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Life Cycle Inventory and Cost Analysis of Waste Plastics Utilization 1n the Steel Industry

Masatoshi SHIMADA, Kyoicht MIYAMOTO, Masahiko HIRAO and Takashi NAKAMURA

Synopsis : Environmental impact and cost of waste plastics utilization 1n the steel industry as feedstock matenials for blast and electric furnaces were

evaluated using scenario-based life cycle assessment technique These processes were compared with conventional processes including hque-

faction and incineration with electric power generation Since existent process inventory data do not include an input flow of plastic materials
and cannot be used for the analysis of scenarios varying plastics flow rate, new process inventory models, which have an input flow of plas-
tics and have other input/output flows depending on the flow rate of plastics, were developed

A case study of the utilization of the industrial waste plastics from Aichi district was performed using our life cycle model Total emission

of carbon dioxide and total energy consumption were used as environmental indices and costs of transportation, investments and utilities

were estimated as well We found that every process 1s effective from the view point of the reduction of carbon dioxide emission and energy

consumption Especially, the blast furnace has large potential to reduce carbon dioxide emission The transportation does not have significant

contribution to environmental impacts and total cost As a result, waste plastics utilization in the steel industry 1s an effective technology to

reduce environmental impacts

Key words: waste plastics utilization, life cycle inventory analysis, cost analysis, blast furnace, electric furnace, process modeling
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Fig. 1 Life cycle model for the evaluation of waste plastics utilization. Scenario boundary 1s shown by dashed line.
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Table 1 Process inventory of blast furnace modeled i the
present study

Input Amount
Iron ore 16000 kg
Plastics X kg
Coke ¢ kg
Pulverized coal 900 kg
Ar 46.7 Nm?
Nitrogen 2.53 Nm?
Water 210 |

Output Amount
Molten iron 10000 kg
BFG Vare out Nm?
Slag 3350 kg

Table 2. Molar composition of blast furnace gas.

Component Fraction
Cco 0.23
CO; 0.20
Ha 0.03
CHs 000
N3 054
12 9
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Table 3 Process mventory of electric furnace modeled in
the present study.

Input Amount
Scrap iron 1,010 kg
Electrode 4.635x10%e kg
Electricity e kWh
Electricity for shredding 013x kwh
Oxygen 286 Nm®
Plastics X kg
RDF Y kg

Output Amount
Crude steel 1,000 kg
CO, d kg

Table 4. Selected scenarios for the evaluation of waste
plastics utihization

Scenario No Scenario description
Sce. 1 Fed to blast furnace
Sce. 2 Directly fed to electric furnace (T.E. = 30%)
Sce. 3 Fed to electric furnace after processed to RDF (T.E. = 50%)
Sce. 4 Fuel for electricity generation after processed to RDF

) (GTE = 40%)
Sce.5 Fuel for electricity generation after iquefaction (G TE = 40%)
Sce.6

Fi TE = 10%

(Reference) uel for electricity generation (G 0%)

TE. = Thermal Efficiency
G.T.E. = Gross Thermal Efficiency
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Fig 3. Change of energy consumption from reference sce-
nario by introducing scenarios described i Table 4.
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Table 5. Amount of waste plastics discharged from each
area 1n Aichi district

Amount of waste plastics

Area name [ton/year]
Toyota 60,000
Nagoya 25,000

Toyohashi 15,000

Mie 5,000
Gifu 2,000
Hamamatsu 5,000

Table 6. Transport distances between areas

From To Toyota | Nagoya |Toyohashi| Me Kawasaki
Toyota 5 30 330
Nagoya ' 30 5 350

Toyohashi 7 50 65 5 B 290
Mie ‘ 50 5 400

Gifu 50 400

| Hamamatsu 85‘ 100 35 250
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Table 7. Parameters for the evaluation of transportation
cost

a Transport veloaty 50 km/h

b Loading time 1 hour

¢ Unloading ime 1 hour

d Labor hours 8 hour/day

e Unit labor cost 10,000 yen/day

f Fuel price 29 yen/|

Table 8. Selected scenarios for the evaluation of trans-

portation cost.

Sce. t-1 To two incinerating power plants at Nagoya and Toyota

Sce. t-2 To one blast furnace at Nagoya

Sce. t-3 To one blast furnace at Kawasaki, out of Aichi area

Sce. t-4 To two electric furnaces at Nagoya and Toyohashi

Sce. t-5 To four electric furnaces at Nagoya, Toyohashi, Toyota and Mie
Sce. t-6 To two liquefaction plants at Nagoya and Toyota

re (Amount of Plastics [t/ year])

........................... ( 1 7)
10X0.3[t/ year]
d
[y e e (18)
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+b+c
a
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m
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Table 9. Parameters for the evaluation of plant cost.

Plant Cost Avallability Worker Installation Site
{10%en / (ton-plastic / [person/plant]
plant] (year-plant)]

Power generation 80 230,000 24 Toyota, Nagoya
Liquefaction 100 60,000 24 Toyota, Nagoya
Blast furnace 40 356,000 8 Case 1-Nagoya

& pretreatment Case 2.Kawasaki

Electric furnace 5 60,000 Toyota, Toyohashi

& pretreatment Nagoya, Mie

Table 10. Selected scenarios for the evaluation of plant

cost.

Sce. p-1 Two Incinerating power plants
Sce, p-2 One blast furnace

Sce. p-3 Two electric furnaces

Sce. p-4 Four electric furnaces

Sce. p-5 Two liquefaction plants

Table 11. Buyng prices of input materials and utilities.

