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Abstract— Life Cycle Assessment(LCA) is known as a method investigating the potential effects of products or any
processes on the environments. LCA is composed of goal & scope definition, inventory analysis, impact assessment and
interpretation. The evaluation stages for the LCA are raw material collection, manufacturing products, transport, usage and
recycle or disposal. In this study a LCA methodology is proposed based on the concepts that materials and energy used
are converted into various types of wastes and that the wastes generated affect the environment. The wastes released are
classified into gaseous, liquid and solid types. The environmental burden factor for each chemical compound in the wastes
is introduced to assess the effect of hazardous waste on the environment during the LCA procedure. Results show that the
proposed evaluation method of environmental impact in LCA provides the quantified criteria for the improvement of prod-
ucts and processes. A case study is presented to address the advantage of the proposed LCA method.
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Fig. 1. Life cycle of a product.
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Table 1. Inventory Table of electrical energy

2 g o a7k 735

Electrical energy production(unit: kg/kWh)

Gaseous waste

Liquid waste Solid waste

Power
Waste Con. Q EBF, Waste | Con. Q EBF, Waste | Con. Q EBF,;
Thermal power Coal(8,%)
([8,+8,+0:+8,] %)
0il(8,%)
LNG(8,%)
Others(8,%)

Hydraulic power(8; %)

Nuclear power(8; %)

Others(3, %)
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Table 2. Inventory Table of fuel

A -

ol%d

Fuel production(unit : kg/ton)

S Gaseous waste Liquid waste Solid waste
ource
WlC|Q|EBF,W‘ClQlEBF,—WIC]Q\EBFl
Quantity of using electrical energy * kWh
Quantity of water supply : ton
Coal Lead coal
No-lead coal
EB by coal
Quantity of using electrical energy * kWh
Quantity of water supply : ton
Gas LPG
LNG
Others
EB by gas
Quantity of using electrical energy : kWh
Quantity of water supply: ton
Petroleum Kerosene
B-C
Others
EB by coal
Quantity of using electrical energy : kWh
Quantity of water supply : ton
Others A
EB by coal
EB,, =C, xQ, xEBF, ey FA8ka, EBF= £4H 282 Frol 2R iof tha|M=t F23t.
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Table 3. Inventory Table of water
Water production(unit : kg/ton)
Name of water treatment plant:
Quantity of using electrical energy : Wh
Quantity of using fuel energy: Kinds- Quantity-
Water Gaseous waste Liquid waste Solid waste
W C Q EBF, w C Q EBF, A\ C Q EBF,

Raw water(8,%)
Treated water(8,%)
Others(8;%)
EB Gaseous waste Liquid waste Solid waste
EB by electrical energy
EB water
Total EB
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Table 4. Inventory Table of energy/water/wastes quantity for each stage

S

Quantity of using energy/water & of generated wastes

Stage of LCA:

Company name

Responsible person: Reporting date: / /
1. Residence time(Elapsed Time for producing a product): hour
2. Quantity of using energy supply

1) Electrical energy: Wh

2) Fuel energy: Kinds- Quantity-
3. Quantity of water supply: ton
4. Quantity of generated waste for a product(unit : kg/hr)

Gaseous waste Liquid waste Solid waste
Waste Conc. Quan. EBF, Waste Conc. Quan. EBF, Waste Conc. Quan. EBF,;
EB Gaseous waste Liquid waste Solid waste
EB by energy 1)
EB by energy 2)
EB by water
EB by waste
Total EB
Table 5. Environmental burden of product 5 3
Environmental burden 2:' 2:' ©
LCA Stage Gaseous Liquid  Solid Tz;aclh Esl; for
waste  waste  waste &e A& 5o, Agks AES wte ], 71&e] ZA A= SRR

Raw material extraction/ o] 470193 ek BxF. 1 ¥ 7| EAej 2] AS B3 A

import ‘ 7HA B3 Fde] 400] EdehE, o)7L #AA] Selx Fobzl
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N 2] shye] 2|2 BRRTEEE o JE Telr} gt &, 62
Recycle/Disposal 3 A2E e AL grksisd] AdgE]l g9r)ae " £ gl
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Total EB for each state
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Table 6. Environmental burden for each process improved by the

A B3 PRy 739

Table 7. Normalization scores for human toxicity(kg/1-kg human

recycle or disposal methods body)[4]
Recycle/Disposal Substance HT,
Environmental burden Total EB 2-Propanol(CH,CHOHCH;) 0.022
Method Gaseous Liquid Solid - ‘:h‘is came Acrilonitrile(CH,CHCN) 23
. 4+
waste waste  waste & Ammonium(NH™) 0.02
Incineration Benze.ne(CéH(,) 3.9
Landfill Cadmium(Cd) ' 580
Recycle by A technique Carbon monoxide(CO) 0.012
Recycle by B technique Chblorobenzene(CbHSCI) 5.7
cr” 4.7e+04
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Fig. 2. Comparison of EB for product A and product B.

