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Abstract

The traditional environmental load assessment mainly aimed at the
pipe-end of industrial process, and accused the producer should take
environmental responsibility solely. But the increasing production is driven
by the growing demand, it seems unreasonable to exclude the role of
consumer, when we seeking the suitable pathway toward sustainable
development. Although the material depletion and environmental quality
degradation caused by the massive and irresponsible are gradually
acknowledged by public in Taiwan, there is still lacking a systematic
quantitative tool to explore the whole impact hidden behind daily behavior.
Therefore, the “Input-Output Life Cycle Assessment” is applied to estimate
the direct and indirect environment load induce by consumption and
production pattern in Taiwan, thus the “Only the Stacks Pollute”principle
can be re-examined.

From environmental impact linkage analysis, the contribution of
industries production among the overall environment impact can be
discussed. By evaluating environmental load in all kinds of demand, the
proportion of total household consumption in Taiwan is about
20.52%~34.59% in various environmental impact categories and export part
Is about 43.57%~65.91%. The main environmental impact is due to the
reason of producing for export. However the environmental load of import is
about 47.36%~93.16%, which means the “Taiwan Consumption, Other
countries emission” phenomena does exist, and should not be ignored.

When comes to the sustainable consumption part, although there is



only a small portion of total household expenditure spent in manufacturing
industries, but massive environmental load hidden behind those
consumption behavior. However, the portion of expenditure spent in service
industries and the environmental load are proportional. In the other aspect,
electricity using of household and service industries, oil consuming and air
pollution emission of transportation are the main factors for environmental
impact.

Comparing the environmental impact induced by the industrial activities
and household consumption among the all counties in Taiwan, there are
seven cities causing above average environmental impact owing to over-
consumption, especially Hsin-Chu city and Taipei city. Moreover, the
environmental impact caused by consumption are much larger than the
industrial activity in Taipei city and Tainan city. Those evaluation indicate
that the inner environmental inequity should be a issue to deal with by the
government.

Combining the uncertainty analysis and sensitivity analysis of different
consumption scenario, the total household expenditure spent is the most
determining factor of environmental impact. The other determining factor
includes the demand of electricity, agricultural production, and
transportation. This result can offer a direction to prioritize the sustainable
consumption strategies.

Key words: Input-Output Life Cycle Assessment, Forward and Backward
Linkage, Life Cycle Impact Assessment, Environment equity,

household expenditure, import and export, over-consumption.
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EE SR
" Xij + Fi = Xi (3.1)
Dij = Xij/ Xj (3.2)

# ¢ Dij 2 # »~ fxdk (Input coefficient) 35 J35F 2 &2 - H = & K-#7
T AP MY T N od MV A AEHE A KTE LSS

A et ] e o x FEHe Tk e (Technological coefficient) e

> (Dijx Xj) + Fi = Xi (3.3)
DxX+F=X (3.4)
F=(1-D)xX (3.5)
g

X=(-D)*'xF (3.6)

X 5nXl2%2 0wt

F 2 1Xnz2 %% o &

D % nXn z Fjirih e
[ 2 nXn 2 H =4
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Dioxin : 5.03E+10

A RY e AT kg - eq PM2s TSP : 6E-01
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NOX : 4.15E-02
SOx :0.24

KRR R kg - eq POs- SOx : 2.2E-02

05 120 kg - eq SO2 SOx:1
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4.1.1 H =5 % REH P OES

KE RRAGELEFLE N7 Fod EohB g R L3P A
ERA O BB A bl B ST 2 L3NS A e i
FRAY ZAEMBER LG T L AEF T Y AM ohs g R

NERPRE BT R RDA R RIS T -2 F S

BeRR e T A REEF R kMR AR T REF A

=

= x

CEORAE AR P S RE EE AN T A AR R AR

TR TR F S R E R A R BRI

SN AERE G » TER PP o

(=)~ % #7324 (TSP PMio~ SOX ~ NOX ~ NMHC ~ CO)
DEAAP NG AR T E AE mE R T RPERT o HA

EH A 24 B EL5 b TSP 82 PMo § i enptofdt (4o &

4-1)> PP E 2B R F KA N A T RPwL PRI L o

MR AR A RT A

o 4-1 H =5 % 7 K TSP 22 PMio #2282 B 2t 3t i

TSP i PM1o
A FEIR - - ~ - A FEIE : - - -
7 FEx(Kg) | B &2 (Kg) 7 fx(kg) | B EP (k)
A 466.52 451.23 A 346.94 337.2
e R
i p i 324.34 303.5 lw% 249.35 188.1
o &

