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Abstract : The purpose of this study was to design and evaluate an optimal energy supply system for the isolated island,
Gasado, with microgrid technology. Simulation of a renewable energy power system, including energy storage (an
energy storage system - ESS), economic analysis, and evaluation of external CO; costs, was conducted for Gasado. The
results showed that a renewable power system, supplied with ESS, was the best option, considering climatic conditions,
and the load pattern for the target area. The cost of electricity was estimated at $0.462 /kWh, which was lower than that
for an equivalent diesel powered system, by $0.134 /kWh. The proposed system can reduce CO, emissions by 70%, and
can thus save $7,511 annually in external costs.
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Table 1. Prior economic feasibility studies of renewable electricity generation facilities
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Fig. 1. Monthly average wind speed and solar radiation in the target area in 2017.
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Table 2. Components cost of generator specification

Components Initial cost Replacement cost Operating cost Lifetime Source
(USD/kW) (USD/kW) (USD/kW-year)
PV (kW) 2,671 2,137 23.40 20 EIA (2016)
Wind (kW) 3,754 3,003 94.00 20 EIA (2016)
Battery (kWh) 600 600 10.00 15 lljr(())zfnl?
Converter (kW) 695 556 17.00 6.25 KIER (2011)
Diesel (kW) 1,345 1,076 0.1115 USD/hour 15,000 hour MKE (2010,2015)

Table 3. Composition of scenario

Division Contents

Case 1 Renewable Fraction 0% (diesel generator 100%)
Case 2 Renewable Fraction 27% (non constraint model)
Case 3 Renewable Fraction 70% (reflect currently operated model)
Case 4 Renewable Fraction 100% (diesel zero)
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#8310 1,076USDKW S Al-45}9cKBack and Kim,
2016).
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Table 4. Economic evaluation result by scenario
Scenario COE NPC Operating cost Initial cost Renewable
(USD/kWh) (USD) (USD) (USD) Fraction (%)
Existing operations 0.556 - 330,062 8,134,394 60~70
Case 1 0.475 5,206,126 327,605 336,250 0
Case 2 0.436 4,776,076 332,627 1,394,600 27.7
Case 3 0.462 5,060,105 620,872 2,847,028 70.1
Case 4 0.596 6,289,063 916,998 4,811,180 100.0

Table 5. External cost of carbon dioxide emissions in case 3

Components Generation Emission factor Emission price Emission cost
(kWh/year) (tCO,/kWh) (USD/tC0,) (USD/year)
PV 530,682 2.67x107° 23.73 337
Wind 252,049 9.98 <10~ ° 23.73 60
Diesel 219,634 5.35 <107 * 23.73 2,789
Total 1,002,554 . . 3,185

Table 6. External cost of carbon dioxide emissions in case 1

o . Generation Emission factor Emission price Emission cost
e (kWh/year) (CO,/kWh) (USD/tC0,) (USD/year)
Diesel 842,420 5.35 <10 * 23.73 10,696
Total 842,420 - - 10,696

Ak 28 HAT S B, e 100% oot
LR A=) AlU}] 221 Case 1-&COE~710.475USD/kWh,
NPCx5,206,126USD 2 ZA¥}7} Vel 18] a1 v]A|eF
Z A0 2 3t A3} Renewable Fraction©] 2F27% 2] AL+
2] @ 9] Case 2= COE<Q} NPC7} 22} 0.436USD/kWh,
4,776,076USD £ 714+ WA| LFER © 1, Renewable Fraction
0]100%2] ALFE] 221 Case 4:=0.596USD/kWh, 6,289,063USD
2 COESINPC7} 7HY =4 Uelydtt Case 3-& 7HAHE #|
Aol A A 2G5 HHAA LR O] 2705w gt Alutke]
2 2 COE+=0.462USD/kWh, NPC+5,060,105USD 2
A= Qi) wletA] COE2}F NPC 7]& 2.2 Renewable
Fractionz Zro| 1123191 |, Case 3-> ThAF X &1 7HA}
= xojo] 714 Hake A4 WA AT meolel &
4 91tk 21 o] AR S-ogals Aol A
HAo| FasiA] gL, APYEAT 2G5k Aol
H|-g-o] uj-$- A A =] 7] w2l o 21& g 4
T}2 Renewable Fraction tH] 2P 17} 714 A H3H
Case 30| 7P A gatrkal et

o

2ILH|E EIt
QFH|E 24 247IA F 0O, 9 HiEE Vel R,
o =R} co, wiEAlg: 2| viEd 7H &
oiRulg 2 AT 1Y A
Case 33} U] 100% &9 2 A]
AEIQl Case 15 H|aL - 498G} o] = T E A Y] 1
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¢18}7] flsfiAl o]t} WA], Table 5= Case 32] £ 71|85
FAsH ARz, ZF A 9] o, viEol wE B8 ot
=3} 2t} B2 377USD/year B]-8-0] AP E Q0L F
22 60USD/year 12|11 T]A BFA YL 2 789USD/year
2 YERY Case 39] & ¢|HH]-8-23,185USD/year = L}E}
sk o] A WA YY) EA o] =gl e Eetal,
A A 0] viE Al AA|7F 7] wiol &]FH]80]
A A E = AE S 4= Uk LTSS 2 Table 6-2 T4
T &5z Case 19] &7 H]- -5 F45 Az, o0
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Table 7. Sensitivity analysis based on fuel price-electricity demand (fixed fuel price & electricity demand)

Fuel price Electricity demand COE NPC PV Capaticy Renewable

(USD/L) (kWh/day) (USD/kWh) (USD) (kW) Fraction (%)
0.770 2,308 0.481 5,269,218 416 70.4
0.770 2,423 0.475 5,467,908 435 70.0
0.770 2,545 0.464 5,671,170 458 70.2
0.770 2,672 0.464 5,889,869 480 70.1
0.770 2,805 0.459 6,118,618 484 70.0
0.770 2,308 0.481 5,269,218 416 70.4
0.847 2,308 0.489 5,356,783 437 71.0
0.932 2,308 0.520 5,693,504 517 81.8
1.025 2,308 0.526 5,758,922 527 82.2
1.127 2,308 0.532 5,829,428 525 82.2

Table 8. Sensitivity analysis based on battery price—electricity demand (fixed battery price & electricity demand)

Battery price Electricity demand COE NPC PV Capaticy Renewable

(USD) (kWh/day) (USD/kWh) (USD) (kW) Fraction (%)
600 2,308 0.481 5,269,218 416 70.4
600 2,423 0.475 5,467,908 435 70.0
600 2,545 0.464 5,671,170 458 70.2
600 2,672 0.464 5,889,869 480 70.1
600 2,805 0.459 6,118,618 484 70.0
600 2,308 0.481 5,269,218 416 70.4
660 2,308 0.487 5,341,434 407 70.1
726 2,308 0.495 5,419,831 426 70.3
798 2,308 0.502 5,500,866 398 70.7
878 2,308 0.509 5,580,822 413 70.1

OS2 Case 121 10,696USD/yearo]| 4] Case 321 3,185
USD/yearE x}7}8t7,511USD/year A& 2] v]-& A7Fa 7}t
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