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Investment Benefit Analysis of Safety Assessment and
Inspection Technologies of Hydrogen Bus Fuel System
Using Contingent Valuation Methods
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ABSTRACT

Recently, the government has been expanding the supply of hydrogen vehicles according to the roadmap
for vitalizing the hydrogen economy, but is developing safety assessment and inspection technology for the
relevant vehicles. This study analyzed the prevention of hydrogen bus accidents’ economic effect that arises
from the application and development of large—capacity CHSS oil pressure repetition—test assessment technology,
hydrogen bus internal chamber pressure transmission and emission volume inspection technology, among
various technologies capable of assessing the safety of a hydrogen bus fuel system. To this end, the contingent
valuation method (CVM), one of the value evaluation methods of non—market goods, was applied to investigate
users’ willingness to pay for each inspection technology. The survey for users’ willingness to pay was conducted
by attaching posters to promote surveys on the internet and within buses to the entire public. As a result of
the analysis, the average WTP of the hydrogen bus internal chamber pressure transmission volume inspection
technology was 25.3 KRW, the average WTP of the hydrogen bus internal chamber pressure emission volume
inspection technology was 18.6 KRW, and the average WTP of the large—capacity CHSS oil pressure repetition—
test assessment technology was measured at 16.7 KRW. In addition, the costs and benefits of the introduction
of the relevant inspection technology were defined through the interviewing of experts at related research
institutions and businesses. As a result of conducting an economic analysis (4.5% discount rate) according
to the development of each inspection technology, economic feasibility was seen in all assessment and
inspection technologies. As much as the technology is indispensable for the safe use of hydrogen buses, it
shows that investment in related technology is very necessary in the future. However, because it was decided
that the relevant analysis will differ according to the distribution rate of hydrogen buses, further analysis
following this future distribution rate of hydrogen buses is needed, and future users should be made clearly
aware of the safety and environmental nature of the technology.
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Table 1 Definition of each technology

Part Content

e Technology that pre—emptively
prevents the risk of fire and
explosion by checking for hydrogen
leaks and checking periodically

Inspection
Technology for
Hydrogen Bus

Internal Chamber

Pressure (every 3 years) the hydrogen tank
Transmission for hydrogen leaks with cutting—edge
Volume equipment
. e Technology that pre—emptivel
Inspection Y b P Y

prevents the risk of fire and
explosion by checking the amount
of combustible hydrogen and
checking periodically (every 3 years)
for combustible hydrogen at the
exhaust port of the hydrogen bus

Technology for
Hydrogen Bus
Internal Chamber
Pressure
Emission Volume

Technology that verifies the quality

Assessment .. ;
through repetition—tests of hydraulic
Technology of eh rep Y
. . pressure rupture, fall, low
High Capacity .
. temperature, and high temperature
CHSS 0il , .
of the tank’'s degree of reinforcement
Pressure

at the time of producing a hydrogen

Repetition—test
P bus
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Table 2 The number of samples according to confidence
level of sampling normal distribution and allowable

error
. Maximum Allowable Error (%)
art
20015110 5| 25| 10 | 05 | 001

Confidence
Lo o0q | 16| 80 | 67 | 270 | L08L | 6719 | 26,347 | 985,432
Confidence | o\ 11 | o6 | 5a4 | 1,534 | 9,512 | 36,994 | 989,693
Level 95% ’ ’ ’ ’
Confidence | oo | 6 1 135 | 594 | 9,166 | 13,300 | 51,493 | 992,684
Level 99%

Note: The Number of Samples if No Prior Information on Population
Proportion
7.\
n= [05(1—0‘5)]( ;/z) (where e is margi,n,ofeorrar)
g o)4l3(2015), ER BN ABoatele] 24, AHEAT
o B3A 2014-BR-17
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Fig. 1 Hydrogen bus safety assessment and inspection
technology benefit analysis questionnaire (example)
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Table 3 Variable definitions and basic characteristics of each technology

