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Development of the Performance Indicator for the Mitigation of
Greenhouse Gas Emissions from Products
— Estimation of Social Cost for Global Warming Impact using the Conjoint Analysis —

In-Tae JeongT - Kun-Mo Lee - Jong-Sung Song*

School of Environmental Engineering, Ajou University + *Samsung Electronics LCD Business

ABSTRACT : Proposing a method for the estimation of the social cost for global warming impact (external cost) is the aim of this
paper. Both the endpoint approach and conjoint analysis were applied to estimating the social cost for global warming. The endpoint
approach was used to assess the damage on the safeguard subjects by global warming due to the emission of greenhouse gases into
the atmosphere. The conjoint analysis was used to estimate the economic values for safeguard subjects which measure the social pre-
ferences and willingness to pay (WTP) on safeguard subjects. The economic values of human health and social asset were estimated at
62,261,700 Won/ DALY (yr) and 10,000 Won /10,000 Won, respectively. Moreover, cost factors of GHGs were calculated by multiplying
the damage factor which is quantified the unit damage on safeguard subject and the economic value. In the case of CO,, the cost factor
was calculated at 13.52 Won/kg (13,520 Won/ton). External cost of products or services can be calculated by multiplying the GHG
inventory result of products or services by the cost factor of each GHG. inventory.

Key Words : Greenhouse Gases, Global Warming, Social Cost (External Cost), Safeguard Subject, Endpoint Approach, Willingness to
Pay (WTP), Conjoint Analysis, Cost Factor
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Fig. 1. Diagram of endpoint approach” (modified by the author).
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Fig. 2. Process flow chart for the conjoint analysis using the
contingent choice method.
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Table 5. Attributes of global warming impact and levels of each attribute

Attribute Unit Levels of attribute
Level 1* Hold the present situation
0.55 day/year (27.5 days/50 years)*
. Level 2 25% reduction
Human health Loss of life 0.41 day/year (20.5 days/50 years)
(DALY) -
50% reduction
Level 3
0.28 day/year (14dsays/50 years)
Level 4 0 (No loss of life)
Level 1* Hold the present situation
70,000 Won/year (350 Mwon/50years)*
Level 2 25% reduction
Social asset Cost of damage 52,500 Won/year (262.5 Mwon/S0years)
(Won/year) -
Level 3 50% reduction
35,000 Won/year (175 Mwon/50years)
Level 4 0 (No damage)
Level 1* Hold the Present s1tuat10n4
0.28 species/year (14species/50years)*
L Level 2 25% reduction
Ecosystem health The numbe.r of extinction 0.21 species/year (10.5species/50years)
(species/year) -
Level 3 50% reduction
0.14 species/year (7species/50years)
Level 4 0 (No extinction)
Level 1+ Hold the present situation
6.12 Mton/year (306 Mton/50years)*
. Level 2 25% reduction
Ecosystem asset Prodzcm/m of)plant 4.59 Mton/year (229.5 Mton/50years)
on/year
Y Level 3 50% reduction
3.06 Mton/year (153 Mton/50years)
Level 4 0 (No reduction of plant production)
Level 1* 0 (No payment)*
il Level 2 10,000 Won/year
W1111ngn.ess to Pay (WTP) Additional WTP (Won) per year y
for improvement Level 3 30,000 Won/year
Level 4 50,000 Won/year

Note: ‘asterisk(*)’ means the worst situation and it was used as a base option in the questionnaire.
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Fig. 3. Sample question of questionnaire used for conjoint analysis.
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Table 6. The result of estimated coefficients for four attributes

