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A Study on Value of a Statistical Life and Cost-benefit Analysis about
Hydrogen Bus Rollovers Safety Regulation

Seo Hyun Lim, Jeong Ah Jang , Sung Jin Hong
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ABSTRACT

This study is a study to estimate the VSL (Value of a Statistical Life) and CBA (Cost—benefit analysis)
of the rollover safety standard for hydrogen buses, VSL is an economic value concept used to quantify the
benefits of avoiding death. CBA shows the effect of cost—benefit, and if B/C is greater than 1, there is a
social effect. In order to estimate the VSL and CBA, the hydrogen bus introduction scenario was assumed to
be optimistic (20,000 vehicles in 2030), neutral (15,000 vehicles in 2030), and pessimistic (10,000 vehicles
in 2030), and the effect of reducing human casualties was estimated. As a result, except for the pessimistic
market situation of introducing hydrogen buses (10,000 vehicles in 2030) and the VSL reduction ratio of 10%,
all policies were judged to have high cost—benefit effects. These results indicate that the introduction of the
rollover safety standard for hydrogen buses is a socially effective policy.
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Table 1 USA’s rollover and fuel system standard effect
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rollover Table 2 Average cost per casualty
rear—impacty and (unit: One thousand won)
FMVSS Fuel lateral—impact Net average Social Total
No. system tests 14| 13 27 cost institution cost
301 | integrity 2005—2009 Death 428,316.1 2,487.9 430,804.0
upgrade: Major Injuries | 61,795.3 1,811.5 63,606.7
rear—impact and —
Jateral —impact Minor injuries 4,159.7 426.2 4,585.8
tests Report Injury 2,090.4 180.5 2,270.9
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AE H]83 Heols AAZA =2 Fkate] o] d A7t Table 3 Various scenarios of hydrogen bus market
A5 A8 AATHIR e slelr. o Hey Optimistic Neutral Pessimistic
H|-& H]& >10]H AAAo] girta st} F8 42 No Year scenario scenario scenario
< o5 A 1 | 2019 68 68 68
2 | 2020 195 195 195
po- P8 G 3 | 2021 903 694 486
=0 (1+r) (1+r)f 4 | 2022 2,000 1,500 1,000
5 | 2023 3,422 2,574 1,726
7M. B = = e 6 | 2024 5,189 3,895 2,602
G = = HE 7 | 2025 7,232 5,426 3,619
ro=A2IUE6.5%) 8 | 202 9,507 7,130 4,753
n = 473t 9 | 2027 11,967 8,974 5,981
10 | 2028 14,567 10,923 7,281
H Ao Hely v & g 2 AAAd B 4 11 2029 17.261 12,944 8.628
534 e 20220 e 2 AAstglon], Sk 12 | 2030 | 20,000 15,000 10,000
2031704 10 02 AASGlnh AR &S o 13 | 2031 22,747 17,059 11,373
HIEFZA AL AR R (A6R) T AR 2el& 9] = 14 | 2032 95,448 19,086 12,725
Ao A AAE TS 4.5%F £l A4S 42343} 15 2033 28.060 21,045 14,033
Atk 16 | 2034 30,537 22,903 15,273
17 | 2035 32,833 24,626 16,422
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Table 4 Average number of bus accidents in 10 years

Taas | Taas Rgﬁzal Bus Utiliza—
No TAAS | Route | Rental | , :ia— Associa— | tion
' (A) | bus | bus - ‘tiocn tion data
B C E B+D
® | © D) (E) ( )
Number of | a5 ) 1 340 | 52 | 111 9.8 451
occurrences
Number of _
death 0.8 0.5 0.3 2.2 0.3 2.7
Number of
major 50.8 | 299 | 20.9 18.2 12.5 48.1
injured
Number of
minor 67.8 | 435 | 24.3 137.0 38.3 180.5
injuries
Number of
Report 13.6 8.2 5.4 8.2
Injury

x TAAS: Traffic accident analysis system of Korea Transportation
Safety Authority

Table 5 Basic unit VSL and traffic accident costs
(Unit: case, won, person)

Traffic Total accident
. Casualty
accident cost cost
Number of 151
accidents
Death 430,804,000 2.7 1,136,170,800
Major Injuries 63,606,700 48.1 3,059,482,270
Minor injuries 4,585,800 180.5 827,556,400
Report Injury 2,270,900 8.2 18,621,380
%3} 5,041,830,850
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Table 6 VSL in optimistic

scenario of hydrogen bus market

Vear Optimis.tic Total Hydrog?n VSL by accident reduction contribution rate
scenario Bus bus ratio 10% 20% 30% 40% 50%

