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Abstract >> The aim of this study is to evaluate the economic feasibility of domes-
tic on-site steam methane reforming (SMR) hydrogen refueling stations. We eval-
uated the levelized cost of hydrogen (LCOH) for the SMR hydrogen refueling sta-
tions, which have production capacities of 100 kg/day (SMR 100), 200 kg/day
(SMR 200), and 500 kg/day (SMR 500) utilizing the scale factor. The main re-
sults indicated that the LCOH of SMR 100, SMR 200, and SMR 500 were 14,367
won/kg, 11,122 won/kg, and 8,157 won/kg, if the utilizations of hydrogen sta-
tions were 70%. These results imply that the production capacity of the domestic
SMR hydrogen station should be greater than 500 kg/day to compete with other
hydrogen stations when we consider the current sale price of hydrogen at the hy-
drogen stations.

Key words : Hydrogen refueling station(s A £ M 4 ), Steam methane reforming(X
A 7tA I &), Levelized cost of hydrogen(t 5 3} A 7t#), Economy of
scale(7+ 22| Z H|), Scale factor(7# 2 29I)
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Fig. 1. System of a SMR hydrogen station
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Fig. 2. Cash flow diagram of a HRS
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Table 1S 2 SMR 100 425 H A0 27|84}
B SR oF 2129] ofek fad AALAN|S] 2]
Sl of 1199 fom AR 7|FAu|)
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24 9ic.

SMR 200} SMR 5009] %7]EAH]= A (6)1
4 (D& olgatol 2HT 4 9lom, Table 20
SMR 2003} SMR 5009] %7|Ex} 4] Tt 4%
g $=ai9ch

SMR 100, SMR 200, SMR 5009] A&=H]
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) Table 30]= SMR Z=2FA 40 A

Table 2. Initial investment costs of SMR 200 and SMR 500
unit : million won

] ) ) ) & Facility SMR 200 SMR 500
(construction cost)= Z}7] 60 m, 80 m”, 100 m” 5 Production 1.615.0 24170
o} 2% WA} 2,000,000 Lin'e) AFulE-E V1% - Reactor 4252 6363
o] APYSIAT: SMR 2008] 27|FARH]= oF 27.8¢ -PSA 42838 641.8
2oz SMR 1009] %7|Ex8|HE} 31.0%7} © & - Feed water 28.6 42.8
QE31, SMR 5009] Z7|EAH|= oF 42,59 Yo - NG compressor 100.1 149.8
SMR 100 Z7|EA}8]2] 20817} 20 Aog =4 - Air system 67.2 100.5
Eolth E7)8F ARFS SMR 2000] 22427 4= - Panel/wiring 214.3 320.8
SMR 1003} FEb7HA 2 17]0]3L, SMR 5009] 4 _—Oers 817 1222
2747 22 27]0] Ao FHSHAT) - Integration 269.1 402.8

Compressor 574.5 859.8
Storage 157.2 2353
Table 1. Initial investment cost of SMR 100 Dispenser 2714 428
unit : million won Construction 160 200
Facility Description/size Cost Total 2,778.1 42549
Production 100 kg/day 1, 190.5
- Reactor SMR, WGS 313.4 . o .
Table 3. Key station criteria for SMR hydrogen stations
-PSA PSA vessel 316.1
Feed water Water pump 211 Station characteristics | SMR 100 | SMR 200 | SMR 500
- NG compresser NG boosting system 73.8 PrOdu(Cl?gjz:ya)pacw 100 200 500
- Air system Bumer 49.5 Annual H, production (kg)| 25,500 | 51,000 | 127,750
- Panel/wiring PLC programming 158 Hydrogen storage (kg) 50 100 250
- Others Catalysts, tank 60.2 No. of dispensers 1 1 2
- Integration - 1984 No. of workers 2 3 4
Compressor 875 bar 423.5 Natural gas (kWh/kg) 53.11 48.76 47.45
Storage 50 kg 115.9 Electricity (kWh/kg) 524 4.85 338
1 x Dispenser 825 bar 271.4 Process water (liter/kg) 11.2 11.2 11.2
Construction - 120 Cooling water (liter/kg) 130 130 130
Total - 2,121.3 Energy efficiency (%) 57.1 62.2 65.6
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Table 3& X9 o] 880] 70%3] <ol SMR 100
O] 1Y FaAATES 70 kgolw] A7F pairbg2
25,500 kgo|th. mE7FA| & SMR 2003} SMR 500]
AA7F S PAFFL 51,000 kgt 127,750 kgo|th. 4=
& AFALH Y] i ARG 1Y i ks
29| 50%E 7|83k

