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Summary

A liquefaction plant to convert waste plastics into fuel oil was installed at Niigata
Plastics-to-oil Conversion Center in Rekisei Kouyu K.K. in 1996. It is the first
commercial plant for the thermal liquefaction process of waste plastics in Japan.
The Niigata Plastic Liquefaction Center liquefies the plastics in the sorted
collections of waste from the households in Niigata City, which has a population
of approximately 500,000. The plant is capable of handling about 6,000 metric tons
of plastics per year and the recovered oil is used as a fuel in the public facilities in
the city.

Ozet

Atik plastikleri yag yakita doniistiiren sivilagtirma tesisi 1996 yilinda Niigata
Plastik Sivilagtirma Merkezinde kurulmustur ve Japonya’da atik plastiklerin termal
olarak sivilagtirildigi ilk ticari igletmedir. Nuftisu yaklagik 500.000 olan Niigata
sehrindeki  Niigata Plastik Sivilastirma Merkezi evsel atiklardaki plastikleri
stvilastirir. Tesis yillik 6000 ton plastigi isleme kapasitesine sahiptir ve ele gegen
yag sehirdeki genel kullanimli tesislerde yakit olarak kullanilmaktadir.

I. Indroduction
Plastics, which are mostly from packaging, account for only 7% weight of
municipal waste stream (MSW) and much more by volume. Although MSW
separation technologies have been studied extensively, it is still not possible to
classify waste plastics in MSW mechanically and obtain marketable fractions.
Tertiary recycling of waste plastics through pyrolysis (thermal degradation) offers
great potential as a means for solid waste management. Possible technologies for
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the conversion of waste plastics to useful products have attracted research in the
area of thermal degradation.

The amount of waste plastics in Japan was about 9 million tons in 1995 and has
been increasing every year. Japanese goverment instituted a program which related
to a duty to reutilize some specified waste plastics derived from municipal waste
after 2000. In such situation, Nigata City started a sorted collection of waste
plastics from households in 1996. A liquefaction process was introduced in Niigata
Plastics-to-oil Conversion Center in Rekisei Kouyu K.K. to produce fuel oil from
waste plastics under a contract with Niigata City.

I1. Process Description

The flow diagram of the liquefaction plant was given in Fig.1. The plant consists of
pretreatment section and liquefaction section.

Pretreatment Section

Sorted waste plastics (Table 1) from all households in Niigata City are filled in
polyethylene bag and are brought to the plant site by trucks and they are thrown
into a receiving hopper after measuring their weight. The waste plastics in the
hopper are transport by a conveyer and are treated by a magnetic separator, manual
separation of PET bottles, a crusher, a sorter and a volume reducer.

Table 1. Composition of Waste Plastics

%
Plastics 78,3
PET Bottles 10,7
Metals 1,3
Paper and Cloth 33
Garbage 3.0
Others 34

By these treatments, most of unsuitable materials to liquefaction such as metals,
papers, wood tips and PET bottles are removed and fluffy plastics (Table 2) are
prepared as feedstock to liquefaction section.
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Table 2. Composition of Fluff

%
Plastics 78,3
PET Bottles 10,7
Metals 1.3
Paper and Cloth 3.3
Garbage 3,0
Others 3.4

Liquefaction Section

In the liquefaction section, 800 kg/h of plastic fluffs are treated continuously. The
fluffs are fed to a pair of dehydrochlorinators in which polyvinyl chloride (PVC)
and some portion of other plastics are decomposed at around 300 °C producing
hydrogen chloride (HCI) gas and light hydrocarbon gas. The hydrocarbon gas is
burnt in an incinerator at over 1000 °C. The HCI gas is absorbed into water in an
absorber and recovered as 10 wt% HC1 aqueous solution.

Molten plastics discharged from dehydrochlorinators are feed to a pyrolysis
reactor, which is equipped with scraper to avoid coke deposition onto the inner
wall. The reaction temperature in pyrolysis reactor is kept around 400 °C by
injecting high temperature vaporized recycle oil directly. The coke generated
during pyrolysis and other solid matters contained in the feed fluffs are periodically
discharged from the bottom of the reactor.

