I 192

i g 3

$% & A Tetsuto-Hagané Vol 91 (2005) No 1

HHREAREELRFLIUCEHBE 2Ly —4 X
HENDHBRMUE TS AF v IDH AL B
JH ALY X7 LDRE S L OB EM ST

Bell THER* - SRE S - AL

Zth* - IIF

x-Sl HEX

Environmental and Economic Analysis of Recycling System Using Gastfication Plant for Flame Retardance Waste
Plastics from Used Home Appliances and Automobile Shredder Residue

Ichiro DAIGO, Takasht TERASAWA, Yasunari MATSUNO, Masaru Y AMASHITA and Yoshihiro ADACHI

Synopsis : Recyching of waste plastics from household applhiances and automobile shredder residue (ASR) 1s a major concern in Japan along with the

enforcement of recycling law Chemical recycling technology for waste plastics (including flame retardance plastics) has been developed by

Japanese industries In this work, life cycle inventory analysis and project finance method were applied to analyze CO, emissions and eco-

nomic feasibility of this technology and compared with those of conventional technologies It was found that chemicals (Br) recovery 1n con-

junction with energy recovery by this recycling technology could lead to significant reduction of CO, emissions compared with those from

conventional incineration It was found that economic feasibility of this technology 1s strongly dependent on disposal cost of waste plastics

and cost of electricity
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Fig. 1 Process flow of the recycling system using gasification plant for waste plastics from used home apphances and automobile

shredder residue.
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Table 1. Annual discharge of waste plastics from home appliance recycling plants located 1n the west region 1n Japan.?

Capacity Annual discharge
Name of recycling plant Location (1,000 of waste plastics
sets/year) (1,000 tons/year)
Matsushita Ecotechnology Co , Ltd Hyogo 550 59
RPN Co, Ltd Hyogo 496 68
Hirabayashi metal Co, Ltd, Minato] Okayama
factory 60 05
Hirabayashy Metal Co, Ltd, recyching] Okayama
farm Mitsu 260 37
Nishinihon electric Household| Fukuoka
lapphiances Recycling Co , Litd 500 56
Kumamoto Shinmyo Industry Co, Ltd | Kumamoto 26 02
|Actpy Recycling Co , Ltd Kumamoto 265 36
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Fig 3. Inputs and outputs for the recycling system.

nTuAn, Bk 7o 220 T, HERHZEmE
LU, —f36km/L & LT, ETHEED, S BMEERE 7R
L7,

4. RAEMFM

4.1 REEMFFETFE

DA I NBEBMOFEEMEZ M TEHI286720, K
AT LIk THEAMENEF v v ¥ 2 7 T —(Cash flow,
CENZDOWTAF L, W DAhDAMIEREAHWEZ LT,
K 27T LORFEM#RETL7-, CFIZ, FEIZKDEAR
HENEBENTAERT I NS, BEOFREWL2TRTE
BMELTLHEELLDTH B, SEIDHFHTIE, £EW
RA2MBRE L LTIRR (Internal Rate of Return © UL
WE), HATTEKDEFIZOWTOHORE & L TLLCR (Loan
Life Coverage Ratio) & DSCR (Debt Service Coverage Ratio)
3DDWEIZDOWTHRET L 22 (FBEEDOFEMIERPA T Appendix
M), k¥, CEONTIE, RIFKRE, EEN%, £
F), BEHEIZOWTEEL -,
4.2 FEMFMCAWET—2BLURRES
BEREIZOVWTIE, b7 ) VI DT, £
B THEE, &5 - FHRIEE, Mg, —REHEEZK
W7FER, AEHI75008 M E Loz Z DD
B\, Bt E Al 30,000, m2i2 3 T Y T R
10,000m*D L EEAT S L& L, B, EWHEH
fEl 2T OXN R & Lz, £/, BEEEKEIZTIO
ERTHEML, BEMBIZEEEREIND 10% & L7z,
FEEINKIZDOWTIE, REBEBET 7 & LU ASRD 5| HIEF
DO AERfifE A AE4TH, F Y& L, REEIISEEM
i26.0M,/ kWha W, ki, KEET 7k LUASR
D5 [HLUF D ALPEHIS & FEEEE SBT3, EEHKZ
WETFRENDDBREIN AT 72, ZOMDIEEL 72

