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Abstract — This study aims to propose a new optimization-based approach for design and analysis of the stand-alone
hybrid energy supply system using renewable energy sources (RES). In the energy supply system, we include multiple
energy production technologies such as Photovoltaics (PV), Wind turbine, and fossil-fuel-based AC generator along with
different types of energy storage and conversion technologies such as battery and inverter. We then select six different
regions of Korea to represent various characteristics of different RES potentials and demand profiles. We finally designed
and analyzed the optimal RES stand-alone energy supply system in the selected regions using multiobjective optimization
(MOOP) technique, which includes two objective functions: the minimum cost and the minimum CO, emission. In addi-
tion, we discussed the feasibility and expecting benefits of the systems by comparing to conventional systems of Korea.
As a result, the region of the highest RES potential showed the possibility to remarkably reduce CO, emissions com-
pared to the conventional system. Besides, the levelized cost of electricity (LCOE) of the RES-based energy system is
identified to be slightly higher than conventional energy system: 0.35 and 0.46 $/kWh, respectively. However, the total
life-cycle emission of CO, (LCE,,) can be reduced up to 470 gCO,/kWh from 490 gCO,/kWh of the conventional sys-
tems.
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Fig. 1. Stand-alone hybrid energy supply system using renewable energy sources for residential sector.
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Fig. 2. Daily load profile of residential sector.
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Table 1. Monthly average demand of each region [kWh/d]
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Fig. 3. Monthly average wind speed and solar radiation of each region.
Table 2. Technical and economic parameters of the selected technologies
Technology Power (kWp) Capital cost ($) O&M cost ($/yr) CO, emissions (kgCO,/kWp) Life time (year)
PV 1 0.1 132 1.32 800 25
PV 2 0.135 230.4 2.3 800 25
PV3 0.28 420 42 800 25
Wind turbine 1 0.66 5,106 102 600 15
Wind turbine 2 1.66 5,850 117.6 900 15
Battery 1 347 142.8 1.43 55° 18
Battery 2 782 612 6.12 55° 18
Battery 3 190* 1,348.8 13.46 55P 18
Diesel 1 1.9° 960 0.168 215 10,000
Diesel 2 3¢ 1,260 02 215 10,000
Gasoline 1 0.5° 0.5 0.24 215 1,000¢
Gasoline 2 1° 1 0.24 215 1,000¢

3Unit: Ah, ®Unit: kgCO,/kWh, “Unit: Vah, *Unit: hour
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O & o] A thFig. 6(c). CO, & &S] 749 Al F
Aol F7] F3te] mlE=S YER T, AC generator 2] 2 715
A7Vl 71k 32 o 3R wh=t} b, AC generator 71 A7)
81 hr 7 =& R19] 311 kgiyre] 7H =2 wllEa2 HolH o]=
o2 X o] vlal 14238 FE At 18 e 7FE A7) generators

0.90 kgCO,/hre] A7t o] Absl kA vl E=F-S Belth WA, AC
generators AFESHA] 9= R39] 74 @3] =2 CO, HiIEZFE 1
o=t o]i= vlElg] 9] 2k wA|9} =2 PV Alge] o] st

LCEE &) A8 D ulE3o 2 Co, F wiEHS 2 A9 A
g e ' thro] AREsESit) ti-te] A9 9] LCE:= COo2 & Hf
=30 S wpeprhs ubd, R29F R49) 739 ubt)o] AES B
QITh Ré= R0l Hlgl 558 CO, T MilETe BolAnh, A8 -9
7} 30} LCESIAM= R2mEh whe gk 7hict.

3-2-3. HA4 lE AAE AR

H A4-0) 4k ek AmE(LCE) 7322 T3 oA 35 A4 A
= Fig. 79} Table 4¢ LEFA It Table 4014 K.50], &4
LCEE Zh= oA AJAE obA] A3t 2 48] 4§ F3obe 2
3k A7 7)dke] B 7](AC generator)E A9 ARESHA] k=T
O] AC generator A4 %] o4 2l A AJ71o] o]atslebA wjEwE2
F9 HEAS oJu]dtt}, AC generator®] MAREO Z 2l BE
A= o5 wEsr] Y3l pvel aiE el e] x| 8-o] T718HA

Table 3. Regional results on minimum levelized cost of energy

R1 R2 R3 R4 R5 R6
PV (kWp) 1.12 1.12 3.6 0.8 1.12 0.8
Wind Turbine (kW) 1.66 1.66 0 1.66 1.66 1.66
Battery (kAh) 0.68 0.936 0.76 0.76 0.76 0.544
Inverter (kW) 0.9 0.9 0.9 0.9 0.9 0.9
Generator (kVA) 1.9 0.5 0.5 0.5 0.5 0.5
Generator operation (hr/yr) 81 21 0 50 51 18
Amount of fossil fuel (liter/yr) 454 6.2 0 17.5 16.7 6.1
NPC (1,0008) 27.22 29.56 35.28 26.48 28.22 20.12
LCOE ($/kWh) 0.44 0.55 0.60 0.43 0.50 0.37
CO, emissions using fossil fuel (kgCO,/yr) 158 19 0 54 51 18
CO, emissions total (kg/yr) 311 162 226 183 198 134
LCE (gCO,/kWh) 113.30 68.21 88.66 66.71 78.98 55.12
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Fig. 7. Optimization results of stand-alone energy supply system for minimum LCE: (a) optimal configuration, (b) economic analysis and (c)

environmental analysis.

