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ABSTRACT

It can be obtained from hydrocarbon and water, specially production of hydrogen from natural gas
is most commercial and economical process among the hydrogen production methods, and has been used
widely. However, conventional hydrogen production methods are dependent on fossil fuel such as natural
gas and coal, and it may be faced with problems such as exhaustion of fossil fuels, production of
greenhouse gas and increase of feedstock price. Thermochemical hydrogen production by nuclear energy
has potential to efficiently produce large quantities of hydrogen without producing greenhouse gases.
However, nuclear hydrogen must be economical comparing with conventional hydrogen production
method. Therefore, hydrogen production cost was analyzed and estimated for nuclear hydrogen as well
as conventional hydrogen production such as natural gas reforming and coal gasification in various
range.

FRIIEL20 : Nuclear hydrogen(9 A3 42), Hydrogen production cost (52 AHE71,
Natural gas reforming(d @7k22714), Coal gasification (A& 7t=3,
Capital cost (A& F=}H]), Feed cost(H & H])
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Fig. 1 Unit capital Cost by plant size
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Table 1. Basis of hydrogen cost estimation

2007, 760

» Plant size (ton/day)
Capital Charge rate 16%”
|| s
Capital cost | 200 T/D 362 1,077
($AW H)” [ 760 T/D 282 796
Capital cost 200 T/D 410 1,103
¢&W H)" [ 760 TD 315 829
ag 75%(LHV) g:i’g"al
CO, A8 § 10 $/Ton CO;
Carbon Tax 50 $/Ton C
: 0.05 $/kKWh
Y 921 44 600 MWth %

% NRC(National Research Council)7| &
92005 2~8¢ I FHE=dDrt
92004 Mg =9 Faavt

9 Without CO, disposal

9 With CO; disposal

Table 191 YeERAATE F # -4??_ Fh B
7h= 200 T/D9} 760 T/D £%& 7|€L 2
Astict 200 T/DE & vt E}—E—Zl 314
SI Mol Zo) &3 600 MWE AEY 448 +4
ZRE It &Zolth 760 T/D= General
AtomicsAte] 600 MWHE 112 AzZ ZHE 47
o Agste o7 Edo nud? 99 £
& At wiwsy] s 2e %S V1E
oz 3ttt 24 &3 s @t AA AHEH
L—’F% sensitivity range® A3t ©7tE A
3 5zt Aed UAEE AuEdTh
Table 2%} Table 3o F & djs) A
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Capital Charge rate(%)

14-(16)-18-20

s

14-(16)-18-20

H, cost ($/kg)

1.41-(1.44)-1.46-1.48

1.22-(1.29)-1.36-1.43

Feed cost

45-5.7-(6.8)-9.0"

36-45-(54)-67"

H, cost ($/kg)

1.05-1.25-(1.44)-1.72

1.17-1.23-(1.29)-1.38

Capital Cost($/kW-H)(without CO, disposal)

212-282)-352

597-(796)-995

H, cost ($/kg)

1.37-(1.44)-1.50

1.11-(1.29)-1.48

Capital Cost ($/kW-Hy)(with CO, disposal)

236-(315)-394

622-(829)-1,036

H, cost ($/kg)

1.55-(1.62)-1.69

1.46-(1.65)-1.84

(

Table 2 Estimated hydrogen cost by natural gas reforming and coal gasification (200 T/D)

) : Base case, * $/MM Btu HHV, * $/Ton

Capital Charge rate(%)

14-(16)-18-20

14-(16)-18-20

H; cost ($/kg)

1.48-(1.51)-1.54-157

1.46-(1.55)-1.64-1.73

Feed cost

4.5-5.7-(6.8)-9.0°

36-45-(54)-67"

H; cost ($/kg)

1.12-1,33-(1.51)-1.80

1.43-1.49(1.55)-1.64

Capital Cost($/kW-Hz)(without CO; disposal)

290-(362)-434

757-1,077)-1,346

H, cost (3/kg)

1.451.51)-1.58

1.26-(1.55)-1.80

Capital Cost ($/kW-H;)(with CO, disposal)

308-(410)-513

808-(1,103)-1,379

H, cost ($/kg)

1.61-(1.71)-1.80

1.63-(1.90)-2.16

() : Base case, ? $/MM Btu HHV, ® $/Ton

$MM Btu HHV)?F 183lH 169 $kg7hA A
ol T3 AA Adeos FHEHE W &
m7hE aEshE 20069 1149 71§ 92 $/MM
Btu HHVo|H, ojdf A4tet7l= 1.7~1.8 $/kg A
E2 AAHAT 27 AXE Ax drts ¥
oA} capital cost®] ztol7} 24 g A 7}
28l |3 capital cost®] H|Fo] x| o}
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Fig. 2 Import prices of crude oil and natural gas

@7t 43 Atolg HAth 7t
@rtete] BAE %ﬁiﬂ b
19890 %8 200637H2] = =9 Af ©@7ie}
ﬂ%ﬂéhEﬂ%ﬂ%-iﬂﬂl-?EﬁPﬂﬂﬂ
FRBAE W2 A% Fig 29 2ol AAHA
#AE Yehiich

ol ZAAARTH F7F HE WE
7k @7kE HE3to 760 T/DFES T4
Ed i3] f7tel we FAaAZDEIHE A

& Fa Ax
o FaAz

_?L mln e

e R

0
d0
02
Jz

N

N

C)
X 15
R
hd
ol
8 1
o
N
b =

[=)

0 10 20 330 40 9 &
FH$/B)

Fig. 3 Cost of hydrogen production by crude oil import price
(SMR)
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Table 4 Comparison of hydrogen production cost by production method (T : $/kg, %)

Unit Capital Cost " .
($/k\Ii’-H2) 362 1,077 1,366Y 2,616"
Feed 1.14 75.0 037 237 0.62 29.6 -
Electricity 0.04 13 0.18 32 0.20 29 2.70 52.7
Non-Fuel 0&M 0.02 26 0.05 11.6 0.06 9.6 0.11 22
Fixed O&M 0.08 53 0.23 14.7 0.29 13.9 0.55 10.7
Capital charge 0.24 15.8 0.73 46.8 0.92 44.0 1.76 34.4
Total 1.51 100 1.55 100 2.09 100 5.12 100
% 2002, NREL Report
* Biomass Feed Cost : 3.25 $/MM Bt (2002, NREL Report)
* Electricity cost : 0.05 $/kWh
* Capital Charge : 16%/yr of capital
* Non-Fuel O&M : 1%/yr of capital
* Fixed O&M : 5%/yr of capital
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Table 5 Cost of nuclear hydrogen production based on NERI

=2 ZHY HWE fs

e NERI
Nuclear Heat (MWth) 2,400
H, b 760
(Ton/D)
Efficiency (%) 52
Annual operation factor (%) 90
Capital cost ($/kW_H2) 1,577
Capital charge (%/yr) 12.6
Nuclear fuel 50
($MW hr) )
0&M cost MHR : 2.83
($/MW_Hy-hr) SI Plant : 7.21
Ha cost ($/kg) 1.65
e %0, byproduct Tvju] &
E¥ 3250 ton/h)

9 0, Production values
(NG 5 $/MM Btu basis)
-Compressed O(36 bar) : 35.55 $/Ton(0.29 $/kg Hy)
-Liquefied O, : 13.56 $/Ton(0.09 $/kg Hy)
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