A EOIRTE, 5IEMHiEIC OO TREFEOHREFAEL,

27y USb): 234H kg, BFE © 135M kg, WEK

1. BUE [RABET I -BERH T 40X - BRFTBEAISER/NERSZ] (CHOTRPSHIEOME L & & IZRBENFLTMAEOMRHIED 5

ﬂfl \-,:7 u\)o

195 I



. 196

$% &3 Tetsuto-Hagané Vol 91 (2005) No 1

5M/ kg, A& sM/kgkfEE LA, £72, XT750F
RS NHEE L RELTTICOM kg L, WET —FI1&
Pb (88) ®Zn () #HRETEAL TOIHDTEE
WBEMBITH 278, IESHENEH 2 —H — TIIBEITEI NS
ZENLS0M kgD W HEHE T ENB &L, 21—
T4V T4 BIIN2760M tUEERBE 5N/, T2,
ERICBI L Tk, BEEE) A ZULETORDRDIZE
S, HEHENS Y4 2 KR E TOERTRIZAN S

BRGHREREEE L,

X512, TV VP EBICAH»BERE LT, WiBE K
K L CHERMEO 4% BHRBET L LREL, AR
IZ2o0WTid, 759V FOEBEEHEBLUBHFEBRLLT
302 &EL, FHNEEEDE LT TFH/ ALL

726
/-, &FNT, “EHREPI%EEE L, SHEBEIC
WTIE, REYEEHUG R 4 BUSMiE D4 0% & L, Dﬁﬁf‘é

Bl % RBUITHED 14%, WAfizR0206% (EE®) & U, &
ABLEBEAR, BAERB, BABEBOAR L UTERM

8D 40% & L7,

5. EREER

5.1 REMFTERER

K ATFLBEOWKY ZAFLIZEBTBREBRIED
CO,HFEARDZMRE Fig. 41577 7F, 22T, fBHA
FH(Auxihary Fuel)id, LNG, 2 —2 2, EH%z&A, B
(Utnlity)id, BIKE, Ak, K, IKEEXE &4, O

& (Recovered Matenials)id, $k22 9 v 7, A7 7% &4,

% % & J1(Generated Electricity)iz, REEHE» S5 ot
ANHBEBENEEZZLEWBHREELTWS, /2, B
FKENNPHBIZ K > TEE XN S/5— 2 VD Co, i E
BAEDETRENTNS, ki, BIFEME L THEIENS

A7y, AL, WET —FOEG|&OBER L E 1L,

HREICEEIBL D BNI NV 2T Ly F )L
LTEFEL Tk, #COHER, K27 4h
1,300kg/t T B DIZxt L, BMMPEHIZ 51> T 1,900kg/t,
TARBIZE T 1,400kg/t, BIEHEIZHB W T260kgt T
Hole RVAFLIZEWTIE, RERT 7 & ASRDIR
BET 7 OB KB Co, iR &, FEIZ K BRELEES A
HHBIC KX BEA L k> T3, RICHIBYREHNZ X 5%
ERKEL, ZhEI -7 XOBBEIZ KB EHRESIE
DTS, £, KV AT LOBETH 5BEDEY
i2&k b, RIREFE S DELERED CO,PEH & 88kg-CO, A
B cE A2 Labry, BREIC X B CO, YL IR
HygEwoht, £72, SEIOMEEITEBOBEREST b~
ERHETHY, BT 2F v s ORIEHEEAIEE SN
7o7=%, WiRIZ& B CO,EHEIA AR COFHEDD
121% % 57 Bk 27 A1CBL Tid, HigH, 2

196

2,000
ONew system j
. 1500 Incineration
S O Waste power generation
?ﬂ 1,000 & Landfill
d
B 500 Generated _Recovered
] electricity materials
193
a 0 . o n .
£ = ]
u: Waste Utility l Bromine Transport Total
8 -500 plastics
Aucxiliary Landfill
-1,000 fusl
-1,500

Fig. 4. Life cycle CO, emissions and contribution of each
source for the systems.

