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Abstract — This paper deals with the economy of scale for domestic on-site hydrogen stations fueled with
natural gas and naptha. We evaluate the economic feasibility of on-site hydrogen stations with hydrogen pro-
duction capacities of 30Nm*hr, 100Nm*hr and 300 Nm*hr. We build a classical economic feasibility model
and we make some sensitivity analyses by changing the values of input factors such as the hydrogen sale
price and the discount rate. The estimated hydrogen prices of steam methane reforming stations with pro-
duction capacities of 30 Nm%hr, 100 Nm*hr and 300 Nm’hr are 18,472 won’kg, 10,689 wonkg and
7,758 wonrkg, respectively. Also, the hydrogen prices are about the same if we use naptha as a raw material
for hydrogen energy instead of natural gas. It turns out that small and medium size domestic on-site hydro-
gen stations will not be economical in the near future. This indicates that we need to construct large scale
on-site hydrogen fueling stations even for the initial phase of the hydrogen economy.

Key words : On-site hydrogen fueling station, Hydrogen price, Economy of scale, Economic analysis, Steam
reforming
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Fig. 1. Basic structure of an on-site hydrogen fueling station.
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Fig. 2. Cash flow diagram of an on-site hydrogen
fueling station.
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Table 1. Estimated values of variables for a standard
vector.
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Table 2. First costs and salvage values of on-site hydrogen fueling stations by production capacities.
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Table 3. Annual hydrogen production quantities and revenues of on-site hydrogen fueling stations by production

capacities.
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Table 4. Energy efficiencies of on-site hydrogen fueling stations by production capacities.
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Table 5. Unit energy costs of on-site hydrogen fueling
stations by production capacities and fuel types.
=9} A ke-H,

F 5 30 Nm¥%hr 100 Nm’/hr 300 Nm®/hr
g AR 2505 2,325 1,835
;‘L} R 4 810 434 629
24 3,315 2,759 2,464
A 2,727 2,527 2,071
FA A7) 810 434 629
227 3,537 2,961 2,700

3|2 gAksbd 1,238 Nmr'el™ 13,000 keal®] 938 2t
2 glet we EAPRRS) H37)E 4]l £=5019/Nm’
& 7\Zabd BAZRA 1ked] 7S oF 620%¢] Ht.
=3 W 7 64159 liter S 71E3te] BARY
ZFA40 2917 o= v-8-E A&7 AAE Table 5
o] $E3k%Tt

FF i) AT ouA] ulg2 BT el

A H)goll A7t RS F3le] A2 & 9l
olE Sol, 300 Nm’/hr F22] A7k F43442] o
7 BATRA vlE A7t SAANE 156,585 keoll =
A =A7Rs wlE 1,83598 Fale] ok 2874l
2, Azt A7g SAYAkE 156,585 kel 91 A
7] ulg 55098 Fale of 9giuiele] Hv}

B $AFHLE o83l A 132 BE
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300 Nm/hr 7.9 23] 19 o8- A4
7A7) 149, 489, 143 o]}, TR 19 T

FAZY, dispenser®] &, 19 o4 XIS F& 32
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£ Y82 30 kg/hr, B4 540 kg/hro] A28F W o]
£ s 570 kg/hre] Eo] T3} v AR 100
Nm*he$} 300 Nm/hr 7+2.2] HAH] $£4050400 & 4
Q3R 717) 1,900 kg/hes}h 5,700 kg/hro| o, 52234
oA uhg-4- a2 AMEE 2 pure waterZ. filter
£ o|83le SEES Asled AN AR E 7}
Aslgict. YArE QARG sE 939 SolE
FEE 2L 74 SESTE AHEsled 77094,
S8 B filter V]85 T3 3,0000/E% 73]
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Bl i Az Baga] o Al &
SEE= ulgoln Euje] wAME 55 TSl By
ARl 271 AL A|zke] A3t ulet T8
73] dubAel A ot wid FAEA A8FE e
2 71 el e =) 4 ¥l ¢
2ug 434 A3 AATOR] ARE T3]
o] BefAelE i Al2AREY] 3%7) oid 48F
= 7R sl

PAFAL] R Yiu]E o] § XTke] AL AL
ksl 2] WFe] AQd AEhe Aoz A
Aok, AL FA| A4AL o 3008Hde] L, -
2 7FAe A3l A7t 6%2] dHBEE A B3 AL 7]
File 7t FA AHNEE AbEsieleh

FAaFALe] 7el Soduldls BYE, QA E &5
A, 4% 87 Fo) T3 2234 Vet 4
v Z71FA9] 197} i 85 AR 333
9o}, Table el BA oA se] AT o
7HodulE S35
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Table 6. Annual operating costs of on-site hydrogen
fueling stations by production capacities.
o] - A

T B 30 Nm¥hr 100 Nm*hr 300 Nm’/hr
EAFbA 9T 39226 121,232 287,333
FA 82 42,702 131,765 324,287
A7) 83 12,683 22,630 98492
x93 2,953 9,846 29,539
ol 7] 49,140 75420 101,700
PRI 21994 41,004 95896
Bz q)ou) 16200 24300 32,400
7] e} Sod] 9640 17,131 36287
a7 £edujc,) 151,836 311,563 681,962
A7 Soduj(C,) 155312 322,096 718,896

