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Analysis for Annualized Returns of Island Microgrid IPP According to CER Price
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(Mi-Young Kim)

Abstract - Islands that is far away from onshore have used internal-combustion engine driving alternators to secure electric
power. However, with Paris convention on climate change, there is a growing interest in eco-friendly energy independent
island that replaces microgrid(MG) consisting of photovoltaic, wind power, and energy storage system with alternators for
internal combustion engines. And also, national emission trading has been implemented, and the price of certified emission
reduction(CER) has a influence on system marginal price(SMP). Because, the low cost generation source decides SMP when
CER price is low, while the more expensive generation source decides SMP when CER price is high. Therefore, the increasing
of CER price has a strong influence on the annualized return of MG independent power producer. Moreover, the fixed RPS
price is implemented from 2017, which the increasing of CER price under the fixed RPS price or the variable RPS price
affects annualized return differently. In this paper, the annualized return according to CER price is analyzed for large, middle,
and small scaled islands, the effect of CER price on the annualized return was confirmed.
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Table 1 Load and generation system of each island

2 MG AHE Xt 2 2EHlE8
Table 2 Installation and operation costs of MG

Tm AR cang
(RAA/kW or AL/KWh)
PV(kW) 1,500 AT
WP(KW) 1,200
2.5%
ESS(kWh) 1,500

T =Ry FaETA EAT
Z|thESHKW) 1,875 267 38
FHst BHESHKW) 1,200 115 15
Hote 0.64 043 04
AH]E-FKW) 2,900 450 160
el
a7 A7 ZHMWh) 10,348 1,026 146
e UP 1 7HRA /kWh) 325 1,019 6,521
= A ZAHIE(L/KWh) 0.2677 0.3125 0.3974
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Table 3 Cost and profit for MG constructed in each island

42 Case 19 QHTZFYE BY

(million won)

HalE 54o] thg 37/ EA] tislol, RPs w&7120] U] A= SRE | due | S
84 208 B0 HgW1 IY 29 CER 180] HEH &% MG HI& 90219 | 9040 1,292
o] MG WRAIIR} GPFSOIES UFSH Zo] AFEM, MG - RPS 1E7H 20664 | 2984 436
TEHE B 4S5 Hole # 33 &k o | RPS IE7FAIFER] | 135445 | 15375 2,196

NSRS 56377 | 17533 | 15970
E 4 Case 10] tict &&= MGO] AgsE ()
Table 4 Cash flow of deokjeokdo MG for case 1 (million won)
MG HI& HY MG HY] Eaka FIE%)
= gz | ogy | H9EE | 88 | d=dges | . | 2UE MG Hojujidd MG MG HIg
nes | a3 | +IREC %) HIg 02s) He | -MG ®Y

2017 0 0 3363 | 101 10,060 190 5 0 3,363 10,351

2018 | 6980 | 1258 | 3464 | 101 10,060 190 5 7,846 3,299 9,858 2564

2019 | 6864 | 1296 | 3568 | 101 10,060 190 5 7,401 3,236 9,389 26.85

2020 | 6742 | 1335 | 3675 | 101 10,060 190 5 6,978 3175 8,941 28.15

2021 | 6615 | 1375 | 3785 | 101 10,060 190 5 6,574 3114 8,516 2954

2022 | 6483 | 1416 | 3899 | 101 10,060 190 5 6,189 3,055 8,110 31.04

2023 | 6344 | 1459 | 4016 | 101 10,060 190 5 5,823 2,997 7,124 3265

2024 | 6200 | 1503 | 4136 | 101 10,060 190 5 5474 2,940 7,356 34.39

2025 | 6048 | 1548 | 4260 | 101 10,060 190 5 5,141 2,884 7,006 3627

2026 | 580 | 1594 | 4388 | 101 10,060 190 5 4,824 2,829 6,672 38.30

2027 | 5725 990 4520 | 101 10,060 190 5 4123 2175 6,355 54.14

2028 | 10186 | 1020 | 4655 | 101 10,060 190 5 6,552 2,722 6,052 -763

2029 | 9875 | 1051 | 4795 | 101 10,060 190 5 6,084 2,670 5,164 -5.26

2030 | 9551 | 1082 | 4939 [ 101 10,060 190 5 5,639 2,619 5,489 -2.65

2031 | 9212 | 1115 | 5087 | 101 10,060 190 5 5216 2,569 5,228 0.23

2032 | 4077 | 1148 | 5240 | 101 10,060 190 5 2513 2,520 4,979 98.09

2033 | 3922 | 1182 | 5397 | 101 10,060 190 5 2,339 2472 4,742 102.77

2034 0 1218 | 5559 | 101 10,060 190 5 531 2425 4516 749.85

2035 0 1255 | 5726 | 101 10,060 190 5 521 2,319 4,301 725.09

2036 0 1292 | 5897 | 101 10,060 190 5 511 2,334 4,096 701.06

7 [ 110715 | 24138 | 90369 | 2016 | 201208 | 3,794 90,279 56,377 135445 2.50
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Table 5 The annualized return according to CER price 7 EAE MG 7E HE 2 HoE)
Table 7 Cost and profit for MG constructed in each island