ERH A

. 306.84 220.8 @ﬁrﬂ B ik 101.69 93.3

5 B4R 147.80 74.6 5 R4 93.42 41.6
B2 131.04 102.7 B A 83.75 66.2

53




SOx $#t B =% fptse i T4 ~ 22 B il B
T4 EALA L BR% SO« EF

A
o

% oM .f‘:*,?%‘ir%\ b1 R GREY T4 PR  F]PF Rk

BOOE SRR Ra AFRETHE 1 Rt R Flpt 0 A R
RO ONOXMER ARG AL BRI U LR FE
¥ oA 427 —Fy A A RAEERALRRT § o R H AT Rk
A AE < A AT 1 R R EE AR ARG R
AN %ﬁ °
4 04-2 B =B % T F SOX £ NOX $:2 87 B 2Pt
SOx NOx
A I T "o A S A . N
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EHTH
65.83 486 7 4 252.01 225.5
F U 1
2 & 7 b
R 51.32 20.0 iy 174.50 129.6
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e 47.61 26.5 b1 R 74,77 39.7
g | 4122 9.2 Ak g 67.59 13.7
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% 438 =5 % 2 £ NMHC ~ CO £ 8 423011 i
NMHC co
FRFe . . ; A FEIRE o . .
7 R#e(Kg) | EE#x(Ke) k(K | 2 #&#x(Kg)
Atz BHlE 40847 374.7 B2 360.37 289.7
5 W 220.59 143.0 B A 332,52 312.4
PET
%f" 213.46 164.0 34 135.61 120.0
Er ) A1 e
| 3 143.89 110.0 4 4 92.00 53.1
;ﬂi_$ JE 7
L g 124.72 28.6 £ 5 87.21 58.0
o
(z)~-k#;5% % (BOD~COD~SS)
4 4-47 > BOD £ COD th¥ =3 Fhg I3 4 ~ p kR
b1 B S E LR PR > BT

BOD 22 COD # 3 #F 4% % o 4v 1
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AR 0 F] P 4
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3408 2 F f L KMF AP REE B R

S gl oSS UAAF AL F A
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BAAE A BB R

BOD COoD SS
AFEIVEF R B R A EINP 7 Rpon B A EINP Rt B Ak
(Kg) (Kg) (Kg) (Kg) (Kg) (Kg)

3 A 441.71 355.1 3 A 1043.48 @ 83.8 #A | 3436.92 | 3382.8

A ok-k | 137.37 109.8 Aok 412.17 32.9 A k-k | 639.93 509.7
vl & & | 119.55 5.6 vl & &5 | 28201 12.0 weoF 626.37 0
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—

Dioxin As
AEIVFE 7 Rk BRI | AEIVF| O R | EEEK
(Kg) (Kg) (Kg) (Kg)
i 48 1.13E-07 7.337E-08 7 3 1.12E-02 1.02E-02
2L e K
B2 4.04E-08 3.25E-08 T eR 3.86E-03 2.96E-03
=
Hiw £ K| 3.48E-08 2.74E-08 Kt 8.49E-04 0
£ 85| 3.37E-08 0 Likgw| 8.01E-04 0
A 2.45E-08 0 Hi 28| 753E-04 2.14E-04
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2 4-6 H B ¥ T FAE - AP BPI R
Cd Hg
AFEINE | F R BRI AEIT ) OF kR papx
(Kg) (Kg) (Kg) (Kg)
&%
T 1.35E-03 1.23E-03 ) 1.29E-03 | 1.1E-03
ORI
9 48 2.73E-04 1.47E-04 T4 7.50E-04 | 6.75E-04
H# &% | 158E-04 7.71E-04  JRF%| 5.65E-04 | 5.17E-04
£ BE & | 1.15E-04 0 4 4B 4.72E-04 | 2.66E-04
H 5 pRFx | 1.04E-04 6.64E-04 | % B 1 42| 2.69E-04 0
24T B R AP RUSRE S AERFHF AR ROE S
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mEAEEERPERLER

