikan rekabet sonucu tarimsal iiretim alanlarinda cid-
di verim kayiplar1 ortaya ¢ikmaktadir. Yabanci ot miicadelesinde kritik periyodun bilinmesi
ise bu rekabetten kaynakli kayiplari 6nlemede onem arz eder. Bu derlemede dogrudan reka-
bet i¢cin gereken kaynaklar ve rekabetin sonuglari ile kritik periyot konularma deginilmistir.

Anahtar kelimeler: Kritik periyot, yabanci ot miicadelesi, verim kaybi

Weed-Crop Interaction: Competition

IFulya BASARAN
1 Atatiirk Horticultural Central Research Institute, Department of Plant Health, Yalova, Tiirkiye

Abstract

Competition is expressed as the struggle for survival and the continuation of existence. Compti-
tion within the plant community is a negative interaction in which plant species simultaneously
make demands that exceed limited resources, while both plants struggle to survive while one
struggles less. Similarly, crop-weed competition is the relationship between two or more species
in which the supply of resources required for growth falls below the total demand. Competition
does not take place when the resources required for growth are abundant. However, it starts
immediately when the supply of growth factors becomes insufficient. Crop-weed competition a-
rises from two situations. While the first of these is direct competition for nutrients, moisture, light
and space, the other is through the exudation and / or production of allelopathic chemicals, which
are expressed as indirect competition. Serious yield losses occur in agricultural production areas
as aresult of competition emerging in weed crop interaction. Knowing the critical period in weed
control is important in preventing losses caused by this competition. In this review, resources re-
quired for direct competition and the results of competition, critical period issues are discussed.

Keywords: Critical period, weed control, yield loss
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1.Giris

Yabanci ot terimi, Almanca orjinli bir ke-
lime olup, ilk olarak Britanya’da tarim dev-
riminin baglamasinda éncii olan Ingiliz ¢iftgi
Jethro Tull tarafindan kullanilmistir. Ame-
rika Yabanci ot Bilim Dernegi (WSSA)’nin
tanimina gore “yabanci ot, istenmedigi yer-
de biiyliyen bitkidir” (Buchholtz, 1967).
Bir baska deyisle yabanci otlar; “sakincali
olan veya insanin faaliyetlerine veya refahi-
na miidahale eden herhangi bir bitki” olarak
tanimlanmistir (Humburg, 1989). Diinyada
tahil iiretim alanlari, ormanlik alanlar, mey-
ve bahgeleri, goletler, havaalanlar1 ve kamu
alanlarinda tanimlanmig yaklagik 30.000 adet
yabanci ot tiirli mevcuttur (Gupta, 2004).
Genel olarak yabanci otlar, kiiltiir bitkilerine
gore agroekosisteme daha fazla adapte olma
ozelligindedir. Yabanci otlar ve kiiltiir bitki-
leri; kok sistemi, gelisim ve biiyiimesi, ¢evre-
lerindeki kaynaklar1 kullanma gibi 6zellikler
bakimindan birbirlerine cok benzerler. Hem
yabanci otlar hem de kiiltiir bitkileri biiytime
ve gelisimleri i¢in gereken atmosferdeki CO,
ve N(azot), topraktaki su ve mineraller ile
giines 15181 icin rekabete girerler. Yabanci ot
ile kiiltiir bitkisi arasindaki rekabet siiresinin

artmast ilk etapta, kiiltiir bitkisinin ¢cimlenme-
sini ve gelisimini azaltir. Sonraki asamalarda
ise kiiltiir bitkisinin boyu, kuru madde mikta-
11, yaprak alan indeksi, net asimilasyon ora-
n1 (NAR), bitki biiyiime orant (CGR), nispi
biiylime hiz1 (RGR), klorofil indeksi ve yap-
rak kalinhigir gibi fizyolojik parametrelerde
de diisiis gozlenir. Sonugta, kiiltiir bitkisinin
gelisimi olumsuz etkilenir ve verim &nem-
li oranda azalmaya baglar (Reddy, 2018).
Yabanci otlar, kiiltiir bitkilerinin tiim yagam
dongiisii boyunca rekabete girerler ancak bu
rekabetin tiim agamalarda etkisi ayni degildir.
Yabanci otlarin 6zellikle kiiltiir bitkisinin bii-
ylime doneminde etkileyerek, verim iizerinde
olumsuz etkilere neden olurlar. Baslangicta
kiiltiir bitkisinin yavas biiyiimesi nedeniyle
yabanci otlar, daha fazla kaynak kullanarak
kendilerine avantaj saglamaktadirlar. Ya-
banci otlarin kiiltiir bitkilerinin verimi {iize-
rine en yiiksek azalmaya neden oldugu bu
siire, kiiltiir bitkisinin yasam dongiisiinde
kisa bir periyottur, ancak verimi iizerinde
ciddi diizeyde olumsuz etkiye sahiptir. Tek
bir bitkinin karsilasti81 rekabeti gosteren se-
matik diyagram Sekil 1.1°de gosterilmistir.

Tiirler
Yogunluk
Yayilim Yabanci otlar \
. Tek Bir
Siire (ayiklanma) — Bitkinin
Toprak ve iklim kosullar1 -
tarafindan degisime ugratilir Karsilasugi
Rekabetin
Yogunluk Derecesi.
Dagilim Kiiltiir bitkileri /

Siire (seyreltme)

Sekil 1.1 Bir bitkinin karsilasilabilecegi rekabetin derecesi (Zimdahl, 2004)

2. Yabana Ot-Kiiltiir Bitkisi

Rekabeti Etkileyen Faktorler

Yabanci ot kiiltiir bitkisi rekabeti bir-
biriyle iligkili 6 faktore baghdir. Bunlar;

yabanci ot ¢ikis zamani, gelisme sekli ve
hizi, yabanci ot yogunlugu, yabanci otla-
rin gelisme siireleri, yabanci otun ve Kkiiltiir
bitkisinin tiiriidiir (Hasanuzzaman, 2015).
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2.1. Yabana ot ¢ikis zamani

Bir alanda su, besin maddesi ve giines 15181-
n1 etkili bir sekilde alan ve o bolgede ilk olarak
ortaya cikan bitkiler daha sonra gelisen bitkilere
gore belirgin rekabet avantajlaria sahiptir. Boy-
le bir rekabet, kiiltiir bitkisinin erken fenolojik
donemine rastlayacagindan, kiiltiir bitkisi daha
cok etkilenecektir (Grundy, 2003).

2.2. Gelisme sekli ve iz

Kok gelisim alani, bitki boyu, yaprak alani,
dallanma miktar1 olarak gelisme sekli ve bir di-
geri lizerinde ¢ok hizli bir sekilde geliserek son-
radan gelisen bitki topluluklarina gore golgele-
me avantajina sahip olmasi bakimindan gelisme
hiz1, rekabette 6nemlidir (Jordan, 1989).

2.3. Yabana ot yogunlugu

Yabanci otlarin sayica iistiin olmasi, kiil-
tiir bitkileri icin su, besin maddeleri ve 151&1n
mevcudiyetini biiyiik 6l¢lide azaltir ve rekabet-
te basar1 saglar. Yabanci ot kuru maddesindeki
1 kilogramlik artig, kiiltiir bitkisinin kuru mad-
desindeki 1 kilogramlik kayba esittir. Bununla
birlikte islenmis veya tarimsal liretim yapilan
topraklarda yabanci ot yogunlugu genellikle is-
lenmemis topraklara gore daha yiiksektir (Rej-
manek vd., 1989).

24. Yabana otlarm gelisme siireleri

Yabanci otlarin uzun siire biiylimesine izin
verilirse, kiiltiir bitkisinin verimi biiyiik dlciide
diisebilir. Cikis tarihinden itibaren iki ila ti¢ haf-
ta icinde kontrol edilmeyen yabanci otlar genel-
likle iirtin verimini etkiler. Cogu iirtinde ilk ii¢
ila sekiz hafta boyunca yabanci ot istilas1 cok
kritiktir ve yabanci ot istilasinin kritik periyodu
olarak adlandirilir. Bu donemde tarimsal iiretim
alanlar1 yabanci otlardan arindirilmahidir (Van
Heemst,1985).

2.5. Yabanc ot tiirii

Yabanci ot tiirleriyle kiiltiir bitkileri rekabet
etme yetenekleri bakimindan farklilik gosterir.
Bu, oncelikle biiyiime farkliliklardan ve kom-
su kiiltiir bitkilerinin ¢imlenmesi ve biiylimesi
lizerinde gosterebilecekleri allelopatik etkiden
kaynaklanmaktadir. Kuru alanlarda, koygogiiren
(Cirsium arvense (L.) Scop.) ve tarla sarmasigi
(Convolvulus arvensis L.) gibi cok yillik yaban-
c1 otlar, derin kokleri ve yogun siirgiin biiylimesi

nedeniyle tek yillik yabanci ot tiirlerinden daha
rekabet¢i bulunmustur (Inderjit, 2004).

2.6. Kiiltiir bitkisinin tiirii

Kiiltiir bitkilerinin tiir ve cersitleri yabanci
otlarla rekabet kabiliyetleri bakimidan farkli-
lik gosterir. Ornegin; yabanci otlar ile rekabet
kabiliyeti bakimindan iistiin olan tahillar sira-
styla arpa, cavdar, bugday ve yulaf gelmektedir.
Arpanin yabanci otlarla rekabetteki bagarisinin
nedenti, ilk ti¢ haftalik biiyiime doneminde diger
tahillara gore daha genis kokler gelistirme 6zel-
ligindendir (Spitters ve Aerts, 1983).

3. Kiiltiir Bitkisi- Yabanci Ot Rekabeti

Kiiltiir bitkisi yabanci ot rekabeti, dogal
ekosistemde var olmak ve istiinliik saglamak
amaciyla kaynaklar icin miicadele etmektir. Bu
miicadele iki farkli yonden gerceklesebilmekte-
dir. Bunlar; besin maddesi, su, 151k ve yer gibi
kaynaklar i¢in gerceklesen dogrudan rekabet
ve allelopatik kimyasallarin ekziidasyonu veya
tiretimi yoluyla gerceklesen dolayl yoldan reka-
bettir (Hasanuzzaman, 2015). Esas olarak kiil-
tiir bitkisi ve yabanci otlar biiyiime ve gelisme
icin gerekli olan kaynaklardan 151k, CO,, toprak
nemi, besin maddeleri, yer vb. konularda reka-
bet ederler. Tiir i¢i ve tiirler arasi rekabet, bii-
yiime ve gelismenin fizyolojik ozelliklerini bii-
yiik 6lciide degistirebilmektedir. Ornegin yaprak
mezofilinde CO, mevcudiyeti, 151k ve su basta
olmak iizere cevresel kaynaklarin kullaniminda
farkliliklara yol acarak fotosentetik verimi dii-
stirebilmektedir. Bu da biiyiime ve gelismede
sikintilara yol agmaktadir (Zimdahl, 2004). Kiil-
tiir bitkisi ile yabanci ot rekabetinin siddeti her
iki bitkinin de ¢ikis zamani ve hizina baghdir
(Uremis, 1993). Bu rekabette hangi bitki erken
cikig yapar ise avantajli duruma gelmektedir.
Bir iirtindeki yabanci ottan kaynaklanan rekabet
seviyesini belirleyen ii¢ ana siire¢ Radosevich
ve Roush (1990) tarafindan tanimlanmistir ve
cogu arastirmaci tarafindan da kabul edilmistir.
Kiiltiir bitkisinin ve yabanci otlarin ortaya ¢ikis
zamani genellikle miidahalenin sonucunu belir-
ler. Kiiltiir bitkisi yabanci otlardan 6nce ortaya
ciktiginda, genellikle rekabet savagini kazanir;
bunun tam tersi de dogrudur. Ikinci bir faktor,
biiylime yetene8i ve cevredir. Bunlar birbiriyle
iligkilidir, ciinkii biiylime kesinlikle ¢evreden et-
kilenir, ancak bazi tiirlerinin (Setaria viridis (L.)
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P.Beauv. ve Convolvulus arvensis L.) gelismesi,
birlikte biiyiidiiklerinde cevreden bagimsiz ola-
rak gelisme gosterirler. Basit bir ifadeyle, reka-
bet ilizerinde bitki biiylime hizinin giiclii bir etki-
si vardir (Zimdahl, 2004).

3.1. Isik icin rekabet

Isik, cesitli kiiltiir bitkileriyle rekabet eden
yabanci otlar arasindaki etkilesimde sinirlayici
bir bilesen olarak tanimlanmigtir. Siiresine, yo-
gunluguna ve kalitesine baglh olarak 1s1k, bit-
kilerin gelisim ve biiylimesi i¢in gerekli bircok
asamay!1 diizenler. Yabanci otlar, dogrudan 15131
golgeleme yoluyla keserek kiiltiir bitkisi i¢in 151k
kaynagini azaltabilirler. Yapraklar, 1s1k icin reka-
bet yeridir. Bir yaprak digerini golgelediginde,
151k icin rekabet baslar. Isik rekabeti, verimli-
ligin yiiksek oldugu ve yeterli nem bulundugu
durumlarda artar. Ciinkii yabanci otlar bu do-
nemde kuvvetli bir sekilde biiylir ve daha genis
yaprak alanlarina ulagirlar. Genis yaprak alanina
sahip bitkiler, dar yaprak alanina sahip olanlara
nispeten rekabette daha avantajlidir. Hem 15181
kalitesi hem de miktar1 rekabetin gerceklesme-
sinde onemlidir. Bitki boyu da 1s1k i¢in rekabette
etkilidir. Bitki boyunun uzunlugu, genis yaprak
alanina sahip olmast, siirgiin yan dallarinin daha
fazla olmasi ve yapragin yoni gibi ozellikleri
151k tiiketiminde onemlidir (Zimdahl, 2004).

Kalin bitki ortiisii; 151k, su veya besinlerin
depolanmasini engeller. Yabanci otlar, alt yap-
raklarin  golgelendirilmesiyle fotosentez igin
gereken 15181 tiiketir. Soya fasulyesi yetistirilen
alanda yabanci otlarin % 44-56 golgelemesinin
bitkinin verimini % 19-25 oraninda azalttig1 kay-
dedilmigtir (Stoller ve Woolley, 1985). Bununla
birlikte yabanci otlarin rekabetci etkisi, kiiltiir
bitkisinden daha fazla biiylimesi ve bitki boyu-
nun uzun olmasindan dolay1 yapraklara golgelik
olusturarak 151k rekabetine yol agabilmektedir.

Celtik bitki boyunun yabanci ot rekabet sii-
resi uzadik¢a etkilendigi bildirilmis olup, ya-
banci otlarin bulundugu uygulamada 45 giinden
sonra bile etkinin tersine donmedigi gozlemlen-
mistir. Ozellikle celtikte yabanci otlarin bulun-
dugu siirenin artmasinin rekabeti arttirmasiyla
bitki boyunu azaltti§ina dair ¢aligmalar mevcut-
tur. Echinochloa colona (L.) Link. ile rekabette
celtigin bitki boyunun 6nemli derecede azaldig1

ve bu azalmanin da yabanci otun yogunlugu art-
tikca arttig1 bildirilmistir (Chauhan ve Johnson,
2010).

3.2. Besin maddeleri icin rekabet

Bitkilerin kok yogunlugu, kok yanal uzan-
tilarin coklugu, kok tiiyciiklerinin yogunlugu
gibi ozelliklerinin fazla olmasi, su ve bitki besin
elementlerinin (N, P, K) aliminda avantaj sag-
lamaktadir. Elbette bu durum erken ¢imlenme,
daha fazla tohum olusturma, fotosentezin art-
mast gibi faydalar saglamaktadir. Bitkiler daha
cok azot (N), fosfor (P) ve potasyum (K) gibi
bitki besin elementleri i¢in rekabet ederler. Ya-
banci otlar, bircok kiiltiir bitkisine gore bitki
besin elementlerini daha hizl tiiketir ve biiyiik
miktarlarda dokularinda biriktirebilir. Amarant-
hus tiirleri, cogu kez kuru maddesinde % 3’iin
tizerinde N biriktirir. Chenopodium ve Portu-
laca spp. aym sekilde potasyum seven yabanci
otlardir ve kuru maddesinde % 1.3’iin iizerin-
de potasyum biriktirebilir. Yabanci otlar sadece
yiiksek besin elementinin alinimi ve biriktirme
kapasitesine sahip olmakla kalmazlar, ayni za-
manda yliksek miktarlarda kuru madde miktari-
na da sahip olurlar. Besin maddelerinden &zel-
likle azot i¢in rekabet en onemli sorunlardan
biridir. Ciinkii azot mevcudiyeti, 6zellikle diisiik
miktarlarda azot bulunan topraklarda bir bagka
degisle azot ihtiyacina gereksinim duyan biitiin
bitkilerde, bitki biiylimesini sinirlayici bir fak-
tordiir. Besin maddeleri i¢in rekabet edildiginde,
ozellikle yabanci otlarin bulundugu siire uzadik-
ca yabanci otlarin biyokiitle miktar: artmakta ve
kiiltiir bitkilerinin verimi olumsuz etkilenmek-
tedir (Zimdahl, 2004). Erken donemde musir ve
yabanci otun besin maddesi i¢in rekabetini ve
yabanci otlarin kaldirdigi besin maddelerinin
miktarini belirlemek amaciyla yapilan bir ¢alig-
mada; 92 dekar arazide 7 Ornekleme alanindan
yabanci otlar ve musir 6rnekleri, misir ekildikten
1 ay sonra toplanmistir. Parsellerdeki yabanci
ot tiirleri ve toplam sayilar1 belirlenmistir. Ara-
ziden toplanan yabanci ot tiirleri ve misirin yas
ve kuru agirliklart belirlenmistir. Ornekler, N, P,
K ve Ca (Kalsiyum) acisindan analiz edilmigtir.
Yabanci ot bulunan ve yabanci ot bulunmayan
arazilerden alinan musir bitkilerinin besin mad-
de icerikleri ile agirliklar1 karsilastirilmistir. Bu
caligmada 12 yabanci ot tiirli tespit edilmisgtir.
Yabanci otlar i¢inde en baskin tiirler sirasiyla,
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Datura stramonium L., Cannabis sativa L.,
Amaranthus chlorostachis Willd., Chenopodi-
um album L., Chenopodium hybridum L. ola-
rak belirlenmistir. Caligma sonucunda, yabanci
otlarin, popiilasyonu yogun olan alanlarda orta
yogunlukta popiilasyonu olan alanlara gore be-
sin maddelerini daha yiiksek oranda kaldirildig1
belirlenmistir. Ayrica yabanct otlar ve misir ara-
sindaki rekabetin misirin erken donem vejetas-
yon donemindeki periyotta daha fazla meydana
geldigi rapor edilmistir. Calisma sonucunda,
yabanci otlarm birim alandan daha fazla besin
maddesi kullandig1 kaydedilmistir (Lehoczky ve
Reisinger, 2003).