501 2(%) o] =7 o
EAY coo T | oo 2 = Zon(ol %}) (million won)
[EESIH 2.50 2.79 0.29 52.6 T UAE | BIE | AR
Za i 3.50 3.84 0.34 6.1 MG HIE 90,279 9,040 1,292
=T 350 392 042 11 . RPS ¥1E7}4 46,325 4,636 556
5 RPS WHE7Hx7}EX] 135,403 15,371 2,197
- olwrd )28 56377 | 17533 | 15970
Hapl AREQ EAL #Hoe 1 19YA@EESAES 042%
45) /1IN0 B 69 EHE d25ES MAE HH, MG
=0 tigh drY SEH@S+01A) B 2PH|E Case 13} S P
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Fig. 6 Cost and profit for deokjeokdo MG

HE 6 Case 20] TS HHE MG d=25E (Hurd)
Table 6 Cash flow of deokjeokdo MG for case 2 (million won)

MG HIZ HY MG #H9J SIAIZIA] FAEX%)
(S ystzal | oaw uodd | g2 | AEgesE CER SolE MG Hoj(uUers MG MG H_]%
neg = +1REC (%) HE H2g) HoJ -MG #H9|
2017 0 0 3,363 101 10,060 190 5 0 3,363 10,351
2018 | 6,980 1,258 3464 101 10,060 253 5 7,846 3,299 9,918 2641
2019 | 6,864 1,296 3,568 101 10,060 316 5 7401 3,236 9,503 2840
2020 | 6,742 1,335 3675 101 10,060 380 5 6,978 3,175 9,106 30.50
2021 | 6615 1,375 3,785 101 10,060 443 5 6,574 3,114 8,724 32.71
2022 | 6483 1416 3,899 101 10,060 506 5 6,189 3,055 8,358 35.05
2023 | 6,344 1,459 4,016 101 10,060 570 5 5,823 2,997 8,008 37.52
2024 | 6,200 1,503 4,136 101 10,060 633 5 5AT4 2,940 7671 40.15
2025 | 6,048 1,548 4,260 101 10,060 697 5 5,141 2,884 7,349 4294
2026 | 5890 1,594 4,388 101 10,060 760 5 4,824 2,829 7,040 4592
2027 | 5,725 990 4,520 101 10,060 823 5 4123 2,775 6,743 63.57
2028 | 10,186 1,020 4,655 101 10,060 823 5 6,552 2,722 6,422 -197
2029 | 9875 1,051 4,795 101 10,060 823 5 6,084 2,670 6,117 0.54
2030 | 9,551 1,082 4,939 101 10,060 823 5 5,639 2,619 5,825 3.30
2031 | 9212 1,115 5,087 101 10,060 823 5 5,216 2,569 5,548 6.37
2032 | 4,077 1,148 5,240 101 10,060 823 5 2513 2,520 5,284 110.21
2033 | 3922 1,182 5,397 101 10,060 823 5 2,339 2,472 5,032 115.18
2034 0 1,218 5,559 101 10,060 823 5 531 2,425 4,792 801.86
2035 0 1,255 5,726 101 10,060 823 5 521 2,379 4,564 775.59
2036 0 1,292 5,897 101 10,060 823 5 511 2,334 4,347 750.09
A | 110715 | 24,138 90,369 2,016 201,208 | 12,980 90,279 56,377 140,703 2.19
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H 8 Case 30] Uit AL MGY JI2SE (HTHY)
Table 8 Cash flow of deokjeokdo MG for case 3 (million won)
MG HE H9J MG #H9] AR ZER] FOE(%)
(S yota | ez [ Az ol MG ol (L oIEkAl MG MG HIZ
geEl | 284 | peg | g3 | ez | REC | CR |\ ey | ug nes) | #@ol | -MG Ol
2017 0 0 3,363 101 6,124 1727 | 190 5 0 3,363 8,141
2018 | 6980 | 1,258 3464 101 6,308 1,778 | 190 5 7,846 3,299 7978 2
2019 | 6864 | 1,29 3,568 101 6,497 1,832 | 190 5 7401 3,236 7818 6
2020 | 6,742 | 1,335 3675 101 6,692 1,887 | 190 5 6,978 3,175 7,662 10
2021 | 6615 | 1,375 3785 101 6,893 1,943 | 190 5 6,574 3,114 7508 14
2022 | 6483 | 1416 3,899 101 7,099 2002 | 190 5 6,189 3,055 7,359 19
2023 | 6344 | 1,459 4,016 101 7312 2062 | 190 5 5,823 2,997 7212 24
2024 | 6200 | 1,503 4,136 101 7532 2124 | 190 5 5,474 2,940 7,068 29
2025 | 6,048 | 1,548 4,260 101 7,758 2,187 | 190 5 5,141 2,884 6,928 35
2026 | 5890 | 1,594 4,388 101 7,990 2253 | 190 5 4,824 2,829 6,790 41
2027 | 5,725 990 4,520 101 8,230 2,321 190 5 4123 2775 6,656 61
2028 | 10,186 | 1,020 4,655 101 8477 2390 | 190 5 6,552 2,722 6,524 -0
2029 | 9,875 | 1,051 4,795 101 8,731 2462 | 190 5 6,084 2,670 6,395 5
2030 | 9551 | 1,082 4,939 101 8,993 2536 | 190 5 5,639 2,619 6,268 11
2031 | 9212 | 1,115 5,087 101 9,263 2612 | 190 5 5,216 2,569 6,144 18
2032 | 4,077 | 1,148 5,240 101 9,541 2690 | 190 5 2,513 2,520 6,023 140
2033 | 3922 | 1,182 5,397 101 9,827 2771 190 5 2,339 2472 5,904 152
2034 0 1,218 5,559 101 | 10,122 2854 | 190 5 531 2,425 5,788 989
2035 0 1,255 5,726 101 | 10426 2940 | 190 5 521 2,379 5,674 989
2036 0 1,292 5,897 101 | 10,738 3028 | 190 5 511 2,334 5,563 988
A | 110715 | 24,138 | 90,369 | 2016 | 164,554 | 46,397 | 3,794 90,279 56,377 135,403 250
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Table 9 Returns according to CER increasing