AN 23l 7log BAEE uebA 30 Nmhr 7
7o AArlA AL E 27] FAWIE A|9sl =
Wl =37} wasic) ol2at A4k 100 Nm'/hr 1%
o] Adrka $43ALE wpE7lA o=, Bt 300 Nm?/
he FEE) HArks padAdae Azt Wil o
7F Sodu| o= & 7o vehgdel WAL SAaFAA
o} AQrps $aFALe Az £98l= & Aol7} 9
org ulpiAe] PARS vepd o dAlE 8% A}
S B AEAL) Azt Sodvle Ak 5
2FAM4] A7F -godnlin) ozk vl o2 FMERIG

4-4. AMY BY

FaZR4Le) AARE B3 FA> 1A Fig. 2
9} 2o Awry FFEE(cash flow)ys &3 Fol, 2]
5% o83 FAaFHLY WS AT o4
Z2H49 =0 AR FFEFL ZTIFAHIE HEh

Table 7. Cash flows and net present values of on-site hydrogen fueling stations by production capacities.

=9 AY

o A7t @ At
- 30 Nm*/hr 100 Nm?/hr 300 Nm®/hr 30 Nm’/hr 100 Nm*/hr 300 Nm’/hr
0 -963,997 -1,713,088 —-3,658,269 -963,997 -1,713,018 -3,658,269
1 -73,541 -50,848 100,983 -77,017 -61,381 64,209
2 —73,541 -50,848 100,983 -77,017 -61,381 64,209
3 -73,541 -50,848 100,983 -77,017 -61,381 64,209
4 —73,541 —50,848 100,983 -77,017 -61,381 64,209
5 —73,541 -50,848 100,983 -77,017 -61,381 64,209
6 —73,541 -50,848 100,983 -77,017 -61,381 64,209
7 —73,541 -50,848 100,983 -77,017 -61,381 64,209
8 —73,541 -50,848 100,983 -77,017 -61,381 64,209
9 —73,541 -50,848 100,983 -77,017 -61,381 64,209
10 16,459 84,152 284,847 12,983 73,619 244,029
NPV, -1,415,776 —1,991,751 -2,897,287 -1,439,101 -2,062,429 -3,145,252
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AA7ks $2FALY 4 71AE 2 AT}
30 Nm¥hrol™ 18,4729 /kg, 100 Nm’/hre]= 10,6899/
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Table 8. Net present values of on-site hydrogen fueling stations by production capacities and hydrogen sale

prices w9l ;A
AQrkes & A
Fa el 7HA ; ; ; : ; :

30N m’/hr 100 Nm’/hr 300 Nm’/hr 30 Nm*/hr 100 Nm’/hr 300 Nm'/hr
3,000¢ kg -1,625,923 -2,691,520 —4,998,689 -1,649,248 -2,762,198 -5,246,654
4,0009 kg -1,520,849 -2,341,636 —3,947,988 -1,544,174 -2,412,314 —4,195,953
5,000 /kg -1,415,776 -1,991,751 -2,897,287 -1,439,101 -2,062,429 -3,145,252
6,000% /kg -1,310,703 -1,641,866 1,846,586 -1,334,028 ~-1,712,544 -2,094,551
7,000% /kg —-1,205,629 -1,291,982 -795,885 -1,228,954 -1,362,660 -1,043,850
8,0009 /kg -1,100,556 -942,097 254,816 -1,123,881 -1,012,775 6,851

Table 9. Net present values of on-site hydrogen fueling stations by production capacities and discount rates.

9] : A4

Hd7ps ¢ AL
3 ql &

30 Nm’/hr 100 Nm’/hr 300 Nm’/hr 30 Nm’/hr 100 Nm*/hr 300 Nm’/hr

6% -1,455,010 -2,011,950 -2,814,512 -1,480,594 -2,089,474 -3,085,172
7% -1,434,773 -2,001,604 -2,857,511 -1,459,187 -2,075,583 -3,115,797
8% -1,415,776 -1,991,751 -2,897,287 -1,439,101 -2,062,429 -3,145,252
9% -1,396,145 —1,982,391 -2,934,158 -1,418,453 —2,049,989 -3,170,163
10% -1,381,182 —1,973,486 -2,968,379 —1,402,541 ~2,038,207 —3,194,340
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Table 10. Hydrogen prices of on-site hydrogen fueling stations by production capacities
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‘:’_]”‘?4 14 /kg'Hz

- e ¥4
- 30 Nm*/hr 100 Nm*/hr 300 Nm’/hr 30 Nm*hr 100 Nm*hr 300 Nm’/hr

1. AEn) 8,776 4717 3,402 8,776 4,717 3,402
- SMR(PSA, A 71) 3,723 1,623 1,244 3,723 1,623 1,244
- A AA] 28 1,145 1,032 1,031 1,145 1,032 1,031
- AN Z) 1,044 612 341 1,044 612 341
- Dispenser 1,064 639 426 1,064 639 426
- A A H) (B ) &) 1,800 811 360 1,800 811 360
2. A7H84v) 9,696 5,972 4356 9,918 6,174 4,592
- EAFkACEAD 2,505 2,325 1,835 2,727 2,527 2,071
- A7 810 434 629 810 434 629
- el A 3,138 1,446 649 3,138 1,446 649
RCENCEAN 1,405 786 613 1,405 786 613
- 7]} dzre-odn)| 1,838 981 630 1,838 981 630
3. 42714 18,472 10,689 7,758 18,694 10,891 7,994
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