3.3. Su icin rekabet

Su i¢in rekabet, bitkilerin toprak alti organ-
larinda kokler arasinda meydana gelir. Su alim
kabiliyeti koklerin hacmine baglidir. Ancak kok-
lerin sadece koklenme bolgelerinin boyutlar de-
gil, ayn1 zamanda absorbe edebilme kabiliyetle-
ri de onemlidir. Genellikle yabanci otlar kiiltiir
bitkilerine gore daha fazla suyu transpirasyonla
kaybederler (Zimdahl, 2004).Yabanc1 otlu arazi-
de toprak nemi, kiiltiir bitkisinin en ¢ok ihtiyaci
oldugu dénem olan meyve tutum agsamasina gel-
digi zaman azalmig olur. Suyun kullanimi, kok-
lerin ne kadar derine gittigi ile ilgilidir. Kokleri
daha derinde olan yabanci otlar topraktan daha
fazla su tiiketir. Bununla birlikte yabanci ot tiir-
lerinin ¢ogu C4 bitkisi olup, cogunlugu C3 tipi
olan kiiltiir bitkilerine gore daha fazla su kullan-
ma kapasitesine sahiptir. C4 bitkilerinde mezo-
fil hiicrelerde sentezlenen 4 karbonlu bilesikler
demet kim hiicrelerindeki CO, kaynagidir. Bu
nedenle C4 bitkilerinin diisiik CO, kosullarinda
bile fotosentez hizi yiiksektir. CO, miktarinin
arttig1 kosullarda C4 bitkilerinin C3 bitkilerine
oranla suyu ve azotu daha etkin kullandig1 belir-
lenmigtir (Leakey vd.,2009).

4. Yabanc1 Ot Miicadelesinde

Kritik Periyot

Yabanci ot ve bitkiler arasindaki rekabetin
On plana ¢iktig1 ve bitki gelisimi esnasindaki bir
zaman dilimi olarak tanimlanan kritik periyot
kavrami; tarimda ilk defa 1960’11 yillarin sonuna
dogru gelistirilmistir. Tarim alanlarinda yogun
olduklar1 belirlenen yabanci otlarin kiiltiir bitki-
sinde verim ve kalite yoniinden meydana getire-

VERIM 50 =

ce8i zararin tespit edilmesi, bu alanda yabanci
otlarla kiiltiir bitkisi arasindaki rekabetin incele-
nerek bu rekabetin kiiltiir bitkisi ve yabanci otun
hangi donemlerinde 6nemli oldugunun belirlen-
mesi kritik periyodun amacini olugturmaktadir
(Tursun vd., 2016). Yabanci ot miicadelesinde
herbisit kullanimini kritik periyoda gore yap-
mak ise entegre miicadelesinin bir pargasi olarak
goriilmektedir (Knezevic vd., 2002).Yabanci ot
miicadelesi icin kritik periyot (CPWC), yaban-
c1 ot miidahalesi nedeniyle olusan verim kaybi-
n1 Onlemek icin kiiltiir bitkisinin yabanci otsuz
tutulmas gereken gelisme donemi olarak ifade
edilmektedir (Van Acker vd., 1993).

Yabanci ot rekabeti igin kritik donem iki
faktore gore belirlenmektedir. Bu faktorler;
kiiltiir bitkisinin yetigtirilme doneminde esik
deger olan %35 lik verim kaybim1 dnlemek igin
gereken yabanci otsuz donem (CWFP) ve kiiltiir
bitkisinin verim kaybina ulasmadan 6nce yaban-
c1 otla rekabette kalabilecegi maksimum siire
yani yabanci otlarin 6ldiiriilmesi gereken zaman
(CTWR)’dir. Bu iki donem kritik periyodun bas-
langicini ve sonunu tanimlar (Reddy, 2018).

Kisaca, bir kiiltiir bitkisinin gelisme done-
mi igerisinde, yabanci ot miicadelesi sonucu
verim artisinin maksimuma yaklastig1 nokta ile
yabanci ot miicadelesi yapilmamasi halinde ve-
rim kaybmin bagladig1 nokta arasindaki siireye
“Kritik Periyot” denilmektedir (Isik vd., 2006).
Kritik periyot ile ilgili grafik, Sekil 4.1°de veril-
mistir.

KRITIK PERIYOT

1 '
3 H
Y T
1
i

100

3 5 7 ¢
Uriin cikisindan sonra haftalar
Sekil 4.1 Yabanci ot-kiiltiir bitkisi rekabetinde
kritik periyot
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Bazi bitkisel iirlinlerde yabanci ot miicade-
lesine yonelik olarak kritik periyodlarin belir-
lenmesi amaciyla ¢ok cesitli caligmalar yiiriitiil-
miistir.

Kanada’nin giineyinde musir alanlarinda ya-
banci ot kontroliiniin kritik periyodunu ve ya-
banci ot varliginin musir yapragi alani tizerindeki
etkisini belirlemek i¢in saha calismalar1 gercek-
lestirilmigtir. Kritik donemin baslangici ve sonu,
musir gelisiminin 3 ila 14 yaprakli evreleri ara-
sinda degisiklik gostermistir. Yabanci otlarm,
mustr bitkisinin her bir yapraginin yaprak alanini
azaltarak ve alt yapraklarin yaslanmasini hizlan-
dirarak zarar olusturdugu bildirilmistir (Hall vd.,
1992).

Soya (Glycine max (L.) Merr)’da yabanci ot
miicadelesinde kritik periyodu belirleme ama-
ciyla iki yillik arazi ¢aligmasi gerceklestirilmig
ve bu periyot icerisinde hem kritik yabanci otsuz
periyot hem de kritik yabanci ot 6ldiirme zamani
olarak iki farkli periyot incelenmistir. Yabanci
otsuz kritik periyot, siire olarak nispeten kisa bu-
lunmusg olup hem lokasyon hem de yillar iginde
benzer oldugu kaydedilmistir. Cikistan yaklagik
30 giin sonra dordiincii nod (V4) biiylime agama-
sia kadar yabanci ot miicadelesinin yapilmasi,
%2.,5’ten fazla verim kaybini onlemek icin ye-
terli bulunmusgtur. Yabanci otlart 6ldiirmek igin
gereken kritik zaman ise, lokasyonlara, yillara
ve araziye gore degiskenlik gostermigtir. Kiiltiir
bitkisinin ¢ikigindan yaklagik 9. ila 38. giin ara-
sinda gerceklesen ikinci diigiim biiyiime agama-
sindan (V2) baslangi¢ kapsiil biiyiime asamasina
kadar olan siirede yapilan yabanci otlarin 6ldii-
riilmesi ile verim kaybi %2,5 seviyesinde olmus-
tur. Yabanci ot miidahalesine bagli olarak en hiz-
It verim kaybinin yasandig1 fenolojik donemin;
ciceklenme baglangicindan tohum baglangicina
kadar olan siirede meydana geldigi belirlenmis-
tir (Van Acker vd., 1993). Aydin ilinde pamuk
tiretim alanlarinda yabanci otlarla miicadelede
kritik periyodun belirlenmesine yonelik yapilan
caligmada en yiiksek verimin Nazilli ve Soke’de
12 hafta siiresince yabanci otsuz birakilan par-
sellerden alindig1 ve kritik periyodun 1. hafta
ile 6. haftalar arasinda oldugu rapor edilmistir
(Kaya ve Nemli,2003). Nohut ekim alanlarinda
kritik periyodu belirlemek amaci ile farkli za-
manlarda yapilan yabanci ot miicadelesinin uy-

gulandi81 bir ¢alismada, yabanci otlarla miica-
delede kritik periyodun, ¢ikigtan itibaren 8. ve 9.
haftalara kadar oldugu rapor edilmistir. Dolayi-
styla nohudun ¢ikisindan itibaren, bu siireler di-
sinda yapilan miicadelenin verim artis1 agisindan
onemli bir etkisinin olmayacagi belirlenmistir
(Eroglu, 2006). Kahramanmaras ilinde ti¢ misir
varyetesinde (patlak musir, at digi misir ve seker
musir) yabanci ot miicadelesi icin kritik periyo-
dun belirlenmesi amaciyla iki yillik bir caligma
yiriitiilmiistiir. Sonugta, yabanci otlu ve yabanci
otsuz siirenin oransal misir verimine olan etki-
s1 hesaplanmis yabanci otlu siire arttik¢a her iki
yilda da musir verimlerinde diisiis kaydedilmis-
tir. Patlak misirda yabanci otsuz kalmasi gereken
slire kabul edilebilir %10 verim kaybinda ilk yil
145-530 GDD (Toplam giin sicaklik), V1-V8
yaprakli donem olurken, ikinci yilda 156-550
GDD, V1-V8 yaprakli donem olarak hesap-
lanmugtir. At digi misirda ilk yil 228-640 GDD,
V2-V10 yaprakli donem olarak belirlenirken,
ikinci yilda ise 200-521 GDD, V2-V8 yaprakli
donem olarak saptanmustir. Seker misirda ise bu
stireler ilk yilda 258-520 GDD, V3-V8 yaprak-
11 donemde olup ikinci yilda ise 217-512 GDD,
V2-V8 yaprakli donem olarak belirlenmistir.
Kisaca %10 verim kaybinda misir varyetelerine
gore degerlendirme yapilmaksizin misirin V2
yaprakli donemden itibaren baglamak iizere V10
yaprakli doneme kadar yabanci otlarla miicadele
edilmesi gerektigi sonucuna varimigtir (Tursun
vd., 2015). Kahramanmarag’ta pamuk alanlarin-
da fakli sira aras1 mesafelerin %35 kabul edilebi-
lir verim kaybinda kritik periyoda etkisinin arag-
tirilldigr bir calisma gergeklestirilmigtir. Buna
gore, 50 cm sira arast mesafe uygulandiinda
kritik periyot 124-508 GDD olurken, 70 cm sira
aras1 mesafede 144-616 GDD ve 90 cm sira arasi
mesafede ise 83-755 GDD arasinda bulunmustur
(Tursun vd., 2016). Hatay’da yerfistig1 iiretim
alanlarinda yabanci ot miicadelesine esas alinan
kritik donemin arastirtldig1 bir calismada, % 2.5
kabul edilebilir verim kayb1 esas alindiginda kri-
tik donem 0-2335 GGD (Giinliik Gelisme De-
recesi), 0-154 giin, % 5 esas alindiginda kritik
donem 0-1981 GGD, 0-135 giin ve % 10 esas
alindiginda kritik donem 0-1620 GGD, 0-109
giin olarak belirlenmistir. Buna gore yer fisti-
&1 ekimiyle beraber yabanci ot miicadelesinin
baglamas1 gerektigi sonucuna vartmistir (Ure-
mis ve Abaci, 2016). Seker pancarinda yabanci
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otlarla miicadelede kritik donem seker pancari
gelisiminin yavag seyrettigi 10-12 haftalik pe-
riyottur ve bu donemde uygulanacak miicade-
le yontemleri yabanci ot yogunlugunu Onemli
oranda azaltabilmektedir (Isitk ve Akca,2018).
Tokat ilinde yaglik ayciceginde yabanci otlarla
en uygun miicadele doneminin (kritik periyot)
belirlenmesi amaciyla yiiriitiilen calismada; ay-
ciceginde yabanci otlarla miicadelede en uygun
donemin 4. hafta ile 6. hafta arasi oldugu kanaa-
tine varldmigtir (Kaya vd.,2020).

Boriilcenin kritik periyodu ve yabanci ot-
larin verim ve kalitesi {izerine etkilerinin aras-
tirildig1 bir ¢alismada; boriilce ile rekabete gi-
ren yabanci otlarin, genis yaprakh Trianthema
monogyana L., Commelina benghalensis L. ve
Digera arvensis Forssk. ile dar yaprakli Cype-
rus rotundus L., Echinochloa colona L. oldugu
tespit edilmistir. Verim, ekimden 20 giin sonra
yabanci otlarla boriilce arasindaki rekabetinin
artmasiyla onemli derecede azalmustir. Yabanci
otsuz kosullarda ise ekimden sonraki 60 giin bo-
yunca verim Onemli derecede artig gostermistir.
Kritik periyodun ekimden sonraki 25.-57. giinler
arasinda oldugu rapor edilmisgtir. Yiiksek verim
ve faydanin saglandig1 oranin, ekimden sonra 60
glin boyunca otsuz birakilmasi durumunda oldu-
gu kaydedilmistir (Yadav vd., 2018).

Baz1 sebze iiretim alanlarinda yabanci ot-
larla miicadelede bir¢ok kritik periyot belirlen-
me calismalart gerceklestirilmistir. Erzurum ili
patates ekim alanlarinda yabanci ot miicadele-
si icin kritik periyodun belirlenmesi amaci ile
1999-2000 yillarinda yapilan bir ¢caligmada, ya-
banci ot miicadelesi ilk 90 giine kadar yapilan
parseller ile yabanci ot miicadelesi yapilmayan
parseller arasinda % 80 oraninda verim kayb1
farki oldugu tespit edilmistir. Caligmada patates
tiretim alanlarinda 25. giin ile 70. giin arasindaki
siireyi yabanci otlarla miicadelede kritik periyot
olarak belirlenmistir (Tozlu vd., 2005). Erzincan
ili fasulye ekim alanlarinda kritik periyodu belir-
lemek amaci ile yiiriitiilen bir caligmada, ilk yil
m?2 de ortalama 119,2 adet yabanci ot bulunan
denemede yabanci otlarla miicadelede kritik pe-
riyodun; cikistan sonraki 3-7. haftalar arasi, ol-
dugu belirlenmistir. Sonraki yilda m2’de 42 adet
yabanci ot bulunan denemede ise kritik periyo-
dun 7- 8. haftalar arasinda oldugu kaydedilmistir

(Saltabas ve Zengin, 2001). Erzurum ili marul
yetistiriciligi yapilan alanlarda kabul edilebilir
oranda marul verimini saglamak i¢in marulun
fide dikiminden itibaren ilk 13 giin yabanci ot-
suz tutulmasr gerektigi belirlenmistir (Kaymak,
2007). Mersin ili pirasa iiretim alanlarinda ya-
banci otlarla miicadelede kritik periyodun ise
dikim sonras1 30-57 giin arasinda oldugu kayde-
dilmistir (Karacan, 2005). Tokat ili 1spanak alan-
larinda Agustos ayinda kurulan denemede kritik
periyodun cikistan sonra birinci ile dordiincii
haftalar arasi, Ekim ayinda kurulan denemede
ise 2. ve 4. haftalar aras1 oldugu belirlenmigtir
(Ozaslan vd., 2009). Pakistan’da brokoli (Bras-
sica oleraceae L. var. italica) iiretim alanlarinda
yabanci ot rekabeti i¢in kritik donemi belirlemek
tizere iki yillik bir tarla denemesi gergeklestiril-
migtir. Cesitli yabanci ot miicadele uygulamala-
rinin etkisi ile ilgili olarak en iyi uygulamalarin
fide dikiminden sonra 15. giin ve ardindan 30.
glin de yapilan capalama uygulamasiyla saglan-
dig1 kaydedilmistir (Latif vd., 2021). Kahraman-
marag ilinde kirmizibiber (Capsicum annuum
L.) ekim alanlarinda sorun olan yabanci otlarin
miicadelesi i¢in gereken kritik periyot siiresinin
belirlenmesi i¢in kurulan denemelerde; iklim ko-
sullar1, yabanci ot yogunlugu ve cesitlerinin de
etkileri goz Oniinde bulundurulmugtur. Sonug-
ta %10 verim kaybr icin kiiltiir bitkisi ¢imlen-
mesini takiben 1-2 haftadan baglayip 49. giine
(7. haftaya) kadar arazide yapilacak yabanci ot
miicadelesinin kirmizibiberin veriminde olumlu
yonde bir etki yaptig1 belirlenmistir (Pamukog-
lu, 2011).