The product vapour is quenched and sent to a fractionator, where the vapour is
fractionated into off gas, light oil, medium oil and heavy oil. The off gas is burnt in
the incinerator. The light oil, which is slightly lighter than kerosene, is used as fuel
for the recycle heater and other facilities in the plant. The medium oil is shipped
out as fuel oil equivalent to ‘Fuel oil A’. The heavy oil is utilized as fuel for the
facilities in the plant as well as the light oil.

I11. Results of Commercial Trial Run

The commercial trial operation of the plant started on October 1, 1996.
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Composition of Waste Plastics

The waste plastics collected from the houscholds contain 11% of foreign
substances that cause some troubles in the operation of liquefaction plant as
follows:

- Large metal blocks may cause a breakdown of the crusher

- Non-magnetic metal pieces and wires may cause a blockage in the liquefaction
section.

- Garbage may cause a malodor.

Material Balance

The typical material balances at pretreatment section and at liquefaction section are
shown in Table 3. The yields of cracked oils are less than expected. The following
actions are now studied to increase the oil recovery.

- Reduction of the unsuitable substances to liquefaction section.

- Improvement of the sorting method at pretreatment section.

- Optimisation of the pyrolysis conditions to reduce the off gas yields.

- Improvement of the efficiency of plant facilities to reduce the consumption of
product oil.

Properties of Product Oil

The chloride contents in the medium oil and in the heavy oil are 45 ppm and 43
ppm, respectively. These values are low enough compared with the target value
(100 ppm). The cetane index of medium oil is 46.0, which meets the requirement
for the usage as diesel fuel.
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Table 3. Material Balance

% on Waste Plastics

% on Fluff

Pretreatment Section

Waste plastics 100.0 -
Fluff 15:0 100
PET Bottles 5.2 -
Combustible residue 13.5 -
Incombustible residue 5.2 -
Balance(water,etc) 1.1 -
"Liqucl'actinn Section

Light Oil 25.3 33.8
Medium + Heavy Oil ~ 12.7 16.9
HCl 3.9 52
Residue 21.2 28.2
Off gas 11.9 15.9
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Abstract

ORapidly increasing rates of their accumulated quantities of wastes spurs, not only
internationally and nationally but also locally, searching improved for an effective
integrated solid waste management. Waste reduction and recovery efforts serve as
the keystone environmental management activity on university campuses in the
world. Main objective of this study has been to control and reduce the packaging
wastes and other waste types (municipal, hazardous and toxic, medical) in two
campuses (Yunusemre and Iki Eyliil) of Anadolu University (a university with a
population of about 4000 staff and 14650 students). Within the frame of this
objective and taking the waste profiles and types (municipal, hazardous, toxic and
medical) into account, existing situation has been determined.

Currently, in this study collaborate with CEVKO, and campus solid wastes have
been periodic physical / chemical analyzed for pH, organic matter, volatile matter,
calcium, sodium, potassium, heavy metals etc. Also, some many of brochures have
been prepared and printed; with two colors containers settled; and four “Bring
Center” established in the two campus. So, this program has many volunteers of
undergraduate and graduate students, and who work directly training and
presentation recovery program.
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Ozet

Giiniimiizde, atik miktarindaki hizli artis nedeniyle sadece uluslararasi ve ulusal
degil, yerel anlamda da etkin bir entegre kati atik yonetiminin olusturulmasi
gerektiginden, tiim  diinyadaki iiniversite kampiislerinde, ¢evre yGnetimi
uygulamalarinda atiklarin azaltilmasi ve geri kazamim ¢alismalari 6nemli bir yer
tutar. Bu nedenle ¢aligmanin ana amaci, 4000 kisilik personeli ve 14650 6rgiin
egitim goren Ogrencisi olan Anadolu Universitesi’nin iki kampusiinde, ambalaj
atiklar1 ve diger atik tiplerini (evsel, tehlikeli ve toksik, tibbi) kontrol altina almak
ve degerlendirmektir.

