Clean Technol., Vol. 26, No.1, March 2020, pp. 55-64

88%Hﬂﬂ§|

100 MWZ Power-to-Gas A|AEIC| AFM AN|A &AM

1,% =1
I, UEE 2

|
17180 7j7] SQ1A] Al Wiekd 1ok 51 M7 175-28
=3

(2020 19 82 H<=; 20204 19 229) =4

The Economic Feasibility Analysis of 100-MW Power-to-Gas System

Areum Ko'*, Sung-Ho Park', and Suhyun Kim'

"Energy & Environment Research Team, Institute for Advanced Engineering
175-28, Goan-ro 51 beon-gil, bacgam-myeon, Cheoin-gu, Yongin-si, Gyeonggi-do, 17180, KOREA

(Received for review January 8, 2020; Revision received January 22, 2020; Accepted January 22, 2020)

O OF

I 5

A Ay ol q 2] 3020 o] YA 2 of] what Aol 2] W v 5 F 7k o E]al] & 5 =]
e gk o] 8l 8 FFY E4FeR &8 + Q= ;ﬂ‘?ﬂ% Fa e Hygez d =
Power-to-Gas 7| 7l'ro] 23] 2= 1L glok & Aol A= =l A S BH S Power-to-Gas 7 A Ad 4% 4338151
o} 58} A U7HE A 817] 91810 Total revenue requirement HH 25 &H-8-5ho] AA A 4 WHES AP FSHL, =
AY A 7142] HA 4 25 F3l 74—1—0]-@‘1’% ALAT ) 712 100 MW Power-to-Gas A| A8 #5381 5249
7= kg 8,344 0 2 UEHTh A7) H]-E, A sf ] H]E, Zs Agtol] mhE RIFE EA o] 3= GlaL, Ao | A o]

& Fo LG} R A o AL 8-S wolel AA S 2R sl 248 A Sl
FHI01: Ak AAS A, FE0E SAU7h S, ol A

Abstract : According to the Korean Renewable Energy 3020 Implementation Plan, the installation capacity of renewable energy
is expected to increase whereas technology for storing excess electricity and stabilizing the power supply of renewable energy
sources is extremely required. Power-to-Gas is one of energy storage technologies where electricity is converted into gas fuel
such as hydrogen and methane. Basically, Power-to-Gas system could be effectively utilized to store excess electricity generated
by an imbalance between supply and demand. In this study, the economic feasibility analysis of Power-to-Gas reflecting the
domestic situation was carried out. Total revenue requirement method was utilized to estimate the levelized cost of hydrogen.
Validation on the economic analysis method in this study was conducted by comparison of the result, which is published by the
International Energy Agency. The levelized cost of hydrogen of a 100-MW Power-to-Gas system reflecting the current
economic status in Korea is 8,344 won kg'. The sensitivity analysis was carried out, applying the main analysis economic
factors such as electricity cost, electrolyser cost, and operating year. Based on the sensitivity analysis, the conditions for
economic feasibility were suggested by comparing the cost of producing hydrogen using renewable energy with the cost of
producing natural gas reformed hydrogen with carbon capture and storage.
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Table 1. Economic index (IEA) for validation [2]

Contents Unit Value
. Base year year 2017
System financing -
Discount rate % 8
Plant life year 25
Operating hour hr 500 ~ 8000
Plant operation index Electrolyser efficiency % 64
o Electricity cost $ MWh'' 40
Electricity cost -
Power consumption MW 400
c Electrolyser CAPEX $ kW' 900
ost
OPEX of electrolyser $ kW' year! 135
Validation results
Total Capital Recovery 7
- IEA
& 6
= —IAE
Return on Equity s
Return on Debt Carrying g4
Charges -
£3
Total Revenue B
Income Taxes Requirement g,
Kl
Other Taxes and Insurance !
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Figure 1. Cost categories for the revenue requirement method of AAA BA
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Table 2. Economic index input summary

