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An Economic Analysis of the Hydrogen Station Enterprise Considering
Dynamic Utilization
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bjgim@dankook.ac.kr Abstract >> This paper deals with the after-tax economic feasibility analysis of the
s Jot hydrogen fueling station considering dynamic utilization. We selected an off-site hy-
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Accepted 28 February, 2017 plant as a case study. Also, we made some sensitivity analysis by changing input fac-

tors such as the discount rate, the hydrogen station construction cost, the hydrogen
demand and the hydrogen sale price. As a result, the hydrogen station will not be
economical in 2020 due to the relatively high price of the hydrogen station con-
struction cost and the low price of hydrogen sale price. In order to realize the eco-
nomic feasibility of the hydrogen station in the early stage of the hydrogen economy,
the subsidies on the annual operating cost as well as the construction cost are
needed.
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R
Nomenclature HSPC : hydrogen station production capacity
IROL : interest rate of loan

BL : bank loan IRR : internal rate of return

D : depreciation NPV : net present value

EV : electric vehicle STHS : subsidy to hydrogen station

FCV : fuel cell vehicle UHPP : unit hydrogen purchase price

HS : hydrogen station UHSP : unit hydrogen sale price

HSCC : hydrogen station construction cost
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Notation

fi: net cash flow at time t

1: discount rate for the ordinary price

I: initial investment of a hydrogen station
IP;: interest payment at time t

N : life cycle period of a hydrogen station
O:: operating cost at time t

Q:: hydrogen production quantity at time t
R:: revenue at time t

RBL;: repayment to a bank loan at time t
S : salvage value of a hydrogen station
T:: income tax at time t

TI;: taxable income at time t

Ut : utilization of a hydrogen station at time t
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Table 1. Estimated values of variables for a HS Table 2. Hydrogen demand and utilization of HS
Classification Value of variables Year 2015 2020 2025 2030
N LS years Number of 71 10,000 | 100,000 | 630,000
; . FCV
1 7%
IROL 3% Nmngesr of 10 100 210 520
HSCC 2.6 billion won
Number of
STHS 1.3 billion won FCV/HS 71 100 476 1,212
BL 0.65 billion won Hydrogen 1.5 19.4 923 235.1
S 0.13 billion won demand/HS ton ton ton ton
HSPC 400 kg/day (146,000 kg/year) Utilization 1.0% | 133% | 632% | 90%
UHPP 5,600 won/kg (500 won/ Nm’)
UHSP 9,000 won/kg
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Table 3. Estimated U;, Q;, R; of the HS

t U, (%) @, (ton) R (million won)
1 13.3 19.4 174.6
2 232 339 305.1
3 332 48.5 436.5
4 432 63.1 567.9
5 53.2 77.7 699.3
6 63.2 92.3 830.7
7 82.7 120.8 1,087.2
8 90.0 131.4 1,182.6
9 90.0 1314 1,182.6
10 90.0 1314 1,182.6
11 90.0 1314 1,182.6
12 90.0 131.4 1,182.6
13 90.0 131.4 1,182.6
14 90.0 131.4 1,182.6
15 90.0 131.4 1,182.6
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Table 4. Estimated operating cost Ot of the HS
unit : million won

%
‘ Fuel Labor |Maintenance| Other Total
1 108.6 60.0 65.0 52.0 285.6
2 189.8 62.1 66.6 533 371.8
3 271.6 64.3 68.3 54.6 458.8
4 353.4 88.7 70.0 56.0 568.1
5 435.1 91.8 71.7 574 656.0
6 516.9 95.0 73.5 58.8 744.2
7 676.5 1229 75.4 60.3 935.1
8 735.8 1272 713 61.8 1,002.1
9 735.8 131.7 79.2 63.4 1,010.1
10 | 7358 136.3 81.2 64.9 1,018.2
11 735.8 141.1 832 66.6 1,026.7
12 | 7358 146.0 85.3 68.2 1,035.3
13 | 7358 151.1 87.4 69.9 1,044.2
14 | 7358 156.4 89.6 71.7 1,053.5
15 | 7358 161.9 91.8 73.5 1,063.0
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Table 5. RBL;, IP;and Tl; of the HS
unit : million won

Table 6. Estimated T and f; of the HS
unit : million won

| & | = | =
1 56.68 19.50 76.18 0
2 58.38 17.80 76.18 0
3 60.13 16.05 76.18 0
4 61.94 14.24 76.18 0
5 63.79 12.39 76.18 0
6 65.71 10.47 76.18 0
7 67.68 8.50 76.18 13.60
8 69.71 6.47 76.18 44.03
9 71.80 4.38 76.18 38.12
10 74.18 2.00 76.18 32.40
11 155.90
12 147.30
13 138.40
14 129.10
15 249.60

2 ATl S zRE e §4F 659
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Astel] 2 4 A7t YlelF A% RBL= (= 1%
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das 10902 A8y DE AAvs
Iy L7]—*P7Lﬂl(depreciation)i R, REFS A
QJ5t HS A 9] 27|EA}H]= 1,300,000,000¢ 0| 2 2

= 7]-,«?(]—11] = HAYL A4 1002 Ve Zhe
130,000,000 o] c}.