HWAHAK KONGHAK Vol. 36, No. 5, October, 1998



740 A
Table 8. Environmental burden of product A and B
Environmental burden
LCA £ oroduct A —— 3 Total EB for
stage of produc Gaseous Liquid  Soli cach stage
waste waste  waste
Raw material extraction/ 0 0 0 0
Import
Product manufacturing 13.21 1.37 1.876 16.456
Transport 5578  2.97 0 8.548
Product use 1.327 7.878 0.01 9.215
Recycle/Disposal 3.71 2.03  26.78 32.52
Global EB
Total EB for each state 23.825 14.248 28.666 ______lg 6.730

Environmental burden

Total EB for

LCA stage of product B Gaseous Liquid Solid cach stage
waste waste  waste
Raw material extraction/ 2.488 8.44 2.31 13.238
Import

Product manufacturing 12.4 1.43 2.55 16.38
Transport 8.567 3.54 0 12.107
Product use 2.56 3.46 1.112 7.132
Recycle/Disposal 0.001 0.23 11.442 11.673
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6P”4 "4——4 ze}. & E%Z’W%MM“ A E
selatm g oA g AARA] o] A B
i, A E Be T 9BE HFE ks
SRt WS B 5 olch AT
[ S 7]%7}]\:&_0_ i-gﬂ 14]1_1_242_ 7}])&—5}0:]
£ A9 lsﬂ E«l STl & golx}, ¥l AL #ARGS
*M?IDLW AL Aaks] EE 4 5 glek sERAE A= A
B A% #9712 BAES FASEE, 1o 9t AF A A
B} 3ARgte] A Jehdoh AFAMHEAACAE AlE A7P
Zﬂv Boll vl &) o= 5 o) Amsled o2t A e, AL
2 s A E AFE A ASE HREE 2 A7
uhal), A1E B A% rsle] Adgsing @ rge] AA
e, o] E3l= iAol AR R olake] S
AAZE & 4 it Brp FAH L E Aw ] 98 A, A
w7 2Ae 57 Fig 33 2t} Fig 38 23 A% A9} A% B7}
o220 w4 Bl A vehdle db, AES 2 sy
GAle] TASZEel o5t Aol P 2 Aol E vehdE
otk wEbA AFE Al FFREL Fol7] M E AlEE
g7 AL A7) B-g Fole WS dsleio} gl 4
vhsket.

N

8 4

i NE e

o)

3-4. 5l
3-4-1. 7H’dtﬂ*& 9 ket 44
7%‘”6}—& ** Jelar, 27t 9 ALE9] 271 Hoﬁ,j, 2 A3
& 7%l Wiste] A S A AE Hoket.
3-4-2. J§AAH 7}
18] 27121 AT
99} Zgk o,
wig-g sl A

Joll tsle] 7393718 AARE 237} Table
o] ai% A AL 2 elb Fig. 49 2Eghel
Ae] A9 viaE R, 27PHE ol E

I“

satast M36H M52 1998 108

Solid waste
Liquid waste
4 Gaseous waste

Solid waste
S Liquid waste
4 Gaseous waste

Stage of Life cycle

(b)

Fig. 3. Environmental burden of (a) product A and (b) product B
for each stage and each state.
(1 : Raw material extraction/import, 2 : Product manufacturing, 3:
Tranport, 4 : Product use, 5 : Recycle/Disposal)

Table 9. Environmental Burden for each process improved by the
recycle or disposal methods of product A

Recycle/Disposal
Environmental burden
— - Total EB
Method Gaseous Liquid Solid :
for this stage
waste waste waste

Landfill 3.71 2.03 26.78 32.52
Incineration 15.66 7.48 5.44 28.58
Recycle 10.56 6.34 3.27 20.17
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Fig. 4. Change of environmental burden of product B after process
improvement.
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] 7] glel) ZHAR=I e},

AIBI1Z

i : components

j : state of wastes [gas(1), liquid(2), solid(3)]

X : each stage of life cycle (1-5)

y : a process in each stage of life cycle

k : kinds of power source

l : number of processes in each stage of life cycle

n : number of components

m : number of power source

Cy  :concentration of component i at state j, power source k

Q;  :flow rate of component i at state j, power source k

C,, :concentration of component i at state j, stage x, process y

Q, :flow rate of component i at state j, stage x, process y

EBF,; : environmental burden factor of component i

EB;, :environmental burden of component i at state j, power source k

EB; :environmental burden of all components at state j, power source
k

EB; :environmental burden of all components, power sources at
state j

EB,, :environmental burden of component i at state j, stage x, pro-
cess y

EB, :environmental burden of all components at state j, stage x,
all processes

EB :global environmental burden

azloja 21t

T, : residence time for process y
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