5. Yabana Ot-Kiiltiir Bitkisi Rekabetinin

Verime Etkisi

Kiiltiir bitkisinin yabanci otlarla rekabet ye-
tenegi, bitkinin yagam dongiisii boyunca degisir.
Yabanci otlar farkli zamanlarda miicadelenin et-
kisi bu nedenle biiyiik 6nem arz eder. Bu amacla
iki uygulama yapilmaktadir. Bunlar; (i) Kiiltiir
bitkisi, bilylime dongiisiiniin baslangicindan iti-
baren farkli donemlerde yabanci otlardan arin-
dirilir ve ardindan yabanci otlarin serbestce ge-
lismesine izin verilir. (ii) Yabani otlarin ilk basta
kesintisiz biiylimesine izin verilir, ancak kiiltiir
bitkisinin gelisiminin ¢esitli asamalarinda uzak-
lagtirtlir ve biiyiime dongiisiiniin sonuna kadar
stirekli olarak uzaklagtirilir (Zimdahl, 2004).
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Yabanci ot florasinin ve yogunlugunun fazla
olmasi kiiltiir bitkilerinde gelisim baglangicin-
dan itibaren baglayarak etkiler ve rekabet siiresi
arttikca nihayetinde kiiltiir bitkisinin kalitesi-
ni ve verimini azaltir. Bu anlamda yabanci ot
miicadelesini kritik periyoda gore yapmak hem
kimyasallarin maliyetini diisiirmek hem de za-
man tasarrufu saglamak agisindan ekonomiktir.

Yabanci otlar, ekonomik 6nemi bilinmeyen,
istenmeyen bitkiler olup, kiiltiir bitkilerinin oldu-
gu alanlarda ekonomik olarak zararli olabilecek
bitkilerdir. Tarimsal {iretim s6z konusu oldugun-
da yabanci otlarin ciddi bir sorun olarak ortaya
cikmaktadir (Badhai vd., 2021).Yabanci otlar
yerden yere ve mevsimden mevsime degisiklik
gosterdiginden, bu verim kayiplart esas olarak
bir liretim alaninda biiyiiyen yabanci otlarimn tii-
riine ve yogunluguna baghdir (Reddy, 2018).
Diinyada belli bagl kiiltiir bitkilerinde (bugday,
mustr, celtik, pamuk ve soya) zarara neden olan
hastalik, zararl1 ve yabanci otlarin neden oldu-
gu iiriin kayb1 yaklasik % 67,15 olup, bunun %
31,62si ise yabanci otlardan kaynaklanmaktadir
(Oerke ve Dehne, 2004). Bununla birlikte yaban-
c1 otlarin neden oldugu kayiplar, yer, kiiltiir bit-
kisi ve toprak tipine gore degisiklik gostermekte-
dir. Yapilan ¢aligmalarla, yabanci otlari soyada
%50-76, yerfistiginda %45-71, ¢eltikte %15-66
ve misirda %18-65 oraninda verim kayiplarina

neden oldugu bildirilmistir (Badhai vd., 2021).

6. Sonuc ve Tartisma

Yabanci otlar, genel olarak kiiltiir bitkileriyle
cesitli kaynaklar icin rekabete girerler. Yabanci
otlar rekabette listiin Ozellikleri ile kiiltiir bitkile-
rinin veriminde ciddi kayiplara neden olmakta-
dirlar. Yabanci otlarla dogru zamanda yapilacak
her tiirlii miicadele yonteminde ilk kosul kritik
periyodun belirlenmesidir. Bu sayede yapila-
cak miicadele kisa siirede ve daha az maliyetle
istenen sonuca ulasilabilecektir. Kisaca, kiiltiir
bitkileriyle birbirine ¢ok benzeyen biyolojilere
sahip olsalar da tarimsal iiretim alanlarinda ya-
banci otlu olan donemin siiresinin kisa tutulmasi
ve rekabet gerektiren esige gelmeden yabanci ot-
larla miicadeleye baglanmas1 6nemlidir. Yaban-
c1 otlar, kiiltiir bitkilerinin gelisimini ve verimi
lizerinde birgok zararli organizmadan daha fazla
etkilerler ve miicadele edilmediginde de yine
daha fazla verim kaybina yol agarlar. Bu anlam-
da, tarimsal tiretimde verimliligi ve siirdiirebilir-
ligi saglamak i¢in yabanci ot miicadelesi sarttir.
Ancak yapilacak her tiirlii miicadele uygulama-
siin, yabanci otlarin biyogesitlilik iizerindeki
etkileri de dikkate alinarak gereksiz is giicli ve
herbisit kullanimini azaltmay1 saglayan belirlen-
mis kritik periyotlara gore yapilmasi dnemlidir.
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Abstract

The electromobility presents a potential opportunity for nations to develop and produce their domestic
cars especially for emerging markets. This paper proposes a new concept, called microfactory, for
manufacturing Electric Vehicles (EV). It is a big challenge for newcomers to enter the automotive
market as this industry remains heavily under the control of large OEMs (Original Equipment
Manufacturer). There are three main de facto monopolies in the automotive industry; the first
two of them are the required technology and knowledge to manufacture the Internal Combustion
Engine (ICE) and the chassis, and the third one is the difficulty of reaching government funding.
The microfactory represents an alternative solution to overcome the existing monopolies with the
electric motor, a tubular chassis, and a novel business model respectively. A detailed analysis of the
difference between conventional techniques and new production paradigm is presented in this work.
The principles of the microfactory from the layout to the supply chain management including the
sharing economy are presented. This study indicates that the microfactory is a sustainable production
model for manufacturing of safe, secure, customized and efficient urban electric vehicles using smart
manufacturing tools in small-scale production with low investment. The aim of this paper is to propose
a new disruptive manufacturing method that allows a quicker entry for new players to the automotive
industry especially for EVs.

Keywords: Automotive industry, electric vehicles, flexible manufacturing, microfactory, smart
manufacturing, sustainable production.
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Ozet

Bu ¢aligmanin oncelikli amaci, sayilari az biiyiik otomotiv iireticilerinin tekelinde olan sektore yeni
bir iireticinin girmesine olanak saglayan yeni bir iiretim konsepti sunmaktir. Mikrofabrika konsepti
ile icten yanmal1 konvensiyonel arag iireticilerinin domine ettigi sektorde yeni nesil elektrikli konsept
araclarin iiretimi igin kobilere ve yerli otomobilini {iretmek isteyen iilkelere rekabet edilebilir bir
alternatif saglanmaktadir. Geleneksel otomotiv liretimi, i¢ten yanmalt motor ve sasiyi iiretmek i¢in
gerekli teknoloji ve bilgi birikimi, ve devlet tesviklerine ulasmanin zorlugu nedeniyle birkag¢ biiyiik
OEM (Orijinal Ekipman Ureticisi)’in kontrolii altindadir. Mikrafobrika konsepti bu zorluklara karst
sirastyla elektrik motor, tubuler sasi yapis1 ve paylasim ekonomisine dayanan is modeli sunarak yeni
tireticilere pazarda bir firsat yaratmaktadir. Makalede mikrofabrika teriminin literatiirdeki karsiliklar
analiz edilmis, ve bu caligma kapsaminda sunulan konseptle literaturden farkli olarak elektrikli arac
tiretimi i¢in 0zgiin bir mikrofabrika yontemi tarif edilmistir. Konvansiyonel teknikler ile yeni {iretim
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paradigmasi arasindaki farkin ayrimtili bir analizi yapilmistir. Mikrofabrika konsepti i¢in, yerlesim
plani, operasyon agamalari, paylasim ekonomisine dayanan tedarik zinciri yapist ve i modeli detay-
lartyla sunulmustur. Onerilen yontem siirdiiriilebilirlik acisindan da incelenmistir. Bu ¢alisma, mikro-
fabrikanin, akilli imalat araglarini kullanarak, diisiik 6l¢ekli yatirimla kiiciik 6lgekli tiretimde giivenli,
kisisellesmeye uygun ve verimli sehir tipi elektrikli araclarin {iretimi i¢in siirdiiriilebilir bir {iretim

modeli sundugunu gostermektedir.

Anahtar kelimeler: Akilli iiretim, elektrikli araclar, esnek iiretim sistemleri, mikrofabrika yontemi,

otomotiv endiistrisi, stirdiiriilebilir tiretim,

1. Introduction

Recent advances in batteries, electric
motors and power electronics technologies and
environmental considerations bring the electric
vehicles (EV) on the forefront of transportation.
Technology advances such as developments in
battery chemistry and expansion of production
capacity in manufacturing plants provide
significant cost reduction. It has been recently
highlighted in Global EV Outlook that new
solutions in EV manufacturing take advantage
of the modular vehicle manufacturing platforms
with simple and innovative design architecture
including battery systems, coupled with big
data infrastructure (2019). The EVs are superior
to conventional fossil fuel vehicles in terms
of sustainability, efficiency, convenience, and
fuel economy and its worldwide adaptation is
growing. Research is continuing to overcome
some limitations such as long charging times,
limited availability of charging infrastructure and
the cost of batteries. Although electric vehicles
appear to be the best for the environment with
almost zero emissions in traffic, environmental
and investment issues related to their
manufacturing processes are still a concern
(Hackwill, 2016). Therefore, new manufacturing
methods to produce environmentally friendly,
reliable and affordable EVs are needed. There
is also electromobility trend which requires
high cybersecurity capabilities for autonomous
vehicles. The transformation process is moving
remarkably fast from Internal Combustion
Engine (ICE) to EVs with electric motors to
reduce world’s CO2 emissions. Global stock of
electric passenger cars reached 5.1 million units
in 2018 (Global EV Outlook, 2019) and global
plug-in vehicle sales reached 2.2 million units
for 2019. This was 2.1 million for 2018 which
is 64 % higher than in 2017, and %57 higher
than 2016, these sales rate shows there is an
increasing trend in EV sales year by year (Irle,

2019). Moreover, China led the growth with 1.2
million EV sales, 56% of all EV sales in 2018.
Plug-in vehicle sales - reached 408 000 units in
2018 in Europe. EV sales increased by 79 % led
by Tesla Model-3 in the US. (Irle, 2019; Global
EV Outlook, 2019).

Although many improvements in EV
technology in terms of performance, the
efficiency, the styling, availability and the
demand are increasing daily, EV remains more
expensive to manufacture. Thus, manufacturers
are looking for new production methods. A
recent study by Kim et al claimed that, the future
factories should be smarter in order to quickly
respond to customer requirements, maintenance
services for unseen failures, and allow quick
retrofits. They propose a modular factory
testbed which has rapid workstation, self-layout
recognition, robot reprogramming, interlayer
information sharing and a configurable software
for shop floor examination (2019). Today,
the demand is more on customization, and
the manufacturers need rapid manufacturing
technologies, which are the main considerations
of distributed manufacturing and its sub-focus
areas.

In this paper, a microfactory is introduced
to address smart and innovative manufacturing
model to produce an EV as an alternative
manufacturing method that enables sustainable
production. First, a variety of related definitions
of microfactory as discussed in the literature is
reviewed and a new definition for microfactory
concept for EVs is proposed. Then, the
conventional approach to car manufacturing
and its drawbacks are described. Subsequently,
Microfactory concept is proposed to overcome
the monopolies of existing car manufacturing
industry as a disruptive manufacturing model.
The microfactory model is compared with the
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conventional manufacturing in detail in terms
of technological knowledge, the business
opportunity, and sustainability dimensions.
Thereafter, the microfactory plant is presented
from the layout to manufacturing operations
to produce an EV. In the final section, the
blockchain technology is discussed to develop a
microfactory supply chain management for this
industry.

2. Methodology

The difference between current conventional
manufacturing and microfactory concept for
electric vehicles is reviewed in this section. A
production layout designed for microfactory is
presented. The proposed microfactory concept
will allow lean manufacturing flow mainly
because it is a process that eliminates the use of
dies and moulds, which makes up the main cost
items for manufacturing investments.

2.1 Review of factory concepts

The vagueness in defining distributed
manufacturing is discussed previously (Fox
& Alptekin, 2018). Similarly, the variety of
definition in the term ‘microfactory’ exists in
literature. According to taxonomy of distributed
manufacturing, modular manufacturing system,
flexible manufacturing, smart factories, the
factory of the future, mini-factories, and eco-
factories, digital manufacturing, Industry 4.0
era, are the most commonly used keywords in
literature related to distributed manufacturing.
Since the high integration of automation in
production operations, these factories are
classified as ‘unlit/dark manufacturing’ under
the industrial distributed manufacturing (Fox &
Alptekin, 2018).

The Factories of Future (FoF) is desired to be
able to meet the increasing demand for greener,
more personalized, and higher quality products
through the Industry 4.0 revolution. Thus, FoF
creates a flexible, digitalized, and demand-driven
industry while decreasing energy consumption
and waste generation. (EFFRA, 2021) Over the
past decade, with the implementation of recent
emerging technologies such as Cyber Physical
Systems (CPS), and Internet of Things (IoT),
Industry 4.0 shapes the future manufacturing
in terms of factory, business, products and

customers (Qin et al, 2016). Smart factories,
which enable a quick response to customer
demands with high flexibility even in small
lot sizes while satisfying human-machine
integration in manufacturing operations, are the
result of this revolution. Germany, the USA,
Japan, and Korea are the leading countries that
have established national research programs on
smart manufacturing (Thoben et al, 2017).

A ‘Mini-Factory’ is defined by Zanetti et al
as a small-scale production unit able to make
customized products with low cost and short
delivery time (2015). These factories are
designed to be scalable and modular allowing
quick chan-ges according to customized based
goods (Matt et al., 2015). This feature provides
adaptable production systems, but the factory is
designed as fixed and small according to Giga
factories (Rauch et al., 2016). The proximity to
custo- mer is another feature of mini-factory to
quickly respond to his/her specifications, thus
it has the capability of producing customized
products and provide customer service including
repair and maintenance (Reichwald et al.,
2005). Furthermore, a specific classification
for microfactory systems was offered as a
manufacturing method by desktop factories
through the use of small robots to produce small
products (Kawahara, et al., 1997). In general, the
mini, micro, and desktop factories are sustainable
production systems suitable for micro assembly,
because it saves energy and factory floor space.
In particular, TUT microfactory module which
has the dimension of 300x200x220 mm, defined
by Tampere University of Technology (TUT) as
a modular construction kit-type concept with an
easy and rapid re-configurability for different
manufacturing process of small products
(Jarvenpdd et al., 2013).

Microfactory retailing is proposed as a
system-level change in the automotive industry
to enable the economic viability of small-scale
localized manufacturing sites in for vehicle
production. It allows the adoption of a full-
scale product service system (PSS) at local
levels with the advantages of the merging of the
commerce and manufacturing function, and the
proximity of manufacturing and servicing sites
to users (Williams, 2006). The maker movement
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platforms also use the Microfactory concept as
the place where the product is engineered for
innovation and collaboration. Through the access
of the latest technology, it gives the opportunity
to creative minds to reach all the tools to design,
prototype, or put the final touches on their
inventions. Using advanced manufacturing
techniques with rapid prototyping tools helps
move products quickly from the concept to the
creation and to the showroom floor (FirstBuild,
2019).

Much of the currentliterature on Microfactory
pays particular attention to describe the small
desktop manufacturing systems. The term Micro
Factory Retailing (MFR) has been used for last
two decades for low volume manufacturers and
it is proposed as an alternative, more sustainable
business model for automotive manufacturers
(Nieuwenhuis,2018). Throughout this paper,
the term microfactory is defined here for high
volume manufacturing of electric vehicles.
This approach is previously described as
an application of smart manufacturing in
automotive manufacturing, eliminates the
major cost items in production line such as the
press and dies in car manufacturing, reducing
plant investment dramatically (Alptekin et al,
2020). The key features of a microfactory are
lean, flexible production, feasibility of Industry
40 and economically scalable manufacturing
plants. The recent study by Stavropoulos et al
presented a decision support system for this
proposed microfactory case. They estimated the
cost of integration laser welding in automotive
manufacturing according to microfactory’ and
OEM’s perspectives and concluded that the
major impact of digitization and sustainability
leads microfactory to become profitable even
if there exists a large amount of uncertainty
(Stavropoulos et al, 2021). The aim of this study
is to expand this new concept of manufacturing
through microfactories that will allow flexible
and customized production of electric vehicles,
minimizing both environmental footprint and
the needed total investment.

2.2 The conventional approach to car

manufacturing

The current car factory assembly line has
been designed by European assembly line builder

is described with its technical characteristics
in detail by Michalos et al (2015a). Since the
first mass-produced car Ford Model-T, the
manufacturing has evolved tremendously in
terms of both materials and processes with more
and more advanced automation and robotization.
A huge investment is needed to produce the
body in white (BIW) which is made today by
stamping of metal sheets (either advanced
steels or aluminum), followed by robotized
welding assembly. Michalos et al. (2010)
point out that existing assembly plants are not
flexible enough to meet the increasing demand
for more customized vehicles. The current
systems are lacking the capability to provide
the product variability at a low cost and shortest
time possible. The main stages of automotive
manufacturing are stamping, body shop or body
in white (BIW), painting, pre-assembly and
final assembly (Nieuwenhuis,2018) and high-
level automation is required in BIW while more
human-machine integration (HMI) is needed in
final assembly. Fixtures are used in conventional
car manufacturing to meet high production
volumes at low cost, however, they are not
sufficient when the product variety increases.
But still, fixtureless assembly is not viable due
to cost reasons (Michalos et al.,2010). To reach
the high reconfigurability and autonomous
line, mobile robotic units, modular and flexible
end effectors, high automation, are desired
elements for future assembly plants (Michalos at
al,2015b).