Attribute Estimated coefficient (B) Standard error T value P value
1.226 -
H health .62 1.94 .054
uman healt (0.597~1.855)T 0.629 949 0.05
. 0.144 .
Social asset (0.090~0.198)* 0.054 2.651 0.009
-0.479
E health 1.1 -0.404 .
cosystem healt (-l.665~0.707)f 86 0.40 0.687
-0.044 .
Ecosystem asset (-0.061 ~_0.027)+ 0.017 -2.554 0.012
Willingness to Pay (WTP) 0.089 0.066 1.344 0.182
£ Y (-0.155~-0.023)" ' ' '
" the range of estimated coefficient (B - standard error ~f + standard error)
" P<0.01 : statistically significant at the 1% level ~ P<0.05: statistically significant at the 5% level
™ p<0.1: statistically significant at the 10% level
Table 7. Respondents’ information of second conjoint analysis
Gender Age Residence
Male Female 20s 30s 40s Seoul Gye01.1g-g1 Chung-f:heong Gyeong-sang Jeo.11a
province province province province
Persons 84 37 89 28 4 25 86 6 3 1
Ratio (%) 69.4 30.6 73.6 23.1 33 20.7 71.1 5.0 2.5 0.8
Table 8. The result of estimated coefficients for two attributes
Attribute Estimated coefficient (B) Standard error T value P value
1.269 (B1) .
Human health 0717 ~ 1.821)* 0.552 4.956 0.000088
. 0.074 (B>) .
Social asset (0.033 ~ 0.115)»; 0.041 3.684 0.000001
- -0.108 (Br) .
Willingness to Pay (WTP) (-0.163 ~ _0.053)+ 0.055 -3.955 0.000255

" the range of estimated coefficient (B - standard error ~f + standard error)
P<0.05: statistically significant at the 5% level

" P<0.01 : statistically significant at the 1% level
"™ P<0.1: statistically significant at the 10% level
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Table 9. The result of MWTP of each attribute for the im-
pact of global warming

MWTP (Won) / household | MWTP (Won) / household

Attribute (= -B1/B1) (=-B1/B2)

Human health| 11,713 Won/DALY (day) | 170,580 Won/DALY (day)

Social asset 6,866 Won/Won 10,000 Won/ 10,000 Won

gh AFdst Jakdd tigk Z2F A0l el sl H
oA Hulg /MAAFN7] {3 2 £4E MWTPE It
A7E 11,7139, A3 A2 6866902 AXEATE 1
A3 ARke] A A dEiE SRR AT
2, A3 Aake] gk MWTPS 10,0009 A3
A ARES 71F0 2 MWTPES AAREIIS 7
%, 4% MWTPE Q17 197 170,5809, ARE] A1%F 10,000
Aoz A=A F4 AelA] Be uie} o] At
w3} o] sl AR ARatETE 17F AR ¥ =2 &
S5 Fi Aot A = Aok

Table 10°] ZAZXRJE FAS B3l 2+ Boohdol izt 2
AH XA A vgE FAst YeERsleH, 1z A
ol ek AAE 7 MWTP %< 170,5800/DALY ()
o 36598 #3ted DALY()ol Hi3t goz skt

£

Table 10. Estimated economic value of each safeguard subject
from conjoint analysis

Estimated economic value
Human health 62,261,700 Won / DALY (yr)
Social asset 10,000 Won /10,000 won

Safeguard subject

Table 11. The part of cost factor for GHGs

GHGs (X) Molecular formula COSE\;?:?E;C;)T ")
Carbon dioxide CO; 1.35E+01
Methane CHq4 3.57E+02
Nitrous Oxide N,O 4.60E+03
CFCs
CFC-11 CFCl3 7.15E+04
CFC-12 CF.Cl 1.65E+05
CFC-13 CCIF; 2.17E+05
CFC-113 CyF3Cls 9.32E+04
CFC-114 CyF4Cl, 1.52E+05
CFC-115 CyFsCl 1.12E+05
HCEFCs, etc
HCFC-21 CHCLF 3.26E+03
HCFC-22 CF,HCl 2.64E+04
HCFC-141b C,FH;3ClL 1.09E+04
HCFC-142b CoF2H;Cl 3.73E+04
HCFC-123 C,F;HCL, 1.86E+03
HCFC-124 C,F,HCI 9.63E+03
HCFC-225ca CsFsHCI, 2.80E+03
HCFC-225¢b CsFsHCI, 9.63E+03

21 (ol A3 Table 102] Q1ZF 1733} AFS] &Fakd)]
gk BAA 7ixeh g AGE o83t GHGs 5 CO;,
o thak B-GAGCF™ =
A=3F Ak 13.529/kg(13,5209/ton) Fho] AF=E AT ot
£ GHGsoll 3t vl EAFE Aalsle] 1 F URE Table
11 YRR At

H health Social t
CF uman  heal + CF ocial  assel )%

ih
rit

o.
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(FH8)S A= olE Hl8l AFds) de 1
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<, JalE wre gl tisk BAF JHAE A=
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7} 62,261,70099/DALY(\J), 10,00091/10,0009 0.2 FH 5
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