Halen CEVKO Vakfi ile ortaklasa yiiriitilmekte olan bu g¢alismada, atiklarin
periyodik sekilde fiziksel ve kimyasal analizleri (pH, nem, ugucu madde, kizdirma
kaybi, kalsiyum, sodyum, potasyum ve agir metal tayinleri) yapilmakta olup; el
brosiirleri ve duvar ilanlari hazirlanmig, ayr toplanacak atiklar i¢in konteynerler
temin edilmis ve her iki kampus biinyesinde dort adet “Geri Kazanim Noktasi”
(Bring Center) kurulmustur. Ayrica, iiniversite lisans ve yiiksek lisans
ogrencilerinden olugan goniillii galisma grubu olusturulmus; egitim-bilgilendirme
ve geri kazamim c¢ahgmalarinin takibi gibi asamalarda direkt olarak gorev
almislardir.

I. Giris ve Amag

Son niifus sayimi verilerine gore 62.865.574 olan Tirkiye niifusunun onemli bir
kKismint geng niifus olusturmakta ve bu geng niifusun 1999-2000 yili itibariyle
yiiksek 6grenimdeki 923.679°u (488.569 agikogretim 6grencisi dahil edilmemigtir)
orgiin ogretim gormekte, bu 6grencilerin egitiminde de 63.866 Ggretim elemani
gorev yapmaktadir. Dolayisiyla, bolgelere gore dagilhimi Sekil 1'de verilmis olan
53 devlet ve 18 vakif iiniversitesinde niifusumuzun % 1.5’u giinlik yasamini
kampuslerde gegirmektedir [ 1, 2].

Ulkemizde bugiine degin geri kazammla ilgili olarak yapilan ¢alismalar
belediyelerin  yerel olanaklariyla gergeklestirilmig, 1991 yilinda Kkurulan
GCEVKO’nun galismalariyla ulusal ve bilimsel bir nitelik kazanmaya baglamistir.
Bugiine degin 650.000 kisiyi kapsayan ve 50’den fazla ayri toplama ve geri
kazamim programi yiiriiten CEVKO Vakfi ilk kez bir tniversite ile isbirligine
girmis ve Anadolu Universitesi ile CEVKO Vakfi arasinda 27 Ekim 2000’de
imzalanan protokoliin ardindan, 19 Mart 2001 tarihinde “Anadolu Universitesi Kati
Atiklarin Degerlendirilmesi Projesi” fiilen baslatilmistir. Igleyis mekanizmasi Sekil
2’de verilen ¢alismanin amaci, Anadolu Universitesi’nin Yunusemre ve 1ki Eyliil
Kampuslerinde ortaya ¢ikan her tiirlii aigin Entegre Kati Atik Yonetimi anlayisiyla
bertarafi i¢in, degerlendirilebilir kati atiklarin kaynaginda, diger evsel atiklardan
ayri toplanmasi ve yeniden degerlendirilmesi ¢aligmalarinin etkin bir sekilde
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gergeklestirilmesi ve iilkemizdeki diger tiniversite kampusleri igin 6rnek bir model
olusturulmasidir.

Akdeniz Ege I¢ Anadolu Marmara

Sekil 1. Tirkiye'deki tiniversitelerin bolgelere gore dagihmi [1]

