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and Japan to efficiently utilize the surplus electricity. In this paper, economic fea-

Revised 14 June, 2017 sibility analysis has been carried out for P2G using PEM water electrolysis by re-

Accepted 30 June, 2017 flecting current economic status in Korea. In addition, efficiency and electricity
price required to be competent in Korean market were provided. Based on cash
flow diagrams, unit production costs for H, and CH4 were estimated and profit-
ability of P2G using PEM water electrolysis was analyzed.

Key words : Power-to-Gas(™ 2 7t A 8}), PEM water electrolysis(PEM 4=

H3al), Surplus

electricity(% 9 M &), Methanation reaction(| &t 3t4t-8), Economic anal-

ysis(Z Mg &2A4)

Nomenclature 1. M 2

P2G/PtG  : Power-to-gas

1997 NM&E REAHAAE AZto 2 2 1t

P2F : Power-to-fuel

PEM : Polymer electrolyte membrane 2@ A (2015)0 A= Aol Frodst= 19570 FAF
CRF : Capital recovery factor ol A LAIZIA T ] )3t o= Rojsigic)
i : discount rate EolgHL oAl L = ol
N : life time H=ot7] fIvt =) o
KOGAS  :Korea Gas Corporation slto & 2030 @7F#] 1990 A7t A vjE tfH|

MACRS : Modified accelerated cost

55% A5e AABIAAL o1& &

stzl el =

recovery system ==
CFD : Cash flow diagram AAR Hgf] W gAES A7 = A
NPV Netpresent vae oAU A A1G W82 S0%7HA F7HAIIEkE Al

CCU : Carbon capture and utilization
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Fig. 1. Overview of power to gas (P2G) and power to fuel
(P2F) process
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Table 1. Properties of water electrolysis and methanation

Unit electricity | Capital cost/ | Capacity factor/
Technol _ .
CONOIOLY i put/ kWh Nm™ | KRW (Nm* k') %
Electrolysis 4.20 4,777,286 80
Methanation 16.35 23,130,000 80

80 7ol tiste] kg F 7ML
Zu] 2] 79, 300 Nm® h'5f52]

45+ 2(KRW 41,000,000
P sirta 7HYstaL, Hag-A o}
Hl= A3 ArARE Faste] ztzt

27| 9] 2%, 1%2 75kt
2,2 CiY¥st Hao WE FHY 24

B Ao e 7] B 9] 712)2] 7}

o] mg, A7]8Fe] HEol u ¥
KRW Nm’2} KRW kg'-& gelatgich. =
AL B3 A9} vesetg7) o]
A7 7179 Aot FF 71EMLR As) 27
=218 7F AR 50%7 HS A2 7Hdste
AR AL AYFFoan, For 7]& o]
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FUEHAS BS

= s

AL HA7IA 7}AL 7|HFo 2 3 PennerA] O &2
FAbston T BAAL 4] )k 2o
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Fig. 2. Production price of (a) H2 and (b) CH4 using the curr-
rent state-of-the-art equipment price
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Table 2. Unit hydrogen cost in case of KRW 20 kWh™ for a
production capacity of 300 Nmp2® h™'

100% 50%
Items KRW KRW
KRW y' h KRW y' A
Y kg Y kg
Capital cost | 243,405,038 | 1,037 | 121,702,519 | 519
Op:f;ttmg 304,795,574 | 1299 | 283,297,787 | 1,208
Electricity | 220,800,000 | 941 | 220,800,000 | 941
Labor | 41,000,000 175 | 41,000,000 175
Maintenance| 28,663,716 122 14,331,858 61
Other cost | 14,331,858 61 7,165,929 31

Total 548,200,612 | 2,336 | 405,000,306 | 1,727

Table 3. Unit methane cost in case of KRW 20 kWh™ for a pro-
duction capacity of 300 Nmcus® h™

100% 50%
Items KRW KRW
KRW y! . KRW y y
Y kgcna ! Y kgena !
Capital cost | 756,217,051 | 402 | 378,108,526 | 201
Op:)zttmg 1,160,568,500 | 617 | 1,030,462,250 | 548
Electricity | 859,356,000 | 457 | 859,356,000 | 457

Labor 41,000,000 22

Maintenance| 173,475,000 92

Other cost 86,737,500 46
Total 1,916,785,551 | 1,019

41,000,000 2
86,737,500 46
43,368,750 23

1,408,570,776 | 749

399 Nmip*)e kg @ KRW=2 3HAFstH KRW
2467 ka9 Gho] 119N o, ol A A4

@A ThAmRE 50% ulgEte] B A
BE 4 T XA oA AL 7S Hol
=

P2GE AJAE wEhe @Re] 100% FA7H2 Y
79 KRW 1,019 kgens ' ¢J-& Table 30]| 4] 2Heldt
S glen, @A 7449l 0%t 43E A o
ZAEB| 7} 50% AZE I gEo] SHu|oA=
11%7} =71"oz AztEoe] HEHOZ KRW
749 kgons' 2 BHIEE 4= Qleh wieke] S @A
AlA}o] el Zhu7}A L KRW 725 kgeps O] L&
100% 2 50% ¥S7] 7HAQ £ A9 mE dx)

o AlgeA BAEE THAA Xee Eld
T Utk wEbA P2GE F7 HiEe] ke
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