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Abstract The ESS load test device (ELTD) can store and exchange electrical energy during the load test
of an emergency generator. On the other hand, it is difficult to commercialize ELTDs based on Li-ion
batteries because of the high initial cost, which is higher than a load bank test. If the trade of electrical
energy stored in ELTD during the test of an emergency generator is considered, it may be possible to
commercialize the ELTD. Therefore, this paper proposes an economic model of ELTD composed of the
costs and benefits by considering electrical energy trade to perform accurately economic evaluations of
an ELTD. From the simulation results of the economic evaluations of an ELTD and the load bank method,
it was found that the commercialization of ELTD is possible when the trade in electrical energy in ELTDs

is considered.
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Table 1. Economic evaluation conditions of 500kW
scale load test device

Parameters Contents
Evaluation Year [year] 20
Operation cost Labor costs [3 persons/year] 144,000
[thousand wonl| indirect cost [labor costsx20%] 28,800
) ESS (replacement cycle, 10 years) 150,000
EOHSHUCUOH [PCS(500kW), Battery(250kWh)] :
ost
[thousand won]| Load Bank 50,000
[R(500kW), L(400kVar)] ’
Discount Rate [%] 5.5
Interest Rate [%] 3.46
Average Price of SMP [won/kWh]
[ESS discharge capacity : yearly, 90.97
250kWh x 20days/month x 12months/year x 80%)]
Average Price of REC [won/kWh] 333.70
Agency Revenue [thousand won/yearly] 240,000
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Table 2. Cost evaluation for 500kW scale load test
device (Load Bank)

Cost [thousand won Total Cost |Present Value
Year Construction .| [thousand | [thousand
Principal | Interest Operation won] won]

1 3,333 1,730| 172,800 177,863 177,863
2 3,333 1,615 172,800 177,748 168,482
3 3,333 1,499| 172,800, 177,633 159,594
4 3,333 1,384| 172,800, 177,517 151,176
5 3,333 1,269| 172,800 177,402 143,202
6 3,333 1,153| 172,800 177,287 135,648
7 3,333 1,038| 172,800 177,171 128,493
8 3,333 923| 172,800| 177,056 121,715
9 3,333 807| 172,800 176,941 115,294
10 3,333 692| 172,800| 176,825 109,213
11 3,333 577| 172,800 176,710 103,451
12 3,333 461 172,800| 176,595 97,994
13 3,333 346| 172,800| 176,479 92,825
14 3,333 231| 172,800| 176,364 87.928
15 3.333 115| 172,800 176,249 83,290
16 0 0| 172,800 172,800 77,403
17 0 0| 172,800 172,800 73,368
18 0 0| 172,800 172,800 69,543
19 0 0| 172,800 172,800 65917
20 0 0| 172,800 172,800 62,481
Total 50,000 14,581] 3,456,000| 3,520,581 2,225314

Table 3. Benefit evaluation for 500kW scale load
test device (Load Bank)

Year Agency Revenue Present Value
[thousand won] [thousand won]

1 240,000 240,000
2 240,000 227,488
3 240,000 215,629
4 240,000 204,387
5 240,000 193,732
6 240,000 183,632
7 240,000 174,059
8 240,000 164,985
9 240,000 156,384
10 240,000 148,231
11 240,000 140,503
12 240,000 133,178
13 240,000 126,236
14 240,000 119,654
15 240,000 113,417
16 240,000 107,504
17 240,000 101,899
18 240,000 96,587
19 240,000 91,552
20 240,000 86,779

Total 4,800,000 3.025.836
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Fig. 4. Yearly cost and benefit evaluation for 500kW
scale load test device (Load Bank)
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Table 4. Cost evaluation for 500kW scale load test
device (ESS)

Cost [thousand wonl] Total Cost

Year | Construction .| [thousand Present Value
Prmlmpa Interest Operation wonl [thousand won]

1 6,666| 3,460| 172,800 182,927 182,927
2 6,066 3,229 172,800 182,696 173,172
3 6,666 2,999| 172,800 182,465 163,936
4 6,666| 2,768| 172,800 182,235 155,194
5 6,006 2,537| 172,800 182,004 146,917
6 6,666 2307| 172,800] 181,773 139,081
7 6,006| 2,076 172,800 181,543 131,663
8 6,666 1,845 172,800 181,312 124,641
9 6,666 1,615| 172,800 181,081 117,992
10 6,666 1,384 172,800 180,851 111,699
11 28,095 6,343| 172,800 207,239 121,324
12 28,095| 5,371| 172,800 206,266 114,459
13 28,095 4,399 172,800 205,294 107,981
14 28,095 3,427| 172,800 204,322 101,867
15 28,095 2,455 172,800 203,350 96,097
16 21,428| 1,483| 172,800 195,711 87,606
17 21,428 741 172,800 194,970 82,781
18 - 0| 172,800 172,800 69,543
19 - 0| 172,800 172,800 65917
20 - 0 172,800 172,800 62,481
Total | 250,000| 48,440| 3,456,000] 3,754,440 2.357.336
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test device (ESS) 1.200
olﬂﬂU
Agency SMP REC Total. Present Ema
Year IevemE [thousand | [thousand Bizuclic Vel
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wonl] ozl e won)] won] 0.400
Load Bank —
1 240,000 4,366 16,018]  260,384] 260,384 ESS —
2 240,000 4,279 15,697 259,976 246,423
3 240,000 4192 15377| 259.569| 233210 PP "7 Sevaluation Year [Year] 0P
4 240,000 4,104 15,057 259,161 220,705
2 240,000 4,017 14736| 258753| 208870 Fig. 6. Yearly cost and benefit evaluation for 500kW
240,000 3,930 14,416 258,346 197,669 .
5 240,000 3842 14095 257.938|  187.068 scale load test device (Load Bank & ESS)
8 240,000 3,755 13,775 257,530 177,036
9 240,000 3,668 13,455 257,123 167,541
10 240,000 3,580 13,134] 256,715| 158,555 Table 6. Yearly cost and benefit for 500kW scale
11 240,000 3,493 12,814 256,307 150,050 load test device (Load Bank & ESS)
12 240,000 4,366 16,018 260,384 144,490
13 240,000 4,279 15,697 259,976 136,743 Year B/C Ratio
14 240,000 4,192 15,377 259,569 129,411 Load Bank ESS
15 240,000 4,104 15,057 259,161 122,472 1 0.108 0.110
16 240,000 4,017 14,736 258,753 115,904 2 0.210 0.215
17 240,000 3,930 14,416 258,346 109,689 3 0.307 0.314
18 240,000 3,842 14,095 257,938 103,806 4 0.399 0.408
19 240,000 3,755 13,775 257,530 98,239 5 0.486 0.496
20 240,000 3,668 13,455 257,123 92,970 6 0.568 0.580
Total| 4,800,000 79,381 291,200| 5,170,581 3,261,234 7 0.647 0.659
8 0.721 0.734
9 0.791 0.806
000000 10 0.858 0873
Cost — 11 0.921 0.936
'—g'zsn,ooo.un Benefit ~ 12 0.981 0.998
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£ 16 1.191 1.212
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8 50,000.00 18 1.280 1.302
19 1.321 1.344
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Fig. 5. Yearly cost and benefit evaluation for 500kW
scale load test device (ESS)
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