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Abstract : The introduction of the Korea toxics use reduction (TUR) program to build a clean society is generally evaluated
based on social economic criteria. Among various techniques, benefit-cost analysis is the most commonly used. This method is
focused on the calculation and comparison of all the benefits and costs attributable to the TUR program. However, since it is
reasonable to consider not only economic criteria but also policy criteria in the process of evaluation, it is necessary to reflect on
the criteria weights found in the benefits and costs. This study aims at developing a new evaluation technique to achieve this
purpose and apply it to the Korean TUR program to be implemented in 2020. This study selected competitiveness, toxic
substances’ emission reduction ratio, and health improvement as policy criteria. The Analytic Hierarchy Process (AHP)
technique was initially used to calculate the weight and then, based on the results, the concept of information entropy introduced
by Claude Shannon was used to eliminate subjective bias. As a result of the study, it was found that the revised benefit-cost
analysis considering the weights of the policy criteria, as well as the existing economic criteria, could be a reasonable alternative
in evaluating the feasibility of TUR regulations for highly toxic substances.
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Table 1. Benefit-cost analysis of the Korean toxics use reduction program

Regulatory proposal: Mandatory submission of a plan to toxics chemical emission reduction in 2020

Influence group Cost (as 0f 2019)

Benefits (as 0f 2019) Net benefits (as 0f 2019)

114,748,998,821 (investment)
11,474,899,882 (management)

37,077,931,745
(purchase reduction)

Industry 2,810,974,755 (plan preparation) 37.867.169.611
449,755,961 (education/training) (indirect convenience)
37,077,931,745 (opportunity cost)
Government 7,912,000,000
Public institutions 562,186,830
LO"{“;;ZZSS’;;TW 650,994,504
General citizen 107,360,182,384
Total 175,687,742,498 182,305,283,740 +6,617,541,242
B/C Ratio 1.038
*20199F 7EAEE ST o7} A4 4= k. B AFoAE oy 7S A, 7t

B4 7|17+ 10 yro& gt

20204 A8 AFAA 2L 31071, 2025 22" AFGA S
= 1,085702 7}4g5tc).

cBE AFASES 34%, AT AL 4.5%, 7 A
S8 4% 73,

SMART A"HAFY] 715 Fralsto] UoHE S
T HEF 718 6%4 S7Foe HIRE A3 5o, 10yr &
ol 60% A7 @402 7Hgitt

o] ZZ 2 W|ek(dichloromethane)2 A HAEZ9S dix
E4& 7Hgith
JH|Z=A} H]-&(Y/ton ")y
=2 7134

AYAN AFE AE 28A1-2 AT 20
A4 AAL 29o] 3 "ol Ha, A
Eli=

A olik 202049 7] 109 Yoz 7Rt
AHARY 712 AT 100 hes AIZA FH| AZEo=2 71y
Eli= g
AR FEAE 19, 283 I WSATR 16 hrZ 7}
g3t

A R71SREE(VOC) 1 ton A7l TE& ALSH F
oL 20054 7|& 2,800 Euro2 7}A3HC}

27 H|Zeke ©

ol o&
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Table 2. Weighting value of the j-th criteria for the i-th respondent

No. Economy Competitiveness Reduction ratio Health improvement
1 0.306 0.368 0.185 0.141
2 0.119 0.044 0.192 0.645
3 0.069 0.121 0.208 0.602
4 0.061 0.106 0.305 0.528
5 0.068 0.193 0.226 0.513
6 0.073 0.303 0.057 0.567
7 0.089 0.089 0.208 0.614
8 0.054 0.135 0.202 0.609
9 0.120 0.078 0.419 0.383
10 0.568 0.217 0.128 0.087
11 0.068 0.390 0.152 0.390
12 0.158 0.140 0.158 0.544
13 0.179 0.119 0.295 0.407
14 0.088 0.091 0.466 0.355
15 0.035 0.071 0.220 0.674
16 0.122 0.052 0.383 0.443

Average 0.136 0.157 0.238 0.469

Table 3. Normalized value of the j-th criteria for the i-th respondent

No. Economy Competitiveness Reduction ratio Health improvement
1 0.141 0.146 0.049 0.019
2 0.054 0.017 0.050 0.086
3 0.032 0.048 0.055 0.080
4 0.028 0.042 0.080 0.070
5 0.031 0.077 0.059 0.068
6 0.034 0.121 0.015 0.076
7 0.041 0.035 0.055 0.082
8 0.025 0.054 0.053 0.081
9 0.055 0.031 0.110 0.051
10 0.261 0.086 0.034 0.012
11 0.031 0.155 0.040 0.052
12 0.073 0.056 0.041 0.073
13 0.082 0.047 0.077 0.054
14 0.040 0.036 0.123 0.047
15 0.016 0.028 0.058 0.090
16 0.056 0.021 0.101 0.059

4)9] XA PH(decision matrix)E -85}, HE A0
o84 Equation (5)F ©l-&3t H+taet 23 A5 51, B
= Table 33} Zt}.