AT ERE 2% F RA NHTE D B R
LI s s e (Kp)
g 2.34 1.41
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A b o 1.01 0.33
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FEFMFAERAIENTS 2RI US mB R A
dod 4-8 #rF o m B A S %Ji Fapg RE S KA 'Jgi'b“:é_%
Hrbh%Z Rt @3 ¥ 8P el 2L HRAEI /P TL
Flod Bg iRl Pd JILRS O T AR A BN et 3R
Ay R AR F MO ESL -

57




204-8 8 kBT R MBS BP0 R

CO2

A EINFE ok ARk
(Kg) (Kg)
T4 301.39 271.7
FepHyr A& 8812 60.83
A 4 60.09 30.82
B A 59.43 43.96
NECE 1 55.01 18.64
A 52.48 41.59
-F 44.44 15.48
AR 43.43 5.95
AR &V 39.87 29.61
R 34.95 2.64
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% i xR
AFINE | Z RGE B4 | A EINP FRGE BT B EIP | F | B
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T4 76.37 69.63 |F WM E & 7725 72.79 T 20.60
] . B ]
4 48 16.28 9.05 i1 R | 45.09 21.97 R 14.67
|
A 10.78 4.42 woF 32.89 0.059 woF 6.31
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PMu10 15.66% 62.98% 21.36%
SOx 21.26% 40.49% 38.25%
NOx 25.29% 32.66% 42.05%

NMHC 18.46% 38.80% 42.74%

30.05% 32.42% 37.52%

13.83% 41.05% 45.12%

33.14% 42.89% 23.97%

29.85% 44.44% 25.71%

5.55% 88.21% 6.24%
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Carcinogenic

3.18E+00
2.67E+00
2.75E+00
2.38E+00
2.63E+00
2.85E+00
2.37E+00
2.34E+00
2.49E+00
2.17E+00
2.06E+00
2.09E+00
2.40E+00
2.08E+00
2.22E+00
1.77E+00
1.95E+00
2.11E+00
2.40E+00
3.40E+00
2.74E+00
2.22E+00
2.52E+00
2.58E+00
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Non-carcinogenic Respiratory

7.8TE+05
6.06E+05
6.56E+05
5.31E+05
6.03E+05
6.40E+05
5.83E+05
5.85E+05
5.45E+05
5.34E+05
4 .86E+05
5.04E+05
5.20E+05
4.26E+05
5.37E+05
3.71E+05
4.43E+05
4.64E+05
5.96E+05
8.52E+05
6.37E+05
5.01E+05
5.40E+05
6.04E+05

3.21E+01
2.44E+01
2.43E+01
2.01E+01
2.31E+01
2.31E+01
1.98E+01
2.24E+01
2.30E+01
2.12E+01
1.83E+01
2.06E+01
2.13E+01
1.64E+01
2.03E+01
1.56E+01
1.77E+01
1.91E+01
2.46E+01
2.98E+01
2.43E+01
1.96E+01
2.19E+01
2.35E+01

Aquatic eutrophic Aquatic acidificati Globe warming

2.68E-01
2.15E-01
2.27E-01
1.86E-01
2.12E-01
2.24E-01
1.90E-01
1.95E-01
1.96E-01
1.76E-01
1.65E-01
1.65E-01
1.89E-01
1.61E-01
1.88E-01
1.37E-01
1.55E-01
1.67E-01
2.04E-01
2.84E-01
2.31E-01
1.78E-01
2.01E-01
2.11E-01
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2.26E+01
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1.79E+01
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1.71E401
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1.42E+01
1.53E+01
1.65E+01
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1.18E+01
1.30E+01
1.42E+01
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2.29E+01
1.88E+01
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1.72E+01
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Energy Consumption Waste
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7.01E+06
8.31E+06
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9.52E+06
1.33E+07
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8.74E+06
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2.18E+00
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2.85E+00
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TSP