HS A9 HelAl= ZF w9 haf|FF(taxable
income)of &J&f ZAEH, t (t=1, 2, ..., N-1) =9 7}
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t| IS B, o, RBL, T fi

0 | -650 -650

1 174.6 285.6 | 76.18 0 -187.18
2 305.1 371.8 76.18 0 -142.88
3 436.5 458.8 | 76.18 0 -98.48
4 567.9 568.1 76.18 0 -76.38
5 699.3 656.0 | 76.18 0 -32.88
6 830.7 7442 | 76.18 0 10.32
7 1087.2 935.1 76.18 | 1.50 74.42
8 1182.6 | 1002.1 | 76.18 | 4.84 99.48
9 1182.6 | 1010.1 | 76.18 | 4.19 92.13
10 1182.6 | 1018.2 | 76.18 | 3.56 84.66
11 1182.6 | 1026.7 17.15 138.75
12 1182.6 | 10353 16.20 131.10
13 1182.6 | 1044.2 15.22 123.18
14 1182.6 | 1053.5 14.20 114.90
15| 130 1182.6 | 1063.0 3291 | 216.69
T = R — O —IP,—D (6)

ghE HS AF o] a7] ERAIKA t = NejlA 9]
TA EZE Tivol= 22712 S7F 27 e, T 24
ole TLY| 7 002 tﬂﬂaﬁu}. Table 59| HS

A9l RBL, IP, TI 5& <235}tk

Table 55 ¥ HS AFIE 7jA8k A 6 Fok
Hl-go] #¢lE zafsto] &7t WAYsh= Aem U
epdek. weba] A @)l efg TAlERo] S0l
olE 002 A3 o, HS AFYe dxH 44=9]
= U= RS 7‘7}”7}7]{} | At =11

d o|3HE 3A F7lele Aor BAEQ)
| oAl TN EZ0) 294 A o|atolH TAE
9] 10%, 29} 9 ©]4F 2009 ¢ w]Rto| 20%, 2000}
AL 2T 22%S TSk ek EFE HelA
10%ES FUA R Salelng mpa#zo] 29 Y o]}
o 11%, 29 & o4k 2009} ¢ uuto|d 22%9] &
FAES ALt TE t YEo| TpA| S Tito] 3
TEE t Ueo] AlFoz F7|8 u) HS ARe) t W
o] +AFTEL YERfE fi= 4 @)of 93] 4=

4= lom, Table 60= A= Agit <dE5E &
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Table 7. Sensitivity analysis on NPV and IRR by discount rate

i NPV (million won) IRR(%)
5% -510.5 -0.85
6% -563.3 -0.85
7% -609.2 -0.85
8% -649.2 -0.85
10% -688.1 -0.85

Table 8. Sensitivity analysis on NPV and IRR by UHSP

UHSP NPV(million won) IRR(%)
8,000 won/kg -1385.6
9,000 won/kg -609.2 -0.85
10,000 won/kg 126.9 8.37
11,000 won/kg 807.2 14.91

Table 9. Sensitivity analysis on NPV and IRR by HSCC

HSCC NPV(million won) IRR(%)
+ 20% -833.1 -2.65
+ 10% -719.7 -1.76
0 % -609.2 -0.85
- 10% -521.7 -0.11
- 20% -386.3 1.38

& s=ai9ch
Table 6& HH HS AYGS 6o Hafslofof 4=20]
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A2lof| AT 2=aAA Z27]2] HS Akele AR A o]
gle Aoz EAEtt 28ns a7 27]
HSof| theh g79] 27| 52| By o]efo] Azt
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5 G Wb, 54 09 WS
UHE 4340 o §8, AL AN
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MR 24 SYang )

Table 7, Table 8, Table 9, Table 10 5o 4~=35}th
Table 75 HH Tel& i9] ¥isle] whE HS AR}
NPVO| Wk 4] oF2 Ao YEpylth deleo|
7% A 5%=E A5 NPVE -609,200,000 o) 4]
-510,500 oooiggi k7t Z7}sl, delgo] 0%7}
Hojz HS A AAdo] gle Aoz Yeylth
FaFAn A pa Tz Rl UHSP7L 57F
shH HS ARIS] NPVE} IRRS F7hett}. UHSP7F
10 OOO%/kgEi Z7FbH NPV 126,900,000,
2 837%0] Elo] HS A}¢lo] AA|AHS shasl 2=
‘21% Aoz FAE I kA, UHS P7} 8,000¢/kg
o8 7}AsH NPV -1,385,600,0009 0.8 7+43t
3 IRRE -100%S 23}s}= Aoz HHE]O*E}
Table 95 R $AiaZiol z7] Adu|Lal
HSCC7} Zrastd HS Aol AAEL Afjdoz
7§AEct. HSCC7} 20% Z7F5he] 3,120,000,00094.0 2
Z7}5PH NPVE -833,100,0009, IRRL- -2.65%% ZA)
AJo] L], HSCC7} 20% 7H4A38ke] 2,080,000,0009
o] NPVE -386,300,0008 0.2 7jAE= Aoz |y
Epyit
FCV7} 7]%0] B A
S

(¢}

d a9 EAHY A7
Hgwo] HSOJA Q] 4 Q7o) Zashd HS9
o]-§&o] kil HS A9 ﬁoxﬂ*é% o} sl ok
Table 10 B S ao] 7| qFHTh 40%
Zraskd NPVE -1,175,200,0009082  7hast,
40% Z7}sFH NPV -251,700,00091 0.2 Z7}3tct.
SEAIE, =4 o] 7)E sakiu} 40% Z7}5}o]

= HS ARIY) AAAE o5 SE o Ba
ick.
4.2 2

2 =RoAl £3F]0] 7125 NPV B
& ol-gstol WIZk AR IAIA HS AR A
X BAL stk SagA 7)ok HSe ol
Fo] Alzko] Akl wet Zrheks FH2 ol 48
2 el AOE o EuR, 4 o] §ES ueft
HS AF39] AR AF 444 Bl 3 3
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