IL Diinyamin ~ Cesitli  Universitelerindeki Kampus Geri Kazanim
Projeleri

1990" 1 yillara kadar 6zellikle ABD deki belli bagh tiniversitelerde gevreyle ilgili
faaliyetler ya ¢ok az ya da hig yokken, 1990 yilindaki 20. Diinya Giinii
kutlamalarinda 6grencilerin “gevresel denetim”le ilgili olarak idari kadroyu
sorgulamalariyla  bir anda pek ¢ok kampuste geri kazamim programlar
uygulanmaya baslamigtir. Bu ¢ahismada geri kazanim programi uygulayan
Appalachian State University, Birmingham Southern College, Brigham Young
University-Hawaii, Coastal Carolina Community College, University of Colorado
at Boulder, Dartmouth College, Georgetown University, Highline Community
College, Humboldt State University, Medical University of South Carolina, The
University of Michigan, Middlebury College, University of Minnesota,
Montgomery College (Rockville Campus), The University of North Carolina at
Chapel Hill, The University of North Carolina at Charlotte, University of Oregon,
University of South Carolina, The University of Texas at Dallas ve University of
Wisconsin-Madison gibi 20 diniversitedeki uygulamalar incelenmis, bu
iiniversitelerden bazilarindaki sistemin Anadolu Universitesi ile karsilastirmal
durumu ise Tablo 1'de 6zetlenmistir [3].
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KURUMSAL YAKLASIM
Proje Yiriitiiciileriyle Temas (tel, fax, e-mail)
Kampus Niifusunun Belirlenmesi
Unite Sayisi
Fakiilte / Enstiti vb. Akademik Program Tipleri
Kampusteki Kisilerin Destegi
Akademik Egitim

Medvadan Yararlanma

ONCELIKLI OLARAK YAPILACAK iSLEMLER
Personel Profili
Atiklarin Karakterizasyonu ve Degerlendirilebilirlik Segenekleri
Kullanilacak Ekipmanlar (Konteynerler)

Atiklarin Transferi ve Tasinmasi

YONETIM
Projede Gorev Alan Personelin Durumu
Toplanan Atiklarin Pazarlanmasi

Favda ve Malivetlerin Hesanlanmasi

PROJENIN SUREKLILIGININ SAGLANMASI

Sekil 2. Projenin isleyis mekanizmasi
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Tablo 1. Diinyanin ¢esitli tiniversitelerindeki kampus geri kazanim projelerinden drnekler [3]

University cf South University of Oregon University of Colorado University of Anadolu
Carolina at Boulder Texas at Dallas Universitesi

Ogrenci sayis 25000+ 10000-24999 25000+ 4000-9999 14650
Personel sayist 2000-4999 2000-4999 10000+ 700-1999 4000
Stadyum Var Var Var Yok Var
Hastane Yok Yok Yok Yok Var
Geri donusturilen atik miktan (ton) 542 1151,76 1100 62,74 (6]
Kompostlanan atik miktari (ton) 225 228 350 -
Toplam atik miktan (ton/yil) 3100 294255 6250 646274 730-1940
Geri donasim butgesi Yok $210.000 $474.000 Yok **)
Geri  donusome yapilacak tahmini $60.000 $15.000 e
harcama
Gonulla ¢aligan sayist 0 2-10 12 0 54207
Geri donagtirillen maddeler Kagit, telefon defteri, Kagut, telefon defteri, otomobil | Celik kutular, kagit,

otomobil yagi, florosan | yagi, florosan lamba, 1, 2, 3,4, | telefon defteri, otomobil Kagt. telefon Kagit, plastik,

lamba, aliiminyum
teneke, printer Kartusu,
karton, otomobil akiisii,
hurda metal, otomobil
lastigi

S, 6 ve 7 numaral plastik,
aliminyum Kutu, printer kartusu,
karton, aki, gelik kutu, hurda
metal, yemek yagi, cam sise,
antifiriz

yagi, aliminyum Kutu,
karton, 1 ve 2 numarali
plastik, printer kartugu,
cam §ise, hurda metal,

antifiriz, aki

defteri, otomobil
yagi, altminyum
Kutu, karton, hurda
metal

aliiminyum Kkutu,
karton, cam sise,
metal

Kompostlanan maddeler

Agag dali, ¢im ve diger
yesil maddeler,
yapraklar, yiyecek
atiklan

Agag dah, ¢im ve diger yesil
maddeler, yapraklar, yiyecek
atiklan

Agag dallan, ¢im ve diger
yesil maddeler, yapraklar,
viyecek atklan

Apag dallan. ¢im
ve diger vesil
maddeler,
yapraklar

Y ok

(*) Caligma baglangi¢ agamasinda oldugundan, hentz net rakamlara ulagilamamigtir.
(**) Eylul 1999 itibanyle projenin toplam batgesi 10 milyar TL dir.

