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Economic Evaluation of ESS and Natural Gas Generator for Expansion
of New and Renewable Generation
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TCorresponding author :
seik.park@kepco.co.kr Abstract >> This paper considers the alternative way to mitigate cost for REC in-

stead of Photovoltaic (PV) panels with Energy Storage System (ESS). This study
Received 27 June, 2018 starts from an economic analysis of a 1 megawatt PV system without ESS
Revised 17 July, 2018 i o ; ) o
Accepted 31 August, 2018 Several assumptions have been applied in consideration of the current domestic
situation. Based on this result, the economic efficiency of PV with ESS improved.
However, the reliance on government subsidies was very high. The alternative
way to cover the fluctuation power from renewable energy was reviewed with eco-
nomical and technical way. In case the natural gas engine applied to PV, the IRR
and Levelized Cost of Electricity (LCOE) can be improved without ESS. And if
small amount of additional REC, the IRR can be improved up to investment level.
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Table 1. Basic data for economic analysis of PV

Item Content
Capacity 1 MW
Lifetime 20 years
Availability 14.5%
Average efficiency reduction rate/year 1%"
SMP 93 won/kWh’
REC 110 won/kWh’
Investment cost 1.7 Bill. won ™"
First year annual operating cost 0.17 Bill. won™
Average daily power generation time 3.5 hours

*Average Price of SMP and REC of KPX as of April 25, 2018.
“Based on 1 MW Product Family of Hanwha Q-cell.
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Table 2. Comparison of total power production cost vs.investment cost for calculation of PV power generation LCOE without ESS
(unit: 1,000 KRW)

Year Electricity | REC Total | Operating Interest Am.ortiza Total Income Cl}mulated prngltf::led
sales profit profit cost tion cost income power
kW)
Installation 0 0 0 0 0 0 0 -1,700,000 | -1,700,000 -
+1 118,129 | 139,722 | 257,851 | 17,000 | 77,346 | 59,500 | 153,846 | 104,004 | -1,595,996 | 1,270.20
+2 116,947 | 138,325 | 255,272 | 17,000 | 77,342 | 59,500 | 153,842 | 101,430 | -1,494,566 | 1,257.50
+3 115,766 | 136,928 | 252,694 | 17,000 | 77,338 | 59,500 | 153,838 98,855 | -1,395,711 | 1,244.80
+4 114,585 | 135,530 | 250,115 | 17,000 | 77,335 | 59,500 | 153,835 96,281 | -1,299,430 | 1,232.09
+5 113,403 | 134,133 | 247,537 | 17,000 | 77,331 | 59,500 | 153,831 93,706 | -1,205,724 | 1,219.39
+6 112,222 | 132,736 | 244,958 | 17,000 | 77,327 | 59,500 | 153,827 91,131 | -1,114,593 | 1,206.69
+7 111,041 | 131,339 | 242,380 | 17,000 | 77,323 | 59,500 | 153,823 88,557 | -1,026,036 | 1,193.99
+8 109,860 | 129,941 | 239,801 | 17,000 | 77,319 | 59,500 | 153,819 85,982 -940,054 | 1,181.29
+9 108,678 | 128,544 | 237,223 | 17,000 | 77,315 | 59,500 | 153,815 83,407 - 856,647 | 1,168.58
+10 107,497 | 127,147 | 234,644 | 17,000 | 77,311 | 59,500 | 153,811 80,833 -775,814 | 1,155.88
+11 106,316 | 125,750 | 232,066 | 17,000 | 77,307 | 59,500 | 153,807 78,258 -697,556 | 1,143.18
+12 105,134 | 124,353 | 229,487 | 17,000 | 77,304 | 59,500 | 153,804 75,683 -621,873 | 1,130.48
+13 103,953 | 122,955 | 226,909 | 17,000 | 77,300 | 59,500 | 153,800 73,109 - 548,764 | 1,117.78
+14 102,772 | 121,558 | 224,330 | 17,000 | 77,296 | 59,500 | 153,796 70,534 -478,230 | 1,105.07
+15 101,591 | 120,161 | 221,752 | 17,000 | 77,292 | 59,500 | 153,792 67,960 -410,270 | 1,092.37
+16 100,409 | 118,764 | 219,173 | 17,000 | 77,288 | 59,500 | 153,788 65,385 -344.885 | 1,079.67
+17 99,228 | 117,366 | 216,595 | 17,000 | 77,284 | 59,500 | 153,784 62,810 -282,075 | 1,066.97
+18 98,047 | 115,969 | 214,016 | 17,000 | 77,280 | 59,500 | 153,780 60,236 -221,839 | 1,054.27
+19 96,865 | 114,572 | 211,437 | 17,000 | 77,277 | 59,500 | 153,777 57,661 - 164,178 | 1,041.56
+20 95,684 | 113,175 | 208,859 | 17,000 | 77,273 | 59,500 | 153,773 55,086 -109,092 | 1,028.86
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Table 3. Device characteristics of ESS and alternative system

Li-ion VRFB
Item NG generator
battery | battery

Investment cost
/1 MWh

Average efficiency
reduction rate/year

1 Bill. won|6 Bill. won| 0.1 Bill. won

-2%/year | -2%/year -

Life time 15 years | 20 year 30 years
Onerating cost/vear 0.1 Bill. | 0.01Bill. | 0.0277 Bill.
P J Y won/year | won/year won/year*
Disposal cost 0.3 Bill. | 0.03 Bill 0.03 Bill. won
won won

"Fuel consumption of a 500 kW gas engine in part load (25%
Thermal efficiency).

44 MJ/Nm® (natural gas LHV) x 25% (thermal efficiency) x fuel

consumption for a year (x) = 500 kW (gas engine output) x 10%
- Fuel consumption for a year (x) = 176,727 Nm3/year
- Fuel cost for a year = 17.7 million won/year
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Fig. 1. Comparison of cumulative gains and losses in con-
nection with PV and NG generator
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Table 4. Comparision of power plants with regard to flexibility

Tty || @i || | Gl
cycle power plant
Minimum load . . .
(% PNom) 40-50% 40-50% 25-40%
Ramp rate o o o
(% PNom/min) 8-12% 2-4% 1.5-4%
Hot st.art-up time 5-11 minutes 6.0_90 2.5-3 hours
(min) or (h) minutes
Cold s.tart-up time 5-11 minutes | 3-4 hours | 5-10 hours
(min) or (h)
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