2022 2,000 86,445 2.3% 11,727,755 23,455,510 35,183,265 46,911,020 58,638,775
2023 3,422 86,445 4.0% 20,067,318 40,134,635 60,201,953 80,269,271 100,336,589
2024 5,189 86,445 6.0% 30,426,253 60,852,506 91,278,760 121,705,013 152,131,266
2025 7,232 86,445 8.4% 42,409,307 84,818,614 127,227,921 169,637,228 | 212,046,534
2026 9,507 86,445 11.0% 55,748,118 111,496,237 167,244,355 | 222,992,473 | 278,740,592
2027 11,967 86,445 13.8% 70,174,327 140,348,655 | 210,522,982 | 280,697,309 | 350,871,636
2028 14,567 86,445 16.9% 85,419,573 170,839,147 | 256,258,720 | 341,678,293 | 427,097,366
2029 17,261 86,445 20.0% 101,215,496 | 202,430,992 | 303,646,488 | 404,861,984 | 506,077,480
2030 | 20,000 86,445 23.1% 117,277,551 234,555,102 351,832,663 | 469,110,203 | 586,387,754
2031 | 22,747 86,445 26.3% 133,385,930 | 266,771,861 400,157,791 533,543,721 666,929,652
Total 667,851,629 | 1,335,703,258 | 2,003,554,887 | 2,671,406,516 | 3,339,258,145
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Table 7 VSL in neutral scenario of hydrogen bus market

Vear Neutra.ﬂ Total Hydrog?n VSL by accident reduction contribution rate
scenario Bus bus ratio 10% 20% 30% 40% 50%
2022 | 1,500 86,445 1.7% 8,795,816 17,591,633 26,387,449 35,183,265 43,979,082
2023 2,574 86,445 3.0% 15,092,829 30,185,658 45,278,488 60,371,317 75,464,146
2024 3,895 86,445 4.5% 22,842,238 45,684,475 68,526,713 91,368,951 114,211,189
2025 5,426 86,445 6.3% 31,814,846 63,629,693 95,444,539 127,259,386 159,074,232
2026 | 7,130 86,445 8.2% 41,808,781 83,617,561 125,426,342 167,235,123 209,043,904
2027 | 8,974 86,445 | 10.4% 52,622,166 105,244,332 157,866,498 210,488,665 263,110,831
2028 | 10,923 86,445 12.6% 64,053,128 128,106,256 192,159,384 256,212,512 320,265,641
2029 | 12,944 86,445 15.0% 75,899,792 151,799,584 227,699,376 303,599,168 379,498,960
2030 | 15,000 | 86,445 | 17.4% 87,958,163 175,916,326 263,874,489 351,832,653 439,790,316
2031 | 17,059 | 86,445 | 19.7% 100,032,728 200,065,456 300,098,184 400,130,912 500,163,639
Total 500,920,488 | 1,001,840,975 | 1,502,761,463 | 2,003,681,951 | 2,504,602,439
Table 8 VSL in pessimistic scenario of hydrogen bus market
Vear Pessimi§tic Total Hydroggn VSL by accident reduction contribution rate
scenario Bus bus ratio 10% 20% 30% 40% 50%
2022 1,000 86,445 1.2% 5,863,878 11,727,755 17,591,633 23,455,510 29,319,388
2023 1,726 86,445 2.0% 10,119,807 20,239,613 30,359,420 40,479,226 50,599,033
2024 2,602 86,445 3.0% 15,260,333 30,520,666 45,781,000 61,041,333 76,301,666
2025 3,619 86,445 4.2% 21,223,259 42,446,518 63,669,778 84,893,037 106,116,296
2026 4,753 86,445 5.5% 27,873,196 55,746,392 83,619,588 111,492,784 139,365,980
2027 5,981 86,445 6.9% 35,074,755 70,149,510 105,224,264 140,299,019 175,373,774
2028 7,281 86,445 8.4% 42,692,547 85,385,094 128,077,641 170,770,187 213,462,734
2029 8,628 86,445 | 10.0% 50,591,183 101,182,367 151,773,550 | 202,364,734 | 252,955,917
2030 10,000 86,445 | 11.6% 58,638,775 117,277,551 175,916,326 | 234,555,102 293,193,877
2031 11,373 86,445 13.2% 66,689,435 133,378,871 200,068,306 266,757,742 333,447,177
Total 334,027,168 668,054,337 | 1,002,081,505 | 1,336,108,674 | 1,670,135,842
Table 9 B/C by scenarios 5. A& ¥ g9yl
Optmistic | - Neutral - Pessimistic Aol gazUR A 3 FadAzel A8 A
10% 1.31 0.98 0.66 o2 Fa 2o thFals RS AR sk Alos
Accident | 200 | 2.63 o7 a1 BRITE & A7 Fam Tt Az B 3/ 9]
i A~ = A z}A o roly Uaxd ZA plA A
Jeduetion 300 | 204 2.95 1.97 o o ﬁlw}t’a}};gji AR ola, 7]:%; ;%q]]i;_ ;i
e |20 S8 | S LB e ek gl el AAeAe] e
50% 6.56 4.92 3.28 e e e e
9] =glo] VSLt CBA 99| A4 7HAE A4
o= ZAaedn. oW VSLol FFL T Aol e
A BIC7H 127~7.34% A Ho] WG oel Mejo] 2R Rws) gamsks AAE =9 Z710)7] i) B
o= #AqE}, 4 24w} g A Pekstel A
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