(***) Aylik tahmini harcama yaklagik 140.000.000 TL dir.
(****) Proje ekibi 5 kisi olup, 20 kisi de gonalld lisans dgrencileridir.
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1. Caliymanin Kapsam

Anadolu Universitesi, ligli uzaktan ogretim sistemi uygulayan 12 fakiiltesi, 8
yitkseckokulu, Devlet Konservatuari, 9 enstitiisii ve 16 aragtirma merkezi ve toplam
4000 kisilik personeli ve 14650 orgiin egitim goren dgrencileri ile birlikte evrensel
iniversite degerlerine sahip, Tiirk Yiiksekogretiminde ilklere imza atmig bir
iniversitedir.

Personelin ve dgrencilerin giinliik ihtiyaglarini gidermeleri sirasinda ve akademik
tinitelerden kaynaklanan (biiro, laboratuvar vb.) atiklarin yani sira Yunusemre
kampusii biinyesinde yer alan Mavi Hastaneden ¢ikan tibbi atiklar da dikkatle
izlenmesi ve bertaraf edilmesi gereken atiklardir. Bunun yani sira Yunusemre
kampusiinde her 6glen 7000, iki Eylil kampusiinde ise 450-500 Kisinin
yararlandigi yemekhanelerden ¢ikan yiyecek atiklari énemli bir atik potansiyeli
olusturmaktadir [4].

Projenin isleyis mekanizmasina gore, oncelikle kampus niifusunun belirlenmesi
¢aligmasi yapilmis ve her iki kampusun toplam niifusunun 24123 Kkisi oldugu
(6grenci, 6gretim elemani, memur, is¢i vb.) tespit edilmistir. Daha sonra;

e her iki kampuste bir anket ¢aligmasi yapilmis ve ¢alisma dncesi mevcut durum
belirlenmistir,

e kampuslerde 4 adet “Geri Kazanim Noktasi” (Bring Center) olusturulmus,
once 35 (binalar, yemekhaneler, kantinler, yurtlar vb.) olarak belirlenen nokta
sayisi projeye gelen yogun talep iizerine 60’a yiikseltilmis ve bu noktalara
mavi ve yesil renkli olmak iizere 120 adet 120-240 L’lik plastik konteynerler
yerlestirilmistir. Mavi renkli konteynerlerde cam, metal, plastik: yesil renkli
konteynerlerde ise kagit-karton tiirii atiklar toplanmaktadir,

e c¢gitim ve bilgilendirme ¢alismalari kapsaminda, proje ekibi ile birlikte
cocuklara yonelik bir materyal, tibbi atiklarla ilgili bir materyal ve genel
amagh bir materyal olmak iizere {i¢ farkli sunus materyali hazirlanmig, toplam
33 iinitede egitim-bilgilendirme ¢alismasi gergeklestirilmis olup, seminerler
periyodik olarak siirdiiriilmektedir,

e toplum desteginin ¢ok 6nemli oldugu ger¢eginden hareketle, tiim kampuste
duyurunun saglanabilmesi amaciyla afis ve brosiir tasarimlari yapilmig ve
CEVKO Vakfi ile birlikte duvar afisleri ve el brosiirleri bastirilmistir,

e halen siiregelen ¢aligmada iiniversite ¢op toplama kamyonu ile birlikte aylik
olarak Eskigehir ¢op depolama sahasina gidilmekte ve {iniversiteden g¢ikan
atiklarin  yerinde tasnifi yapildiktan sonra alinan numuneler laboratuvar
ortaminda fiziksel ve kimyasal analize tabi tutulmaktadir,
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e caligmada 5 kisilik proje ekibinin yaninda, lisans ve lisansiistii olmak iizere
toplam 20 goéniillii 6grenci gorev almaktadir.