The brief description of the conventional
car manufacturing process is as follows; large
moulds are used to stamp metal sheets by a
servo transfer press that reach 1000-5000 ton
force. These servo transfer presses are highly
integrated with advanced automation, and
human activity consists of setting up the moulds
and the parameters of the presses. For instance,
Nissan presented 5200-ton servo transfer press
which requires extra-large press area to use in
Sunderland plant (Nissannews, 2017). A vision
of the robotized welding islands to assemble the
stamped metal sheets and the final lower part
of the chassis are other examples to illustrate
the complexity of operations in current car
manufacturing plants. Thus, the conventional
systemrequires very high investments for tooling,
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the press, special paint and surface treatment
technology (Nieuwenhuis and Katsifou, 2015),
which is affordable only to established OEMs,
addressing the large production volumes
necessary to assure the return of the investment
(ROI). Because of this complexity and cost, this
method of manufacturing lacks reconfigurability
and flexibility, which limits the customization.

Similarly, to the chassis, the manufacturing
of innovative ICE requires huge investments and
knowledge representing another big obstacle to
anyone addressing the development of plug-
in hybrids and/or ICE based range extended
electrified vehicles.

Today, the established car makers, because
of the above mentioned large investment, the
knowledge required and complexity of the
business, control the market and the relations
with the governments. In fact, the automotive
industry is a major source of employment and
technology development of a nation. It is very
hard to compete with the established OEMs in
their fields. A new manufacturer to be successful
needs to introduce breakthrough technologies.
That is, it has to overcome the existing monopoly
on motorization, manufacturing and marketing/
selling. Tesla, which recently entered into the
pickup market with an extraordinary designed
product, named Cybertruck can be given as an
example of newcomer’s strategy. The design of
Cybertruck has an exoskeleton (body and frame
are one piece) instead of the traditional body-
on-frame (the body is assembled on a frame).
This new frame structure provides significant
advantage for space especially for the battery
packs. The simple plate-like design provides cost
savings (Nanduri, 2019). The main advantages of
this frame design are to minimize manufacturing

and assembly operations, and eliminate painting,
where these cost reductions become important
especially when the producer is a new player in
the existing market. This can make the process
more sustainable in terms of the cost and the
environment. Cybertruck is just one example,
if there is a new comer in the already mature
sector, it must differentiate itself by innovation
in design, technology as well as cost reductions.
With this perspective, the microfactory suggests
a breakthrough-manufacturing model to produce
new generation EVs.

2.3 Microfactory concept for car

manufacturing

The conventional automotive industry
has three main de facto monopoly; Internal
Combustion Engine (ICE) includes full
of complexity, chassis require high initial
investment cost, and government funding is
difficult to reach.

To overcome these monopolies, there is a
need for simpler and cheaper manufacturing
concepts  implementing  environmentally
friendly processes while addressing vehicle’s
performance on efficiency, safety, and security at
the highest levels. Tesla provides an interesting
example that has challenged the conventional
automotive industry on powertrain development
and marketing approaches. However, the
manufacture of Tesla chassis (BIW) remains
largely conventional. Huge investments are
still necessary to produce the chassis and
consequently, the return on investment (ROI) can
be achieved only when large volumes are made.
In fact, none of the electric vehicles currently
in the market has led the OEMS to reach the
necessary ROI. Table2.1 summarizes the main
disadvantages of conventional manufacturing

Table 2.1 The monopolies of conventional car manufacturing and microfactory option

Conventional | Disadvantages
car industry

Solutions by Microfactory

ICE 1billion instruction/sec
+15 actuators
+15 sensors

BIW Using moulds to produce BIW
costs tenths of millions
Production line costs >100M€

Public Governments will continue to
Funding invest on large OEMs to keep jobs

Fully Electric powertrains set new boundaries

New manufacturing technics;
Tubular chassis architecture and SHSS eliminates moulds

If the new comers are supported by government incentives,
it leads to generate national technologies.
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and solutions offered by the microfactory
concept. Microfactory model described in
this study simplifies these items in automotive
manufacturing.

The electric powertrain challenges the first
monopoly. Here, the monopoly refers to the
difficulty of entry for newcomers. Focusing the
attention on the powertrain, the question for a
new manufacturer is to secure the supply chain.
The important point here is to define the right
designs and selecting the right suppliers to be
independent from critical components/systems.
The conventional automotive manufacturing
relies on alternative suppliers even for the
simplest components. To emphasize the concept,
within the automotive manufacturing, it is usual
to state that a supply chain is properly secured
when each screw could be purchased from
three different suppliers. For instance, consider
the power electronics: there are only two large
semiconductor companies in Europe (such
as Infineon and Cypress) that could provide
high power semiconductor chips and few
manufacturers of power electronic modules.
When a new company designs its Powertrain, it
should consider the related constraints. Motors/
Inverters operating at 240V and 360V or above
are usually produced by difficult to approach
large suppliers, strictly connected with existing
OEMs. Motors and inverters operating at 100V
(MOSFET technology) are usually produced
by easy to approach manufacturers. At this
voltage, the efficiency of the powertrain can
be made extremely high satisfying the needs of
all emerging markets in urban mobility. When
addressing the freedom of operation, the choice
of voltage is then straightforward.

Aiming at decreasing the fuel consumption
the automotive industry has been able to replace
the steel with the aluminum, sometimes reducing
the total weight up to 20-30% (Miller & Ramsey,
2014) (Djukanovic, 2016.) With the advent
of Super High Strength Steel (SHSS), it has
been demonstrated that for the same structural
characteristics, a chassis based on SHSS can be
made lighter than alternative solutions based on
aluminum. This is also affecting manufacturing
processes including cost and recyclability.

For mid and low volume productions
tubular-based chassis had been introduced since
the very beginning of the automotive industry.
Based on crashworthiness analysis, the tubular
chassis showed that it has high performance and
excellent rigidity/weight ratio value, therefore
reduce fatalities in case of road accident (Boria
et al., 2015 ). Hitherto, tubular-based chassis
have found limited applications in large-scale
productions for instance for racing cars. In fact,
starting from a tubular chassis the integration
of body panels requires complex steps difficult
to justify both economically as well as from a
robustness point of view. Meeting both cost and
robustness is a difficult problem when trying
to match the geometry of the chassis with the
closing panels in fact to find cost-effective
engineering solutions remains a big issue of
the automotive industry. Many organizations
that started working with tubular chassis when
moving to large-scale productions have returned
to the usual approach based on the metal sheet
stamping.

The major novelty of this study is the simpler
coupled of the body panels due to innovative
tubular-based chassis. The tubular chassis
structure with a SHSS enables manufacturing
without moulds, enables high strength and
variety of sizes. This enables low investments
in crash test cycles (full frontal, off-axis and
side) for the industry, to meet the most severe
EuroNCAP requirements.

The production line required is greatly
simplified with this model where the proposed
design could have different architectures.
Figure 2.1 indicates a flexible manufacturing
assembly line: small changes to the chassis used
to manufacture a pickup car, food delivery and
restaurant car allow the switch to passenger
cars and taxi models. New investment is not
necessary in the microfactory to manufacture
six different platform architectures up to 120
different aesthetic body panels.
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Figure 2.1 The same chassis for pickup, food
delivery and restaurant cars (a); same chassis
for passenger and taxi cars (b)

In literature, although the main principles appear
to be similar, the term of microfactory has to

be related to a specific product and field. The
microfactory concept is a remarkably different
than conventional methods since it enables
low investment for a lean, safe, low footprint,
secure and electric vehicles with highly digitized
systems. The production is highly flexible where
an e-bike, 3-wheel to 4-wheel vehicles can be
manufactured with small modifications. A 10,000
msq plant is assumed in this study, demand met
using 3-shifts. Higher demands will require
introducing parallel manufacturing concepts.
Figure2.2 summarizes graphically conventional
and microfactory car manufacturing concepts.

N , - N Final
Press = BIW | = IPalnt Shopl = bi
Conventional car Shop assembly
production :(
I Engine l = | Transmission |
; Powertrain assembly Final
Laser N " , | Paint | A
Microfactory Cutting v “ Ashop | Um':;‘l‘:"z"mic - | assembly |
production
Body
panels

Figure 2.2 Conventional vs microfactory car production concepts

Since major investment and knowledge
are required for current conventional car
manufacturing, the alternative manufacturing
strategy microfactory concept can radically
decrease the cost with dieless manufacturing and
a tubular chassis structure.

3. Opportunities in EV/Car Industry

The automotive industry produces all
kinds of motor vehicles needed by the tourism
infrastructure, transport, and agriculture.
Therefore, any changes in this industry directly
affect the economy. This sector is fundamental
to the working of the global economy and is a
powerful contributor to the prosperity of the
societies. The automotive production chain has
a strategic role in most industrialized countries
contributing to the national production, industrial
development and employment (Cinicioglu et al.,
2012)

Since there is a de facto monopoly of the
conventional ICE motorization, it is difficult to
enter the car making industry. Electromobility
represents an opportunity for emerging markets
to produce their own cars with national
technologies.  Large potential markets for
Microfactories exist in Turkey, Russia, Poland
and all other regions in the world having strong
manufacturing capability in automotive and
strong motivations to establish their own national
brands.

Other potential markets for microfactories
are among mobility as a service provider “MaaS”
(ride-hailing and ride-sharing companies,
(Zenner, 2015)) which need mostly small
vehicles. These companies usually have high
capitalization and large cash but do not have
the capability to produce their own vehicles.
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Consequently, they use what has been offered to
them by the large OEMs. A microfactory offers
quickly to implement solutions to their ever-
increasing needs.

Microfactories can be designed adopting
most advanced Industry 4.0 technologies without
existing constraints. In this context, Industry 4.0
methodologies and technologies are proposed.
Utilizing automation capability enablers,
automotive assembly line manufacturers would
potentially provide strong market entry for
microfactory concept in the car production.

3.1. Sharing economy applied to the

production of EVs

A microfactory can be made profitable within
reasonable period in most regional-national
contests due to the low investment needed.
A further aspect to be considered is that the
microfactory concept can be easily replicated in
many regions. Because of that, a new perspective
is opened: collaborative R&D&I (Research,
Development and Innovation) on manufacturing.

The microfactory concept opens new routes
in both manufacturing and business strategies.
The product is conceived and assembled inside
the factory. The supply chain for the critical
components such as the motor/inverter, the
tubular SHSS, the electronic board lights,
the seats, the battery cells, etc. must be well
established to be successful.

For newcomers, it may be difficult to
penetrate suppliers for the large Tierl OEMS.
Multiple  microfactory  collaboration — and
negotiations with suppliers may transform their
weakness into strength. Their collaboration
again will help influence regulations on national-
international standardization.

The possibility of replicating microfactories
in different regions is also motivating large
automation companies to contribute to optimize
the manufacturing processes and to introduce
advanced industry 4.0 technologies.

In summary the microfactory in
different locations can be replicated with
ease. Cooperative R&D&I among different

microfactories minimizes the engineering cost
while enhancing social sustainability in terms of
local employment opportunities it can provide
(Figure 3.1).

Every microfactory is to create its own brand
customized to local demand. The collaboration
with other microfactories will make these local
brands stronger. In summary, this model of
supply chain for the microfactory concept with
cooperation of companies makes them stronger
while they keep their entities economically
independent.

2 7>

microfactory3

v:?/ =

microfactoryl

microfactory2

Figure 3.1 Cooperative R&D&I among
different microfactories

3.2 Sustainability through Microfactories

Long-term success in the manufacturing
sector requires achievement of four dimensions
of sustainability, where three of them are
known as Triple Bottom Line (TBL); economic,
ecological and social aspects and the fourth one
is political-institutional (Westkdmper, 2008).
Factories of Futures are aimed to meet TBL
by combining high performance and quality,
eliminating consumption and waste, integrating
human skills and technology respectively.
(EFFRA, 2021) Building a microfactory concept
satisfies those dimensions in different degrees.
The summary of sustainability dimensions is
given at the end of this section (Table3.4)

1.Economic sustainability is fulfilled by the
cost comparison such as the investment cost,
the operation cost, the labor cost and the life
cycle cost. The proximity to customer provides
more customer satisfaction with more flexibility
for customized products, which leads to more
product value. Company may add special
features according to region specifics or reduce
features as necessary. The initial investment of
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constructing a microfactory and operating costs
are significantly lower than Giga Factories,
leading to a lower ROI. Depending on the battery
technology, manufacturing of EVs is expected to
become a cost-competitive alternative to ICE
vehicles in the mid-2020s (Tsai & Champagne,
2016). Proposed microfactory model to produce
EV economically feasible from investment to
operation. For instance, in the current automotive
industry, about 6000 components are used to
produce a conventional ICE car. On the other
hand, microfactory provides an alternative EV
platform that simplify the assembly operations
and could reduce the unit cost of vehicle up to ten
times. In general, prototypes produced with pre-
production by conventional technologies will
cost above 100 M€, within the microfactory, the
total cost of first prototype in early stage would
be proximately 10 M€. Similarly, the breakeven
point for conventional car manufacturing is
100000 units produced annually (Nieuwenhuis
and Katsifou, 2015), while it is 10000 units
for Microfactory to reach the breakeven point.
A car was designed and produced in this study
utilizing the proposed new manufacturing
concept. The manufacturing of the model car by
the microfactory method was studied in detail.
Predicted key cost items are shown in Table
3.1 and the total production cost of one unit is
estimated to be 10800 €.

Table 3.1 Cost estimation to produce an
EV at the microfactory

Key components Price, Euro
(x1000)

Chassis (including cataphoresis) 0.4

Fully motorized axle (two axles) 2.6

Non motorized axle 0

Body panels 0.6

Rotomoulded Components 0.3

Glazing 0.25

Lighting systems 0.5

14kWh Battery system 2018 3.5

Steering system 0.35

Full Dashboard 0.6

Interiors 0.6

Others 1.1

Total Production Cost/prototype 10.8

2. Ecologic sustainability is satisfied

by environmental sustainability indicators

such as CO2 emissions, the air pollution, the

energy consumption and the land use due
to manufacturing and driving of vehicles.
EVs reduce the transportation emissions by
its design, while gasoline cars are heavily
dependent on limited oil reserves. However,
even though EVs have zero tailpipe emissions,
on a well-to-wheel basis they are not GHG
emissions-free. Nonetheless, increasing debate
on electrification leads to some interesting future
scenarios for 2030. It is clear from reports that
the electromobility helps in massive reductions
of green gas emissions and reduce the oil use
in transportation (Europen Comission, 2009;
European Roadmap, 2012; Tsai &Champagne,
2016; Cembalest & Morgan, 2018; Global EV
Outlook, 2019). For instance, on a well-to-
wheel basis, an EV produces 67% lower GHG
emissions than an ICE car (Mackenzie, 2018).
The technology and economies of scale for EV
will offer better infrastructure and production
techniques with recycling options due to simpler
designs. EVs allow significantly lower GHG
emissions through more renewable energy
distribution and decarbonization of the electricity
grid (Ellsmoor, 2019).

On a well-to-wheel basis, EV GHG projected
emissions expected to be lower than gasoline
powered cars. An average EV emit less GHGs
(518 grams of CO2 equivalent per kilowatt-hour
[g CO2-eq/kWh]) than an average ICE vehicle
over their life cycle. However, it is important to
note that CO2 emissions savings are much higher
for electric cars when the power generation is
dominated by renewable sources such as wind,
water, photovoltaic, geothermal energy, biomass
or animal waste. When the power generation
mix is led by coal, then hybrid vehicles exhibit
lower emissions than EVs (Global EV Outlook,
2019). Overall, EVs have lower emissions over
their lifetime. The differences between ICE
based conventional mobility and BEV in terms
of CO2 emissions are summarized in Table 3.2
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Table 3.2 Energy cuts comparison between conventional gasoline car and mid size BEV
(Source: Perlo et al, 2009;Europen Roadmap,2012)

Conventional Mid size ICE Car

Total COzq emissions

Well to Tank

Tank to Wheels

35¢CO2/km

140gCO2/km

175gC0O2/km

Mid size BEV (150Wh/km)

Total CO;cq emissions

*electricity produced by a modern plant of coal

mix 2020)

*electricity mix 50% photovoltaic, 50%wind

*electricity mix 23%nuclear, 42%reneweable,35%fossils (EU-27

127gCO2/km

41gCO2/km

<6gCO2/km

Moreover, EVs had more than 30% primary
energy consume than ICE 20 years ago. However,
recent years with the advance of technological
developments, even if all electricity would be
produced by fossils only, EVs can save >20%
of primary energy used in the road transportion.
Considering 38% of electricity produced by

renewables the saving of fossil fuels in road
mobility would in the range of 35% - 38%. The
comparison between ICE and EV for use of oil in
years is shown in Table 3.3. EVs offer a potential
for primary energy savings by 30-40% and GHG
reduction up to 67%.