Input Buying price
Electnaity 8.8 yen/kWh
Electrode 345 yen/kg
Paraffin 33 yen/I
Coke 13.4 yen/kg
Waste plastics 0 yen/kg
Light ail 29 yen/I
Heavy oll 22 yen/I
Coal 3.8 yen/kg
Water 0 03 yen/|

Table 12. Selling prices of output matenals and utihties.

Output Selling price
Electnicity 8.5 yen/kwh
Ammonium sulfate 5 yen/kg
Crude light ol 20 yen/kg

DIERE Fig 41TR U1z, BOMIEFIEAH S Z & 4R T,
BHIBE S 7 VA (Sce u-)TIET I 2F o 7 DRHIZ&
D, HHENBBENTEbLTEENEAL S, HILREES
F U A (Sce. u-)THERIKEIZT I 2F o 2FAIZLD, 58
BEAMZ S, BXFERMLY F U 4 (Sce u-3) T, A
NENBBHIWWE, 2D, ZD3D2DYF JFTIEA
HHOBHEODERMNKEL, 2—-F4 VT 4T X2 MNIE
Ly, ZOXRPERIEFg IR LA AL X ~HHE

190

Table 13. Selected scenarios for the evaluation of utility

cost.
Sce. u-1 Incinerating and generating electnic  power
(TE.=10%)
Sce. u-2 Using in Blast furnace
Sce. u-3 Using in Electric furnace (TE =30%)

(T.E.=Thermal Efficiency)

)

o

Utility Cost [10? yen/ton—-plastic]

-2
-3
-4
Sce Sce Sce Sce
u-1 u-2 u-3 u-4
Scenario

Fig 4. Change of utility cost by introducing scenarios de-
scribed 1n Table 13.

DORNEREZERCIZ A2 EEL605, DFED, BT
T AF U EEEIIFICHRA LERE30% THAT
% Sce. u-31ZHRT, FEBEHME10%D Sce u-1°, —EMH
LU TH5%hFE40% THREHT D Sce udid TR F—0o
ZMKREL LB, =T 4T 43R MIBT B
UK NELS KB,

F72, BIFERHMEL Y ) 4 (Sce u-2) TikfiD3D>D Y F
VA ERZDI—-T 4 )T 4 A MPEDEE LT
%, PRI TIEBFG, COGHRBEBRE NS /- DFREE A
P4 5—F, BFERHLICEN 4 RT3 - EEENHE
md 3, AROEAENS A, TRITE A TER
RIS TH B728, 2—741) 543X MIFIZE B,
K+ ) A TEAROBEEMAE % 3.8 FM/t-coal & L 7273,
8.7 FHM/t-coal WEMFFERHLD 2 —5 1 V7 4 2 2 | DB
Pz B,

5.4 hr—#AJORXb

Table 14{Z7R T 6 DDERY + 1) ATDNTRET L 7=,
BT 7 2F v 7 ltonDFEFLDOFEY b —~2 LT X %
HEL, ZORRE g SIZRLE,

F—gnLax FTiE, BEXFERZ1TS Sce total-4,
Sce total-5 VB, EMFFEHHE % 1T 5 Sce. total-2, Sce. total-3
3274 VT 43X MDPETHBD 2L TZPT
BIELWVIFRICE > TWDE, 72, FREOHEEND
Sce. total-1, Sce. total-6 Tid 2 —F7 4 V7T 4 I X MIZKITH



Table 14. Selected scenarios for the evaluation of total
cost. A scenario 1s described by the combination
of a transportation scenario (Table 8) and a plant
scenario (Table 10) and a utility scenario (Table

13)

Sce. total-1 t-1 + p-1 +u-1
Sce. total-2 t-2 + p-2 + u-2
Sce. total-3 t-3 + p-2 + u-2
Sce. total-4 t-4 + p-3 + u-3
Sce. total-5 t-5 + p-4 + u-3
Sce. total-6 t-6 + p-5 + u-4

—
Q
b=
7]
«
N
c 0 :
*\9 Plant
g 1 B Transport
> O Uuhty
) O Total
=2
o
3-3
&)
-4
-5

Sce Sce Sce Sce Sce Sce
total-1 total-2 total-3 total-4 total-5 total-6

Scenario
Fig. 5. Change of total cost and its detail by mtroducing
scenarios described 1n Table 14.
FlZs % B2 L Lk 2 FOHH EEIS 72D b —

ANLAZFTIIEDEA LB Z W ah b, 72721, Sce.
total-6 TIZMILEBEDOREHIE 2 40% TH 5DIIxF L T,
Sce total-1 TIHHHIBEDORBEMNEN10%TH B I Lh
5, Sce total-1 1 ZFBHREOMET b — &)L T 2 b & HIW
HENIEIZTEZ A HMERH 5,

ZhoofERL D, BT 2 A TIIRTIER I /MR
DWRTHEARA, 2—FT4)F 42X VETIZEHENEN
WHEWHSHEHELS, P—a LT X TRESFERML Y
FTUOAPENRTNS, 72, RAICERFEMLY F U LT
& b Sce. total-4 & Sce total-5 % K3 B &, Sce total-51C
B AN A SBT3 Z LIk BEE T R N DEFERM &
D), Sce total-41Z 31T 5 BEERER M A 288 T T L VBRI T

BRI B BT IZAF RN A TH L s Ay MY & TR FEHE
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2 NDERBEDIEI B> TR LWanrrb, LrL,
Sce total-3D Kk 9 ZamipEfEE S S ) A DS TIE 21
:zbul—r4UT4SZFE%WHZFTREéh,
BN =22 2 MIRIETRHEINE O,
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