.

1400

1300
1268

CO:2 Emissions (kg-COz2)

e \
1100
1000 - T8%" : '

10% 11% 12% 13% 14% 15%

Generating efficiency of waste power generation

Fig. 5 Effect of efficiency of waste power generation on
life cycle CO, emissions

AREBIZEWT, BT 7 AF 9 2 OBRBEIZHET 5 Co,HE
HMENAKELSFS LT,

Tk, RV AT LOITARBICEAL, BREWE%
10~15% & TEHH S H =B ADRCO,YEHEDEN % Fig.
SIZRY o AV AT LDMCO, P EZ H#IZTRL T
3H, ZAREOREBDIEN8%IZKEVTEb-TED,
ZARBOREMEN 8% EBALVIED, KUY A5
NV 2T LD COPMEIINI NI EAbN B,
5.2 BEMITMERER

CFAMDKER% Table 21277 %, ZD& % IRRIZ 13 4%
ThY, EHDI%EKEL LBl TWB I & Abh 3
F 72, LLCRA'1.32, DSCR2FIY137& %0, BHEE%
BMLTIY LEADZT MG, BEUBEEFIIITCNEIH
ICBLTRBERTAZ EAREN TN B,

Xiz, BRPNICHEZZEH L AHERE g 61207879, Z
Z T, #EAE (Auxihary Fuel)& 3% & 71 (Generated Elec-
tnaty) D EL AN TIWEIL, Fig. 4 RUCTH B, FAE
(Uulity)id, {HEE N, BIKG, HRIK, HC, JHE, K,
KEZEX A & A, OYLEF(Recovered Matenials)id, $ &
97, A5, HEr—%%&A, &H(Faciity)id,
fiF B O WAl (B H & & WiE B 4 & A, T DT Hi(Other
Expenditure)id, AF&, &fEBE, AL EENT
Wi, BEh EDOREIZEDETT AT, 10FBDOF



HHAFRARCWB B ICARH Y 2L ) 4= F 2 MUROBBRUIE TS 255 2D H 7 2T E B ) H4 2L 2 F LOBMLE & OSGFHILEHTE

Table 2 Results of cash flow analysis for the recycling system.

ear 0 1 2 3 4 5 6 7 8 9 10
Sale of 2,636] 2,636] 2,636] 2,636 2,636| 2,636] 2,636] 2,636 2,636/ 2,636
Operatlonexpendlture ..... 12} 1,209] 1,192} 1,178} 1,167| 1,159] 1,152 1,146] 1,142{ 1,139 1,136
OperarmgCashFlow ---------- -12] 1,427| 1,444} 1,458 1,469| 1,478} 1,484] 1,490] 1,494] 1,498} 1,500
Imtial investment 7,823 0 0 0 0 0f 0f 0 0 0 0]
TTax o] 117 232 247] 260] 273] 285 2971 308] 319 329
CashFlowbeforeﬁnancmg -7,835{ 1,310] 1,213| 1,211] 1,208] 1,204] 1,199} 1,193] 1,186} 1,179] 1,171
IFinance 7,823 0f 0 0 0f 0 0| 0] 0f 0] 0
Cash Flow before repayment -12] 1,310f 1,213] 1,211} 1,208} 1,204} 1,199] 1,193] 1,186] 1,179} 1,171
MTotal repayment 235 994 970 947 923 900 s76| 85| s2o| s0e| 782
Payment of the interest | 235 211 188] 164 141] 117 94 70| 47 23 o
Payment of the principal o 782 782 782| 782 782 782 782 782 782 782
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Fig. 6. Economical gain and loss for the recycling system Fig 7. Results of sensitivity analysis of disposal cost and
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