- FOIE0) e
Case 3 | Case 4 S 2ol (9]Ql)
YA 2.50 4.05 1.55 280.7
AT 3.50 532 1.82 32.9
=AE 3.50 5.50 2.00 52

® 10 Case 40| thst 9H¥E MG dZFSE ()

Table 10 Cash flow of deokjeokdo MG for case 4 (million won)
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E7E MG 7% HIE, RPS HE7140] BgH MG &4 H
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mE Hwole Od 81t Atk AL MGo| RPS WE7HA0] &g
= Ugds 208 S0 oF 790 dalie &5 Zasie] o
BETAES -285%0|1B8, 5AL9 ZAS RPS WHE7H0]
9569 7t1ERE A &slojor Pzt MG HRAIGRNE AEE49
E 35%E EHE 4 AU o, uoF ghElo] AR BEEALY
A AQE FHSHE, MG #Hojo] Woied njegd e Ho
o] Ags| 2L HE, RPS HEZHATW AHgslojs ABIEsE
58.94%E ZIthet 4= RUATh

45 Case 49 YBTSAE B4
Case 31} ©2| Case 4= RPS HEQF0] 18 29 CER A5

A got =, TAH Case 31 Case 45 HIWS Ail= & 9
21l o] 5 Y¥E MG 750 tist dEs82 # 101 &
A

Ea
o
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Case 4= SMP 7140l CER 714 A&E wHdsIgloERE 1Y

MG HI& ol MG HY] SR 7RI FOE(%)
[5h= _ =15 L8 VSRS ISize)[=] Ho E1YS (=}
sea | esul | SRl 0% | am | R | R %o | g | mes | we | o
2017 0 0 3,363 101 6,124 1,727 190 5 0 3,363 8,141
2018 6,980 1,258 3,464 101 6,842 1,778 253 5 7,846 3,299 8,547 9
2019 6,864 1,296 3,568 101 7,031 1,832 316 5 7,401 3,236 8,418 14
2020 6,742 1,335 3,675 101 7,226 1,887 380 5 6,978 3,175 8,287 19
2021 6,615 1,375 3,785 101 7,427 1,943 443 5 6,574 3,114 8,157 24
2022 6,483 1,416 3,899 101 7,634 2,002 506 5 6,189 3,065 8,026 30
2023 6,344 1,459 4,016 101 7,847 2,062 5170 5 5,823 2,997 7,894 36
2024 6,200 1,503 4,136 101 8,066 2,124 633 5 5474 2,940 7,763 42
2025 6,048 1,548 4,260 101 8,292 2,187 697 5 5,141 2,884 7,633 48
2026 5,890 1,594 4,388 101 8,525 2,253 760 5 4,824 2,829 7,502 56
2027 5,725 990 4,520 101 13,143 2,321 823 5 4,123 2,175 10,061 144
2028 | 10,186 1,020 4,655 101 13,143 2,390 823 5 6,552 2,122 9,622 47
2029 9,875 1,051 4,795 101 13,143 2,462 823 5 6,084 2,670 9,204 51
2030 9,551 1,082 4,939 101 13,143 2,536 823 5 5,639 2,619 8,805 56
2031 9,212 1,115 5,087 101 13,143 2,612 823 5 5,216 2,569 8,424 62
2032 4077 1,148 5,240 101 13,143 2,690 823 5 2,513 2,520 8,060 221
2033 3,922 1,182 5,397 101 13,143 2,171 823 5 2,339 2,472 7,714 230
2034 0 1,218 5,659 101 13,143 2,854 823 5 531 2,425 7,383 1,289
2035 0 1,255 5,726 101 13,143 2,940 823 5 521 2,319 7,067 1,256
2036 0 1,292 5,897 101 13,143 3,028 823 5 511 2,334 6,765 1,223
A | 110,715 | 24,138 | 90,369 | 2,016 | 206,445 | 46,397 | 12,980 90,279 56,377 163,472 4.05
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