Table 4. Regional results on minimum life-cycle emission

R1 R2 R3 R4 RS R6
PV (kWp) 0.8 1.2 3.6 1.2 0.8 0.4
Wind Turbine (kW) 1.66 1.66 0 1.66 1.66 1.66
Battery (kAh) 1.36 1.224 2.808 0.936 1.52 0.952
Inverter (kW) 0.9 0.9 0.9 0.9 0.9 0.9
Generator (kVA) 3 0.5 1.9(d) 1.9 1.9 1.9
Generator operation (hr/yr) 1 0 0 5 3 0
Amount of fossil fuel (liter/yr) 1 0 0 2.8 1.6 0
NPC (1,0008) 31.67 34.99 46.09 32.39 33.13 22.35
LCOE ($/kWh) 0.52 0.66 0.84 0.53 0.59 0.41
CO, emissions using fossil fuel (kgCO,/yr) 3 0 0 9 5 0
CO, emissions (kg/yr) 168 143 205 143 147 111
LCE (gCO,/kWh) 61.20 60.21 80.42 52.40 58.64 45.66

EH o] &= MWk o7 4 Q n]g-e] TIHE ZsHA| Tt (see Fig.
7(2)). ¥F¥, Wind turbine®] X &8 b HA-0] 8 320 B
3 M7} ledl ol ZF 71 Wind turbine?] #Hth A ] 7=
7} 1702 AFE o] 317] wlizoltl, A4 22 Wind turbines 5
sk ek AAake] SAIX 2 Qlste] pyv AAE7F2 S7HE S
=H, Z7Fek PV AR O U S ol MY 4.9} T3 Ale]e] A
748 BEUAXE sl dshr] Y8l e A4 A el AR =3
S7VsHA Ect.

T2 4 0 & NPCS} CO, #lE%E] -9, 4 LCOEE 2t Al
28l )& 7 o 2F $7,0008] NPC 57HE Kol Wb Azt
50 kg CO, MlEF 74 A9E A& 5 Ut ol dA A=
o], AR 7N 7 719] wiakg- 2 A Zp 719 A A
TEHOR QA% nE S} W o)akdleAs 7hae) A N EE
ERdiT],

LCOE?] 7%, Fig. 6(b)<} H|=3k A 5 NPCE 2H= A ¢o]
=2 LCOEE zh= S Bt} LCEY 4% RI, R37} R6>
CO, & MEF2 A4S w2 wbd g2 A #9e o, & 1)
E23 O 43S 2=t o] R2, R49) R59) CO, ¥ W&
& atol & HolX| o= HhH, M E 4 Qe RA>RS>R29 o=
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T AT W E S SeellA] TR o] x| A3, dAkE,
a8, 49 YA W2 (Energy mix)e] g ik v]&2)
Zh i A COo, WIEHE o] &-3to] ALkslal e, 2014d 71F
o) W& oF 548 gCO,/kWhE AXEE ATH17].
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Aol =] A o] FAEE oA £.2] Z7]e) & 3 ettt
E5] 39 A9 Aol 71 Fosk AR A WeE A
St} o & S0, oA R} =2 oluA] A 285 Hol=
Wind turbine TH-E0] Aol A &4 o] 5 7= = A
B ab, B g 719k PV )& %Ho] 472 (unmet demand) 5=

9t F71H o7 1 Ao WA AEE L) &, Hi T4
3 m/s B9l %o, R3)eIA = PV 7]4vt A X H)= HojlA, &

oA Wind turbine A2 X]2] A A SAX = 3 m/sQ THUYS &

% ek,
() Ao} o]akaeke WiEERE AA oA 7140 41X f
3 Em, A 5 71 3 woke, AN 8 S

YA 1ke] T, S 23 QAtel UL vzl Mslsitt, o1&
£0°], R1 % R2 A9 ol 35 AIARIS] el AR, =
2199 2] 21 AN =] 71422] 7Hg-E(Operability)ell whe 88l ©]/3-<]
o|iksleka Bl & Aol opr|dith, ARA O E ) & o] AkslghA
A2k Gk vl AU A 7128 A fERE o e,
2| 71&2) A Vs ES S ﬂlﬁro}ﬂ >3 % *%‘301 FREE|ofo} i,
(3) MIA 5 A" 55 98k &2 H]8(LCOE)¥ 1o
2 334 7|t &3(LCE)Y RHE A% P% 87k AAA A}
A A AL A7) Rohs 4] AU A Ak o] A
3710 et & AAE HAE oAF 5 Ht FE0) Smis oL A
%(e.g., R6, R4) &] 739 17 A 31Fe] WHE A7} 5515k WhA, o]
HUp ke F458 7R X952 F A ke 7 % W7}

okeh. whebA, =7h 29) e Aol A B

Sla AlehE e el A WAl A ool S 1ee
FHO% WS Sshs «ae} 93 o 57 deto] Zestt,

(4) 71:52] AR 7Rk ol qA] A Ao AAA gl 2 A
H] 3L 24 éﬁ} A A ZIRE 55 ol U] FE A AR of
3~5vl] 52 FE 8-S UEhlE vhd, A 5 ol E = 844

Sus 71%—9] oabsleka MEHS 10% Vo S < Sl
aI7F S Ttgsielth

& AT él% A ANAA] AR 71k 57 F3 AR 7]

=9 A 35 Al vlsl 24 aals lEH & Qe
i 7k 4 7“53:‘ & obA] st} o] dh W 7HA A FAES: v
)] T At A 3] S8 B =T E@. MdA 7z

% 59 7F5.2] A (Economy of scale) &35 o] &38}0] Thi =
E7bs & Ao Atg ek g A A4 ouA] Ak 28 714,
7Hd B XAl et B, Ale 7 5 s Bl Q1A
BB o] gato] e = 3lom, o]2]gh H AL wgh Thefsl of
YA 32 A g ol|qA A3 2, 334 F7t 5 7R
R&DS} 3| Ero2x AR oA e] 83515 o -+ At
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