100 MW+ Power-to-Gas A| A8 0] ARA A A A B4

59

Contents Unit Value
Annual inflation rate % 1.96
Discount rate % 6.2
Overall Economic - o
Index First FPI supply % 40
Second FPI supply % 60
‘Won-dollar exchange rate won 1170
Plant design start year year 2020
Plant construction start year year 2021
Plant operating start year year 2023
) Financing fraction % 50
Common equity -
Required annual return % 6.2
System financing Deb Financing fraction % 50
ebt
Required annual return % 6.2
Discount rate % 6.2
Total income tax rate % 20
Resident tax rate (% of income tax) % 10
Fixed operating and maintenance (% of CAPEX) % 3
Plant life year 20
Tax life year 15
Operating hour hr 2555
Capacity factor % year’ 29
Plant operation Hydrogen production per unit power Nm® MWh'' 206.67
index Hydrogen density Kg Nm™ 0.09
o Electricity cost $ MWh'! 80.9
Electricity cost -
Power consumption MW 100
Labor number Person 7
Labor N
Average labor cost $yr 42,735
Total unplanned replacement capital cost factor (% of total depreciable costs/year) % 0.05
Stack cost (% of CAPEX) % 45
Replacement e
Stack lifetime hr 59000
Replacement year year 23
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Table 3. Capital cost calculation summary

Contents Cost
Fixed Capital Investment $ 88,023,100
Annual fixed O&M cost $ 2,640,693
Electricity cost $ 20,667,111
Start-up cost Plant Facilities Investment $ 88,023,100
Start-up cost $ 1,980,520
Escalated Start-up cost $ 2,019,338
Electricity cost $20,667,111
Other outlay Escalated Fuel cost $20,667,111
Working Capital Lab.or cost $ 299,145
Contingency $ 879,826
Working Capital $4,399,131
Escalated Working Capital $ 4,573,267
Allowance for funds used during construction $ 6,856,009
Total AFUDC after 2 years $8,211,924
Escalated PFI $92,583,548
Start-up cost $2,019,338
Total Cap(i;jaégwe“mem Total Net outlay Working Capital $ 4,573,267
Total Net outlay $99,176,153
Total Capital Investment $ 107,388,077
Total Capital Investment $ 107,388,077
Total Net Capital Investment Investment Tax Credit $0
. . Total Net Capital Investment $ 107,388,077
Total DIerf)\feesc;ra;t:EtCapltal Total Non-depreciable Capital Working Capital $ 4,573,267
Investment Common Equity AFUDC $ 4,105,962
Total Non-depreciable Capital Investment $ 8,679,229
Total Depreciable Capital Investment $ 98,708,848
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Figure 3. Cashflow during the operating year.
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Figure 4. Levelized cost of hydrogen for Power-to-Gas system
with 20 year lifetime.

Table 4. Variables and ranges for sensitivity analysis

Variables Initial value Range

CAPEX 1,029,600 kW' +30%

OPEX 3% of CAPEX +£30%

Electricity cost | 94.64 kWh' | 0 kWh' ~ 189 kWh'
WACC 6.2% 3.2%~9.2%
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Figure 5. Levelized cost of hydrogen for Power-to-Gas system with
30 year lifetime.
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Figure 6. Levelized cost of hydrogen with different electricity cost and CAPEX.
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Nomenclature
ADJ Adjustment
AFUDC Allowance for funds used during construction
BBY Balance beginning of year
BD Book Depreciation
BPV By-product Value
CcC Carrying Charge
CRF Capital Recovery Factor
DC Direct Cost
DITX Differed Income Taxes
FCI Fixed Capital Investment
FOM Fixed Operating and maintenance
IC Indirect Cost
MACRS Modified Accelerated Cost Recovery System
00 Other Outlay
OTXI Other Taxes and Insurance
PEC Purchased Equipment Cost
PFI Plant facilities investment
RCEAF Recovery of common-equity AFUDC
ROI Return of investment
TCI Total Capital Investment
TCR Total Capital Recovery
TDI Total Depreciable investment
TRR Total Revenue Requirement
TXD Tax Depreciation
WACC Weighted Average Capital Cost
Subscript
0 initial
ce common equity
d debt
EC electricity cost
j jth year
L levelized
n operating year
OoMC operating and maintenance cost
ps preferred stock
R replacement
t tax rate

10.

11.

12.

13.

14.

15.

16.

17.
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