IV, Deneysel Calisma

Anadolu Universitesi’nde her giin toplanan kati atik miktari 2-5 ton arasinda
degismekte olup, bilesimi yaklasik % 20.9 plastik, % 4.6 cam, % 2.4 metal, % 25.6
kagit ve % 46.5 organik atik/ ¢op seklindedir. Geri kazanilabilir nitelikteki kati
atiklar her giin diizenli olarak, tiniversitenin kendi imkanlariyla toplanmakta ve
baglangi¢ asamasinda olunmasina ragmen, giinliik degerlendirilebilir kati atik
miktart 600-700 kg arasinda degismektedir.

Ayhk olarak alinan kati atik 6rneklerinde, 6nce fiziksel (smniflandirma, 6giitme,
elek analizi (2mm boyutunda g¢alisilmistir), pH, nem, ugucu madde miktar,
kizdirma kaybi) analizler yapilnus, daha sonra da atomik absorpsiyonla agir metal
tayinleri, alev spektrofotometresiyle de kalsiyum, sodyum ve potasyum miktarlari
belirlenmistir. Kati atik numunelerinin fiziksel analiz sonuglari Tablo 2° de,
kimyasal analiz sonuglari ise Tablo 3" de verilmistir.

Tablo 2. Fiziksel analiz sonuclan

I 11 I
pH 4,95 5,16 6,2
Nem (%) 66,9 78,7 66,3
Ucucu Madde (%) 85,83 93,51 75,13
Kizdirma Kaybi (%) 96,0 95,3 172
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Tablo 3. Kimyasal analiz sonuglar

Derisim

(mg/kg) I [ 11
—(} i'u]\iii.gm 7 7() 0 0
Kadmiyum (Cd) 0 0 0
Krom (Cr) 0 0 0
Bakir (Cu) 0 6,99 0

Demir (Fe) 0 0 53,46
Civa (Hg) 0 0 0
Nikel (Ni) 0 0 0
Kursun (Pb) 0 0 0

('inko (Zn) 2,39 2,79 5,49

Kalsiyum (Ca)  349,1 5193,8 10692,5
Sodyum (Na) 13464 3595,7 799.4

Potasyum (K) 17951 6991,6 1898,7

V. Sonug¢

Bilindigi gibi Entegre Kati Atk Ydénetiminde, atiklarin belirli bir sistem dahilinde
bertaraf edilmeleri esastir. Bu sistem; atigin kaynaginda azaltilmasi i¢in dnleyici
bir takim tedbirlerin alinmasi, geri doniisiim/geri Kazanim, enerji geri kazanimh
vakma, diizenli depolama seklinde olmakla beraber, her iilkenin ve kentin
uygulamadaki yaklagimi, mevcut teknik, teknolojik ve sosyo-ekonomik kosullara
gore degisebilmektedir.

Bu gergevede, Anadolu Universitesi’nin de her iki kampusii iginde ortaya ¢ikan her
tiirlii atigin Entegre Kati Atik Ydnetimi anlayisiyla bertarafi igin, degerlendirilebilir
kati atiklarin kaynaginda, diger evsel atiklardan ayri toplanmasi ve yeniden
degerlendirilmesi ¢aligmalariin etkin bir sekilde gergeklestirilmesi ve iilkemizdeki
diger tiniversite kampusleri i¢in 6rnek bir model olusturulmasi esas alinmigtir.

Sonug olarak;

e ayri toplanacak kati atiklarin entegre atik yonetiminin en énemli kriterleri olan
hem gevresel hem de ekonomik etkinlik kriterlerini saglamak agisindan son
derece onemli sonuglar doguracagi muhakkaktir.  Caligmanin ileriki
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