Table 3.3 The primary energy consumption of EV and comparison to conventional powertrain

(Meyer et al,2017).
Year Power Plant | Grid Charger Battery Inverter Motor | Energy Total consumption
Efficiency Effic. | AC/DC Effic. DC-AC Effic. | consumption | of primary Energy
Effic. Effic. ideal mid-size | Wh/km
car Wh/km
EV 2000 0.39 0.88 0.85 0.70 0.88 0.80 120 954
EV 2017 0.48 0.94 0.95 0.94 0.95 0.90 120 348
ICE 2000 | Powertrain efficiency of a conventional ICE car 0.20 (including | 120 600
transmission)
ICE 2017 | Powertrain efficiency of a conventional ICE car 0.25 (including | 120 480
transmission)
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In addition, the plants for the microfactory
can be designed to be energy independent by the
use of solar panels integrated with batteries for
continuous clean power that result in a cleaner
production.

3. Social sustainability is fulfilled with the
truth that the work steps by human operators
are simpler, even if microfactories are highly
integrated with digitalization. Industry 4.0
supports local manufacturing since it also shifts
the production from the offshore country to the
homeland, as low labor costs are no longer an
advantage. Although conventional automotive
industry has higher social benefits in terms
of employment rate, tax and compensation,
microfactories have potential to compete with it
with smart manufacturing advantages. The local
manufacturing creates new job opportunities as
smart manufacturing differentiates itself from
other initiatives with the specific emphasis
on human integration into this data-driven,
connected system (Thoben et al, 2017). Human
operators are more flexible to respond quick
changes in the product and market (Michalos
et al, 2010), therefore they are still more
convenient in specific areas (e.g microfactories),
and on the other hand, robots for instance are
used to perform dangerous and difficult tasks
instead of human, with high level of accuracy,
speed and repeatability thanks to the Industry
4.0 infrastructure (Villani et al,2018). Therefore,
both robotized manufacturing (Pham, 2020) and
e-mobility favor the human health and safety
risks in high degree compared to ICE vehicles
(Onat et al, 2019). Therefore, a smart process
design with human-machine integration is key
to future success.

4. International environmental policies push
governments towards sustainable manufacturing
to decrease pollution due to manufacturing
processes and operation of vehicles. For
instance, EU plans to reduce GHG emissions by
80-95% by 2050 by increasing the use of EVs
powered by renewable energy sources (EEA,
2016). Therefore, most countries are planning
to become fossil fuel-free on the road by 2050
(Petroff, 2017). The French government propose
up to 2,500 euros incentive to switch to a less
polluting vehicle (Reuters, 2017). Costa Rica

plans to become fully decarbonized by 2050
and zero emission public transportation by
2035 with removing gasoline and diesel from
road (Hickman, 2019). The Asian countries
are aiming to completely phase out petrol and
diesel cars in favor of EVs (Dugdale, 2019). The
effective policy mechanism is investigated for
Nordic region (Kester et al.,2018), concluded
that price incentives combined with local
flexibility to implement secondary benefits
such as tax allowance, charging infrastructure
support and awareness campaigns are needed to
encourage the adoption of EVs. Norway is one of
the leading countries in BEV adoption, many tax
and other incentives exist such as the exemption
from roadway tolls with charging infrastructure
and right to use of bus lanes in traffic (Mersky et
al., 2016).

The importance of industrial policies is
analyzed for the case of Turkey and South Korea
(Yiilek et al, 2019). Authors reported that the
difference in the industrial policy framework
and ecosystem leads, Korean auto sector has
outperformed its Turkish counterparts by a large
margin although they have similar conditions
at the beginning. If incentives by governments
increase for EV production as well as EV sales,
the current monopoly could be broken by the
use of microfactories. Microfactory with the
government incentives is feasible to satisfy
institutional sustainability.

Microfactory also fulfills sustainable
manufacturing on the basis of lean manufacturing
and Industry 4.0 infrastructure. As first
introduced by Ohno (1988), seven traditional
wastes (Muda in Japanese) commonly occur in
manufacturing systems are over-production, the
transportation, the motion, waiting, the inventory,
unnecessary processing, and defective parts. It
has been reported by Satoglu et al, the common
focus of both lean manufacturing and industry
4.0 are decentralized structures and small,
easy to integrate modules with a low level of
complexity. The term lean automation, applying
Industry 4.0 technologies into Lean Production,
suggests making automated the repeating and
value-adding tasks. They propose the Industry
4.0 technologies to achieve lean production. For
instance, using 3D printing and IoT, reduce the
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lead time of products and decrease the waste of
waiting, the inventory, unnecessary processing,
overproduction, and defective parts. (2018). As
an important feature of smart factories, adaptive
robotics eliminate or minimize the waste such
as the transportation, the motion, waiting,
processing, and defectives.

The proposed microfactory concept is a
lean production method which eliminates most
of waste and redundancies in the production

process. For instance, overproduction occurs
in mass production due to the push systems,
while production in microfactory starts with
a customer order. Waste of waiting due to the
tooling is also prevented in the microfactory
concept since it eliminates die and moulds in
production. In addition, a highly distributed,
localized production system integrated with
smart technologies proposed by microfactory
eliminates the transportation waste, too.

Table 3.4 Comparison of manufacturing methods according to sustainability advantages

Manufacturing
Methods in
Automotive
Industry

Sustainability Advantages

Disadvantages

Conventional car
manufacturing

key elements:

Social: Few sustainability advantages in
terms of creating jobs, because car-
manufacturing companies have already
employed huge amount of workers.

Ecological: Mass production and complex
operations consume higher energy and create
higher GHG emissions.

Economic: Higher capital investment and high

; :BCIsV technology & knowledge required.
Social: Employee profile includes mostly high-
. skilled people.
Institutional: Government funding currently
support existing OEMs.
Microfactory Ecological: While EVs reduce emissions on | Economic: initially may not be competitive with

key elements:

> Powertrain
» Tubular
chassis

the road, lean manufacturing minimizes
operations, reduce waste and save energy.

Social: Opportunity for emerging country to
have a domestic brand,

Opportunity for new entries to automotive
industry.

Use of human operators is still profitable,

More localized employment. Major favor in
human health.

Economic: Traditional cost barriers broken
down.

Much more flexible system compatible with
dynamic market demand.

Lower cost of entry and exit.
Suitable for low volume innovative product.

Institutional: Traditional access barriers can
be broken down with government incentives.

global manufacturer.

Difficult to reach Tier 1 suppliers as a new
comer. A specific supply-chain model should be
applied.
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4. Results

4.1 The Microfactory Concept:

preliminary analysis

Because of the approach adopted in this
study, the welding robots are not needed.
The automation and control of all processes
are made with affordable and easy to use
digital technologies. Automated guided
vehicles (AGV) is used to move the parts
from one working island to another. The each
microfactory manufacturing flow is designed
to produce 50 vehicles in 2 shifts per day
(Perlo and Tebaldi,2019) under the hypothesis
of 10 automated islands and two testing areas,
and all the production processes explained
in section 4.1.1 are performed inside this
factory. Manufacturing line of microfactory
to produce electric vehicles is illustrated in
Figure 4.1.

Chassis assembly and weldin oW nTssombl

Figure 4.1 Manufacturmg line of EV in
microfactory designed by I-FEVS ((Perlo and
Tebaldi,2019)

When the estimation of the desired
production has been taken as input, the line
cycle time of producing one unit electrical
vehicle at microfactory is calculated at the
following Table 4.1:

Table 4.1 The feasibility study shows the
manufacturing cycle time at the microfactory.

Jobs per Day (JpD) 50 units

Shift days 2

Shift Length 7,5hours

O.E.E (desired overall 85%

equipment effectiveness)

JpShift 50/2 =25

JpH Gross (ideal) 25/7.5=3.34

JpH Net (O.E.E included) | 3.34/0.85=3.93
Cycle Time 3600/3.93 =916 sec.

The cycle time of one unit of EV is
916 seconds at microfactory, while it is
approximately 60 seconds for conventional
automotive plants.

4.1.1 Layout

The layout of the microfactory for EV
production is shown in Figure 4.2. The main
production modules are arranged according
to the order of the production process to
optimize timing between operations. The
center of the production area is the storage of
components and materials to provide quick
support the assembly modules. The order of
operations inside the microfactory is given
below in detail.

1=§-EM

) |

i\i@g%‘a E -

b ;‘lﬁ;f“ e

....................

Figure 4.2 The Layout of a Microfactory for
EV where the operation starts from laser-
cutting stations (in red) and ends with final
quality checks (in violet)

Laser cutting, the red zone in Figure 4.2, is
the first part of the production process. In this
area,the SHSStubularsarelaser-cutwithaCNC
automated machine as shown in Figure 4.3.

Figure 4.3 CNC automated Laser-cutting of
chassis tubulars
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The next part in the microfactory is
welding area for chassis, powertrain and
door frames. This area receives the laser-
cut SHSS tubulars and output the complete
chassis, the two powertrain axles and door
frames ready for the geometry checks before
painting. The floor sub-frame assembly
module oversees the production of the central
part of the underbody that, once completed,
will host the battery pack. The front sub-
frame assembly is the module that produces
the last part of the underbody of the car. The
upper sub-frame assembly is fabricating the
upper part of the car frame. The framing geo
welding module combines the lower and the
upper subassembly frames. The output is a
complete welded frame ready for the final 3D
measurements and checks before painting.

3D testing of the chassis is a module
for an intermediate quality control area. It
validates the chassis, measuring its geometry
and comparing results with the expected
values and tolerances. If the result is positive,
the chassis is ready for painting.

The operations continue in painting area,
the brown zone in Figure 4.2. The painting
area oversees painting and giving the proper
protection to the complete chassis the two
powertrain frames and the doors structures.
This is the last step before starting the final
assembly of the car.

The powertrain assembly operations
shown in green in Figure 4.2, produces the
front and the rear axles. Motor, drive, gearbox,
shock absorbers, brakes and wheel hubs are
assembled on the painted powertrain frames.
There is axle system test module where motor
and inverter are paired; several figures of
merit, related to the type of electric motor
and its integrated position sensor, are setup.
Once the mechanical part of the vehicle is
ready, the battery box is added, together with
the electrical and electronic (E-E) items and
connections: all the control boards and the
wiring are installed.

The overall performance of the powertrain
is tested in Powertrain testing area with a
4WD (4-wheel-drive) Chassis dynamometer.
It consists of a rolling test-bench which fulfils

the stringent requirements to test high power
heavy vehicles as well. One of the latest phases
of the vehicle assembly is the installation of
the exterior panels. In this stage, the car takes
its final look.

4.1.2 Factory system architecture

A top-down approach is applied to identify
the relevant requirements and their relation to
the key performance indexes (KPIs).

The platform consists of a Manufacturing
Execution System (MES) that contributes to
the following tasks:

e Production scheduling

» Traceability of production

» Traceability of used materials

»  Control of the production flow

* Visualization of the KPIs.

Human roles are carefully considered,
and associated requirements are identified for
the MES user interface (UI) and the human
machine interface (HMI). Figure 4.4 shows
process links with application services that
handle the scheduling, traceability, materials
tracking, control of the production flow and
the KPIs. MES processes orders entered on
the web via middleware, and scheduler plans
services to optimize the production visible
though the internal application specific to
the relevant production steps. Apps trace the
materials and provide traceability during the
work flow. Working islands developed provide
feedback from identification sensors and HMI,
monitored by the appropriate App. Tests are
performedonsuband complete systems, results
are fed to the MES to the appropriate App.

|

|

|

[ — =N
e = | ===

User/Process X

KPr

¥ 4 v

Network and MES interface ﬂ

Figure 4.4 A schematic representing the
dynamic monitoring process, middleware and
MES user interface (UI) 032
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4.1.3 Human interfaces
The possible scenarios in the flexible
production systems for human support are

Human-in-the-Mesh and Human-in-the-Loop
(Table4.2).

Table 4.2 Two scenarios for human machine integration Human-in-the-Mesh and Human-in-

the-Loop

Human-in-the-Mesh requirements on HMI

Human-in-the-Loop requirements on HMI

Context-aware mobile devices
Intuitive representation of alternatives and trade-offs

Decision support enhanced by Al

Context-aware mobile devices
Visual inspection with sensors
Testing (geometrical, power train, fatigue, etc.)

Virtual presence: sharing view, screen, info, voice
connection or chat

Multimodal interaction (voice,
recognition, sounds, lights, etc.)

image, gesture

IoT -Suitable/wearable device to support field-work
Asset tracking (tools and spare parts)

Navigation to retrieve machines, tools, spare parts.

The factory system architecture is
shown in Figure 4.5. MES processes orders
(submitted manually or on the web), monitors
and visualize KPIs, and scheduler plans
services to optimize the production. Working
islands consist of feature part identification
sensors, feedback lights and HMI. Finally,
testing area is place where tests are performed
on sub and complete systems, results are fed
to the MES.

et oo t
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Figure 4.5 Factory system architecture

IO-Link is a powerful standard for point-
to-point serial communication protocol to use
sensors and/or actuators. Well-known PLC
standard IEC 61131 enables three types of
data exchange; process data, service data, and
events. The I/0O link Master monitors all the
sensor of the working island. Every island has
a dedicated HMI. The workflow is shown in
Figure 4.6.

T7 MES (Manufacturing Execution System) (F77i}
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Figure 4.6 Workflow



Alptekin, Tunaboylu ve Perlo

Siirdiiriilebilir Cevre Dergisi, Cilt 2 (1), sh. 19-37, 2022

S. Discussion

In this research, a factory model that
conforms to Industry 4.0 model is designed,
which saves the automotive sector from die
dependency, expensive tools, and investment
costs.Itcan,therefore,be assumed thatutilizing
automotive assembly line manufacturers will
enable market entry for microfactory concept.

A SWOT analysis for the described
microfactory concept can be summarized
as follows: Strength; this concept provides
product variability with minimum cost,
platform flexibility for specific local needs,
greener production with lean processes, and
competitive advantages with low investment.

Weakness; the current supply chain
is already under control of a few large
OEM’s. Since the microfactory produces in
small scale compared to giga factories, it is
difficult and costly to reach Tierl suppliers
for this relatively small lot sizes. Therefore,
a weak supply chain infrastructure can lead
to a high distribution cost. To overcome this
weakness, microfactories should establish a
network, the microfactory concept performs
its best when replicated in different locations.
Another weakness of this model would be
the difficulty of making negotiations among
replicated parties at the initial stage.

Opportunities; both the production
concept and the final product, have high
potential to meet increasing electromobility
demand. Although ICE based automotive
industry is captured by a few pioneers over
a century, EV market have still place to the
newcomers. Moreover, micro EVs have also
potential to meet urban mobility needs such
as provided by MaaS platforms. EV produced
in microfactory has also opportunity to satisfy
sustainability dimensions in different degrees,
as summarized in Table 3.4.

Threats; there is always high rivalry in
automotive manufacturing industry. Since
the microfactory concept is relatively new,
gaining the government support and persuade
the investor might be difficult at the beginning.
A weak supply chain is a threat which results

in a high distribution cost. Therefore, the
establishing a well-defined supply chain is
crucial for the components such as the motor/
inverter, the tubular SHSS, the electronic
board, the lights, the seats, the battery cells,
etc. to secure the supply chain. A further study
with more focus on blockchain integrated
supply chain is therefore suggested.

According to the business model in
this study, the replication of microfactories
creates a globally distributed network. To
succeed in this highly distributed network,
today a central authority is required which
is not desirable in this network as it is
explained by sharing economy. Therefore,
the challenge of this model is the safe journey
of data among network participants without
intermediaries. However, implementing
blockchain technology might be a solution to
provide trustable transactions peer-to-peer by
the effect of collaboration and cryptography
without a third party. (Korpela et al., 2017).
This yields that all transactions will perform
between involved microfactories and engaged
suppliers, without the need of a central
authority to control and manage the system.
The data of all microfactories distributed
across a global ledger, using the highest level
of cryptography. Thus, the secure model
offered by blockchain technology, can also
be adaptable to the microfactory network, in
our earlier study (Dursun et al, 2020). In the
microfactory network, there exist the smart
contract between parties which allows to each
party programmatically define the rules and
steps that should be performed when a certain
type of event is recorded in the blockchain or in
the magic notebook. As a result, the proposed
business model for microfactory networks
has parallel with blockchain technology since
it is a simple way of passing information in a
fully automated and safe manner without the
need for intermediaries.

According to sustainability analysis,
these results provide further support for the
hypothesis that microfactories fit the cleaner
production elements as for instance the total
amount of components to produce an EV
decreased fromapproximatelysix-tenthousand
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to three thousand. In addition to that, cleaner
supply chain is suggested. As microfactories
create new job opportunities and favors public
health, reduce CO2 emission, the energy waste
and the air pollution from manufacturing
process and driving of vehicles, an implication
of this is the potential that the microfactory
satisfies sustainability dimensions in different
degrees.

6. Conclusion

This study proposes a novel design for
manufacturing electric vehicles through
microfactories, enabling customized
production of EVs with minimum ecological
footprint and the total investment. The
production of BIW and ICE are two main
obstacles for newcomers, the operation
process includes complicated steps of
stamping and components to the assembly,
which requires high capital and technical
skills. Conventional techniques require large-
scale production to reach desired ROI and
here proposed microfactories can potentially
break this closed-loop monopoly between
OEMs-TIERs-governments.