1.02E+04
3.67E+04

v 5.68E+04

ot 1.83E+04

o D.07E+04
v 1.52E+04
o 2.93E+04
w3 19E+04
v 2.93E+04
2. 19E+04
v 2.51E+04
wan 1.91E+04
o 3.33E+04
v 4.87E+04
o 2.00E+04
o 144E+04
v 2.11E+04
v 7.80E+03

5.24E+03
3.66E+03
2.27E+04
4.13E+03
1.0SE+04
5.57E+05

PM10

4.64E+03
1.49E+04
2.56E+04
1.13E+04
2.42E+04
9.03E+03
1.73E+04
2.08E+04
1.41E+04
1.59E+04
1.45E+04
1.01E+04
1.51E+04
2.61E+04
1.51E+04
8.20E+03
1.25E+04
4.66E+03
3.16E+03
1.79E+03
7.56E+03
1.67E+03
3.81E+03
2.82E+05

A R B

NMHC  CO

1.65E+03 1.74E+04
4.62E+04 '7.68E+04
1.39E+04 4.82E+04
5.97E+03 1.94E+04
1.77E+04 5.35E+04
3.95E+03 1.75E+04
8.31E+03 2.05E+04
1.84E+04 5.47E+04
3.85E+03 2.79E+04
8.81E+02 1.03E+04
5.14E+03 2.41E+04
2.21E+03 1.63E+04
1.09E+04 3.02E+04
2.07E+04 5.43E+04 4.49E+04 3.50E+04 3.93E+07
1.39E+03 1.39E+04 1.63E+04 2.05E+04 5.84E+06
3.80E+02 4.39E+03 4.19E+03 5.68E+03 -1.55E+06
5.33E+03 1.89E+04
1.17E+03 3.41E+03
1.33E+04 1.36E+04
1.97E+03 6.77E+03
7.28E+02 1.37E+04
3.60E+02 3.52E+03
4.02E+02 5.69E+03
1.85E+05 5.55E+05

e

(BhefiE)
3.45E+04 4.65E+04 9.18E+06

4.30E+04 4.52E+04 6.01E+07

8.38E+04 7.54E+04 1.99E+07
7.54E+03 1.09E+04 1.16E+06
8.14E+04 4.91E+04 2.99E+07
1.76E+04 1.43E+04 4.78E+06
1.78E+04 1.01E+04 1.14E+07
3.07E+04 3.84E+04 5.90E+07
3.35E+04 2.66E+04 9.38E+06
1.15E+04 1.32E+04 -5.47E+05
2.78E+04 2.04E+04 7.08E+06
2.12E+04 1.11E+04 3.57E+06
3.59E+04 2.48E+04 1.05E+07

5.82E+03 6.88E+03 -1.05E+06
1.32E+03 7.54E+02  5.23E+05

4.17E+03 4.62E+03  1.07E+07

5.88E+03 7.42E+03 1.35E+06
2.11E+04 2.05E+04 2.68E+06

4.57E+03 6.01E+03 9.31E+05

1.30E+04 1.23E+04 1.84E+06
5.73E+05 5.06E+05 2.86E+08
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9.26E+06 0.00E+00 0.00E+00
6.01E+07 0.00E+00 8.15E+09
2.12E+07 2.61E+09 2.13E+10
2.70E+06 2.48E+08 1.01E+08
3.03E+07 3.52E+08 5.06E+09
5.70E+06 2.11E+08 9.48E+05
1.25E+07 9.58E+08 5.65E+09
6.00E+07 4.22E+09 2.75E+10
9.44E+06 7.29E+07 2.27E+09
2.25E+06 1.74E+09 3.06E+09
7.23E+06 1.72E+08 9.44E+09
4.36E+06 5.97E+08 1.42E+09
1.09E+07 2.81E+09 2.46E+09
4.09E+07 2.03E+09 1.62E+10
7.21E+06 1.76E+08 9.19E+09
1.08E+06 9.94E+07 7.86E+06
2.33E+06 2.21E+08 5.13E+09
5.25E+05 0.00E+00 2.51E+08
1.08E+07 1.47E+08 6.37E+09
1.37E+06 0.00E+00 0.00E+00
2.71E+06 0.00E+00 0.00E+00
9.32E+05 3.39E+07 0.00E+00
1.84E+06 0.00E+00 0.00E+00
3.06E+08 1.67E+10 1.24E+11
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Dioxin

