Korean Chem. Eng. Res., 54(4), 470-478 (2016)
http://dx.doi.org/10.9713/kcer.2016.54.4.470
PISSN 0304-128X, EISSN 2233-9558

LN ML K| 7[5 S8 U XSS AL 2H HAH H UK=L
F=4 3Hd 87t

r
i

v

]

2K

oto

AY e o= gfeky ek}
22012 QANHFAA] A4 olFHdw]ZE 119
A9, 2016 42 19 72 H9, 20169 49 14 A

o016 1€ 159 A,

The Optimal Design and Economic Evaluation of a Stand-Alone RES Energy System for

Residential, Agricultural and Commercial Sectors

Kihyeon Kim and Jiyong Kim"

Department of Energy & Chemical Engineering, Incheon National University, 119, Academi-ro, Yeonsu-gu, Incheon, 22012, Korea

(Received 15 January 2016; Received in revised form 1 April 2016; accepted 14 April 2016)

(@) oF
p=s =

SR AMOR Q15 B0 A 71 5shs
A Aopde a3 Slste] By, %

K|

Tl

= A AFAY B EAR oA ook 1 spds gl A
& AANAA] A Z1RE oAl H AIAE] o] B dhS L

Sltt. o]l AAAUA] AlAEL 2] vk IFRgAdS SES] Slshe] kst AS o] 83 51 B o
URTF Al2AE A 2o deko] Fasit) weba £ ATellAE PV, Wind turbine, 341 718 2 4l A
A2 ToE Y 5 U em ALRS AT 3t A5 RS o]gsto] 7k xjoH A d= Ayt
A|2=Ele] S QA5 sl 42 QH]8-S FAISISITE AlAE BE HSS $Js1e] o] A, Y, A 5 L
AURIFL 5SS 93t AAEAES sidstdtt. 1 A3 FAREL] F$ $0.37~80.44/kWh, FLHF-F2] -4

$0.15~$0.61/kWh, A 5F-5-2] Z-¢- $0.12~$0.28/kWhe] T8 v]8-S Bt

Abstract — Greenhouse gas (GHG) emissions caused by fossil fuels consumption is one of the challenging issues
worldwide. Renewable energy source (RES)-based energy supply system can be a promising alternative to the current
fossil fuel-based system. In this study, we propose an optimization approach for designing a stand-alone hybrid energy
supply system using RES and evaluating economic performances of the energy systems. The suggested approach is used
to answer the questions; i) what technology is suitable to various demand sectors in different regions, and ii) how does it
cost to meet the demand in term of the levelized costs of energy (LCOE). We illustrate the applicability of the proposed
approach by applying to the design problem of energy supply systems for residential, agricultural and commercial sec-
tors of Korea. As the results of LCOE analysis, for the residential sector has the LCOE ranging of $0.37~$0.44/kWh, the
agricultural sector of $0.15~$0.61/kWh and the commercial sector of $0.12~$0.28/kWh.
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Fig. 1. Stand-alone hybrid energy supply system using renewable
energy sources for energy demand sectors.
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Fig. 2. Daily electricity demand of residential, agricultural and commercial sectors of Korea.

Table 1. Number of end-users of residential, agricultural and commercial
sectors of Korea in 2013 [1,000 units| [17]

Region Household Farm Store
1 3,577 4 356
2 383 3 27
3 929 14 72
4 104 7
5 33 11 3
6 536 9 42
7 241 6 18
8 1,252 8 111
9 378 12 31
10 874 17 75
11 65 15 5
12 376 11 33
13 26 9 1
14 519 13 45
15 226 7 19
16 140 21 15
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Fig. 3. Demand profiles of residential, agricultural and commercial
sectors of Korea [17].
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Fig. 4. Monthly solar irradiation of sixteen regions of Korea.
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Fig. 5. Monthly average wind speed of sixteen regions of Korea.

Table 2. Technical and economic parameters of the selected technologies

Size Capital cost Operating cost Lifetime

(kW] ($] [$/MWh] [year]
P1 0.1 132 0.45 25
P2 0.14 332 0.45 25
P3 0.28 600 0.45 25
W1 1.67 5,850 0.4 15
w2 347 9,066 0.4 15
W3 14.7 16,800 0.4 20
W4 26.9 26,400 0.4 20
W5 72.5 70,800 0.4 20
Bl 412 143 14 11
B2 77% 148 14 10
B3 189 240 14 12
Gl 500° 300 1,560°¢ 25
G2 1,000° 480 1,560°¢ 25
G3 1,900° 960 1,560°¢ 25

aUnit: Ah, Punit: Vah, © included fuel cost as well as operating and maintenance
cost
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Fig. 6. Optimization results: the system configurations of residential, agricultural and commercial sectors of Korea: Numbers in parentheses
denote the unit number.