Electric powertrain challenges the ICE,
and the tubular chassis challenges the serial

References

welding assembly line with the stamped
metal sheets, the sharing philosophy is
recommended among microfactories to
overcome the supplier monopoly and to attract

government subsidies. The microfactory
concept developed here makes several
noteworthy contributions to sustainable

production in case of manufacturing electric
vehicles.

This work is being further discussed
with collaborators from the industry and
academia in local market and internationally
to develop an application specific prototyping
of a shuttle for transportation and/or logistics.
An autonomous shuttle project from design,
software including Al (Artificial Intelligence),
AR (Augmented Reality) user-interface
inputs and autonomous transportation service
routing aspects is currently under study for a
smart-city application.

Acknowledgements

This study was supported in part by The
Scientific and Technical Research Council
of Turkey-BIDEB 2210-D program (Grant
number 1649B021800670).

Alptekin B., Tunaboylu B., Zaim S., Perlo P. (2020). Smart Manufacturing of Electric Vehicles. In The International Symposium for Production

Research (pp. 767-773). Springer, Cham.

Boria S., Maccagnani S., Giambo R., Giannoni F. (2015 ). Crashworthiness and lightweight design of an innovative microcar. International

Journal of Automotive Composites, 1(4), 31 3-332.

Cembalest M., Morgan JP. (2018). Eye on the Market. Annual Energy Paper, April.

Cinicioglu EN., Onsel S., Ulengin, F. (2012). Competitiveness analysis of automotive industry in Turkey using Bayesian networks. Expert Sys-

tems with Applications, 39 (12), 10923-10932.

Djukanovic G. (2016). Aluminium Insider: Steel cannot compete with aluminum in vehicle light weighting. Jun 14, Retrieved from https://
aluminiuminsider.com/steel-cannot-compete-with-aluminium-in-vehicle-lightweighting /

Dugdale M. (2019). Asian countries banning fossil fuel cars. 7 June 2019. Retrieved from /itps://www.roadtraffic-technology.com/features/

asian-countries-banning-fossil-fuel-cars/

EEA, 2016. Electric vehicles and the energy sector - impacts on Europe’s future emissions. 26 September 2016. Retrieved from hitps://www.cea.
europa.eu/themes/transport/electric-vehicles/electric-vehicles-and-energy

Dursun T., Birinci F., Alptekin B., Sertkaya I., Hasekioglu O., Tunaboylu B., Zaim S. (2020). Blockchain technology for supply chain manage-
ment. Global Joint Conference on Industrial Engineering and Its Application Areas (GJCIE), “Industrial Engineering in the World of

IoT”. August 14.

EFFRA. (2021). Factories of the Future Roadmap. [online] Retrieved from: https://www.effra.eu/factories-future-roadmap [Accessed 30 July

2021].

Ellsmoor, J. (2019). Are electric vehicles really better for the environment? Forbes, Retrieved on 20th May from hitps://www forbes.com/sites/

Jjamesellsmoor/2019/05/20/are-electric-vehicles-really-better-for-the-environment/#41012b4876d2

035



Alptekin, Tunaboylu ve Perlo Siirdiiriilebilir Cevre Dergisi, Cilt 2 (1), sh. 19-37, 2022

Europen Comission (2009). EU Energy Trends to 2030. doi:10.2833/21664
Europen Roadmap (2012). Electrification of Road Transport. ERTRAC, 2nd Edition. 2-12.
FirstBuild (2019). Retrieved May 15, 2019, from hitps://firstbuild.com/microfactory/

Fox S., Alptekin B. (2018). A taxonomy of manufacturing distributions and their comparative relations to sustainability. Journal of Cleaner
Production, 172, 1823-1834.

Global EV Outlook (2019). Scaling-up the transition to electric mobility. International Energy Agency, Technology Report, May. https://www.
iea.org/reports/global-ev-outlook-2019

Hackwill R. (2016, April 11). A greener road ahead? Retrieved from hitp://www.euronews.com/2016/04/11/a-greener-road-ahead

Hickman, M (2019). Costa Rica poised to become world’s first fossil fuel-free country. 27 February 2019. Retrieved from hitps://www.mnn.com/
green-tech/transportation/blogs/costa-rica-poised-become-worlds-first-fossil-fuel-free-country

Irle, R. (2019). EV-volumes.com. Retrieved 07 12, 2019, from hitp://www.ev-volumes.com/country/total-world-plug-in-vehicle-volumes/

Jarvenpad E., Heikkild R., Tuokko R. (2013). TUT-microfactory — a small-size, modular and sustainable production system. Berlin: 11th Global
Conference on Sustainable Manufacturing, pp.78-83.

Kawahara N., Suto T., Hirano T., Ishikawa Y., Kitahara T., Ooyama N., Ataka T. (1997). Microfactories; new applications of micromachine
technology to the manufacture of small products. Microsystem Technologies, 3(2), 37-41.

Kester J., Noel L., de Rubens GZ., & Sovacool, B. K. (2018). Policy mechanisms to accelerate electric vehicle adoption: a qualitative review
from the Nordic region. Renewable and Sustainable Energy Reviews, 94,719-731.

Kim DY., Park JW., Baek S., Park KB., Kim H., JIP., Back W. (2019). A modular factory testbed for the rapid reconfiguration of manufacturing
systems. Journal of Intelligent Manufacturing, 1-20.

Korpela K., Hallikas J., & Dahlberg, T. (2017). Digital Supply Chain Transformation toward Blockchain Integration. Hawaii: 50th Hawaii
international conference on system sciences.

Mackenzie, (2018). EVs up to 67%less emissions intensive than ICE cars. Retrieved December 23, 2019 from hitps://www.woodmac.com/
press-releases/evs-up-to-67-less-emissions-intensive-than-ice-cars/
Matt D., Rauch E., Dallasega, P. (2015). Trends towards Distributed Manufacturing Systems and modern forms for their design. 9th CIRP Con-

ference on Intelligent Computation in Manufacturing Engineering, Elsevier.

Mersky AC., Sprei F., Samaras C., Qian ZS. (2016). Effectiveness of incentives on electric vehicle adoption in Norway. Transportation Research
Part D: Transport and Environment, 46, 56-68.

Meyer G., Zachéus C. (2017). European Roadmap Electrification of Road Transport. ERTRAC 3rd Edition, p 43.

Michalos G., Makris S., Papakostas N., Mourtzis D., Chryssolouris G. (2010). Automotive assembly technologies review: challenges and out-
look for a flexible and adaptive approach. CIRP Journal of Manufacturing Science and Technology, 2(2), 81-91

Michalos G., Fysikopoulos A., Makris S., Mourtzis D., Chryssolouris G. (2015a). Multi criteria assembly line design and configuration—An
automotive case study. CIRP Journal of Manufacturing Science and Technology, 9, 69-87.

Michalos G., Makris S., Chryssolouris G. (2015b). The new assembly system paradigm. International Journal of Computer Integrated Manu-
facturing, 28(12), 1252-1261.

Miller J., Ramsey M. (2014, January 13). “Will All-Aluminum Cars Drive Metals Industry?” The Wall Street Journal. Retrieved from https://
www.wsj.com/articles/will-allaluminum-cars-drive-metals-industry-1389404638

Nanduri D. (2019). Why is the Tesla Cybertruck designed the way it is? Published in Medium 25th November. Retrieved December 20 from
https://medium.com/throughdesign/why-is-the-tesla-cybertruck-designed-the-way-it-is-b53a6acc8490

Nieuwenhuis P., Katsifou E. (2015). More sustainable automotive production through understanding decoupling points in leagile manufacturing.
Journal of Cleaner Production, 95,232-241.

Nieuwenhuis P. (2018). Micro factory retailing: an alternative, more sustainable automotive business model. /[EEE Engineering Management
Review, 46(1),39-46.

Nissannews, (2017). New extra large press starts production as Nissan Sunderland plant passes nine million mark. h1ps://uk.nissannews.com/

en-GB/releases/release-426183196-new-extra-large-press-starts-production-as-nissan-sunderland-plant-passes-nine-million-mark

Onat NC., Kucukvar M., Aboushaqrah NN., Jabbar R. (2019). How sustainable is electric mobility? A comprehensive sustainability assessment
approach for the case of Qatar. Applied Energy, 250, 461-477.

Perlo P., Ottella M., Corino N., Pitzalis F., Brignone M., Zanello D., Ziggiotti A. (2009). Towards Full Electric Mobility: Energy and Power
Systems. In P.Barbaro & C. Bianchini [Eds.], Catalysis for Sustainable Energy Production, 89-105. Wiley-VCH Verlag GmbH&Co.
KGaA, Weinheim.

Perlo P & Tebaldi, P. (2019) Auto Futures, Operating an Electric Vehicle Microfactory, MOVE19 Presentation. Retrieved from https://www.ifevs.
com/wp-content/uploads/2020/06/IFEVS_Comau_MOVEI19_PRESENT pdf

Petroff A. (2017) These countries want to ban gas and diesel cars. 11 September 2017. Retrieved from https://money.cnn.com/2017/09/11/autos/
countries-banning-diesel-gas-cars/index.html

036



Alptekin, Tunaboylu ve Perlo Siirdiiriilebilir Cevre Dergisi, Cilt 2 (1), sh. 19-37, 2022

Pham D. T. (2020, September). Human-robot collaboration in remanufacturing. Symposium conducted at ISPR International Symposium for
Production Research, Online, Turkey.

QinJ., Liu Y., Grosvenor R. (2016). A categorical framework of manufacturing for industry 4.0 and beyond. Procedia cirp,52,173-178.

Rauch E., Dallasega P., Matt D. (2016). Sustainable production in emerging markets through Distributed. Journal of Cleaner Production, 135,
127-138.

Reichwald R., Stotko C., Piller F. (2005). Distributed mini-factory networks as a form of real-time enterprise: concept, flexibility potential and
case studies. In The Practical Real-Time Enterprise (pp. 403-434). Springer Berlin Heidelberg.

Reuters 2017. France plans new incentives to phase out polluting vehicles. 18 September 2017 Retrieved from https://www.reuters.com/article/
us-france-autos-tax/france-plans-new-incentives-to-phase-out-polluting-vehicles-idUSKCN1BTOPZ

Satoglu S., Ustundag A., Cevikcan E., Durmusoglu MB. (2018). Lean production systems for industry 4.0. In Industry 4.0: Managing The Dig-
ital Transformation (pp. 43-59). Springer, Cham.

Stavropoulos P., Papacharalampopoulos A., Michail C., Vassilopoulos V., Alexopoulos K., Perlo P. (2021). A two-stage decision support system
for manufacturing processes integration in microfactories for electric vehicles. Procedia Manufacturing, 54, 106-111.

Thoben K. D., Wiesner S., Wuest T. (2017). “Industrie 4.0” and smart manufacturing-a review of research issues and application examples.
International journal of automation technology, 11(1), 4-16.

Tsai S., Champagne JM., (2016). Climate Change and Financial Risk, The Growth of electric vehicles and their impact on oil. December. Pub-
lisher WWF-Hong Kong.

Villani V., Pini F., Leali F., Secchi C. (2018). Survey on human—robot collaboration in industrial settings: Safety, intuitive interfaces and appli-
cations. Mechatronics, 55, 248-266.

Westkdmper E. (2008). Manufuture and sustainable manufacturing. In M. M, U. K, & K. F (Eds.), Manufacturing Systems and Technologies for
the New Frontier (pp. 11-14). Springer-Verlag London.

Williams A. (2006). Product-service systems in the automotive industry: the case of micro-factory retailing. Journal of Cleaner Production,
12(2), 172-184.

Yiilek MA., Lee KH, Kim J., Park D. (2020) State Capacity and the Role of Industrial Policy in Automobile Industry: a Comparative Analysis
of Turkey and South Korea. Journal of Industry Competition and Trade. https://doi.org/10.1007/s10842-019-00327-y

Zanetti C., Seregni M., Bianchini M., Taisch M. (2015). A production system model for Mini-Factories and last mile production approach. Turin:
IEEE Ist International Forum on Research and Technologies for Society and Industry Leveraging a better tomorrow (RTSI).

Zenner A. (2015). The AP bans the term “ride-sharing” for Uber & Lyft. Retrieved February 10, 2019, from htips://ggwash.org/view/36979/
the-ap-bans-the-term-ride-sharing-for-uber-lyft

037



4 Siirdiiriilebilir Cevre Dergisi |

s b
EVRE Dergi Sayfasi: https://dergipark.org tr/tr/pub/cevder @
VAKFI Arastirma Makalesi Cilt 2 (1), sh. 38-48, 2022 u

Siirdiiriilebilirlik Perspektifinden Lojistik Egitimi ve Mesleki Uyum

Elif Nur KARASOY
enur.karasoy@istanbulticaret.edu.tr
Istanbul Ticaret Universitesi, Sosyal Bilimler Enstitiisii, Lojistik Yonetimi B6liimii, Istanbul, Tiirkiye

Ozet

Giintimiizde hizla kiiresellesen teknoloji ve bilgi ¢agr aktif olarak kendini yenilemektedir. Yenile-
nen ¢agin geri doniisii ise insanlarin isteklerinin, ihtiyaclarinin ve ¢evresel sorunlarim artmasidir.
Ekonominin kiiresellesmesi ile uluslararas sirketlerin farkl tilkelerdeki sirketlerle ortak yatirimlari,
birlesmeleri, mal ve hizmet dagitimlarinin her gecen giin sayis1 artmaktadir. Artan ihtiyac ve gevresel
sorunlara en iyi ve en hizli hizmeti verebilmek icin tasimacilik faaliyetleri yiiriitiilmiis ve gelistiril-
mesi zorunlu hale gelmistir. Hizli hizmet saglamak ve ¢evresel sorunlar ile rekabetin arttig1 gliniimiiz
diinyasinda lojistik yonetim uygulamalari daha onemli hale gelmistir. Lojistik ve siirdiiriilebilirlik
faaliyetleri son yillarda 6nem kazanmus iki onemli konu olarak 6ne ¢ikmaktadir. Lojistik faaliyetlerin
verimli bir sekilde planlanmasi ve yiiriitiilmesi son kullanicilara zaman ve mekan agisindan avantajlar
sunmakla beraber siirdiiriilebilir bir ¢cevre saglanmasina da katki saglamaktadir. Cevresel siirdiirtile-
bilirlik alaninda bagarili olmak isteyen firmalar, bu kapsamda sadece siirdiiriilebilirlik faaliyetlerine
odaklanirlarsa bagarili olamayacaklardir. Ekolojik olarak siirdiiriilebilir olmak ise temiz bir biling ve
lojistik egitiminin kalitesi ve yayginlastirilmasi ile miimkiin olacaktir. Lojistik sektoriinde iiretim,
malzeme planlama, antrepo yonetimi, nakliye, depolama, giimriik, miisteri hizmetleri, yurt i¢i ve yurt
dis1 satin alma, ithalat ve ihracat, elektronik ticaret, lojistik faaliyetler, satis, pazarlama, finans, yurt
dis1 ticaret, talep tahmini konularinda nitelikli ve 1y1 yetismis ¢alisanlara olan ihtiyag artmistir. Lojis-
tik alaninda tecriibeli ¢ok sayida caligan olmasina ragmen, meslek lisesi, meslek yiiksekokulu, lisans
ve lisansiistii mezunlarinin sayis1 diger mesleklere gore diisiik seviyededir. Bu caligmanin temel ama-
ci, siirdiiriilebilirlik kavramu ile lojistik egitimi arasindaki iligkiyi ortaya koymak ve lojistik egitimi
alan 6grencilerin mesleki uyumlarinin mevcut durumunu kavramsal aragtirma yoluyla belirlemek ve
olas1 ¢cikarimlarini tartigmaktir. Caligmanin girig boliimiiniin ardindan siirdiiriilebilirlik, lojistik egitim
ve mesleki uyum kavramlar tartigilmaktadir. Caligmanin son boliimiinde ise gelecek arastirmalar icin
onerilerde bulunulmustur. Calisma siirdiiriilebilirlik ve mesleki uyum standartlarina uyulmamasinin
nedenlerini ve sonuglarini gostererek lojistik egitim konusuna katki saglamaktadir.

Anahtar Kelimeler: Siirdiiriilebilirlik, Lojistik Egitimi, Mesleki Uyum.
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Abstract
Today, the rapidly globalizing technology and information age actively renews itself. The return of the
renewed era is the increase in people’s desires, needs and environmental problems. With the global-
ization of the economy, the number of joint investments of international companies with companies
in different countries, mergers, distribution of goods and services is increasing every day. In order to
provide the best and fastest service to the growing needs and environmental problems, transportation
activities have been carried out and their development is made mandatory. Logistics management
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applications have become more important in today’s world where there is an increase in competition
to provide fast service and environmental problems. Logistics and sustainability activities stand out
as two important issues that have become important in recent years. Efficient planning and execution
of logistics activities offers advantages to end users in terms of time and space but also contributes
to ensuring a sustainable environment. Companies that prefer to be successful in the field of envi-
ronmental sustainability will not be successful if they focus only on sustainability activities in this
context. Being ecologically sustainable will be possible with a clean consciousness and the quality
and dissemination of logistics education. In the logistics industry production, material requirement
planning, warehouse management, transportation, warehousing, customs, customer service, domestic
and international purchases, import and export, e-commerce, logistics, operations, sales, marketing,
finance, foreign trade, demand forecasting also qualified and well-trained employees has increased
the need for. Although there are many employees with experience in the field of logistics, the number
of graduates of vocational high schools, vocational schools, undergraduate and graduate programs is
low compared to other professions. The main purpose of this research is to illustrate the relationship
between the concept of sustainability and logistics professional logistics education adaptation of edu-
cation students through research and determine the current status of possible conceptual implications
are discussed. After the introductory part of the study, the concepts of sustainability, logistic training
and professional adaptation are discussed. In the last part of the study, suggestions were made for fu-
ture research. The study should contribute to the issue of logistics education by showing the reasons

and consequences of non-compliance with sustainability and professional compliance standards.