H =Foj A= SMR 100, SMR 200, SMR 5009] ©j|
VA F-8-2 4o AT 217] 115 kg/e, 230 kg/Y,
575 kg/2 Q1 H2Gen Innovations Inc.?] ¥+ A&
71z38t0] 2ASIATY. FArka, A7), 344, 32
T T HE B 72 a1 kegd] Akl &8
= EekS onith weba SMR 1002 424 1 kg
= A7) flsto] HAZEA 53.11 kWhet 77
524 kWhS " Q2 3h1 324 1 kgo| LHV?] 33.337
kWhE 71238 ] SMR 1002] oW #] §8-2 57.1%
o]t} uBZFA| & SMR 2003+ SMR 5002] o7 &
22 7}17] 62.2%%} 65.6%= 7125k

4.3 HIE %=

Foz TR Jjg Lgulel AF L B
g 5] EZ3JETE Table 40+= SMR $45%49]

Table 4. Price data for calculating annual operating cost

Price & cost Data
Natural gas 64.6838 won/Mcal
Electricity 125 won/kWh
Water Process water: 3,000 won/ton
Cooling water: 1,470 won/ton
Labor Full time: 50,000,000 won/yr
Part time: 20,000,000 won/yr
Maintenance Initial equipment cost x 3.0%/yr
Others Initial equipment cost % 1.0%/yr
Land rent 50,000 won/m’-yr
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= 2 =2 BA E40) A ArsE 5

| NoJ 200]3L, i7} 0.06Q1 790l A-23)FASS
UERHE CRFO] ZES 4] (2)¢] 2J3) 0.08720]t). E
B SAZAA AR SaZ A A0 Fr| T

o] 159 o] HrgS e Zlo= Ml

UsT - 8YY - MSFE 257
—_—

=27] izl Aoz AbmEH, Fig 3o= S SMR
FaFALEY AitEE LCOHE 533t
Fig. 3& HWH SMR 43449 4 AR
7} A8 45 LCOH7} WolA|= 159 AA| &yt
2 UERLRAL Qltk o7]ofl A feedstock-S HA7FS (=
AIZF2)E ou)gttt. of2fjt A= =] SMR 4
FALTL 7HA AAYE 2E57) YA 4 AL

Table 6. Summary of the LCOH for SMR hydrogen stations
unit : million won

4.5 2M Zq} Items SMR 100 | SMR 200 | SMR 500
Annual operating cost| 313.82 457.93 804.58
SMR 4=4:274:9] LCOH: 4] (5)%} o] A7t - Natural gas 7534 | 13833 | 33720
29H] AOCS} AR 3|52 CRE Tlgh & 27Ha|& - Electricity 1670 | 3092 53.97
= A e R U feE HoEM, - Water 5.73 11.46 2871
Table 69]== SMR $4AZZ 49 AWAMEEH LCOH - Labor 70 90 140
£ $£=319H - Maintenance 60.04 78.54 121.65
Table 6= HH 425429 o850 70%3] 74 - Land rent 66 82.5 82.5
©0] SMR 100, SMR 200, SMR 5002] LCOH:= z} - Others 20.01 26.18 40.55
7] 143679)/kg, 11,1229kg, 8,1579kg 508 & Anmatimestment | 5ys5 | 10027 | 23751
A AT SMR g7l 2GuE A7 v Total annualized cost | 36637 | 56720 | 1.042.09
&, JA7IAE Qg _‘%og}j], Z}E“H] ToE i Hydrogen production 25.500 51,000 127,750
SRS o, 7P 2 015 AABHs vl A} ()
2oul-o Aolat Sodulolth. Bk & wAlE 2 v LCOH (won/kg) 14,367 11,122 8,157
22 AA sl vl A B go) T npxjuke.
2l ARE] 5o 249 Ao Ul o714
SMR 4549 A2u7L 74 4 olgi 44 | 19000 7 1457
Z740] TRt HAHSTHS)O] 27|77} AdjHoR 11,122
10,000 — 8,157
Table 5. Economic analysis data for calculating LCOH 5000
Notation Description Data
i Discount rate 0.06 0 _m
N Economic analysis period 20 years
Eguipment. 0 SMR 100 SMR 200 SMR 500
S Salvage value Building: 50% of w Investment cost
initial cost Feedstock cost
STHS Subsidy to HRS 1,500;‘2)0;),000 Other operating cost
CRF Capital recovery factor 0.0872 Fig. 3. LCOH (won/kg) of SMR hydrogen stations
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7} AA Fe & 4 Qon, ol AL ul
22)7]7] $JaIA1= FCV7} ol Ho]A] HRSY)
e hifeo] wolHof gk,