(¢-ITEQ)
1.61E+00
3.43E+01
2.18E+00
1.02E+00
2.84E+00
2.87E+00
3.16E+00
1.65E+01
2.82E+00
1.43E+00
1.32E+00
2. 71E+00
8.27E+00
1.43E+01
3.34E+00
4 47E-01
6.88E+00
3.16E-03
4.64E-01
9.74E-01
3.09E-01
3.44E-01
6.28E-01
1.09E+02

Pb(ton) Cd(ton)

6.16E+01
1.76E+02
9.94E+01
24TE+02
1.13E+03
9.07E+01
1.41E+02
2.56E+02
1.32E+02
4.45E+01
TA41E+01
5.61E+01
1.98E+02
5.86E+02
1.52E+01
2.28E+00
1.27E+01
2.7TTE-01
1.15E+01
7.78E+00
3.25E+01
1.06E+01
4. 79E+00
3.39E+03

He(ton) As(ton)

4.04E-04 3.09E-03 9.21E-03
1.02E-01 1.55E-01 3.84E-01
6.33E-02 7.05E-02 5.93E-01
4.28E-03 5.38E-02 1.54E-01
6.06E-03 1.59E-02 4.19E-02
5.56E-03 1.76E-02 2.72E-02
2.45E-02 1.57E-02 1.06E-01
3.54E-01 2.35E-01 2.78E+00
3.58E-03 1.43E-02 3.38E-02
2.29E-03 1.35E-02 2.84E-02
1.71E-03 1.15E-02 3.16E-02
4.08E-03 3.13E-02 6.81E-02
1.53E-02 3.71E-02 4.20E-02
1.49E-01 1.40E-01 1.15E+00
1.82E-03 9.51E-03 2.31E-02
6.00E-04 8.69E-03 2.53E-02
1.38E-02 4.60E-02:7.24E-02
0.00E+00 4.81E-04 1.30E-03
2.36E-03 1.39E-02 4.35E-02
1.96E-03 5.14E-03 6.29E-03
5.13E-04 4.35E-03 1.02E-02
0.40E-04 1.37E-03 1.10E-03
2.65E-03 2.27E-03 1.10E-02
7.61E-01 9.06E-01 5.64E+00
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6.4TE+04  8.80E+06 1.38E+05
7.34E+06  2.84E+07 8.58E+06
343E+06  1.26E+06 7.40E+04
1.02E+05  6.97E+05 2.80E+04
S71E+05  8.61E+06 1.99E+06
3.57E+05  8.57E+05 4.92E+04
1.99E+05  5.86E+06 2.73E+06
1.90E+07  1.89E+06 5.52E+04
6.92E+05  3.69E+06 7.73E+04
2.04E+05  9.10E+04 7.17E+03
1.60E+05  6.12E+06 2.31E+06
1.78E+05  1.21E+06 2.48E+04
7.14E+05  1.87E+06 4.43E+04
8.90E+06  1.84E+07 2.96E+06
6.69E+04  2.17E+05 1.49E+04
1.31E+04  4.35E+04 1.79E+03
241E+05  2.13E+05 1.95E+04
0.00E+00  1.40E+05 5.66E+02
1.21E+06  4.14E+06 2.49E+03
791E+04  9.19E+04 1.27E+04
3.09E+04  3.09E+05 1.73E+04
5.38E+04  1.02E+05 1.17E+04
2.80E+04  2.90E+05 9.32E+03
437E+07  9.33E+07 1.91E+07

o
&
1.35E+07
8.24E+06
1.74E+07
2.19E+06
9. 79E+06
1.96E+06
2.42E+06
5.87E+06
5.49E+06
2.42E+06
2.85E+06
2.54E+06
5.02E+06
5.86E+06
4.18E+06
1.08E+06
1.78E+06
4.6TE+05
2.07E+06
2.39E+06
4.22E+06
1.40E+06
5.54E+06
1.09E+08
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