Table 3. Economic parameters and assumptions
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2 A Ht FES Hol= A #7 (FE)S 22 252 PV (P)) Loan rate 100%
640t = Td % A AR AIAELS ARSI wWeEkA XS #7 (F Duration of loan 10years
Eym} 7k ) 3t E4E9 Kol A9 #6 () B8 PVE T4 Depreciation method Straightforward
B A A|ELS Hofof stk 1Efut A #7 (F5)el vls)
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AolF7 ] BI(LCC )Pl sE AolF=7] -59k2] A HBHIC;; Investment
cost of during life cycle), -] 2] H]-8(OC;; Operating and maintenance
cost of during life cycle) B! ZF<E7}e(SC;; Salvage cost of after life
cycleyS e 8 2] 0 7 T o] ¥ E

LCC, = IC,+0C,+SC;  Vjel )

& A2EIL] HIE(TSCR: w8 WIE(FC), AAel57] wl8-(LCC)el
38l 27) A8 WG (ISCyS el 9 gho= vkt o] Rl

TSC = FC+YLCC,-1SC ®)
J

wheha] 2 Aqte| A= £7] FAF H]E-(IIC; Total initial investment
cost), w8 HI-8-(FE; Financial expense), "Jll57] H]-&-(LCC}; Life
cycle cost of technology j), & A12~812] H]-2(TSC; Total system cost)
4l o= ¥I8(LCOE) & & 47HA A% A= o83t
7} oY) a5 AlR1E] A& 718kt Table 40 Al 7H4]
oA FQ elx e 7k #]of W AA|oliE AE VERHSITE

FATAE oW A] g5 Al2~E1e] 739 4 Aol A oF $12,9009]
Z27] FA H]E-5 KRl o]= oF dellx] A8t e} o] 167} A

Table 4. Optimization results: regional economic performance index of three sectors [1,000$]

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Residential
1ic 135 129 135 129 129 129 129 135 129 135 129 129 129 129 129 129
FE 156 149 156 149 149 149 149 156 149 156 149 149 149 149 149 149
LCC
PV 7.3 7.3 7.3 7.3 73 73 7.3 7.3 73 7.3 7.3 73 7.3 7.3 7.3 7.3
WT - - - - - - - - - - - - - - - -
Battery 129 122 126 126 122 122 122 125 130 126 122 122 122 122 125 123
Generator 1.1 - 0.4 - - - - 1.0 - 2.6 - - - - - -
Others 3.0 2.5 3.0 2.5 2.5 2.5 2.5 3.0 2.5 3.0 2.5 2.5 2.5 2.5 2.5 2.5
TSC 27.1 246 259 249 246 246 246 265 253 282 246 246 246 246 249 246
LCOE ($/kWh) 039 038 039 039 041 039 039 040 037 042 044 038 041 039 037 041
Agricultural
1ic 193 133 214 209 285 129 133 234 176 16.1 193 226 286 193 133 283
FE 222 153 247 241 329 149 153 270 204 186 222 261 33.0 222 153 326
LCC
PV 7.3 7.3 136 13,6 199 7.3 7.3 7.3 - 11.0 7.3 73 - 7.3 7.3 -
WT 9.8 - - - - - - 154 154 - 9.8 154 252 9.8 - 252
Battery 11.3 104 156 156 16.1 12.5 9.6 139 111 139 102 13.0 156 104 134 156
Generator 0.3 0.3 0.3 - 38 - 0.3 0.6 0.5 - 0.3 0.4 1.1 0.3 0.3 0.3
Others 3.0 3.0 3.0 2.5 52 2.5 3.0 4.5 33 2.5 3.0 2.7 43 3.0 3.0 4.1
TSC 355 236 366 357 530 249 228 461 337 305 343 431 515 346 266 504
LCOE ($/kWh) 037 059 032 034 028 046 061 022 032 041 040 029 021 040 045 0.15
Commercial
1ic 126.8 2656 112.8 1182 783 164.1 121.0 741 748 878 101.0 909 8.7 909 1039 64.0
FE 146.0 3063 1299 136.1 900 189.5 1398 856 864 1013 1167 1050 955 1050 120.0 739
LCC
PV 76.7 181.8 704 1083 51.5 1209 1020 262 262 515 578 452 262 452 1020 135
WT 399 107.5 399 - 252 399 - 399 399 399 399 399 399 399 - 39.9
Battery 534 575 470 660 366 697 635 351 371 293 419 373 469 403 539 389
Generator 7.8 1.7 10.1 129 177 9.4 8.8 35 7.0 9.8 4.1 9.7 39 9.6 15.0 5.6
Others 16.8 253 168 168 168 168 168 168 168 168 168 168 168 168 168 16.8
TSC 2179 4204 2043 2249 161.7 2859 212.6 1348 1404 163.0 1785 165.1 1485 168.1 2062 126.3
LCOE ($/kWh) 0.17 028 017 019 017 022 020 013 013 016 016 016 013 016 020 0.12
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Fig. 7. Average initial investment costs and levelized cost of electricity of
the residential, agricultural and commercial sectors of Korea.
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Fig. 9. Comparisons of actual electricity supply cost to the LCOE of the top three regions in each demand sector.
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Nomenclature
Sets
t : time
j : technology
Parameters
o : percentage of initial system cost

CCF : capital charge factor

FC : fixed costs [$]

r : loan interesting rate [%]

i : nominal interesting rate [%]

Continuous variables

IIC : total initial investment cost [$]
ISC : initial system cost [$]

VC : variable cost [$]

APC : annualized payback cost [$]
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LCC,; : life cycle cost of technology j [$]

NPC, : net present cost at time t [$]

FE : financial expense [$]

IC; :investment cost of during life cycle of technology j [$]

OC; : operating and maintenance cost of during life cycle of technology
i 18]

SC; : salvage cost of after life cycle of technology j [$]

TSC : total system cost [$]

W
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