4.6 LT 2N

ol o8-8, Z/|EAH], Welrks 74, BoE o
¥sto] W2 LCOHY| Wats sfersh uigte 54
2SS SMR $45040] 0| §EL £4%
Hao] AA|AQl 2GS 9fat Fast auoln Azt
HEARE} ol§ELS WHE WAS Zic) wu
SMR 1003} SMR 200¢] LCOH:= AFtfao s w17}
o AR Biols BAP} e AoR Bislo]

2 =4z LCOH7} 717 A HEF SMR 500 o
Fo® shof WIRIE BAS st Table 7o)=
SMR 5002] o] 8-&0| 50%, 60%, 70%, 80%<] 7-2
o] gt LCOHY] ¥zt 4=&3}3ith

TR0 AZF o]8-Eo] Z}7] 50%, 60%, 70%,
80%¢1 7-9-oll th-3-=l= ATt 7Fs AR Z17] 4,3804]
7L, 5.256A17h, 6,1324]7L, 7,008 A|7Folct o] &-8o]
50%%] #--9] SMR 5002] LCOH:= 10,106 Y/kg ©.
& F71E4L, o]-8E°] 80%= F7H™ SMR 5009
LCOH:= 7,5499/kg 0 2 744" 702 B 9r}.
Table 80]i= Z7]5FAH]2] H3}o] wE SMR 5009

Table 7. LCOH of SMR 500 for different utilizations

Utilization 50% 60% 70% 80%
LCOH (won/kg) 10,106 | 8,969 8,157 7,549

Table 8. LCOH of SMR 500 for different initial investments

‘ Initial 80% 100% 120% 140%
mvestment

Investment

amount 3,403.9 | 4,2549 | 5,105.9 | 59569

(million won)

LCOH®] ¥i3ts 4=E5}3]rt.

SMR 5009] z27|FAHE]7} 7]E0] = 27|84
H] 0] 80% = 74l 7499 27| FAH] i oF
34.09] o], o]&dt o] SMR 5002] LCOH:=
7,3269/kgo & 7FAECh T3 SMR 5009 %7|%
A7} ol FRTE 40% F7Feks 7-9-olli= SMR 500
o] LCOH:= 9,723%/kg o2 271 Aoz AEQ)
t}. Table 90lli= ZA|7kA 714 9] Wslo] w2 SMR
5002] LCOH®] W3ls 2~=35}9r}.

=W ZAZFAO ZhA o] @A 71A 9] 80%¢<)
5174709/ Mcal 2 7+AE= 720 SMR 5002
LCOH:= 7,6299/kg 0.2 7hAaakar, SRR} 40%7F
Z7¥8te] 90.5573Y/Meal2 Z7}5hH SMR 5002
LCOHX:= 9213Y/kg o 2 2713t Ao & B9},
wheba] Z7| A FRO] MItE s EAVEA 7}
9] ¥islol| w2 SMR 5002] LCOHS] ¥3}7} AFth
Aog o vzt 21 o= ekt Table 100 &

o] ¥3}o]] W= SMR 5002] LCOH?] H3}E 4=
et

&
S}
&el&o] 5%¢ -2 SMR 5002] LCOH=
8,0069/kg o2 7hAadlal, 3Holgo] 8%91 799
SMR 500°] LCOHY: 8478%¥/kgo & AMA=|9ich
SelE2] ¥gte] wE SMR 5009 LCOHS| ¥izh=
Z7| 528 9] Mol 7R 712 0] 1S} 5o H]
wske] WIFE7F ojR= AoR yehgth

d o

Table 9. LCOH of SMR 500 for different prices of city gas

Price change of
city gas
Price of city gas
(won/Mcal)

LCOH (won/kg) | 7,629 8,157 8,685 9,213

80% 100% 120% 140%

51.7470 | 64.6838 | 77.6201 | 90.5573

Table 10. LCOH of SMR 500 for different discount rates

Discount rate 5% 6% 7% 8%

LCOH (won/kg) | 7,326 8,157 8,906 9,723

LCOH (won/kg) 8,006 8,157 8,304 8,478

> T4 ALNUR|3E] =27
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2:9] =9 7FsdE 7] 6}%}. SMR =437
9] o] 8-E0| 70%°] 7}ys}ef AF=3%F SMR 100, SMR
200, SMR 500 52 LCOH+= Z+7] 14,367/kg,
11,122%/kg, 8,157%/kg 5082 A= Ich

Y SMR AL 4 YAFET}E A -4
& LCOH7} WolA|= 28] A avprt 2 veht
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