Keywords: Sustainability, Logistics Education, Professional Compliance

1. GIRIS

Kiiresellesme ile diinyada ticaret gelisme-
ye ve degismeye baslamistir. Gegmiste sirket-
ler iirtinlerin/hizmetlerin iiretilmesi ve satin
alma islemleri arasindaki akisin bilincinde
olmadan sirketin finansman, iiretim ve pa-
zarlama fonksiyonlarina 6nem vererek, stra-
tejiler gelistirmistir. Giinlimiizde ise firmalar
maliyetleri azaltmaya yonelik stratejiler be-
lirlerken lojistik siireclerini de yeniden orga-
nize etme ve gelistirmeye yonelik ¢aligsmalar
gerceklestirmeye baslamislardir (Babacan,
2003).

Lojistik, insanlifin varlig: ile es zamanh
olarak goriilen tiim faaliyetleri gerceklestir-
mek icin kullanilan ana faaliyetler arasinda,
ihtiyacin kuruldugu noktadan ihtiyacin kar-
stland1g1 noktaya kadar olan ve geri doniis
asamalar1 ile biten eylemlerdir. Toplumda ya-
sanan ekonomik, sosyal, kiiltiirel, siyasi, as-
keri ve bilimsel degisimler birbirini etkileyen
mevcut lojistik yapiy1 olusturmustur (Keskin,
2011). Tirk Dil Kurumu, lojistik terimini
“Kisilerin ihtiyaclarini karsilamak iizere her
tiirlii iiriiniin, hizmetin ve bilgi akisimin cikis

noktasindan varis noktasina kadar tasinma-
stmin etkili ve verimli bir bicimde planlanma-
st ve uygulanmasit” olarak tanimlamaktadir
(TDK, 2021).

Kiiresel olarak genisleyen endiistriyel faa-
liyetler, sirketleri lojistik sistemlerini yeniden
yapilandirmaya itmektedir. Diinya pazarinin
her kesiminden gelen gereksinimlere etkin
ve kaliteli tepki verebilmek icin sirketlerin
stratejilerini kiiresel aglarda diizenlemeleri
gerekmektedir. Tedarik zinciri yonetimi, tiim
lojistik zinciri siirecini optimize etmeyi ve ag-
lar1 verimli ve entegre bir organizasyon haline
getirmeyi miimkiin kilar (OECD, 2003).

Lojistik yonetimi ve tedarik zinciri yone-
timi ¢ok yakin kavramlar olsa da aralarinda
belirgin fark da mevcuttur. Lojistik, bir sirke-
ti miisterileri ve tedarikcileri ile baglayan bir
beceridir. Fiziksel dagitimda, iiretim destegi
ve satin alma gibi dahili lojistik faaliyetle-
ri gruplamak miimkiindiir. Sirket i¢inde ve
sirketin miigterileri ve tedarikgileri arasin-
da bilgi ve envanter akigi vardir. Isletmeler,
gilinlimiiziin rekabet ortaminda tam olarak
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basarili olmak i¢in bu entegre yaklasimi miis-
terilerin miisterilerini ve tedarikgilerin teda-
rikcilerini icerecek sekilde genisletmektedir.
Bu dis entegrasyon, tedarik zinciri yonetimi
olarak isimlendirilmektedir. Bu sekilde, sa-
tin alma, iiretim destegi ve fiziksel dagiti-
min i¢ koordinasyonunu ve ayrica envanter
akis1 ve cikarlar acisindan miisterinin miis-
terisine ve tedarikcinin tedarikcisine uza-
nan entegrasyonu gosterir (Altaygil, 2001).

Tedarik zinciri, hammadde elde eden,
bunlari ara ve bitmis lriinlere doniistiiren ve
bitmis iirlinleri miisterilere dagitan bir iireti-
ciler ve distribiitorler agidir (Lee ve Billing-
ton, 1992). Lojistik yonetimi malzeme, liriin
ile bilgi hareketlerinin planlanmasi, kontrolii
ve yiirtitiilmesi ile ilgilenirken, tedarik zinciri
yonetimi miisteriye odaklanmaktadir. Boy-
lece istenen lirlinii miisteriye teslim etmek
icin tedarik zincirinin var olmasi gerekmek-
tedir (Lasserre, 2004). Tedarik zinciri yOne-
timi, operasyona daha genis bir cercevede
bakar. Bu anlamda, hammadde asamasin-
dan, malzeme akisina, miisteriye bilgi akigi-
na kadar bircok faaliyetini bir biitiin olarak
ele alabilme o6zelligine sahiptir. Basarili bir
lojistik yonetimi, tedarik zinciri ile saglikli
bir yakinlikla baglantihdir (Giimiis, 2009).

Lojistigin tarihsel gelisimi evrilmis ve gii-
niimiiziin faaliyetleri haline gelmistir. Bu faa-
liyetler giinlimiizde ge¢mise gore farkliliklar
gostermektedir. Ge¢gmiste bu faaliyetler rota
se¢imi, ara¢ se¢imi, giivenlik gibi alanlara da-
yanmaktaydu. Ikinci Diinya Savasi’ndan sonra
lojistik kavrami 6zel sektorde de kullanilmaya
baglanmis ve giiniimiizde kullanilan modern
lojistik uygulamalarinin temelleri atilmustir.
Uriinlerin fiziksel dagitimi, siparis karsila-
ma, iretim planlamasi, depolama ve miis-
teri hizmetleri, lojistik siireglerin en 6nemli
yonleridir (Andraski ve Novack, 1996). In-
sanlar gelistirdikleri sistem ve uygulamalar
sayesinde ihtiyaclarim1 karsilamaktadir. Bu
ihtiyaglarin karsilanmasi kisa vadede fayda-
I1 goriinse bile, uzun vadede gelecek nesiller
icin olumsuz sonuglar dogurabilir. Bu sonug-
lar, insanlarin ihtiyaglarini kargilayan kisi ve
sirketlerin ortak bir sorunun farkinda olmasi-
nm1 gerektirir. Bu farkindalik, siirdiiriilebilirlik

fikrini dogurur. Siirdiiriilebilirlik diigiincesiy-
le firmalar i¢cin verimli iiretim yapabilmek
ve ayni zamanda ¢evreyi daha az kirletmek
onemli hale gelmistir (Cetin ve Sain, 2018).

Siirdiiriilebilirlik son yillarda en c¢ok
duydugumuz kavramlardan biri haline gel-
migtir. Sanayilesme ve kiiresellesme niifus
artigina paralel olarak artmakta bu durum,
dogal kaynaklarin kontrolsiiz ve daha hizli
tiiketilmesine neden olmaktadir. Siirdiirii-
lebilirlik, bu kaynaklarin kontrollii olarak
tilketilmesini saglamay1 ve cevreye verilen
zararl en minimuma indirmeyi hedefleyen
bir ¢evre politikasidir. Siirdiiriilebilirlik kav-
rami, yenilenebilir kaynaklarin elde edilmesi
ve kullanilmasindan kaynaklanan cevresel
etkilerin ve atiklarin, yenilenemeyen kay-
naklarin kit oldugu goz Oniine alindiginda,
diinyanin kapasitesini agsmamasini saglama-
y1 savunmaktadir (Pierce ve Larson, 1993).

Lojistik ve siirdiirtilebilirlik faaliyetleri
son yillarda 6nem kazanmis iki 6nemli konu
olarak One c¢ikmaktadir. Lojistik faaliyetle-
rinin verimli bir sekilde planlanmasi ve yii-
riittilmesi son kullanicilara zaman ve mekén
acisindan avantajlar sunmakla beraber siir-
diiriilebilir bir cevre saglanmasmna da katki
saglamaktadir. Giinlimiizde lojistik kavramu,
ulusal ekonominin ve ulusal toplumun tiim
asamalarinda mevcuttur. Zaman ve maliyet
faktorleri hayatin her asamasinda deger ya-
ratmanmn Onemli unsurlar1 haline gelmistir.
Ekolojik yoOn, baslangicta sosyal cevrede
merkezi bir unsur olarak goriilmemistir. Bu
nedenle, hizli teknolojik gelisme ve yeni tra-
fik kavramlarina duyulan ihtiyag, esitsiz bir
gelismeye yol acmistir. Son yilarda gelismis
ekonomilerde cevreyle ilgili farkindalik art-
mus ve tatmin edici seviyelere ulasmustir. Ote
yandan, az gelismis iilkelerde yesil bilincin
hala ¢cok az oldugu veya hi¢ olmadig1 bir ger-
cektir. Bunun temel nedenleri; modern iiretim
ve nakliye siirecleri ile nakliye araglarinin
kullanimi i¢in ihtiya¢ duyulan siirli finansal
kaynaklardir. Ancak, yesil lojistik kavrami-
nin benimsenmesi ve daha da gelistirilmesi,
kiiresel bir egilim olarak kaginilmazdir. “Ye-
sil” kavrami yakin gelecekte sadece gelis-
mis lilkelerde degil, az gelismis iilkelerde de
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toplumun her diizeyinde, 6zellikle imalat ve
ulagim sektorlerinde yesil diisiince ve yesil
teknolojileri benimsemek icin bir gereklilik
olacaktir. (BeSkovnik ve Jakomin, 2010).

2. Siirdiiriilebilirlik

Siirdiiriilebilirlik kavramu ilk olarak Diin-
ya Koruma Birligi (IUCN) tarafindan kabul
edilen Diinya Doga Sarti’nin 1982 belgesinde
yer almigtir. Sonug olarak, insanlarin yarar-
landig1 ekosistemler, organizmalar, kara, de-
niz ve atmosfer kaynaklari, optimal siirdiirii-
lebilirligin saglanabilecegi sekilde yonetilir,
ancak bu, ekosistemlerin ve tiirlerin biitiinli-
giinii tehdit etmeyecek sekilde yapilmasi ge-
rektigini belirtmektedir (Yazar, 2006).

Siirdiirtilebilirlik bir¢ok anlamda algilana-
bilir ve tanimlanabilir. Temelde cevrebilim ve
ekolojik sistemlerin islevlerini, siire¢lerini ve
iretkenliklerini gelecekte siirdiirme yetenegi
olarak anlagilmaktadir (Chapin, vd. 1996).
Latince “Sustinere”den tiireyen “siirdiiriilebi-
lirlik” kelimesi bir¢cok sozliikte kullanilsa da
siirdiirmek, saglamak, hizmet etmek, destek-
lemek, var olmak anlamlarinda kullanilir.

Stirdiiriilebilirlik, cevresel tahribatin bir
sorun olarak algilanmasindan dogan ve bu
sorunlar1 ¢6zmek isteyen bir terimdir. Siirdii-
riilebilirligin temel kosulu, insan ve doganin
karsit olmadig1, birbirini tamamladig fikridir.
Bu temel fikri daha 6nce benimsememis olan
insanlar, siirekli olarak cevreyi kendi ¢ikar-
lar1 i¢in kullanmislardir. Bu durumun bir so-
nucu olarak cevre ve kaynaklari ¢ok hizli bir
tiiketim ve kirlilik siirecine girmistir. Bunun
sonucunda cevredeki elemanlarin isleyisinde
bozulmalar goézlemlenmistir. Ancak cevre-
sel unsurlarin kirlendiginin tespit edildigi ve
dogal islevlerinin tehlikeye girdigi giiniimiiz
diinyasinda, dogal ¢evre unsurlarmin korun-
masina ve etkilerine ve ¢evresel degisimlere
iliskin bilgi birikimine karg1 artan bir duyar-
lilik s6z konusudur. Ayn1 zamanda cevrenin
kontrolsiiz ve plansiz tiiketilmesi ve kaynak-
larinin tahribati, dogal kaynaklarin korunma-
sint ve siirdiiriilebilir bir sekilde planlanma-
sint gerektirmektedir. Ancak her gecen giin
daha fazla insanin ihtiyacini karsilayan cev-

resel fiziksel unsurlarin siirdiiriilebilirliginin
tehdit altinda oldugu goriilmektedir (Mente-
se, 2017).

Uretim ve tiiketimde siirdiiriilebilirlik,
dogal kaynaklarin dikkatli kullanilmasini ve
insanlarin kaynak israfini en aza indirgeyerek
tiriinlerin Omriinii uzatacak tedbirleri almasi-
n1 gerektirmektedir. Siirdiiriilebilir liretim ve
tiiketimi saglamak icin iist diizey yoneticiler,
mevcut kaynaklarin degerini en iist diizeye
cikaran dongiisel ekonomi stratejilerini uygu-
lamalidir (Galvao vd. 2020).

3. Lojistik Egitimi

Diinya’da ve iilkemizde lojistik kavrami
ve tedarik zinciri kavrami son 30 yilda hizla
gelismis ve yayginlasmistir. Kavram bir¢ok
calismact ve sektoriin Onciileri tarafindan
farkli tanimlanmaktadir. Bu tanim da temelde
benzer ozelliklere dayanmakta olup, planla-
ma ve entegrasyonun onemi cercevesinde se-
killenmektedir. Lojistik alanindaki gelismeler
ve calismalar goz Oniine alindiginda lojistik
egitimi biiylik bir onem tagimaya baglamistir.

Lojistigin tarithsel gelisim siirecinde 21.
yiizyilin temel bilimlerinden biri olarak kabul
edilen lojistik hizmet, bilgi teknolojileri ve
iletisimin gelisimi ve degisiminin bir parcasi
olarak ortaya ¢ikan ii¢ temel bilim alanindan
biridir. Lojistik kavraminin uzun bir tarihsel
gelisime sahip oldugu unutulmamalidir. Gii-
niimiizde lojistik, endiistriyel bir uygulama ve
bir bilim dali olarak varligini siirdiirmektedir
(Yildiztekin, 2002).

Lojistik egitiminin temelinde miihendis-
lik modeli ve is modeli olmak iizere iki grup
vardir. Bu iki temel model i¢in benzer ders
gruplarmin farkli dagilimlarindan olugmak-
tadir. Miihendislik modelinde, tedarik zinciri
yonetimi ve lojistik, miihendislik dersinin ana
odak noktasi olup, 6zellikle yonetim i¢in fay-
dali olan ekonomi dersleri ile desteklenmek-
tedir. Is modelinde, lojistik ve tedarik zinciri
yonetimi kurslar1 ve igletme kurslari, temel
olarak odak, karar verme ve sistem analizine
yardimci olan miihendislik kurslarina dayan-
maktadir (Kiiciiksolak, 2006).
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Ulkemizde su anda 207 iiniversitede top-
lam 1974 fakiilte, 378 meslek yiiksekokulu,
1030 meslek yiiksekokulu, 590 enstitii, 4096
arastirma uygulama merkezi bulunmaktadir.

Ulkemizde 19186 aktif boliim bulunmaktadir.
Cizelge 3.1°de ayrintili varlik ve yiikiimlii-

liikleri gosterilmektedir.

Cizelge 3.1 Birim Tiirlerine Gore Tiirkiye Universite Dagilimi1 (YOK, 2022).

Birim Tiirii Devlet Vakaf Vakift MYO Toplam
Aktif | Pasif | Aktif | Pasif | Aktif | Pasif
Universite 127 2 73 1 4 0 207
Fakiilte 1454 31 466 23 0 0 1974
Yiiksekokul 271 11 79 17 0 0 378
Meslek Yiiksekokulu 896 20 109 1 4 0 1030
Enstitli 430 3 155 2 0 0 590
Ars. Uyg. Mrkz. 3259 0 832 0 5 0 4096
Bolim 15640 |0 3473 0 73 0 19186
On lisans Programi 6189 2397 1505 210 96 14 10411
Lisans Programi 6910 228 1976 11 0 0 9125
Yiiksek lisans Program1 | 12217 | 241 3076 33 0 0 15567
Doktora Programi 10513 | 115 642 3 0 0 11273

Cizelge 3.1°de belirtilen bu iiniversite-
lerde lojistik egitimi veren iiniversite sayist
2021 yil itibariyle 78 tiniversitede 119 MYO
(On Lisans Programi), 67 iiniversitede 71 li-
sans programi bulunmaktadir.

u Toplam Universite Sayisi m Lojistik Egitimi Veren Universite Sayisi

Sekil 3.1 Lojistik Egitimi Veren
Universite Sayis1 (YOK, 2022)

Sekil 3.1°de goriildiigii gibi lojistik egitimi
207 {iiniversitenin 105 tanesinde verilmekte-
dir.