Part Variable Variable Definition Mean Star.ldgrd
Deviation
Dependent Willingness e Willingness to pay for the suggested cost 0.82 0.387
Variable to Pay (Willingness to Pay = 1, Payment Repudiation = 0) ’ ’
Sex (X1) ® Demographic variables, presented as male/female 047 05
Assessment (male = 1, female = —1)
and Age (X2) e Demographic variables, presented in six stages 34.45 | 10.187
Inspection Numb f
Explanatory HmRer 08 1 e Weekl f used b 2.893 | 3.429
Technology eekly average of used buses . .
. Variable Bus Uses (X3)
e Environmental benefit of utilizing hydrogen buses
Environment following the introduction of the technology, presented 5.85 1105
(X4) in 7 stages (It will not provide any benefit = 1, It ' '
will provide many benefits = 7)
Dependent Willingness e Willingness to pay for the suggested cost 0.82 0.382
Variable to Pay (Willingness to Pay = 1, Payment Repudiation = 0) ' '
Sex (X1) ® Demographic variables, presented as male/female 0.48 05
Assessment (male = 1, female = —1)
and Age (X2) e Demographic variables, presented in six stages 34.43 | 10.301
Inspection Numb f
Explanatory Umber 0% | o Weekl f used b 2.96 | 3.429
Technology eekly average of used buses . .
) Variable Bus Uses (X3)
e Environmental benefit of utilizing hydrogen buses
Environment following the introduction of the technology, presented 5.96 1.092
(X4) in 7 stages (It will not provide any benefit = 1, It ' '
will provide many benefits = 7)
Dependent Willingness e Willingness to pay for the suggested cost 074 0.437
Variable to Pay (Willingness to Pay = 1, Payment Repudiation = 0) ' '
Sex (X1) ® Demographic variables, presented as male/female 051 0.50
(male = 1, female = —1)
Age (X2) e Demographic variables, presented in six stages 34.42 | 10.046
Assessment N f
and Busull?s t:esr (OXS) e Weekly average of used buses 2.983 3.5468
%nsi(;ctllon Explanatory e Environmental benefit of utilizing hydrogen buses
e 30 o8y Variable Environment following the introduction of the technology, presented 5.84 1145
(X4) in 7 stages (It will not provide any benefit = 1, It ' '
will provide many benefits = 7)
e The safety improvement of hydrogen buses following
Safety (X5) the lntl’OdUCtIOI.l of tl.le technqlogy, presen.ted in7 543 1946
stages (There is no increase in psychological safety
at all = 1, very increased = 7)
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Table 4 Model estimation results of each assessment and inspection technology

Part Variable Esig?ied erf(gin ?zng) Chi\ivj(lliare Sign pvalue
Intercept —0.364 0.632 0.331 (=) 0.565
Sex (X1) 0.185 0.221 0.696 (+) 0.404
Age (X2) 0.004 0.011 0.106 (+) 0.744
Assessment Number of Bus Uses (X3) -0.035 0.030 7.205 (=) 0.242
and Inspection Environment (X4) 0.260 0.974 1.366 (+) 0.007
Technology 1 Hosmer—Lemeshow Test?) 0.769
Overall Model Chi—square 10.216
CoZFfriiient OTZst pvalue 0.037
df 4
Intercept 0.037 0.716 0.003 (+) 0.958
Sex (X1) 0.318 0.256 1.550 (+) 0.213
Age (X2) 0.002 0.012 0.015 (+) 0.903
Assessment Number of Bus Uses (X3) -0.167 0.086 3.793 (=) 0.051
and Inspection Environment (X4) 0.254 0.124 4.198 (+) 0.040
Technology 2 Hosmer—Lemeshow Test 0.161
0 I Model Chi—square 14.049
CoZFfriiient OTZst pvalue 0.050
df 7
Intercept —1.537 0.651 5.569 (=) 0.017
Sex (X1) —-0.125 0.212 0.035 (+) 0.554
Age (X2) 0.009 0.011 0.785 (+) 0.376
Number of Bus Uses (X3) —0.059 0.029 4.255 (=) 0.039
Assessment Environment (X4) 0.194 0.100 3.809 (+) 0.051
and Inspection Safety (X5) 0.319 0.090 12.490 (+) 0.001
Technology 3 Hosmer—Lemeshow Test 0.727
Chi—square 29.812
Overall Model p—value 0.001
Coefficient Test Degree of
Freedom 8
5. AA B4 Az Fole] ulg, Z ool WA v} WS AR
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B3 AL 1185 Mok SIS Bl Ol TAE UG 1 21018 A 3l
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A A1) BT HO U BBC Rato), 8 W) P RE W83} 002 TIUE WA
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5) If the value of the Hosmer—Lemeshow test is greater
than 0.05, the model can be considered appropriate.
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Table 5 Cost and benefit Items for each assessment and inspection technology

Part

Price

Benefit

Assessment and
Inspection
Technology 1

e Assessment environment development cost

e Additional equipment purchase expenses

e Inspection fee increase

o Introduction of inspection sites (22 locations)

e Consumer benefit (Willingness to Pay)

e Estimating the effect of market creation through
the development of new equipment

e Estimation of overseas equipment sales through
the development of new equipment

Assessment and
Inspection
Technology 2

e Assessment environment development cost

e Additional equipment purchase expenses

e Inspection fee increase

o Introduction of inspection sites (22 locations)

e Consumer benefit (Willingness to Pay)

® Budget reduction due to localization development
of inspection equipment

e Estimating the effect of market creation through
the development of new equipment

e Estimation of overseas equipment sales through
the development of new equipment

Assessment and
Inspection
Technology 3

e Equipment development (construction) costs

e Maintenance expenses

e Shortening the verification time for development
stage performance tests.

o Consumer benefit (Willingness to Pay)
e Budget reduction due to localization development
of inspection equipment

Table 6 Cost and benefit estimates for each assessment and inspection technology, and economic analysis results (4.5%
discount rate)

Part Price Benefit B/C NPV IRR
Assessment and Inspection |y 150 150 000 | 12.798.847.001 5.32 8.21 billion 137%
Technology 1
Assessment and Inspection | oog 450 000 | 19.510.486,644 4.07 12.82 billion 1,937%
Technology 2
Assessment and Inspection |, 50 400 000 | 7.645,232,646 271 3.73 billion 33%
Technology 3
50 NSXOHEESI X M14A, M4, 2022
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