J12]1, Equation (6) ~ (8)°] matA] HE AEZ], Tk
AL, 71% 7FAE AlAteH Table 49 2t

Table 20 ©=H, slstE4ddE] AE7He9 dE39= 7l
Fo2 3 B4 7|&9Y FoE+= 24T R0 7 =

UL, Otk WEAT S, A9 Aok A48 £2= 4
Bt 28y 4 mAE AR s s R ez
NS 83t 23, T2 &A= WU Table 4042}
2ol 3 A& vlEAA 71€0l 7HE oY, 2 e
BAEAE Aot wieAd £, S9 A o= BHy
At o2gt WokE 24T 7€ 71SAl Aol 87dH. °]
£ #I5t9] Equation (9E 28 23 24 7153 FE2
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Table 4. Metric information entropy and diversity degree of the j-th criteria
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Classification Economy Competitiveness Reduction ratio Health improvement
Ej 0.887 0.907 0.964 0.972
dj 0.113 0.093 0.036 0.028
Wj 0.418 0.344 0.134 0.104
Table 5. Metric adjusted weight value of the j-th criteria
Classification Subj §ctlve Entropy Adjusted Adj 1_1sted
weight weight value weight
Economy 0.136 0.418 0.057 0.057/0.191=0.298
Competitiveness 0.157 0.344 0.054 0.054/0.191=0.283
Reduction ratio 0.238 0.134 0.032 0.032/0.191=0.168
Health improvement 0.469 0.104 0.048 0.048/0.191=0.251
Table 6. Revised benefit-cost analysis of the Korean toxics use reduction program
Classification Contents Price Weight Revised weight
Economics 12,385,912,050 0.298 3,691,001,791
Competitive 0 0.283 0
Cost Competitive 163,301,830,448 0.168 27,434,707,515
National Health 0 0251 0
Improvement
Economics 0 0.298 0
Competitive 37,867,169,611 0.283 10,716,409,000
Benefits Competitive 37,077,931,745 0.168 6,229,092,533
National Health 107,360,182,384 0.251 26,947,405,778
Improvement
B/C Ratio 43,892,907,311/31,125,709,306 = 1.410
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22| HE £
s -8 TA S 28 9 =30 Ag/5H, 9 XY
H|-8(20199 715) 7,912,000,000
REVY :2]’5 X1 AFd ol 4te] gt
= - T E ARG + 23R W8 ARG A + A ARG AT
At - v B LA Aolat B 7HY
HE 2. 337 |H(EEEE ) HIZ &Y
g5 U8 AL AEA AE
H-820199d 71%) 562,186,830
- AQATEx A2 A x A
-20204: 2047 x 21,057 x 31074 = 130,553,400
A4 20199 ﬁZHﬂx]. 124,931,483
-20254: 20417k x 26,2379 x 1,0857 = 569,342,900
20199 & AA7HA]: 437,255,347
2 A7 YEL 20189 18-S

BEAA AR T2 19,2839 7HY

F8 3. XURX|THHO| HIE Z

=X

_I_O
a5 Ue @3 H4
H]-8(20194 7]%) 650,994,504
AFE 4] -HF A x 4AIZE x A7 A x @ HH A
e 2020 ~ 202432 20074 (T3 4-2)
s 2025 ~ 202992 6007 (A7} 38 B o] web A7 ASE 38) 27} 71A)
HIE 4. MOV BIERZASN XY 85 HIS £
g5 He AZA 24 2 A"
H]£(20194 71%) 2,810,974,755%1
- 28 A7 x AZFG AE x A
-20209: 100A]7F x 21,057 x 31074 = 652,767,000
AFZ A 20199 FA7}14]: 624,698,019
-20253: 100A]7F x 26,237 x 1,0857 = 2,846,714,500
20199 %= AR 714]: 2,186,276,736Y
Hu - 3kA ofu] =233 Yoo meka] A 10041702 71
BE 5 MAUA st 50| ME HIE £
5 & n8/%H
H]-8(20199 7]%) 449,755,961
- 2QAITE A AE < A
-20204: 16417k x 21,0579 x 31091 = 104,442,720%
AFE4] 20199¥ EA7}4]: 99,951,683 Y
-20259: 16A]7F x 26,2379 x 1,0859] = 455,474,320
20199 = AA|7}X]: 349,804,278
Zar -G 191, IEATR 16A7E0.E 71
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1820194 7]1%)

114,748,998,821Y

AbE4] B F2} ¥]-g(ton” ) x ATk ¥iE A2 (ton)
- SMART Z2 18 2-Jo] w2 A2 xj= 714
.- - SMART Z& 13 7]7ko] B uf&3F = 53,831 ton
jm

-SMART T2 72 7]7}+9] BF 9FFEA v)j&2F = 7,580 ton
- A=} 12 (Y ton™): 20201 7]2-4,845,973Y

S5 7. LA 2| ZX|I71H2) XIEH &2|of T2 HIE

_l_

e

e A2/ AL) A7

-
pul

&

H-8(20194 71%)

11,474,899,882¢

- 4H].&-% 1] B(ton ') x Ak ¥4Z A% K(ton)

-SMART Z 273 7]&£0

2 10%E

292 71y

q_ L.gxl __[LuH 1471-

37,077,931,7459

AbE4] (A5 8 S 7h4 Fton) x Tl B7HE ton™)
- -gE2 2] drb= 20184 712 2F 1,800,000 ton™
- - SMART Z 2 7% 717K2012 ~ 2017).4 7 E7HSEL 1.4%
HE 9. Q4D 1o
Hel & APS E A A

107,360,182,384¢

JAESN > (A% ¥ A7(ton) x BlZ A7 H (Y ton™))
27 - AFlA Q] AAto] A3t A7 71