Lojistik e8itimi, 78 tiniversitede 119 mes-
lek yiiksekokulu programinda aktif olarak ve-
rilmektedir. Bunlarin 58°1 devlet tiniversitesi,
20’si vakif iiniversitesidir. 67 iiniversitede 71
lisans programinda aktif olarak lojistik egi-
timi verilmektedir. Bu iiniversitelerin 43’i
devlet tniversitesi, 24’4 vakif tiniversitesi-
dir. Lisans programlar1 adlaria gore derece-
lendirildiklerinde iki kategoriye ayrilmakta
olup bunlar “Lojistik Yonetimi Bolimii” ve
“Uluslararas1 Ticaret ve Lojistik Bolimii”
olarak kabul edilmektedir. 43 aktif iiniversite-
de 86 lisansiistii program bulunmaktadir. Bu
iiniversitelerin 26’s1 devlet iiniversitesi, 17’si
vakif tiniversitesidir. Yiiksek lisans program-
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larmin 43’1 tezli program olup 10’u uzak-
tan ve 65’1 orgiin egitim seklindedir. Lojistik
Doktora egitimi 11 iiniversitede aktif olarak
verilmektedir. Bu iiniversitelerin 6 tanesi dev-
let, 5 tanesi vakif iiniversitesidir. Bu bilgiler
tiniversitelerin web sitelerini inceleyen arag-
tirmaci tarafindan olusturulmustur.

Lojistik egitimi veren iiniversitelerin art-
masi ile lojistik egitimi ile 1lgili caligmalarin
sayist son yillarda artmugtir. Tiirkiye’de ya-
pilan akademik caligmalara bu boliimde 6zel
olarak yer verilmektedir. Literatiirde 2004-
2020 yillar1 arasinda yapilan ¢alismalar in-
celendiginde lojistik egitimi konusunda daha
fazla aragtirma ve bilimsel yayin yapilmasi
gerektigi sonucuna varilmistir.

Baki, vd.(2004); Bali, vd. (2016); Cikmak
(2016); Erturgut (2016) Goéneng (2019); Kar-
croglu ve Temelli (2014); Kiiciiksolak (2006);
Ozoglu ve Biiyiikkeklik (2013); Ozoglu, vd.
(2020); Polat Dede, vd. (2018), Tiirkiye’deki
lojistik ve tedarik zinciri yonetimi egitimini
gozden gecirerek mevcut durumu ¢aligsmala-
rinda degerlendirmistir. Cekerol (2020); Ho-
caoglu, vd. (2015); Ince, vd. (2016) lojistik
sektoriindeki firmalarin lojistik 6grencilerine
yonelik beklentilerini incelemistir.

Universitede lojistik egitimi alan 6gren-
cilerinin lojistik sektdrden beklentilerini ise
Akandere (2016); Bozyigit ve Ozkan (2020);
Diindar, vd. (2019); Saym ve Kiiciik (2020);
Yanginlar (2019) ¢alismalarinda incelemistir.
Akkoca ve Hazir (2013); Caligkan ve Oz-
tiirkoglu (2014); Emanet ve Kaynak (2014);
Tiirkiye’de lisans diizeyinde lojistik egitimi
veren liniversitelerdeki programlarin icerikle-
ri, derslerin agirlik ve oranlarini icerik agisin-
dan analiz etmistir. Yiicekaya, vd. (2016) lo-
jistik 6grencileri i¢in staj yeri se¢imi konusu
lizerine yaptig1 calismalarda 6grenciler icin
en uygun staj yerlerini tespit etmistir.

4. Mesleki Uyum

Meslek, bireysel inisiyatiftir, bir amaci
vardir, deneyimsel ve davranigsaldir, sosyal
olarak taninir ve degerlidir, belirli uyum ye-
teneklerinden olusur, diizenlidir, niteliksel

olarak anlamhdir ve sagliga etkileri vardir
(Yerxa, 1993).

Bir insanin hayati boyunca verecegi ve
biitiin hayatim1 etkileyen en 6nemli kararlar-
dan biri de meslek se¢imidir. Genellikle {ini-
versite yillarinda bireyler bu karar1 vermek-
tedir. Zeka, ilgi alanlari, beceriler, kisilik,
giiven ve degerler gibi i¢sel faktorlerin yani
sira digsal faktorler; ekonomik faktorler, poli-
tik faktorler, cevresel baskilar, mesleki itibar
gibi hususlar bireyin kariyer firsatlarini etki-
leyebilmektedir (Ugkun, vd. 2004).

Meslek secimi, bireyin kisiligine, birey-
sel Ozelliklerine ve becerilerine en uygun
oldugunu diisiindiigii, tatmin edici olacagina
inandig1 isi bircok is arasindan se¢mesidir. Is-
yerinde basari, bilin¢li ve goniillii bir meslek
secimine baghdir. Kisisel nitelikleriniz ve ise
zihinsel ve duygusal hazirhigimiz ile ilgilidir.
Kendini gelistiren kisinin meslek benligi gii¢-
lenirken, kendini gelistirmeyen bir birey i¢in
meslek benliginde ciddi sorunlar olugsmakta-
dir (Sener, vd. 2011).

Calismacilara gore, meslegini isteyerek
secmis, ise uyum yetenegi yiiksek olan kisi-
lerin iglerine devam etme olasiliklarinin daha
yiiksek oldugu, bireysel ise uyum yetenegi
diisiik olan kisilerin ise is degistirme olasi-
liklarinin daha yiiksek oldugu gosterilmistir
(Donohue, 2006). Mesleki uyum, meslegin
icrast i¢in gerekli teknik donanim, bilgi ve be-
cerileri de icermektedir. Bireysel mesleki ve
mesleki uyumun mesleki baghlik iizerindeki
etkisinin daha fazla oldugu ifade edilebilir
(Yi1lmaz ve Tanriverdi, 2017).

Bireylerin ozellikleri, ilgi alanlar1 ve de-
gerleri mesleginin gerektirdigi ozellikler ile
uyumlu oldufunda ve sosyal statii algilari
yiiksek seviyelerde oldugunda mesleki bag-
liliklarinin arttig1 ifade edilebilir. Bu nedenle
bireyin kendisiyle uyumlu bir meslek se¢cme-
sinin ve meslegine toplumda yiiksek deger
verilmesinin meslek yasaminin istikrari icin
onemli oldugu unutulmamalidir (Saltik, vd.
2016).
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Calismacilar tarafindan  birey-meslek
uyumu genel olarak iki bicimde bahsedil-
mektedir; Birincisi, bireyin bilgi, beceri ve
yeteneklerinin isle uyumlulugu; ikincisi, bir
kisinin deger verdigi, ihtiya¢ duydugu veya
tercih ettigi seyler ile isten elde ettikleri ara-
sindaki uyum olarak aciklanmaktadir (Kris-
tof-Brown, vd. 2005).

Insanlar, ¢alisma hayatlar1 boyunca isle-
ri, c¢aligtiklar1 kurumlar, caligma arkadasla-
r1 arasinda c¢esitli uyum ararlar. Literatiir de
calismacilar farkli konu bagliklar1 altinda bu
hususlar1 incelemistir.

Donohue (2006); Edwards (1996); Starks
(2007) bireyin ¢evreleri ile uyumu ele almig-
lardir. Hutcheson (1999); Kog, vd. (2017);
Lee ve John (2012); Mazioglu ve Kanbur
(2020); Saltik, vd. (2016); Toksoz ve Capar
(2019); Y1ilmaz ve Tanriverdi (2017), ¢calisma-
larinda bireyin meslegi ile arasindaki uyumu
ele almistir. Kristof-Brown (2000); Lauver ve
Kristof-Brown (2001); O’Reilly, vd. (1991);
Schneider (1987) birey ile orgiit arasindaki
iligkileri incelemislerdir.

5. Lojistik Sektorii ve Siirdiiriilebilirlik

Lojistik, mal akisinin diizenlenmesi ve
stirdiiriilmesi, diger iilkelerle biitiinlesme,
ekonomik kaynaklarin kullanilmasi, yerlesim
yerlerinin kurulmasi ve gelistirilmesi ve istih-
dam yaratilmasi gibi bircok faktorle ekono-
minin biiylimesinde onemli bir rol oynamak-
tadir. Lojistik faaliyetlerinin 1yilestirilmesi,
istihdam, yatirimlar, tiretim, satig ve dagitim
diizeyi lizerinde olumlu bir etkiye sahiptir
(Cekerol ve Nalcakan, 2011).

Tiirkiye’deki lojistik sektorii Avrupa ile
karsilastirlldiginda halen gelismeye ve bii-
ylimeye devam eden bir sektor oldugu goriil-
mektedir. 2010 yili itibariyle hizla biiyiiyen
lojistik sektorii, Tiirkiye’nin mevcut potan-
siyelini arttirarak 2023 yilinda 500 milyar
dolarlik ihracat hedefine ulagsmasini saglaya-
bilecek onemli sektorlerden biri olarak kabul
edilmektedir (Ozoglu, 2020).

Diinyada ve iilkemizde pandemi nedeniy-

le ekonomi ve lojistik sektorii olumsuz ola-
rak etkilenmistir. Diinya Bankasi’nin Tiirkiye
Ekonomi izleme Raporu’nun son sayisi olan
Subat 2022’ye gore, 2021°de giiclii ve bekle-
nenden daha iyi bir biiylime kaydeden Tiirki-
ye ekonomisinin, makroekonomik biiyiime ve
artan finansman nedeniyle 2022’de ¢ok daha
yavag biiylimesi beklenmektedir. Para politi-
kas1 kosullarindaki sik degisiklikler ve gecti-
gimiz Eyliil ayindan bu yana gerceklestirilen
faiz indirimi dizisi, Tiirk lirasinin rekor diisiik
seviyelere inmesine ve enflasyonun rekor se-
viyelere ulagsmasina neden olmustur (World
Bank, 2022).

Ulkemizin icinde bulundugu olumsuz
durum elbette lojistik sektoriinti ve egitimini
dogrudan etkilemektedir. Pandemi donemin-
de lojistik sektoriinii ve egitimi desteklemek
icin tilkemizde cesitli projeler baslatilmigtir.
25 Haziran 2020 Giivenli Okul ve Uzaktan
Egitim Projesi, e8itim sisteminin COVID-19
salgint ve gelecekteki krizler sirasinda ve
sonrasinda okul ¢ocuklarina adil e-6grenme
saglama kapasitesini artirmay1 amaclamistir.
Tiirkiye i¢cin Demiryolu Lojistigi lyilestirme
Projesi, secilen yiik ve demiryolu koridorla-
rinda tagima maliyetlerini azaltmakta, Ulas-
tirma ve Altyapir Bakanligi’nin demiryolu yiik
baglantilarin1 verimli hale getirmekte ve aktif
demiryolu lojistik merkezlerini etkili bir sekil-
de yonetmek i¢in kurumsal kapasiteyi gii¢len-
dirmektedir. Projenin ii¢ bileseni bulunmakta
olup 1. bilesen, agin oncelikli diiglimlerinde
sube hatlarmin ve ¢cok modlu baglantilarin
ingas1 yoluyla finanse edilecektir. Bir diger
proje, Uzun Vadeli Thracat Finansman Garan-
tisi Projesi olup ana hedefi, Ihracata Yonelik
Kiiciik ve Orta Olgekli Isletmeler (Ihracata
Yonelik Orta Olgekli Isletmeler) icin uzun
vadeli finansmana erigimi iyilestirmektir. Pro-
jeler ve destekler ile 2021°de ihracatta 6nemli
bir artig olmasina ragmen, bu zorluklar yoksul
hanelerin gercek gelirlerine yansimamuistir.
COVID-19 salgin1 da soruna katkida bulun-
mus ve yoksullugun azaltilmasini olumsuz
etkilemistir. Tiirkiye’nin 2019°da yoksulluk
oranin1 %10,2’den %12,2’ye ¢ikardig1 tahmin
edilmektedir (World Bank, 2022). Ancak bii-
tiin bunlara ragmen, ekonomik olarak yavas
bir biiyiime ile lojistik sektoriiniin gelismeye
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devam ettigini ifade edebiliriz.

Insanlarin cevre sorunlarmin farkinda
olmalar1 ve olumsuz sonuclarini birlikte ya-
samalari, gelecekte siirdiiriilebilirlik fikrinin
ne kadar onemli olacagini gostermektedir.
Hemen hemen tiim sektorlerde uygulanabilen
stirdiiriilebilirlik anlayisi, bu gelismeler ile
birlikte lojistik sektoriinde de genis bir etki
alanina sahiptir. Lojistik faaliyetlere bir biitiin
olarak bakildiginda fosil kaynaklarin siklik-
la kullanildig1 bir alan oldugu hi¢ siiphesiz
goriilmektedir. Fosil kaynaklarin kullanimu,
cevre sorunlarinin nedenleri altinda ilk adim-
lardan biri olup ilerleyen zamanlarda 6nlem
alinmaz ise diinyamizda kalic1 hasarlar bira-
kacaktir.

Siirdiiriilebilirlik kapsaminda yapilacak
calismalarda toplum tarafindan dikkate alin-
mas1 gereken genel unsurlar saglik, giivenlik,
esitlik ve erisim olarak goriilebilir. Lojistik
faaliyetlerin de ise dikkate alinmas1 gereken
cevresel alt kalemler hava kalitesi, giiriiltii,
biyo-cesitlilik, arazi kullanimi ve atik yone-
timidir. Stirdiiriilebilir lojistigin en temel nok-
tast hi¢ sliphesiz ¢evre sorunlarinin en aza in-
dirilmesi ve daha yasanabilir bir ¢evredir. Bu
dogrultuda yapilacak ¢aligmalar biiyiik 6nem
arz etmektedir.

6. SONUC

Giiniimiizde hizla kiiresellesen teknoloji
ve bilgi ¢ag aktif olarak kendini yenilemekte-
dir. Yenilenen ¢agin geri doniisii ise insanlarin
isteklerinin, ihtiyaclarinin ve ¢evresel sorun-
larin artmasidir. Artan ihtiya¢ ve cevresel so-
runlara en iyi ve en hizli hizmeti verebilmek
icin tagimacilik faaliyetleri gelistirilmistir.
Hizli hizmet saglamak ve cevresel sorunlar
ile rekabetin arttig1 gliniimiiz diinyasinda, lo-
jistik yonetim uygulamalar1 daha 6nemli hale
gelmistir. Cevresel siirdiiriilebilirlik alaninda
bagarili olmak isteyen firmalar, sadece siirdii-
riilebilirlik faaliyetlerine odaklanmamalidir-
lar. Siirdiiriilebilir olmak temiz bir biling, lo-
jistik egitiminin kalitesi ve yayginlastirilmast
ile miimkiin olacaktir.

Siirdiirtilebilirlik konularinin yiiksekogre-

timde egitime dahil edilmesinin Onemi aras-
tirmacilar tarafindan kabul gormiistiir. Ogren-
cileri siirdiiriilebilirlik konusunda egitmek ve
cevreyi korumak icin bilgilerinin uygulamaya
gecirilmesi son derece 6nemlidir (Glavic™ vd.
2009). Lojistik egitimi veren kurumlar, ver-
dikleri egitimleri diinya da farkli iilkelerde
egitim veren kurumlar ile benzer iceriklerde
standartlagmal1 ve evrensel bir e8itim plani
olusturmalidir. Olusturulan ders planlar1 dii-
zenli olarak giincellenmeli ve devlet kurum-
lar1 tarafindan kontrol edilmelidir. Lojistik
miifredatlarinda sadece temel isletme ve mii-
hendislik dersleri diginda iilkemiz i¢in ¢ok
eski ama uygulanmayan c¢evresel siirdiirebi-
lirlik konularina da yer verilmelidir (Cortese,
2003).

Lojistik uygulamalar1 ve faaliyetleri ¢ev-
reye son derece zarar vermektedir. Cevresel
stirdiirtilebilirligin gelistirilmesindeki uygula-
malar, Tiirkiye’deki sirketler tarafindan uygu-
lansa bile iilkemizde faaliyet gosteren lojistik
sirketlerinde bu rakam yetersiz kalmaktadir.
Devlet kontroliinde lojistik faaliyetleri ince-
lenmeli ve caydirict yaptirimlara tabi olmali-
dir. Ayrica ¢evreyi daha az kirleten firmalara
tesvikler saglanarak katilim sayisi arttirilabi-
lir.

Birey meslek uyumu ag¢iklamalarinda
arastirmacilar tarafindan alt1 ¢izilen en temel
ozellik, meslegin yiikiimliiliikleri ile bireyin
ozelliklerinin ve beklentilerinin benzer olma-
sidir. Lojistik meslegini yapabilecek yetkinli-
ge sahip olmayan Kkisiler, lojistik sektoriiniin
yerine getirmesini bekledigi ytikiimliiliikleri
gerceklestiremez. Lojistik egitimi sirasinda
lojistik operasyonunun ¢esitli agamalar1 68-
rencilere teorik anlatimin yan sira uygulama-
It olarak geziler ile aktarilmasi, egitimi alan
O0grencinin meslegin hangi asamasinda yer
almasinin gerektigini ve kendisi i¢in daha uy-
gun olan alan1 bulmasina katki saglayacaktir.
Lojistik egitiminde mesleki uyum duygusu-
nun gelistirilmesine yonelik yapilacak calig-
malar, gelecekte lojistik meslegini icra ede-
cek bireylerin bagliligini artiracaktir.
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